
WKB MODE SUMMING PROGRAM 

FOR VLF/ELF ANTENNAS OF ARBITRARY 

LENGTH, SHAPE AND ELEVATION

htterim Ripart So. 713 

R. A. Pappert and L. R. Shockey

r-

i:
m-.1^'m-

D D C

m 80 19TI

tbli£?LbLJ U E
4

?V,i
NAVAL ELECTRONICS LABORATORY CENTER 

SAN DIEGO, CALIFORNIA 92152

2 June 1971
Prepared for DEFENSE ATOMIC SUPPORT AGENCY 

on DASA Subtask HB 042

r ^

C Problem M402
HvpfOOur'-o py

ATIONAL TECHNICAL 
FORMATION SERVICE

Springfield V* 72151

Vk

DISTRIBUTION sTATEMENfX
Approved for public roleoae; 

Disiributton UnUmited

Ik



IMILASSIEIED 
Security Clasaification 

K EY WORDS 
ROLE 

LINK C 

Waveguide Modes 

VLF Propagation 

ELF Propagation 

VLF Antennas 

DU .”“..1473 ( BACK ) 

(PAGE 2) 

UNCLASSIFIED 
Security Classification 



UNCI ASSiüIED- 
SfCunty Clüsstficjihon. 

DOCUMENT CONTROL DATA • K 8 
St., ..,,,. , .1/,, ,/,„,. Ot Hilf, hod! ol Hbiirñi 1 und indemne annoldliun nnj*l lie • 

D 
ifered whan the overall report Is classilied) 

1 0« O N A TI no A C T i V 1 T » /Corporal# aulhori 

Naval Electronics Laboratory C enter 
San Diego, California 92152 

¿0, REPORT SECURITY CLASSIFICATION 

Unclassified 
2b. GROUP 

WKB MODE SUMMING PROGRAM FOR VLF/ELF ANTENNAS OF ARBITRARY LENGTH, 

SHAPE AND ELEVATION 

4 descriptive no tes (Typ* cf report and inc/usfve dmte§) 

Research Report _____ 

3 auTnORiSi (First nsme, middle initial, last name) 

Richard A. Pappert and Linda R. Shockey 

• REPORT DATE 

2 June 1971 

7#. TOTAL NO. OF PAGES |7t>. NO. OF REFS 

43 1 4 

• a. CONTRACT OR GRANT NO 

DASAMIPR 71-555 
b. PROJEC T NO 

c. DASA Subtask HB 042 

d. 

Sa. ORIGINATOR'S REPORT NUMBERISI 

Interim Report No. 713 

9b. OTHER REPORT NO(S> (Any other numbara that may ba assigned 
this report) 

10 DISTRIBUTION STATEMENT 

Distribution of this document is unlimited. 

II SURRLEMENTA RY NOTES 
IJ. SPONSORING MILI T ARY ACTIVITY 

Defense Atomic Support Agency 

13 ABSTRACT 

This report presents a Fortran IV program which allows for WKB mode sum calculations of the 
three electric field components Ex, Ey and Ez at any height within the guide and for transmitting 
antennas of arbitrary length and shape. 

,?oRM473 ,PAGE n _UNCLASSIFIED 
010?- OH-6600 Security Classification 



C O N T K N T S 

PAGE 

ABSTRACT 1 

INTRODUCTION 2 

EXCITATION FACTORS AND HEIGHT GAINS 5 

TABLE I 5 

WKB MODE SUM 10 

A PROGRAM CHECK 13 

RUNNING THE PROGRAM 16 

SAMPLE INPUT AND OUTPUT 20 

REFERENCES 22 

TABLE II 23 

TABLE III 25 

TABLE IV 26 

APPENDIX 27 “ 37 



BLANK PAGE 

' . IL ..-I'-**' 



1 

ABSTRACT 

This report presents a Fortran IV program which allows 

for WKB mode sum calculations of the three electric field 

components E*, Ey and Ez at any height within the guide 

and for transmitting antennas of arbitrary length and shape 
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INTRODUCT.r ’N 

In the past wo have been mainly concerned with mode sum calculations 

for either the horizontally homogeneous guide or for mode sums associ¬ 

ated with ground to ground transmissions of the vertical electric 

field component generated by a vertical antenna beneath a horizontally 

inhomogeneous ionosphere. For those purposes it was convenient to 

define an excitation factor which included height gain effects asso¬ 

ciated with both the transmitter and the receiver. The excitation 

factor so defined varied as the product fj (zT) f2(ZR) where zR and 

z represent the altitude of the receiver and transmitter respec- 

T 

tively, f, represents a height gain function appropriate to the trans¬ 

mitter and f represents a height gain function appropriate to the 

field component received. When applying the WKB approximation,1 

which requires taking the geometric mean of the excitation factors 

at the terminal points of the path, one must remain alert to the 

fact that our excitation factors include these height gain effects. 

If the WKB method is applied blindly we find that the received field 

component varies as 

(flu,) f|u.) flu.MÍÍU.))7’ 

where T and R apply to the transmitter and receiver regions respec¬ 

tively. That the effective excitation should depend upon the he-ght 

gain of the receiver in the transmitter region and upon the height 
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gain of the transmitter in the receiver region is of course incorrect. 

When calculating the vertical electric field at the ground due to 

ground based vertical dipoles this inconsistency does not lead to 

serious errors. This is because of the insensitivity cf the height 

gains for the vertical electric field at the ground to eigenangle. 

More generally, however, the inconsistency can be serious and since 

it is a direct consequence of the inclusion of height gain effects 

in the excitation factor, it can be avoided by redefining the exci¬ 

tation factor in a manner which exludes height gain effects, for¬ 

mulas for height gains and excitation factors which permit immediate 

application of the WKB approxiiruition are given in Section '1. 

A second purpose of the report is to extend the mode sum capability 

to transmitting antennas of arbitrary length and shape. This is accom¬ 

plished by simply segmenting the antenna into linear dipole elements. 

It is assumed that the current distribution in the antenna is given and 

any self-interaction phenomena is neglected. The appropriate mode sum 

formula is given in Section III. 

The mode sum program requires as inputs ground eigenangles and 

excitation factors (as iefined in Section II) for each mode at a 

variety of points (as determined by the degree of horizontal inhomo¬ 

geneity) along the great circle path between transmitter and receiver. 

Also required as input are the positions and orientations of the 

antenna segments, their associated current moments and the height of 

the receiver. Height gain functions are calculated within the mode 
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sum ,.,0.,r,m. Groumî oonduotivity .,nd permittivity (both of which may 

ho variable alo,>9 the path of propaqatio„) and the radio frequency 

muat b„ input to the program. Ground eiqenangles, excitation factors, 

ground conduct¡vitios, etc, used in calculations are obtained by 

qincur inter,olatlon of the input data. Mode sums and selected plots 

tor the electric field components 1C fy and are outputs of the 

I „gram. here z is the drrection into the Ionosphere and X the direc- 

tion of propagation. 

Formulas for the excitation factors and height gains are given 

in section II. The WKB mode sum formula is given in Section III and 

a sample program check provided in Section IV. A discussion of pro¬ 

gram usage is given in section V and sample input output fornots are 

available in Section VI. A program listing is given in the Appendix. 
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IX. excitation factors and height gains 

In this section we summarize excitation and height gain formulas 

which can be accommodated conveniently within the spirit of the WKB 

approximation. The formulas are simply a convenient decomposition of 

formulas given earlier.7 The excitation factor formulas are summarized 

in the table below. The column headings apply to excitation of the 

electric field components E.,, Ey and and the row headings apply to 

excitation by a vertical dipole (>v), horizontal dipole end on (^.) 

and a horizontal dipole broadside (Ag). The direction of z is taken 

positive into the ionosphere. Positive x is the directior f propaga¬ 

tion and y is normal to the plane of propagation. 

TABLE I - EXCITATION FACTORS 

Field 

Component 

Exciter 

‘B 

0+.,R„)2(i-AiRi) -Bi „M1+hrii)(WO b, 0+"ri/P-A 4) 

li Rn ^ n '12 hRii D11 

ll^ll ^1 ' 

- B2 + ^ ~¿ \' i, 

~ s “Tr,, ^2 

62(1+^1^0- A A) 

D„ 

R:lRll(^'l'lRl)0't~llRll) 

d12 
B2 (1+ ¿Ri) (1 - llR|,,|Rl,) ®2 lR|, (l + lRiXl + llRll) 

— T d,2 irx D 22 
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Muj K and K's represent respectively elements of the reflection 

matrix looking into the ionosphere and towards the ground from the 

same level d within the guide. Consistent with the usual notation, 

the first subscript refers to the polarization of the incident wave 

while the second applies to the polarization of the reflected wave. 

B, and B, are given by 

B 
si/j 

del e= 6n 

.,=-¾ 
S 

(l) 

where S is the sine of the eigenangle and the denominator is the 

derivative of the modal equation at the eigenangle, 

The excitation factors must be supplemented with definitions 

of the height gains. These along with the definitions of the D^'s 

are 

fii(z) = ®xp(^)(F, M<0 + F2Mq)) 
(2) 

fi (z) = F3 hl(Cl)+ F< 
(3) 

g(z) = — fn(z) i k dz (4) 

D„ =',?(<» D„ = f „(<1)1,(d) <5) 

F. = " I H;(q0) - i (-y-Z’lNg'-S1)'4 h,(q„)} (6) 



F,= H,(q0)-i ^ (^) 3 (Ng3- S1) 1 h,(q0) 

F3-{h2'(q0)-i(^)'/3(NgJ-ST2 h2(q0)| 

p4= K'Kí-ií^ÍN^-S2)’72 h2(q0) 

q=(aT)2/3 (C2-I(h-Z)) 

Hj(q) = hj'(q) + ^ (^)/3 hj(q) ; j = 1,2 

n2 = 1-4(h-z) 

N 2 - € ; ^ 
y to w £ « 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 
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C = cosine of the angle of incidence at height h 

k = the free space wave number 

c/e = dielectric constant of the ground 
o 

o = the ground conductivity 

u = the circular radio frequency 

a = the earth's radius 

The functions h, and h2 are modified Hankel functions of order 

1/3 (which are linearily related to Airy functions) as defined by 

the computation Laboratory at Cambridge, Massachusetts (reference 3) 

and the primes on these quantities denote derivatives with respect 

to the argument. Equation (12) is the modified refractive index which 

equals unity at height, h. The subscript, o, which appears on n2 in 

equations (5) and (7) signifies that equation (12) is to be evaluated 

for z = 0. Similarly the subscript o which appears on q in equations 

(6) through (9) signify that equation (10) is to be evaluated for 

z = 0. It should be pointed out that f,, is the height gain for the 

vertical electric field f, the height gain for the horizontal 

electric field component (Ey) normal to the plane of propagation and 

g the height gain for the horizontal electric field component (E^ 

which is in the plane of propagation. 

Because the imaginary part of the eigenangle in absolute value 

can become quite large when operating in the ELF range it proves 

necessary to avoid overflow and indeed justified, to use the flat 
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earth analogues of equations (2) through (4). That is to replace the 

height gains by 

f, (z) = exp (ikC z) + hR a exp(-¡kCz+2ikCd) (1'4) 

f^z) = exp (ikCz)^ expfikCz+2ikCd) (15) 

g = c|exp (ikC z) - nR|| exp(-i kC z + 2 i kCd)J (16) 

When the absolute value of the imaginary part of the eigenangle exceeds 

10° the height gain functions will be computed by equations (14) , (15) 

and (16). Observe that the Dij's (equation 5) calculated usina equa¬ 

tions (14) through (16) essentially cancel the factors (1 + 11P.|| ) and 

(1 + l) which appear in the numerators of the excitation factors 

given in Table I. This is also the case in the VLF range and it is 

this cancellation which makes the excitation factors in Table I insen¬ 

sitive to the height d. 
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III. WKB MODE SUM 

in terms of the excitation factors and heiqht qams defined in 

the previous section, the WKB mode sum for an N segmented transmitting 

antenna may be written as follows 

The receiver coordinates are (x, o, z) and the coordinates of the i 

segment of the transmitting antenna (x^ zj . The mode index is 

n and the index j takes on three values corresponding to the electric 

field component measured at the receiver 

j = 1—►z component—-f1 = fn 

j = 2—►y component—►f0 = fL 

j = 3—►x component—►fj = g 

The superscript T or R implies the value at either the transmitter or 

receiver location respectively. M. is the dipole moment in amp-meters 

for the ith segment of the transmitting antenna. The constant Q is 

6.496 x 10V 
Q 

(18) 
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with k the free space wave number in inverse km and f the frequency in 

kHz. Mode sums for E\ are generated in terms of dB above a microvolt 

per meter. The phase of E. is relative to the free space phase arid 

is the sine of the ground eigenangie for mode n. The angles y 

and measure the orientation of the itn segment of the transmitter 

relative to the x, y, z coordinate system as shown. 

z 

The horizontal antenna launching end-on with a harmonic current 

distribution is a convenient case for checking the segmentation part 

of the program. Thus we will assume a current distribution for an 

antenna of length L given by 

I cos (K x); - ^ ■ x ■ T (19) 
o p • - - * 

The equivalent current moment for a point dipole at the origin cor¬ 

responding to this configuration is readily found to be 
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in (Kp-k)^-J sin [(Kp+k)-jJ 

(Kp-k) (Kp + k) 
(20) 

In deriving equation (20) the assumption has been made that kS^ = k 

(this is an excellent assumption for all practical values of L). Re¬ 

sults based upon segmentation and upon (20) will be compared in a 

later section. 

For trailing wire applications it is a further convenience to be 

able to express the coordinates of a rotated antenna in terms of the 

original x, y, z coordinate system (i.e., where x is defined as the 

direction of propagation). We assume that the position coordinates, 

of the antenna, x.'s, y.'s, z.'s, y.’s and ¢,.-3 are given relative 

to this coordinate system. The coordinates (denoted by primes) of 

the antenna rotated by an angle ¿ about the z axis relative to the 

original coordinate system are 

4>.' =4>.+ ® V; =V i 
z¡ =z¡ 

X; cos $ - y. sin $ , 
I M 

x: si n $ + y¡ cos 4» 

(21) 

where the unprimed quantities are positional coordinates of the i 

segment of the antenna in the original x, y, z coordinate system. 

Provision is made in the program for calculating mode sums for n 

orientations of the antenna given by 

* x , 36° X , 2x360 (n-l)x 360 
*n = *1 ' 4>i + ~1T ' n ' • • • ' n 

where n is any positive integer. 

th 
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IV. A PROGRAM CHECK 

As an example of the segmentation process, results for a horizon¬ 

tal antenna launching end-on are shown in Figure 1 for a nighttime 

Hawaii to San Diego path. The nighttime profile is described by 

3 = 0.5 km-1, H = 85.5 km in the notation of Wait and Spies.4 Nine 

modes have been used in the calculation. The radio frequency is 

21.794 kHz, the transmitter and receiver heights are both 15 km and 

the current distribution is 

4tt i i L 
I = cos ( — X ) amps ; j x| ^ — 

Li 
(22) 

I I L 
= 0 ; lx| - j 

This particular distribution corresponds to Iq = 1 amp and the purely 

4 7T 
hypothetical value Kp = ~ in ecïuation (19) • len<3th of the an" 

tenna has been arbitrarily taken equal to one half the radio wave 

length so that the current moment for the equivalent point dipole as 

given by equation (20) is -L/(7.5tt) = -292 amp-m. 

The equivalent dipole mode sum for the electric field com¬ 

ponent is shown by the ^uiid curve. Shown also are the results for 

a six, twelve and twenty-four segment calculation. The latter curve 

is within a few tenths of a dB of the equivalent dipole result through 

out most of the distance range considered whereas the six segment 

calculation is typically 9 dB lower than the equivalent dipole result. 

Calculated but not shown were the mode sums for the and E^ elec- 



E

O
X
X
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trie field components. In these cases the 24 segment calculation was 

within about a 0.5 dB of the equivalent dipole result throughout most 

of the range considered. 

It should be emphasized that it has been possible in this section 

to exploit the equivalent point dipole concept only because of the 

simple antenna orientation and current distribution. 
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V. RUNNING THE PROGRAM 

The program allows for WKB mode sum calculations of the three 

electric field components E , E and F at any height within the guide 
X y z 

and for any antenna, which may be approximated in practice by a seg¬ 

mentation process, located within the guide. 

1. Name List Variables 

An identification card precedes the namelist input. All 

variables in this program are input via the FORTRAN IV namelist for¬ 

mat. The namelist name is UATA. The namelist cards may be input 

in any order, the sequence of names, which follow have no particular 

significance. 

a. NRMCDE is the number of inodes employed in the calcu¬ 

lations. Dimensioned for 15. 

b. NRSEG is the number of segments used to simulate the 

antenna. Dimensioned for 25. 

c. DELTAD is the increment along the x axis for which 

mode sum calculations are performed. The first mode 

sum calculation occurs at x = DELTAD. 

d. DMAX is the final position along the x axis for which 

mode sum calculations are performed. 

e. FREQ is the radio frequency in kHz. 

f. X is a linear array (dimensioned 25) which gives the 

center of each segment of the antenna in km along the 

x axis. DEFAULT VALUE is 0.0 km. 

g. Y is a linear array (dimensioned 25) which locates 

the center of each segment of the antenna in km along 

the y axis. DEFAULT VALUE is 0.0 km. 
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h. GAMMA is a linear array (dimensioned 25) which des¬ 

cribes the angular orientation in degrees of each 

segment of the antenna relative to the z axis. 

i. PHI is a linear array (dimensioned 25) which des¬ 

cribes the angular orientation in degrees of each 

segment of the antenna relative to the x axis (x 

being the direction of propagation). 

j. DM is a linear array (dimensioned 25) which gives 

the dipole moment strength in ampere meters for 

each segment of the antenna. 

K. THEAP is a linear array (dimensioned 210) which 

provides the ground eigenangle in dearees for each 

mode at the required points along the x axis. When 

running for the horizontally homogeneous guide 

duplicate mode data is input at RHO = 0, and for 

RHO greater than DMAX by about 10 km. The grouping 

is such that all mode data for a given RHO occurs 

together. 

l. EXTRA is a linear array (dimensioned 1890) which 

provides the excitation factors for each mode at 

the required points along the x axis (see also k). 

m. LASTl is set to 1 in the last DATA namelist set 

of the deck. DEFAULT VALUE is 0. 

n. '.ECHT is the receiver height (in km) . DEFAULT 

VALUE is 0.0 km. 

o. Z is a linear array (dimensioned 25) which locates 

the center of each segment of the antenna in km 

along the z axis. DEFAULT VALUE is 0.0 km. 
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,,¡1,. 1S a linear array (dimensioned 7) .vhich pro¬ 

vides the locations along the x axis for which mode 

data is supplied. 

q. ALPHA is two over the earth's radius and should be 

set to zero if running for a flat guide. DEFAULT 

VALUE is 3.14 X lO"'* km-1. 

r. SIGMA is a linear array (dimensioned 7) which pro¬ 

vides the ground conductivity in mho/m at the lo¬ 

cations along the x axis for which mode data is 

supplied. DEFAULT VALUE is 4.64 mho/m at each 

location. 

s. EPS is a linear array (dimensioned 7) which pro¬ 

vides the ground permittivity in MKS units at 

the locations along the x axis for which mode 

data is supplied. DEFAULT VALUE is 7.172015 x 

lO“10 farads/m at each location. 

t. H is the height at which the modified index of 

refraction is unity (see equation 12) and must 

be set to zero in this program. 

u. NRRHO is the number of points at which data is 

supplied along the x axis. 

V. NRROT is the number of antenna rotations with 

the orientation angles, of th® antenna - 

¢,, ¢. + 360./NRROT + 2 *360./NRROT,.., + 

(NRROT - 1) * 360./NRROT. DEFAULT VALUE is one. 
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w. DIS is the transmitter receiver distance at which 

auxiliary mode sum printout associated with each 

segment will be obtained (a number of DIS values 

up to 6 may be used - if no DIS values are input 

a default option is invoked and no auxiliary print¬ 

out obtained). Unlike the total mode sum, the 

magnitude of the auxiliary mode sum is expressed 

in terms of volts/m and its phase in degrees. This 

option is useful for determining what antenna seg¬ 

ment contributes most to the mode sum at the dis¬ 

tances prescribed by DIS. 

X. NOPLOT set equal to one will prevent the plotting 

subroutine from being called. If I.OPLOT is not 

set, plots according to the PLTS subroutine will 

be obtained. The program listing in the Appendix 

will give only the z field plot. To obtain 

plots, EDB(1,1) and BANG(1,1) should be replaced 

in the CALL PLTS statement by EDB(1,2) and EANG 

(1,2) respectively. To obtain E^ plots, EDB(1,1) 

and EANG(1,1) should be replaced in the CALL PLTS 

statement by EDB (1,3) and EANG(1,3). Minor pro¬ 

gram changes are required to simultaneously gen¬ 

erate all three field plots although all three 

field components will be calculated and printed 

each run. 
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VI. SAMPLE INPUT AND OUTPUT 

Tables II and III are sample inputs. In particular Table II is 

the input for the 24 segment (NRSEG=24) 9 mode(NRMODE = 9) case dis¬ 

cussed in the previous section. The legend has been discussed in 

Section IV. Observe that this is an input for a homogeneous guide 

calculation so that duplicate mode data inputs and ground conductivity 

and permittivity are required at two values of RHO (in this case these 

are RHO = 0, RHO = 10010). EXTRA is read in sequentially by row 

(see Table I) so that there are nine values for each mode. In the 

present example then, there are a total of 81 complex EXTRA for each 

RHO. In the present example the first nine EXTRA must correspond to 

the THEATP = 89.943, -5.6, the second set of nine EXTRA to THEATP 

89.696, -5.089, etc. The mode data input to this program are card 

punched in the proper format in an NFLC waveguide program which is a 

slight modification of the program given in reference 2. 

Table III is the input for a WKB run at ELF. It is a single seg¬ 

ment (NRSEG = 1), single mode (NRMODE = 1) example. Mode data is 

input for five values of RHO (RHO = 0.0, 200.0, 2500.0, 2700.0, 6510.0) 

in km. The eigenangle (THETAP) equal to 81.889, -40.198 corresponds 

to RHO = 0.0, the eigenangle 82.381, -39.339 to RHO - 200.0 etc. 

Similarly the first set of nine EXTRA'S corresponds to RHO = 0.0, the 

second set to RHO = 200.0, etc. The variations of mode parameters 

at the last two input distances results from geomagnetic field onen- 

t.dt.ion changes along the path* 
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Table IV shows the output format for the above ELF mode sum for 

the three electric field components E , E and E . The dB values 
X y z 

are relative to a microvolt/meter. 
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TABLE II 

8=0.5 H' = 8 5.5 GAMM A = 90 PHI=C 24 SFT.MFNTS 

0 CAT A 
NRP.nr= i, 
NPMDOE =9, 
nrs[:g=?4, 
DFLTAO = 20.0, DMAX= 10000.0, F«F0 = 21.794f 
X=-0.295 4,- 3.0090,- 2.72 25,-2.408 9,-2. 1 4 93 ,-1.862 7 ,-l.5762 ,-1.2896,- 1.0030, 
-. 7164, -.4299, - . 1433,. 1400,. 4299,. 7164,1 . 00 30,1 .? 896,1.5762,1.8627,2 . 1493, 
2.40 89, 2.7225,3.0090,3.2856, 
T - 0.,0.,0.,0.,0.,0., 
0.,0.,0.,0.,0.,0., 
O.fO.,0.,0.,0.,0.,0., 0.,0.,0. ,0. ,0. , 
Z- 15., 15., 15., 15., 15., 15.,15. ,15. ,15. ,15. ,15.,15., 
15., 15., 15., 15.» 15., 15.,15.,15. ,15. ,15. ,15. ,18. , 
GAMMA = 90.,90.,90.,90.,8C.,80., 
90.. 90..90..90..90..90., 
90., '»O. , 90.,90., 90. ,9 0. ,80. ,9 0. ,90. ,90. ,9 0. ,90, , 
PHI = 0.,0.,0.,0.,0.,0., 
0.,0., 0.,0.,0.,0., 
0.,0.,0.,0.,0.,0.,0.,0.,0.,0. ,0. ,0. , 

DM= 26 7.0806, 195.73674,71.64085,- 71 . 64305 ,-1 95.73674 ,-267.3806 ,- 267 .^806, 
-195.73674, 
-71.64085,71.64385, 185.73674,267. 0806, 

267.0806,195.70674,71.64385,-71.64085,-195.73674,-267.3806,-267.3806, 
- 195.73674, 
-71.64 3 86, 7 1.64 385, 185. 73 674,267. 3 806 , 
L AST 1 =1, 
PFCHT = 15., R H0= 0., 1001U. , imk«HC) = 2 , 
H= 0,, S IGMA=4.64, 4.64, EPS=l. 328 151E-10 , 1 . 328151 E-10 , 
THETAP= 8 9.943,-5.6, 89,686,-5. 08 9,86.401 3 26,83.63l ,-. 36 2 , 
80.142, —.317,77.880,—.386,74.796,-.360,72.681,-.4F7,69.653,—.404, 

89.943,-5.6,89.696,-5.089,86.401 *-.026,83.631,-. 362, 
80.142, -.317,77.880,-.386,74. 796,-.360,72.681,-.487 ,69.65 3,-.404, 
EXTRA = 2.832486E- 3,4.863, 1.006C93E-7,3.970 ,2.8191 16F-3 ,4.863, 
2.819116E-3, 1.722, 1.001 343E- 7,0. 828,2. 805809E-3,1.722 , 
l .063113E-7, 4.218, 3. 77 5044F-1 2, 3. 29 6,1.C5 8095E-7,4.218, 
3.10059 8E-3, 4.995, 1.456 13 3F-7,0. 894,3. 088532E-3 ,4.996 , 
3.088532E-3, 1.854, 1.450467E-7,4,036,3. 07651 3E-3,1.855 , 
1.542 37 7E-7, 1. 144, 7. 174183E- 12,3. 324,1.5363 75E-7,1.144, 
2.947346E-2, 4.738, 3. 0 85956F-7,4.2 89,2.952934F-2 ,4.7 38 , 
2.95 2934E-2, 1.596, 3.091 8C8E-7,1. 148,2. 95 8 533E-2,1.597, 
3.32 5804E-7, 4.538, 3.4 7922CE- 12,4. 0 88,3. 3321 lOE-7,4.5 3», 
2.53966 5E-3, 5.57 9,4.920614E-7,1. 1 3 3 ,2.65 5C46E-3 ,5.579 , 
2.555046E-3, 2.438,4.950415E-7,4.275,2.570521E-3 ,2.439 , 
5.367822E-7, 1. 38 1, 1 . D3857CE-10, 3.21 6,5. 4003 32E-7,1.3H2 , 
2.570283E-2» 4.685, 7.4571 7 3E-7,4.269,2.608C4 9F-2 ,4.686 , 
2.608049E-2, 1.544,7.5667?9F-7,1.1 ? 9,2.646365E-2,1.545 , 
8.336161E-7,4.517,2.411278C-11,4. 097,8. 45 8632E-7,4.518, 
3.6551 3 7E- 3, 5.605, 9.434556F-7,l. 1 1 8,3. 736872E-3 ,5.6 06 , 
3.7368 7 2E-3, 2.465, 9.64551 SE-7,4.261,3. 820434F-3 ,2.466, 
1.0768 54E-6, 1 . 367, 2. 768 945E-l0,3. 15 8,1 . 100934F-6,1 . 368, 
2.154535E-2, 4.614, 1.289724F-6,4.213,?.? 31245E-2,4.6 16, 
2.231245E-?, 1.474, 1 . 3 3 564 35-6,1.^73,2. 31 06 86F-?,1.476, 
1.524562F-6,4.461,9.0 7?371E-1 1,4. 0 55,1.5 7 884 3 5-6,4.461, 
5.5 242 295-3, 5.574, 504257F-6,1.060,5. 78162lE-3,5.576 , 
5.781621E-3, 2.43 5, 1. 5 74 3455-6,4.204,6. 05 I004E- 3 ,2.437 , 
1 • 827992F-6, 1.31I,4.945 3P6E-1C,3.073,1.91 3164E-6,1.314, 
1.80 7089t- 2. 4.509,1.855860E-6,4.l?6,1.9?5H8E-2,4.511, 
1.9251 1 8F-2, 1.370, 1.977075E-6,C. 887,?. 050857E-2,1.372, 



2. ^58^1^-6,4.378, 2.399771E- 10, 3. 989,2. 51 ? 8 79E-6 *4.38 1 , 
2.8324365-3,4.863,1.006093E-7,3.970»2.8191166-3,4.863, 

2.3 19 1166-3, l. 7 2 2, 1.901 3435-7,0. 82 8,2. 8C5 809E-3,1.722 , 
1.0631 1 35-7, 4.218, 3 . 775C445- 12,3.296,1.058095E-7,4.218, 
1. 10059 85-3,4.99 5, 1.4561335-7,0. 894,3.038532E-3 ,4.996, 
3.0 3 85325-3, 1.854, 1.4504675-7,4.036,3.0765135-3,1.855, 
1.5 42 3 7 75-7, l. 144, 7. 17418 36-12,3.324,1.53 63 75 5-7,1. 144, 
2.9 473466-2, 4.738, 3.Cp55566—7,4.289,2.95293 4E-2 ,4.738, 
2.95 29345-2, 1.59 6, 3.09 18C 85-7,1.148,2. 95 8 53 36-2,1.597, 
3. 32 58 045-7, 4.5 38, 3.4 7522 CE-12,4. 088,3. 3321 10E-7 ,4.538. 
2.5396655-3,5.579,4.9206145-7,1.133,2.5550465-3 ,5.579, 
2.855046 5-3,2.438,4.9 50 41 55-7,4.275,2.570 52 15-3 ,2.439, 
5.36 78225-7, 1.381, 1.0389705-10, 3. 21 6,5. 4003325-7,1.382, 
2.5702385-2,4.685,7.4571735-7,4.269,2.6080495-2,4.686, 
2.6080496-2,l.544,7.5667296-7,l.129,2.6463655-2,1.545, 
3.3361615-7,4.517,2.4112786-11,4.097,8.45863tc-7,4.518, 
3.65 513 76- 3, 5.605, 9.4 34 5566-7,l. 118,3. 736 8721 -3,5.606, 
,.7368725-3,2.465,9.6455155-7,4.261,3.8204345-3,2.466, 
1.076854^-6,1.367,2.7689456-10,3.158,1.1009345-6,1.368, 
2.1545355-2,4.614, 1.2 89 7246-6,4.213,2.2 312456-2 ,4.616, 
2.231 2 455-2, 1.4 74, 1.3356436-6,1.073,2.3106R6E-2,l.476, 
1.5245626-6,4.46 1,9.0 721716-11,4.055,1.5788436-6,4.463, 
5.5 247296- 3, 5.574, 1.5042576-6,1.060,5.7816216-3 ,5.576 , 
5.78lb2l6-3, 2.435, 1.5741456-6,4.204,6. 051 004 6-3,2.437 , 
1.8279925-6, 1.311,4.945 1865-10,3.073,1.9131646-6,1.314, 
1.8070896-2,4.509,1.8558606-6,4.126,1.9251186-2,4.511, 
1.9 251 186-2, l.370, 1.9770 756-6,0. 987,.0508576-2,l.372 , 
2.3588156-6,4.378,2.3997715-10,3.989,2.5128796-6,4.381, 
A|_PHA= 3.146-4, 
£ EN D 



TABLE III 25 

OAY AMBIENT .073 KHZ SI GM/\= 3.0E-4 AT XMTR 

»10ATA 
NOPLOT=I, 
NRMODE=l, NRSEG=1 iNRRHU = 5. DEL T AO=2 50.0• DMAX = 6500.0, 
FR£0=0.073* 
RECHT = 0.0, H=0.0 t EPS=5*7.17201 5E-10, CAMMA = 90.0, PHI=28.0, 
DM = 6 7 50000.0 » 
RHÜ=0.Û,200.0,2500.0,2700.0,6510.0, 
SIGMA=3.CF-4,5.0F-3,5.0E-3,4.64,4.66, 
ALPHA = 8.14F-4, 
LAST 1 =1, 
THFTAP = 31.88«, -40.198, 

82.381, -39.339, 
32.673, -39.956, 
82.893, -38.436, 
83.333, -36.848, 

FXTRA = 4.177572E 00, 1.391, 3.860213E-01, 3.017, 3.346261E 00, 
3.346261 F 00, 4.619, 3.092054E-0 1, 6.245, 2.680375E 00, 4.705, 
3.8 5664 8E-01, 3.015, 3.597459E-02, 4.634, 3.089198E-C1 , 3.101, 

4.100137E 00, 1.405, 4.005337E-01, 2.997, 3.311811E 00, 
3.3 118 11E 00, 4.626, 3.235239E-01, 6.218, 2.675056E 00, 4.706, 
4.CQ1728E-C1, 2.994, 3.92294RE-02, 4.583, 3.232324E-01 , 3.074, 

4.C77456F 00, 1.410, 3.621534F-01, 3.008, 3.305302E 00, 
3.305302F 00, 4.628, 2.935?!8E-01, 6.226, 2.679371E OC, 4.7C4, 
3.566034E-01, 2.970, 3.170482E-C2, 4.567, 2.890728E-01 , 3.046, 

4.038533F 00, 1.416, 3.599468F-0l, 2.975, 3.2«0446E 00, 
3.290446E 00, 4.631, 2.93271 IE-01 , 6.189, 2.680932E 00, 4.703, 
3.5 T6263E-01, 2.929, 3.178807E-02, 4.481, 2.881215E-01 , 3.002, 

3.944346F 00, 1.426, 2.693929F-01, 2.868, 3.263975F 00, 
3.263935E 00, 4.634, 2.22921 8E-P1 , 6.C75, 2.700897E 00, 4.700, 
2.5 887 84E-C1 , 2.754, 1.815993E-02, 4.19?, 2.14221 1E-C1 , 2.820, 

SEND 

1.478, 

1.485, 

1.486, 

1.489, 

1.492, 



PH I = 

TABLF IV 

D fc(Z) 
(KM) (OB) (PAO» 

E( V» 
(OBI (RAO) 

2R.0 
2 SC. 
SOO. 
/SC. 

10 OC. 
12 SO. 
IS oo. 
17S0. 
20 00. 
22 SO. 
2S00. 
27S0. 
30 OG. 
32 SO . 
3SCC. 
37 SO. 
4000. 
42 SO. 
4500. 
47 SO . 
SOOO. 
5? 50. 
5500. 
5750. 
6000. 
6250. 
6500. 

38.391 -0.976 
35.055 -1.066 
32.973 -1.155 
31.406 -1.244 
30.123 -1.333 
29.021 -1.421 
28.046 -1.510 
27.164 -1.598 
26.355 -1.686 
25.604 -1. 774 
24.896 -1.861 
24.242 -1.946 
23.023 -2.031 
23.035 -2.116 
22.473 -2.20C 
21.934 -2.283 
21.417 -2.366 
20.920 -2.449 
20.441 -2.531 
19.978 -2.613 
19.530 -2.694 
19.097 -2.775 
18.678 -2.855 
18.271 -2.935 
17.877 -3.014 
17.494 -3.093 

-45.411 2.767 
-48.801 2.678 
-50.939 2.590 
-52.561 2.502 
-53.900 2.415 
-55.058. 2.327 
-56.090 2.240 
-57.029 2.152 
-57.897 2.065 
-58.707 1.979 
-89.242 1.877 
-89.988 1.788 
-90.702 1.699 
-91.386 1.611 
-92.045 1.524 
-92.682 1.437 
-93.298 1.350 
-93.897 1.264 
-94.479 1.179 
-95.047 1.094 
-95.600 1.009 
-96.141 0.925 
-96.670 0.841 
-97.189 0.758 
-97.696 0.675 
-98.195 0.593 

26 

E ( X ) 
(OBI (RAO) 

-24.403 -0.108 
-27.737 -0.198 
-29.818 -0.287 
-31.383 -0.376 
-32.664 -0.465 
-33.764 -0.554 
-34.738 -0.643 
-35.618 -0.731 
-36.425 -0.820 
-37.175 -0.908 
-67.536 -0.996 
-68.185 -1.082 
-68.799 -1.167 
-69.383 -1.252 
-69.941 -1.336 
-70.475 -1.420 
-70.988 -1.503 
-71.480 -1.586 
-71.956 -1.668 
-72.414 -1.750 
-72.857 -1.832 
-73.286 -1.913 
-73.700 -1.993 
-74.103 -2.073 
-74.492 -2.153 
-74.870 -2.232 
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F.ORTRAN 

0001 
0002 

0003 

0004 
0004 

000h 
0007 
0008 
0009 
0010 
0011 

00 12 
00 1 3 
00 14 
CO 1 h 
001h 
00 17 
0018 
0019 
0020 
00 21 
0022 
0023 
0024 
002h 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
00 3 3 
00 34 

0035 
00 36 
00 37 
0038 
0039 

0040 

IV G LEVEL 19 MAIN DATE * 71131 17/26/58 PAGE 0001 

C TWIRE3 
COMMDN/HG/FRFUiALPHA.H 
COMPLEX TPC tSTP.FTX »ERX» SUM SOX.S AVE.EXCiF REC.EXC FAC, 

t SX,5UMN,SUMI ,fc,TEMP 
DIMENSION XI251,YI25I,2(251»GAMMAI251,PHI(251,DM(25I,RHU(71, 

t THE TAP(210),EXTRA! 18901,TPC(105), I DENT(20 »,S IGMA(71, 
i STP(15,71,FTX(3,25,15),EPS(7I, 
t COS GAM ( 2 5 I , S 1 N GAM( 2 5 I ,COS PHI(25I,S!N PHK25I, 
% FRX(3,15,7), SUM SDX(15),S AVE(15I,EA PPEV(9,15I, 
t FXC(9I,EXC FAC(3,15,251,D(502I,ED8(502,3I,EANG(502,3), 
» BCD(20),XX(25l,YV(2h),DIS(6) 

F0U1VALFNCE(THFTAP, TPC) 
NAMFLI ST/DATA/NR MODI,NR SEG »Uf L T A D,D MAX,FR EU,X,Y,7,REC HT, 

% GAMMA,PHI,UM,THETA?,EXTRA,LAST1,RHO,NP RHO,ALPHA,H, 
t SIGMA.f PS,NOPL PT,NRROT,DIS 

DATA SIGMA/7*4.64/,EPS/7*?. I 7201 5F- 10/,X/25*C.0/,Y/25*0.0/ 
UATA 2/2h*0.P/,REC HT/0.0/,O IS/6*-10.0/,NRROT/1/,NO PLOT/C/ 
DATA LAST 1/0/ 
DATA HUT/' C F N1/ 
DATA DTP/0.CI 745329/ 
DATA 81/3.14154265/ 

C 
C 
C SUBSCRIPTS EUR HT GAIN OUTPUT ARE X,Y,7 
(. SUBSCRIPTS FOR FIELD CUMP. ARE Z,Y,X (ACROSS) 
C SUBSCRIPTS FUR TRANS ORIENT. ARE Z,X,Y ( DOWN ) 
C 

AL P HA = 3,14E-04 
U = 0.C 

10 PRINT IPO 
100 FORMAT!'1'I 

READ 101,IOLN T 
101 FORMAT (20A4 ) 

PRINT 1P2.IUENT 
1C2 FORMAT! • • ,2C"-, /1 

DO 150 K=l,2P 
READ (5,1011 BCD 
BRITE (6, 1051 BCD 
RR I TF ( 1,1 Ol I BCD 

105 FORMAT!• 1,20A4I 
I E ( BCD ( 1 I .EO. OUT) GU TJO 160 

150 CONTINUE 
160 REBIND 1 

READ!1.DATA ) 
REBIND 1 
PRINT 100 
PRINT 103 

103 FORMAT (1 '.RX.'O ',12X,•E(Z) •,17X,•E(V|', 17X,•E(X I•! 
PRINT 104 

104 FORMAT!* • ,7X, MKMI • ,3(8X, • <DBI • ,3X, • (RADI • , 1X1 ,/I 
C 

I F ( NOPL OT .EO. 0) CALL BGN PLT 
HAVE NR = 2.0*3.1416*FRE0*1000.0/2.9979E05 
CONST = 0.03248*WAVE NR**2/(5.3E03*S0RT(FREO)I 
DELPHI * 0.0 
NN » 1 

C 
DO 13 N*1,NR MODE 



FORTAAM IV r. LfcVfL 19

nt06

Ciov

010^1

010«

Clio

Olll

OIU

cm
OllA 
Cll9 
0116 
0117 
OtM 
Cl ® 
CUu 
0121

0122
C121
CI24
C12^

0126
C127

C12A
0129

01)0

WAIN

• lOUI-RHOUM

OATf • 711)1 17/26/M

36

oAce 000)

0060 Tl IfIfXC ANO-EA PHEVfJ.NI .IE. PI I GO TO 72
0069 EXC AN6 • exC ANG-2.06P1
CC90 CO TO 71
0091 T2 IFIFXC ANG-EA PPEVCJtNl .CE. -Pll Gu TO 7)
0092 EXC ANC • EXC ANG42.09PI
009) GO TO 72
0094 T^ LA PAEVIJtNI • EXC ANG

CC9)
c

tXM AVF • $0PT|FXTHA(JNT|4EXC MAGI
0096 E«A AVE • 0.4#|F*TPA|JNT*l|*6XC ANGI
0097 CKClJI • EX« AVI9ICUSIFXA AVE1♦10.0.1.01•$!MlFxA AVEII
009P JNT ■ JNT42
0099 JNH ■ JNH*2
0100 )5 JNKPI • JNXPIA2

otci
L

OP 36 J«l.)
0102

1
F ACC ■ FHKI J«NtKI»IFHX( J.N»K*n*FPX< J.N.Kl |/fPHn|H«ll 

1 •U»lLI-HHO|Kl 1
010) 00 36 l-UNH SFG
0104 )4 fXC FACIJtN.M • F HtC^lExCI JIACOS GAMU | 4FTX 11 , ! ,NI

♦ E«CIJ^)I*SIN GAW(tl«COS PH||ll«FTM2fltNI
♦ flCIJ«6|6SlN GAWIIMSIN PHII11 *7 TXI), I «NI I

pn 46 J«l,3 
SUNI • f.O 
00 6) l-ltNA SCG 
SOWN • 0.0 
DU 42 N*|»NM wool
S* • 

42 SUNN$
fFWP
SU4I

MC
4)

C
60

AVFIN)«SQAT<IOIll-XV|I•I••2^7V(I|6*2l-DUI 
<UWN»FXC FACUtNvIl

•CfXP<-<0»Ctl.OI6WAVE Na«SXl 
PM I I l•SU4N•C>JEF 
S«I«M»FNP

IFICABSI▼F«®» »kQ. 0.01 GO TO 43 
EM . CABSITE-PI 
EA • CANOlTFMP|»|eC./Pf 
DO 4) KP-1,6
IFinU .EO. OISIKKM PPIM MC.EM.FA 
FOAMATI* FMAr> ••H2.)t* FANG* SFO.)!
CONTINItF 
C«SU**I

IFICABSIFI .IT. l.CE-901 t - 1.0€-)0 
LMAG • CAASm 
CANGII.JI * CANGIEI

44 E06U.JI • 20.0*ALOG10IEM4G/1.0€-06I

PH 1ST 4rO.DIll«nEDBlL«JI»EANGILtJ>l«J-lt)l 
400 FOAMATI* ••SX,F6.0t)<)X»F0.)«F6.)ll

DIL«II • OIU^OEiTA 0 
lFiUlt»ll*0.C01 .L€. 0 MAXI CO TO )0

IFINOPLOT .EO. 01 call PIT SIOtEPOfI•11.EANGI1111tLt*60.0«lO.Ot 
»-4.0.l.r,IO€NTI



29 

FUK TRAN 

oo«a 
0099 
CC90 
con 
00 9 2 
00 9 T 
C0 9A 

or 9 s 
ÚO'lh 
00 9 í 
CO 9 0 
OC 9 9 
OIDO 

ciei 
0102 

010 3 
0)04 

CIOS 
0 1 Ob 
CUT 
0109 
d 99 

Clio 

0111 

C 1 12 
cm 
0114 
OHS 
Oils 
Cl 1 7 
01 1 9 
Cl 19 
C 1 20 
Cl 21 

0172 
0123 
0124 
012 2 

012b 
Cl 2 7 

C 129 
0129 

01 30 

IV 0 LfcVFL 19 MAIN OATt * 71131 17/26/58 

i «(0( U-RHO(KI t 

71 IF1FXC ANG-TA PRtVU.NI .'F. Pll GO TO 72 
t XC ANO = tXl ANG-2 • 0*P 1 
GO TO 71 

72 IFIFXC ANG-FA PRFV(JfN) .GE. -Pll On TO 73 
1 XC ANG = t XT ANGX2.0*p I 
GU TP 72 

7 3 L A PRE VIJ,NI = F XC ANO 

I XM A VF = S JF T ( F X Th A ( JNT I *F XC MAC, I 
[ X A A V F 9,s*(ÍX1PA|jNT»1I»EXC ANC-! 
IXC(J) - IX“ A VI * (( net F XA AVE I ♦ U.Ot I .0 I *SI Nt F X A ivFII 

J N T = J N T ♦ 2 
JNix = JflK*2 

3 S JNKP1 = J NS P! * 2 

( 

3S 

1)" (h J = l t 3 
( rv 1 ( = FWX(J,N,K)»(FFX(J,NtK*ll-FP 

$ *U( LI-RHOIKI I 
IP 3h 1 = 1 * NR SfG 
r XC FAC ( J,N, M = F Kt.C*(EXCUl*CUS 

( ♦F*C(J*3I*S1N GAM(ll«CnS 
1 *F XC ( J*6I *S!N GAM ( I I ♦ S I N 

X ( J, N, Kl ! / (RM< ( A ♦ 1 l-MHCKX I I 

G AM ( 1 I »F TX I 1 , ! tN) 
PHI ( 1 I *F TX ( 2 . ! .N I 
PHM [ I »F TX » 3 , I ,N I I 

IIP 4 4 J = 1 . 3 

com i X r.e 
IIP 4 3 1 = 1 » NR SCO 
Sn'tN = n." 
)n 42 N= 1 .Nf MOOF 

SX = 2 A VF ( N) *SaB T ( ( I'll I-XX ( I I I **2»XY ( II **2 1-0( L I 

47 SUMN = X IJMN*F XC F AC ï J ,N » I I 
t *CFXP(-(O.C,l.OI*WAVE N 9 * S X I 

Ft MP = F1M( I l»S(JMN*L JEF 
SUMI = SUMIPTF MP 
IF ICARSt TF«P| .tlj. 0.0) l.l TO 43 
F« = CAPS!TE“P) 
LA = CANG(TFMP|*19C./PI 
DU S3 K K = 1, b 
ITIIILI .ECJ. niSIKKII PRINT SOC.EM.FA 

SCC FORMAT!* F MAC = '.(12.2.* FANG= *IFH.3| 

4? CONTINUE 
F = SU“I 

C 
IF(CA(3S(FI .IT. 1. OF -20 1 t = 1. OF - 2 0 
t MAG = CABS!F 1 
F ANGIE iJI = CANO (EI 

44 CUBIL.Jl = 20.0*ALU01C(FMAO/1.0F-06I 

PRINT 4ro,D(l I ,((EObTL.Jl.EANGTL,JlI ,J=1.31 
400 F OF M A 71 * • , SX,FS.0, 3( SX,F8.3,FM.3 I I 

0( L ♦ 1 I = 0(1 (♦DELTA 0 
IF1U(L*1l-O.COl .LF. D MAXI GO TO 3l 

I F ( NO PL (FT .EO. 01 CALL PLT SI 0. E OLH 1 . 1 1 . EANG( 1 .1 I. l .-60.0. 10.0. 

$-4.0,1.0,IOENTI 

PAGE 0003 



• .a t^A‘4 f V ' . IfVfl I'*

*•1 M •4N ■ NN#l
Cl \ J !► INN .G
Cl M » ' |H 1 .
Cl u PHI 1 I I -
Cl IS IflPHl *
ri PMlIII « 1
11 w 1** Cf'NTlNUf
n M V ?•' IS
0| %>* IT If ILA^II

I*
If IN]P10»

ri6i
1

kN'1

•4A1N

I. “,t* «(>M UO fO IT 
itN» s^<;

^H| I I t>tlt I **H|
taf

P'UI

OATf • riiM 17/26/98

30

MCE 0006

U Cl GO T) 1C
. Cl CAiL INO PIT



fORTRAN IV 6 lfV€L \9 HTGAIN DATE • 7U9I IT/24/9A

91

PAGf 0001

cool

0007

COOA
COO**

0006 
0r07 
0O-)H 
000^ 
or ir

0011
roi7
t''M
0CI6
tois
1016
Cri?
Xltf

fC >r 
cr7l 
C-7’ 
0'’i

or 74 
Or^s

fo?y 
rc?*i 
f 0?»» 
rc90 
ccn
0032

C091

0?36

0U39

CC16

C037

C039

00

0C60

0C6I

0062

0C49

0066

006$

0066

006T

0066

SUrtMOUTINF HT OAINC UTtUfRAL fFPRA tFRRi I

C
K

CflA6nN/Mr,/FRfg,ALRHA,M
COiPtF* <;rHTAP,UFPBL tFPRP ,FP«l,fMFT6P
PF4l*8 A,KVPAOT,KVBATT,AVPRnrf4VPKTTt^0S0«6TFRN«flPP
tn6PLC»*l6 if l•NOSOtSSO*SQ•nl)T,«T|OPT,Z,H|Z,M2/•

% H|PPA/,M2PRA2fPOfM|OfH?0,HlP«60,M2PP6r,CAPHl0fCAPM70#
\ 61STfA7N0tA)RnfA6rH,
i CfPPA»>1 lfAPAP?7fF«Z« 
f Ur

nATA I/IO.Oi!.''»/
.lAfA TiP'P|C/7.C9$66266 -022 
iATA fPS'>/H.«S6E-i2/
AIA Pf/A.l4!i'9‘»6/

^ATA f

IMT4TI- f^TTHPI GO TO |r
Z «*»'fAT^PW* fll
CAll '•I »«S*LI 'fM|Z,H7Z,M|PmZ,M7PP*(Z» 
t xPt r. s*AL»HA« ALTI
rpDp s »o**a4tm.hi;*a3po 
f P-l-lH^/PA^JM.-MlZPAlSIlPE tP«
• ,FP»L • I AP«M H7P w A/P A7N0-H]P6«*ZP AI St 1 pEXPP »AVPaT f pf P«t I

T*|P»|

r 1/ • ff>F «p|.t*K«CPALTI 
FP-l • U^/^»/PfcBAP iipr*/ 
fp^P » 1. */»-»/p«HAp 2<pf */
OfPPl ■ CPI W/fcAZ-RHAPllPf*/!
pftupm

fF:tPP |N|r HOtSTHTAPfSloMAfTHf TAPfEPSI
j;6tOA » ^.'‘pPlPFPfcgPlOCO.r
sr.«') ■ (SI'.MA/f fPiiMFr.AiPEPSMFPS''
K«l,4i.p|r«»«Fr
s • SlH»APP|l,:-ALPHAPH/^.CI 
SSi - <pp>
iOFr»'f«Cu .JATISISO-SSOI
THt !P • IpThF^ap
Ifl’Mitp .r.T. TSTThni tiO TO 20

KVAAnT»PC VPII'I r>l A/ALPMAI/3«0I 
KVttAT^aPV6A0FPP2
avbfot-uo/kvpaot

AVMKTT«AVP4gTPP?PC.$
NCSO'l.r-AtPHAPH
RI|nPT*Fi''$g/f.r,S0PS0R0OT
po*avpa»tp:n''so-ssoi
CALL ApMNlfL IPOf«ICfH2CfMlPA*IOfH?PP«OI
CAPHlOaHlPR6C»AVPKTTPH10
CAPH?0«H2PR*IOPAVRKf TPH20
AIST*CAPM2C-»pRTIOPTppvHAOIph20
A2NO»CAPMlO-|PRTIOPTPAVPAniPMlO
A3PDaH/PffMO-fPKVRACTPSOPOCrPHZO
A6TH«HlPP4C*!*KVAAOTPSOKOOIPHiO
lAA—IPAVPAOT
ATCP(A«ALPHAPPVRATT
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OOSl
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FORTMN IV G lEVFI. IV PKMINKl 0*TF • Tim IT/T6/St

(WJOl
OOUT
0001

0004
0004

0004

OOOT

0004

0004

0010
0011
0012
0011
0014
0015 
001*

eoiT

SUttrnuT’NF MDHNKL l2,HI,H2>H|PIII«t.H2P«MEI 
I4PIICIT REM 48 IR-M.O-l)
C04PIE«*I6 1.I•HI,H2tHlPR4E.H2PRMF.{POWER>IF*«I.>EKH2.

» TFRH1.{TFMN,TERM,SUM1,SUH2,SUN1,SUH4,^0R'{B,
• E«PI.E>P2,EJ(Pl.F<P4,E<P4,GM2F,ePMFP.>|P')uFB.BETR,Rr{,
8 CnNSTl,CON$r2,CaNSri,CDN$l4

UIHFNSION 41211, 41231, CI21I, 01211, C4PI14I
DATA A/ 0*9jr»4 3671 693C. 31.0143 3 72 3 0970, 206.7637 148 7 3160,

i ^>^42 3430, 870.2176 3319 0080, 828.7787 1922 8640,% 3740 4340* 237.9434 4638 3020, 93.4384 9506 6310,
t 31H7 0740* 6. 1210 304 3 0056, 1.1392 4038 4480,% G.ISAO 1273 9441, C.C244 3303 0964, 0.9026 •420 8010,
i C.C^C? 913t 4142, 0.0000 2382 »495, 0.0000 0202 3686,% O.OPOO 0014 1337, 0.009P occo 88 70, O.OOCO 0000 0301,% CoOOOO 0000 CC26, C.0009 0000 0001/

DATA a/ 0«6T8^ 9072 3140, 11.3049 7873 240C, 43.8332 3213 4310,
A I19.6?94 0478 7330, 133.3710 3177 4640, 127.8091 9314 8880,
i TAoTA?? M21 3720. 32. 333** 3862 1320, 10.7833 1287 3840,% 3737 433C, C.6136 :373 6331, 0. 1093 7678 0098,% C.OIAa 2293 9953. O.CO’l 0630 3122. 0.9002 3316 7788,% O.oroc 2232 8289, 0.0009 0191 3671 , 0.0000 0014 4470,
A O.OPOO ocoo 9729, c.oooo OCCO C389, 0.0000 0000 0032,
A O.Of/CC ooco 0002, o.ooco ooco OCCO/

lUTA C/ C.AAA2 1833 8460* 6.2029 1144 6190, 23.8434 6433 9130,
A 3931 1600, 62.1384 0394 2130, 48.7316 8936 6390,« »T.0«A2 7187 C22C, ll.213« 1940 7960, 3.3943 5730 2530,
A 0.9IAI 3006 4310, C.1«12 4126 34 39, 0.0331 2229 6699,
A e.o* A 4244 1038, 0.0006 336» 368?, O.OOOC 6333 0182,
A 3.0. : P619 #399, 0.0000 0P31 6330, 0.0000 000 3 8220,
A o.or.oo OOCC 2328, O.C009 3C00 C130, 0.0000 0000 0008,
A O.OCAC COPC 0000, 0.0000 or^'o 0000/

DATA 0/ 9M72 3140, 43.2199 16«0 9620, 376.8326 2308 0130,
A 1196.2940 4787 3300, 1993.H2 34 1312 2300,2044.9470 9038 2060,
A 1420.1021 46f 9 8630, 711.8306 4067 3310, 269.6326 2184 6030,
A T9.6912 0647 290, 19.C217 1682 6880, 3.7188 1032 3339,
A 0.6CT6 4877 8323, 0.0942 2020 4896, 0.0100 2621 4869,
A O.OOIC 3630 1278, o.ocoo )386 7869, o.occo 0751 2433,
A C.oroo PC3 3 3C74, c.oooo DOC 3 4133, o.oooe OCOO 1962.
A 3.0000 0000 0102, 0.0000 30C0 0003/

DATA CAP/3.1P41 6666 6666 16666 7,0.C3?3 5034 7222 2222 2
A 0.1282 2637 4336 3271 6,0.2318 4902 6464 1404 6,
A 0.4816 2726 7443 7876 S,3.i{l* 0*{* 1*6/ 768,
t 14.0VST 6248 6862 6,T8.«21C 1101 114T,4T4.4S14 14t* 0,
4 120T.4400 41,2 4086.4446,l<, 8421.12,174 1402.0,
8 174* 4177.0/
0*1* RTThRO/C.4771402*4/
U*r* 1/10.0,1.01/
0*T* *lPH*/o.84166721*818441/
U*l* COHSTl/l.24**14044102422.•.464424826284067I/
0*7* CONST2/I.24*814041102422, .4644248262840671/
0*7* COH$ri/l-.4*4424*262*4067, .24**140441024221/
0*7* CONST4/I-.4*4424*2*2*4067.-.246*140441024221/

ZPOWtRal.O

11

P*CE 0001

<• 1»

N 14
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PAGE 0002
0018 SUM3*0.0
0014 SUM4*0.0
0020 2RAG«C0ABS(2I
0021 :mz6Ag ,r.T. 4.21 go to 70
0022 IFIZMAG .GE. 3.21 GO TO 10
OC23 N*12
0024 Gil Tn 30
C02*> 10 IFUMAG .GE. 4.11 GO TO 20
0026 N*15
0027 OU TO 30
0028 2C N«23
0020 3C SON1=0.
CO 30 5UM2»0.
C031 /TfPHs-Z**3/20C.0
0032 1)0 50 Msl ,N
cr)33 SUMl = SU**ltA<M»*2P0HEK
0C34 SU82-SUM2^hCN»*2POnER
C0 3S bUM3=SU«3^C<N»42POWER
0036 SU84=SII*»4^1H»*>*ZP0WER
C03T ;P0WF Os/POWE^-P/TEPM
00 18 IFICOARSI7POWERI .16. 1.00-301 GO TO 60
OOIR 5C CUNTINUf
0040 'JM2F*I*PTTMPn«l2*SUN2-2.0*SU«l 1
0C4 1 SP4FPs|*RTTHP04| SIJM442.082«ZPSUR3I
0042 Hls7*5UM2*r,H?F
C043 H2=H1-2.0*GM2F
0044 HlPRVf «5tJM54GPMFP
0045 H2PR«F=HIPRMr-2.0*GPNFP
004 5

r
kFTyPf^

004 7
K.

70 5UM1=|.0
0C48 SU82»1.F
C044 aTz*cn50Rnz»
0055 SJRT7H»PT/*Z
0051 ZTfcP“*!/Si)RTZB
0052 Mn.»wER = l.O
0053 TCKM:^-1.5/Z
C054 DO 80 M=l,l4
0055 ZPliWPRa/POWtPPZTERM
005b NP'JWF«»MP0WEP*I-ZTERM|
0C57 Tt«Hl*CAP|M|*ZPOHPR
0058 TERM2 = CAPIN|'>8PnwtP
0054 SU81 = SUMUTFPMl
0060 SU82=SU**24TFPN2
CC61 SUN3sSMM3»NPTfpm
0062 SU84*SUR4*84TF«62
0061 8C CONTINUF
0C64 S'JM3*SU«3*TEPM
0065 SUM4»SU»»4*TEP«»
0066 C XPIsCOF XP(0.66666666666666«I*S0RTZBI
0067 tXP2=6XPl*CONSTl
0068 tXP3sCONST2/fKPl
0069 EXP4sCnhS13«FXPl
0070 exP5^C0NST4/EXPl
0071 8ETA«ALPHA/C0SQR*IRT2I
0072 ZREAL«Z
0073 ZINAGs-IPZ
0074 IF UREAL.GE.O.O.Oft.ZINAG.GE.O.OIGO TO 90

H lot

N 112

n 113
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IS

M6{ 0001

0075
0076

OOTT 
C0 7« 
00^9 
00 SO
oosi
0CS2

0053
0054 
OOiS
0096
0097

Hl«0E7A*fFXP^*$U9;»(XRS«$U9tl
HlPRNE«BFTA«|fIP7#|SUN^PI-O*2S//«l*RT7•♦SUM4I6CVPS*ISlIMI*f-0«29/2 

% -l•aT/»♦<;u93M
00 TO 110 M 1|T
H|«PfTA*EKP2*S<JN2
HlPPNMPf TA«f RP2*ISUM?P|-C*2S/7»t«PT/WSU«HI
IF l7«FAL,GI,O.O.OP.2l9Ar,.LT,r.C»Of] 10 UO N 121
H2«PETA*f E RP3»S‘)*4|«f XP«PS'JM2I
M20RNt* at TA*l e »P <•( Su91 • t > 0. 2S/t •« '/ I ♦ «P4*4 StlM2«(-0. 2S//

t ♦!*RT7«*Sm94.H
RFTlIPN ^ I2«
H2»BFTA*ntP3*SlJMl
H2PPM|«(>trA*F *P Mf6 4-0. 2S//-!*P T/I
RfTUPN ^ I2«

N lie.

K:;"^ ■ ,r:': ■
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PAGE 0001

OOftl
r

FUNflON CAMGIARGI

oor?
L

complex aog.apg prt
oro3 i'IMfM5T('N PAPT5(2|
000<»

c
fcvmiVA! ENLflAPG PPT,PART$I

0005
c

AfiG offi s A«r,
0006 ARG »t = PAMTSn »
0007 AKG IM s PAPTS<2I
coos CANG s ATAN?«APr, 1M,ARG Rl »
CCO-*

f
KfTURN

0010
1.

£N0
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f-QW THAN 

COCI 
0002 
000 î 
000^ 
000^ 
onoh 
COO 1 

ocoo 

00 10 
00 1 1 
00 12 
00 1 3 
oo l'¬ 
on is 
CCI 6 
O" 1 7 
001« 

00 1« 
0020 
Or 2 1 

00 22 
0021 
0024 

002 S 

IV G IE V F L 10 PITS DATE*7ll31 17/26/S8 

SUBROUT I NE PL T SI K.0B. ANO. I SUB,AMPM1N,ANPINC.PHSN|N.PHSINCiI DENT I 
DIMENSION R I SO21. UH I 502 I , ANO IS0211BUEEER I 2000 I, I DENT (151 

UBIliUBElI = AMPMIN 
UBI !SUB»2I = AMP I NO 
ANGII SUB*11 = PHSM1N 
ANG( ISUB + 2 I = PHS1NC 
CALL SCALE!R,1C.S,1SUBi1tlO.O) 
CAU L INF (RiUB, I SUB, 1 ,C.4l 
CALL A*I SIC.0,0.0,14HÜH ABOVE 1UV/M,14,8.0,00.0, UBI ! SUB*11 

t,DB(I SUB* 21,10.01 . 
CALL A>IS(0.o,0.0,7HRHIj|KMl,-7,lC,5,0.0,R(ISUB*ll,P(ISUB*21,10.0l 

CALL SYMBOL I 1.0,1.0,.14,IUENT,0.0,401 
CALL PLOT I 15.5,0.0,-11 
CALL l INE IR,ANG,! SUB,1,0,41 
CALL AXIS!C.0,0.C.5HPHASE,S,8.0,00.0,ANGI1 SUB*1 I ,ANGI1SUB*21, 10.01 
LALL AX I SIC.0,0.C,THRHOIKMI,-7,10.5,0.0,RI1SUB*1 I,R(ISUB*21,10.01 
CALL SYMBOL I 1.0,l.C,.14,inENT,0.0,60l 
CALL PI OT I 15.5,0.0,-31 
RETUDN 

C 
ENTRY BON PL T 
CALL PLOTS! BUFFER ,2000,31 
RE TURN 

r 
entry end plt 
CALL PLDTIG.C,0.0,9931 
RETURN 

C 
END 
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