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ABSTRACT 

This report presents an updated version of an earlier waveguide 

program written in the FORTRAN compiler language. The new program 

includes the following additions} (1) Provision for calculating ex¬ 

citation factors for all electric field components Ex» Ey, and Ez 

as a function of height within the guide» (2) Provision for generating 

the excitation factors for both vertical and horizontal electric dipole 

exciters. 
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I. INTRODUCTION: 

This report is a continuation of a series (1, 2, 3, 4, 5, 6, 7, 8) 

which describes computer programs which have been developed for calcu¬ 

lating ionospheric reflection coefficients and/or waveguide modal 

parameters. Reports 1 through 7 were written in the NELIAC computer 

compiler language for the CDC 1604, while 8 and the present program are 

written in FORTRAN 63 for the CDC machine. 

As with earlier versions of the program, the modal equation is 

determined from the reflection matrix of the ionosphere as seen looking 

upward from a position in the guide and from the ground reflection 

matrix as seen looking downward from the same position in the guide. 

Solutions of the modal equation are obtained by application of Newton's 

method of iteration. The propagation parameters, attenuation rate, 

phase velocity, and excitation factor are determined for each solution 

of the modal equation. Full allowance is made for ionospheric inhoiro- 

geneity in the vertical direction, earth curvature in the direction of 

propagation, and the orientation and intensity of the geomagnetic field 

with respect to the path of propagation. As many as five charged 

particles of either sign and of arbitrary mass may be included as con¬ 

stituents. 

Hie present program differs from that of reference 8 only to the 

extent that additions have been incorporated into the program described 

here which allow for greater flexibility in calculating the excitation 

factors (and height-gain functions). In previous versions of the program 

the excitation factor calculated has been for ground based vertical 

electric dipole excitation of the vertical component of the electric 

field, Ez, at the ground. In contrast, the present program can be 

used to generate excitation factors for all electric field components 

E*» Ey, and Ez as a function of height within the guide. Furthermore, the 

excitation factors can be generated for both vertical and horizontal 

electric dipole exciters with allowance for arbitrar/ height of the 

exciters within the guide. Thus, pi ob1oms relevant to elevated sources 

and receivers can be treated with the present program. 
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The physical input parameters for the waveguide program are: 

1. The azimuth of propagation with respect to the horizontal 

component of the geomagnetic field. 

2. The geomagnetic dip angle and field strength. 

3. The radio frequencies. 

4. Vertical profiles of up to five charged species (electron, 

positive and negative ions). 

5. An exponential but otherwise arbitrary collision frequency 

distribution with height for each species of charged particles. 

6. The ground conductivity and dielectric constant. 

7. Transmitter and receiver altitudes (up to 25 each). 

8. Horizontal dipole orientation relative to direction of propa~ 

gation. 
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11. EXCITATION FACTORS : 

In this section we summarize the excitation factor formulas which 

have been programmed. The formulas for the vertical dipole source are 

straightforward extensions of Budden's (reference 9) fundamental work, 

while the formulas for the horizontal dipole follow from the develop¬ 

ments in reference 6. 

VERTICAL DIPOLE EXCITATION 

Field 
Component 

Excitation Factor 

) 



HORIZONTAL DIPOLE EXCITATION 

Field 
Component 

Excitation Factor 

Ex 

Ey 

B.[sin+ ,R,,)^(2,)1,,(2) 
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+ COS Ü-Ä.) (l-J^R.Jg^Jgiz)] 
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( 1 (I-AhR^í^Zj)!^) 

f cos ^,,11,(1+,,8,,)(1 + ^) g(z,)i,(z)J 

lh« 1 and R'» reprifSimt re«|ectivuly • IcmontS of the reflection matrix 

looking into the lonotphvrt; ami towards the ground from the same level 

cl within the guid«:'. Co mil ht cm t with the usual notation, the first sub- 

».•ript refers to the polarisation of the incident wave while the second 

app It*.« to the polarisation of the reflected wave. B and B are given 

by 

B, 
*F\ 
del#, K 

B .18^ 
aF] 
àélê = 0„ 

(1) 

wtv tc* 8 is thr sine of the algenangie, i •y-ï and the denominator is the 

"i:i<' c > va11 vw of the 'nodal equation evaluated at the eigenangle, ® * 

In the of the honaontal dijioie, % is the angle between the 

dicection of the horisontal dipole and the direction of propagation. 



Explicitly, ip = 0 represents end fire while ip = — represents broadside 

launching, denotes the altitude of the transmitter while z is the 

altitude of the receiver. The height-gain functions fn , fi and g are 

given by 

fii(z)=exp z-d F] h^q) + F/(q) 
a 1Flh](qd)+F¿h¿(c\d) (¿) 

f ,z) = Fjh] (q) + F4h¿(q) 
F3Mqd)+F4h2(qd) (3) 

g “ Ik J¿(f|l) (4) 

Fj = -(H2(q0)- i(^ )/3 (Ng2- S¿ )/z h2 (q0)} (5) 
D 

f2 = Hj(qo)-i-^|(-^-) (Ng-s2)2 h](qo) 

F3=-{ h2 (q0) - i (^-/3 (Ng2- S2)/2 h2 (q0)} (7) 

F4= hj (q0)- i(^-)1/3 (Ng2- S2)72 hj (q0) (8) 

q = (-^) 3 (C2 - "a"(h-z)) (9) 

Hj(q)=hJ(q)+-L(-4)2/3h3(q) ; j=l,2 (10) 

n2= 1—a (h-z) (11) 



c * cosine of the angle of incidence at height h 

k is the free space wave number 

t/t is the dielectric constant of the ground 
o 

o is the ground conductivity 

w is the circular radio frequency 

a is the earth's radius 

The functions h, and h, are modified Henkel functions of order 1/3 

(which are linearly related to Airy functions) as defined by the ComfuiU- 

tion Laboratory at Cambridge, Massachusetts (reference 10) and the primes 

on these quantities denote derivatives with respect to the argument. 

Equation (11) is the modified refractive index which equals unity at 
2 

height, h. The subscript, o, which appears on n in Equations (5) and 

(6) signifies that Equation (11) is to be evaluated for z • 0. Similarly, 

the subscripts o and d which appear on q in Equations (2), (3) and (S) through 

(8) signify that Equation (9) is to be evaluated for z-0 and d respectively. 

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 earth analogues 

of Equations (2) thru (4). That is, to replace the height gains by 

(13) 

(, exp(ikCz) + 1R1 exp(-ikCz f 2ikCd) 
1 Z = expUkCdKl + J*,) 

(U) 

= C [exp(ikCz)-IL5llexp(-ikCzt2ikCd)l 
......*....'"mm.«inj 

exp(ikCd)(H-,Jl„) 
(IS) 

: 
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p#r kilowatt r^adiatod pi:iw#r and with f*'>i«»trie «praadlnf allownd for by 

a lainljif"* factor* wh«r« o 1« th# transnut#« r#«*iv«r dimane#* th# 

factor ij, :«hould b# nultipliod by (-1) and in addition th« factor« 

ami *2 fthould t># nultipl i#d by 

0.0134¾ k 

vr 
with f th* frtKtwtncy in kite and k **pr#».»*d in Inwwn# kiloiuitars. It 

•hould b# cauttonad that th# prtc#dinf «tatwMmt» apply for and# bum. 

calculation« In a fold« which ia honofWMwu« ln th« diraction of prop¬ 

agation. In f«n#ral* th« «ifcttation factor* <d#fimd h#r# cannot b« u»#d 

diractly for WKB calculation«. 

'Th« Mignitucl#* of tha fuantlti#* dot 1 nod har« «» ««citation factor« 

*r« prlntad out urtd«r Um 1«Imí i:;XTM MAC* whil# Um arfunants ar« printod 

out und»t th* labal llltm AliSUU Each printout is stcoop-anlad by a Irland 

which cl«*rly imilcat«* th« applicabl« dipol« ««citar (horlcontal or 
v«rtleal) and fi«ld ccN^>on«nt (Ea, E^» or E;y). Th« )*f«nd «loo flvas tran»- 

■ittor and rocaivwr altitud«« and. In th# c««* of horiaontal dipol« ««cita¬ 

tion* orlantation. 
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For the purpose of normalizing in a consistent manner with previous 

works (Wait, pg. 221, reference 11) the quantities obtained by multiplying 

the excitation factors by are printed out under the labels PHASE OF 

WAITS EXCITATION FACTOR and WAITS EXCITATION FACTOR IN DB. Here H (labeled 

KEFLHT in the program) should be a height representative of the height where 

the bulk of the reflection occurs. Again the legend clearly indicates the 

,il pi i cable exciter and field component. Transmitter and receiver altitudes 

and orientation of the horizontal dipole are also given. 

Also printed out are the height-gain functions shown below with these 

1 abe1s 

Function 

fn «v 

f i (z^ 

f„ U) 

gU) 

f, (z) 

Label 

HGTVR 

HGTHE 

HGTHB 

HGRZ 

HGRX 

HGRY 

As before z and z denote the altitude of the transmitter and receiver 

respectively. When the program is run with the integration carried to 

zero (i.e. d * 0) the functions f,, (z) and f i (z) will be unity at z » 0 

bo that they then agree with the usual definition of height-gain functions 

However, g as defined by us hero will not be unity at the ground but will 

differ from its customary definition by the factor 

where the subscripts o indicate that the reflection coefficients are to 

be evaluated at the ground and Cn is the cosine of the eigenangle 
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III. RUNNING THE PROGRAM: 

A. Options Available 

The program allows for several input, output, or computational pro¬ 

cedure options designed for specific user needs. They are: 

1. Computation of either exact or approximate waveguide solutions. 

2. Ionospheric constitution of from one to five particle species 

of arbitrary charge, mass, and collision frequency. 

3. Calculation of excitation factors for both horizontal and vertical 

dipole radiation or for ground based vertical dipoles only. 

4. Calculation of both horizontally and vertically polarized wave¬ 

guide modes or either polarization only. 

5. The charged particle-neutral species collision frequencies as 

a function of height can be input in tabular or in functional form. 

The various options are demonstrated in Tables 1-4 and will be dis¬ 

cussed in the following descriptions of the inputs and printouts of the 

program. 

B. Input 

1. Charged particle height-density profiles. 

Tables 1 and 3 demonstrate the order and manner of profile input. 

Although only two species are shown three are implied. Space charge 

neutrality is assumed and by including a NEGIONS card the negative ion 

density is taken to be the number density difference between the positive 

ion and electron densities. If more than one positive or negative ion 

species is included the NEGIONS card can not be used. 

Species and run identification cards as well as the nines (first 

eight columns) cards are positioned as shown in Tables 1 and 3. The charged 
-3 

particle densities (numbeis cm ) are in columns 14-21, the height (kilometers) 

in columns 2-7, and the decimals are in columns 5 and 15. Only as many 

values of charged particle densities need be input as are needed to adequately 

describe the profiles; logarithmic interpolation is used to obtain the 

charged particle densities at intervening heights. All species must have 

number densities specified at identical height intervals. 
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2. Collision Frequency Profiles 

The charged partiele~neutral particle collision frequency as a 

function of height is input either directly (as in Table 3) or as coeffi¬ 

cients for an exponential function (as in Table 1) . If the direct method 

is used a SPECIES 1 COLLFREQ card follows the nines card of the last spe¬ 

cies profile or the NEGIONS card. The collision frequency is in columns 

14-21, the height (kilometers) in columns 2-7, and the decimal points are 

in columns 5 and 15. Values must be input for the heights of the top and 

bottom of the species profiles. Also, the heights, for which values are 

input, must be the same for all species of charged particles. The col¬ 

lision frequency values are obtained at intermediate points by a loga¬ 

rithmic interpolation subroutine. 

3. Name List Variables 

The name list input variables may be placed anywhere on the card 

in the following format: The names, e.g. MAGFIELD, must have no spaces 

between the letters. The name is followed by one space, an = (equal) sign, 

another space, and the parameter value. If a parameter has more than one 

value they are listed on the same card or following cards with one or more 

spaces between values but without repeating the parameter name. An example 

of the format is COEFFNU in Table 1. The name list cards may be input in 

any order; the sequence of names, as follows, has no particular significance. 

a. AZIMUTH is the direction of propagation in degrees measured 

clockwise from magnetic north. For example, west to east propagation cor¬ 

responds to an azimuth of 90 degrees. 

b. DIPANGLE is the conjugate of the usual dip angle, i.e. it is 

the angle between the total geomagnetic field vector and the zenith. The 

range is from 0 to 90 degrees in the northern hemisphere and from 90 to 

180 degrees in the southern hemisphere. 

c. MAGFIELD is the intensity of the geomagnetic field in Webers 

-2 
m 

d. COEFFNU and EXPNU are coefficients for the functional form 

of collision frequency input. The form of the function is 

10 



V = COEFFNU X exp (EXPNU x Z) 

where v and COEFFNU are collisions per second, EXPNU is in inverse meters, 

and Z is in meters. Table 1 shows the input form for electrons, positive, 

and negative ions . 

e. EPSILON and EPSILONO are the permittivities of the earth's 

surface and of free space respectively. 

f. D is the height in kilometers at which the modal solution is 

obtained. It can be at or below the height of the lowest species profile 

input. 

g. H is the height in kilometers at which the modified refractive 

index becomes unity. Because of the insensitivity of the solutions at the 

ground to H, it is convenient to set it at the same height as D. 

h. REFLHT is a reasonable estimate of the height of wave reflection 

in kilometers and is used solely as a factor in obtaining WAITS EXCITATION 

FACTOR. 

i. ALPHA is equal to 2/earth's radius in kilometers. If solutions 

are required for a "flat" earth case ALPHA should be set to a small non-zero 
— 6 —1 

number (e.g. 10 km ). 

j. RELPREC sets the precision level (and computation speed) 

RELPREC ranges from 1.0 to 4.0 with 1.0 being fast but imprecise and 4.0 

being slow but highly precise. 

k. SIGMA is the ground conductivity in mhos/meter. 

l. FREQKHZ is the radio frequency in kilohertz. 

m. THETAINC controls the incrementing of the trial complex angles 

of incidence between succeeding iterations in search for solutions. THETAINC 

is in degrees and a usual increment is one degree. 

n. MRATIO is the ion mass to electron mass ratio and is required 

only when ions species profiles are input. 

o. CHARGE is only required when ions in addition to electrons 

are input. The electron and negative ion charges are -1.0 and positive 

ions +1.0. 
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p, typeiter is an optional command which is used to obtain vertically 

polarized modes only or horizontally polarized modes only. It is physically 

meaningful to apply this command for an isotropic or near isotropic ionosphere 

or for transverse propagation at the geomagnetic equator only. The command 

TVPEiTKR - 1 is used for vertically polarized modes and TYPEITER - 2 for 

horizontally polarized modes. 
q. RPOLY - 1 1» optional conmaml which allows tho program to 

obtain approximate solution, by Intarpolatinq between calculated reflection 

coefficients for complex angles of incidence Ha search for -ode eigenangles. 

It is used to obtain solutions rapidly with some loss in accuracy. It is 

also used to obtain trial eigenangles for the exact method. 

r. TUST is a list of complex angles selected to bracket the ex¬ 

pected range of modal eigenangles sought when using the approximate solution 

method. That is. TUST is required when RPOLV - 1 is input but is otherwise 

deleted. 
v-r^FM is the list of trial eigenangles and is required for 

both the exact and approximate method, of obtaining .olutiona. Up to thirty 

trial angle, nuy ho input in the format of real part. »pace, imaginary part, 

space, real part etc. Table 3 1 i.t, the input for RPOLV - 1. a TUST, and 

an appropriate EIGEN list. 
t. PHI is the angle of propagation with respect to the axis of a 

horizontal dipole transmitting antenna. PHI - 0.0 for end launched radiation 

and PUI - n/2 for broadside launched radiation. As many as ten angles of 

propagation may be specified but in any case PHI - 0.0 and PHI - '/2 are 

mandatory for PHI and PIII2 in that order. 

u. NRPHia is the number of PHI's requested ranging from the mandatory 

2 to 10. 
V. alt is the transmitter altitude In kilometers. As many as 

twenty-five transmitter heights may be specified. 

w. NHALTS is the nusfcar of altitudes specified in the ALT list. 

X. Al.R is the receiver altitude in kilometers. As many as twenty 

five receiver heights may be specified.. 

y. NKALR is the number of altitudes specified in the ALR list. 
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z. PRIPUN * -1 is an optional command that restricts the mode 

excitation factor computations to those for a ground based vertical trans¬ 

mitting antenna and ground based receiver. It is used with RPOLY to obtain 

trial cigonangles for input to the exact solution program or if only ground 

based equipment is of interest. If PRIPUN =-1 is used variable input cards 

PHI, NRPHIS, ALT, NRALTS, ALR, NRALR may be deleted. 

4. Start-Stop Commands 

a. WAVEGUID is the command for the computer to start and obtain 

waveguide solutions. It follows the last of the name list variables but, 

as detailed in the next section, may be used repeatedly for linking several 

computer runs. 

b. QUIT stops the computer and is the last input card. 

5. Linking Several Computer Runs 

By doing several different runs in one computer input one can some¬ 

times save on turnaround time and cut down on card duplication of either 

inputs or profiles. 

More than one data deck is run at a time by following the WAVEGUID 

card with a SPECIES 1 PROFILE card and so on through the profile or through 

the ion profiles as before. Doing this destroys the profiles which were 

originally in the computer but all the other inputs remain as they were. At 

the next WAVEGUID card the program starts on this "second" program. If any 

changes in input parameters were desired on this second run, they would be 

changed between the profile and the WAVEGUID card. For example, if D = 0.0 

on the first profile and D ■ 65.0 on the second, the new profile would end 

with a nines card and then REGIONS, if ions were included, then D = 65.0 

and then WAVEGUID. 

Changes in the parameters for the data deck are stated between WAVEGUID 

cards. All other inputs would remain unchanged. For example, if several 

mag fields are desired for a given profile and set of parameters, only mag 

field would be changed before calling WAVEGUID again. For example 

MAGFIELD = 4.0E-05 

WAVEGUID 

MAGFIELD »0.0 

WAVEGUID 



Table 2 
C. Computer Printouts 

Tables 2 and 4 are samples of the printout options available 

includes the waveguide mode parameters for both horizontal and vertical dipole 

excitation. Table 4 is the printout for vertical dipole excitation only. 

It is called by the PR1PUN ='l command. 

« 

Page 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

Contents of Table 2 

Li ne 

1, 2 

3, 4 

6 

7 

8 

9 

10 

11, 12 

13 

1 

2 

4, 5 

6, 7 

8, 9, 10, 11 

12, 13, 14, 15 

Description 

Real and imaginary parts of the eigenangle followed 

by the complex reflection coefficients. 

Magnitude and argument of the reflection coeffi¬ 

cients . 

Number of iterations performed to arrive at a 

solution. 

Difference (real and imaginary parts) between the 

final two eigenangles. 

Real and imaginary parts of the F function. 

Phase velocity of the mode at ground level. 

Phase velocity divided by the free space velocity. 

Modal E field attenuation at the ground in 

dB/1000 km. 

Magnitude and angle of the mode mixing parameter. 

Real and imaginary parts of the eigenanglc at 

the ground. 

Height of the transmitting (ALT) and the receij- 

ing antennas (ALR). 

Direction of propagation with respect to the axis 
of a horizontal dipole transmitting antenna. 

Magnitude and phase of the mode excitation factors 

for the vertical E field. 

Phase and magnitude of the mode excitation factors 
for the vertical E field according to the J. Wait 

formulation. 

Same as above but for the E field in the direction 

of propagation. 

Excitation factors for the horizontal E field 

normal to the direction of propagation. 



Line Description 

16 

17-28 

29-34 

Line 

1-13 

14, 15 

16, 17 

Direction of propagation with rcwpect to the axis 
of a horizontal dipole transmitting antenna. 

Excitation factors, as in lines 4-15, but for the 
line 16 direction of propagation. 

Height-gain functions as defined in Section 11. 

Contents of Table 4 

Description 

Identical to the descriptions of line items on 
Table 2. 

Magnitude and phase of the excitation factor for 
vertical dipole radiation. 

Phase and amplitude of Wait's excitation factor. 



TABLE 1 

SPECIES I PROFILE 
SAMPLE ELECTRONS 

120.00 
110.00 
; ’ 
100.00 
95.00 
90.00 
85.00 
80.00 
75.00 
70.00 
65.00 
60.00 
55.00 
50.00 
45.00 
40.00 
35.00 
30.00 
25.00 
20.00 

99999999 

1.85E 03 
1.47E 03 
1.39E 03 
1.42E 03 
1.66E 03 

6.51E 03 
1.51E 04 
3.03E 04 
5.14E 04 
4.22E 04 
8.45E 03 
1.35E 03 
2.79E 02 
3.38E 01 
1.53E 00 
1.33E 02 
6.74E 04 
1.93E 04 
5.d7E 05 

SPECIES 2 PROFILE 
SAMPLE IONS 

120.00 
110.00 
105.00 
100.00 
95.00 
90.00 
85.00 
80.00 
75.00 
70.00 
65.00 
60.00 
55.00 
50.00 
45.00 
40.00 
35.00 
30.00 
25.00 
20.00 

99999999 
NECIONS 

1.85E 03 
1.47E 03 
1.39E 03 
1.49E 03 
1.72E 03 
3.08E 03 
6.76E 03 
1.59E 04 
3.28E 04 
6.34E 04 
9.26E 04 
1.12E 05 
1.10E 05 
7.86E 04 
3.47E 04 
8.09E 03 
9.401 03 
3.55E 03 
3.68E 03 
3.65E 03 
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TABLE 1 

(CONT.) 

DIPANGLE = 40.0 

MAGFIELD = 4.4E-05 

EPSILON = 1.32B151E-10 

EPSILON = 8.85434E-12 

ALPHA = 3.14E-04 

RELPREC = 2.0 
COEFFNU = 4.303E11 1.076E10 I.076E10 

EXPNU = -1.622E-04 -1.622E-Û4 -1.622E-04 

THETAINC =1.0 

REFLHT = 55.0 

D = 20.0 

H = 20.0 

FREQKHZ = 19.8 

AZIMUTH =90.0 

SIGMA = 5.0 

MRATIO =1.0 58000.0 58000.0 

CHARGE = -1.0 1.0 -1.0 

EIGEN = 85.730 -.35 84.900 -.270 

ALT = 0.0 4.0 8.0 

NRALTS = 3 

ALR = 10.0 20.0 

NRALR = 2 

PHI = 0.0.1.5.708 

NRPHIS = 2 

WAVEGUID 

QUIT 
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TABLE 3 

SPECIES 1 PROFILE 
SAMPLE ELECTRONS 

250.00 
200.00 
100.00 
90.00 
80.00 
70.00 
60.00 
50.00 
40.00 
30.00 
20.00 
10.00 
05.00 
00.00 

99999999 

4.75E 05 
2.60E 05 
2.50E+05 
2.25E+03 
6.20E+02 
1.20E+02 
1.05E+02 
4.27E-01 
5.42E-02 
4.03E-03 
2.19E-04 
1.47E-05 
5.88E-06 
3.07E-06 

SPECIES 2 PROFILE 
SAMPLE POSITIVE IONS 

250.00 
200.00 
100.00 
90.00 
80.00 
70.00 
60.00 
50.00 
40.00 
30.00 
20.00 
10.00 
05.00 
00.00 

99999999 
NEGIONS 

SPECIES 1 
250.00 
100.00 
000.00 

99999999 

4.75E 05 
2.60E 05 
2.50E+05 
2.27E+03 
6.32E+02 
1.73E+02 
8.59E+02 
1.54E+03 
2.73E+03 
3.55E+03 
3.65E+03 
3.72E+03 
4.48E+03 
5.50E+03 

COLLE REQ 
1.90E 03 
3.90E 04 
4.30E 11 



TABLE 3 

(CONT.) 

SPECIES 2 COLLEREQ 

250.00 4.75E 01 

100.00 9.75E 02 

000.00 1.07E 10 

99999999 

SPECIES 3 COLLEREQ 

250.00 4.75E 01 

100.00 9.75E 02 

000.00 1.07E 10 

99999999 

AZIMUTH = 270.0 

DIPANGLE = 65.0 

MAGFIELD = 3.5E-05 

EPSILON = 7.17201E-10 

EPSILON = 8.85434E-12 

D = 0.0 

H = 0.0 

ALPHA = 3.14E-04 

RELPREC =2.0 

SIGMA =4.64 

REFLHT =20.0 

MRATIO = 1.0 58000.0 58000.0 

CHARGE = -1.0 1.0 -1.0 

THETAINC = 1.0 

FREQkhZ * 18.0 
RPOLY = 1 
TLIST = 84.0 -1.5 85.0 -1.0 86.0 

EIGEN = 85.230 -1.198 

PRIPUN = -1 

WAVECUID 

QUIT 

21 
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P9üti«A!i IK'Pjr 
CJ^MOKVpMPÜI/rHfcTA^Rta KHZ, âZIMUiU, UIP AMOLE,mag *■ IbLD, ALPHA , H, 

s U|* = L PREC.TDP HT.iOHtST HT,Q MAX,ÜELHM1 N,bWliLH, 
% H rXTRAUS) 

C1MMON/SM IMPJT/NR SPfcC, CÜEF ►' Mb ( i? )■, =XP JU ( 5 ) , CHAHUt ( ) , M K^TIO(ÍJ; 
C)MmGN/FLG 1 N3 jT/DEdUG, He PRINT,PÜlY PLAG.INTEÜ UH.Wf I- L A O, 

ï NgQ £LECT#INDX REFw.INHÛHQ,J FlAO,GRAPHS, 
S F G =xrRA(l5) 

COMmüN/wG IVPjT/TYPfc 1 TfcR, MA < OfcU A. =FS I L^tl, EPS 1 LUN 0,SIGMA, 
% WiIM SKIP, 
S RsF. HT,R PÜLY,T LiST<u>,£ICE H30)* IHfc'A i NL , 
ï Hi 'JHIT(2),ÚTHE1A,i U3,Hü EXTRA < 3 > 

CÜMMüN/SUlTMS/mR S0l,SÜLTM(2H) 
COHHÜN/i/SKiPi,HT L1S I ( 15 0 ) ,1 0.5 N LlST(i»n,5) 
OMHÛV/CUlL FHEQ/CF SK JP,NU FLAG.C HT LIST(25),U LUG LI S I (25,5) 
CümmON/FLD íM = jT/DIST,Dcl DI'îT.ITITLEKIZJ.ITIILEZIIÜ) 
cOhhon/ph impt/hprint,ht0,fn•s Range.ho RSF.min.pr Xinacip) 
common/a INJUT/NR A.R(9,9).Da(9) 
COMMON/feXPR IM/NR V,EXP VAL(a4),EXP jr)C(¿4) 
CJMMON/FREO IM/NR F,NK vPK,E^PER F<6) 
COMMON/HU IMPJT/ALT(25).nr A' TS,PHI(10)» MP PhlS.HU hLAÜ.M3 ALR, 

S ALR(25),HD SK IP(1 J ) 
% ,JKIPUN 

MAMELIST/DAIA/THcTA,FRcü KH7. AZIMUTH,DIP AfIÜLE,MAG ï- ibLU, alppa.h, 
S D.RcL PREC.TOP hT, i OMES T H1,G 1A X,D EL HMlN,S WiICH, 
ï CJEíT NU.bXP NU,CHARGE,M RAÎIO, SPEC ItS, 
% DCHJG.POLY F LAG» NE'« ELECT, INDX REFR, INHüMU, 
S J FwAG,GRAPHS, 
S TYPE I TER » MAX DELTa,EPSILON,EPSILON ü»SlbM„, 
$ RsF_ HT,R PÜLY,T L ‘ ST, E l GE N. THt-T A I NC. D I Ht T A , LüH, 
ï NR SOL « SOI T N, 
S ÜISr.DéL U 1ST, 
ï M*RINT,HTq,FN,S RAmQE»Ho R=F,MiN, 
S N R A,Hi,82,H3,34,RH,06,07,SR,R9,OA, 
% EXP VAL.EXP JlNC* 
% NR Í-.NR VPF.EXPeR ► . 
S A,T,NR AL IS,PrtI, NR PHlS » HD FLAG,NR ALR,ALR 
S » JRIPUN 

EOUIVALENCEtri«! ) ,81) ,(9UU ) . ^2 ) , ( d ( i 9 ) , BS ) , ( B ( 2« ) * U4 ) , ( d ( G / ) , 85 ) . 
S ( 3(46) ,86) , (9(55) ,h7) , (tí(64) ,B<1) , (B( 7ô) .09) 

COMPLEX I HE FA 
COMPLEX 11 G s N , T LISI ,üThE1 A,| Uii 
complex solfn 
REAL mag F IsLJ,LOHEST Hl,h RäTIO 
REAL MAX Dfc„TA 
R5*L LOG N .1ST 
REAL NU 
INTEGER üEHJ(*,RC PRINT,POLY PLAG.RF HAG,GRAPHS 
I (TEUER BCD * S3gCI ES 
IlTtUtR lYPs I TEH » R PÜLY 
I (Teuer hd «lag 
integer prison 
'IIMENSIüN ROUtioJ 
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« 

.H T A U’ A ij F I ; L.) = l. 0 E 9 9 > 

u)ATA « ALPhA = U . 0 ) ' ( HsÜ *0 5 

;)ATa(ü = 0'0) 
') A T A J R b I PH = C = 
:)\rA(L3^^si hr=o• o^ 
~|\TA('J MAy = l.Q=99) 
•)ATA(L'fcLHMl M = 3.0312^) 
,)\rA(s^i ic^ = i .ot ai> 

n\TA(Cüfc^F M‘J = 4.3o3tll 11, ü76^!^ »1 • n7öf;ic > 
Il A T A ( F XP M'ls-l.622E-o4,-i. 62 5E 

'JAtAtCHA'^jE5-! .n»1.0»"l*0 > 
H \ T A ( 1' RATlJ = 1.0'58t30U'U»5'80,'0*0> 

HATAIKJ FlAj=0> 

1) a r a ( Utfc>UGs il Î 
I) A T A ( WC PP l M 1 s 1 ) 
DATAtPOL^ F.AJsq5 
nAUUMTt'j jp = 0) 
DATA(FF fLA4=o) 
i) A T A ( Neli EL = OT=o ) 
')ATa( 1 MÜA MsF^sQ ) 
;i AT A ( 1 NHUMG'O > 
)\TA( J FuA'Js0 ) 
L)ATa<(HaPHSsO ) 

HATAtTYPt I !c R s Q)>(MAX UElTAsOiG* 

r)\YA(PtF^ Hrs[),1. ) 
.DATAtK PULY=0 ) 
1 AT All LlS1 SH < *0 »0 *0 > ) J 
') \ Ta ( t 1 (ifcM = 3j ((O.Q»0«0)>) 
I) A T A ( T Pt 1 A I 'Y : = n . 1 ) 
i) A T A ( UTHtT A s ( Q . * 3 • 01 ^ ] 
il A T A ( L'JB2 ( 0 * I) 5 . Q . 0 03 I ) 
T A T A ( R 601 = 1)) 

nArA(lTllL = i = i6HFir:Ln SIRfeNGTH -.1()( 6M 
n\TA(¡ti ile¿=i6HRcUativc pha'íE -,ia<8H 

TATA (!) iS =lÜUOn • o > • IDtL D15T = 0 .0 ) 

IJ-vTaCPRIMTsO ) 
1ATA (^- Tu5?!) . Ü ) 
DATA(F Ns3,Q=U3) 
•)ATa(S WAf,|fi: = o . ÎJ) 
1 AT A ( i^O KKF = 63.n) 
D A T A ( ' ' 1N s 2 3 ) 
') A T A ( v R A = 2 ) 
I) A f A < P1 = I • Û * ^ ( 0 • U ) ) 
:) A T A ( P2 = U . 0 » i • 0 ' 7 ( 3 • Ü ) ) 
n\TAUíás¿(Q*ü).1.0»o(ú«'J)) 

n A T A ( P 4 s 3 ( 0 . Ú ) » l • 0 » 5 ( j • D ^ * 
:m a(Pu=4 ( o i a ). 1 • o *4(u. o ) ) 
[I AT A ( •'OsO ( Ü • Ü ) . L • 0 * 3 ( o . U ) ) 
:i ATA <r 7 = °( Ü • 3 ) . 1 * 0 ' ¿ ( Ü • 3 ) ) 
•)ATa(Pö=7(U*0).1'0,U.J) 

) ) 
) ) 
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NOT REPRODUCIBLE 
1969 ?öv 

n/\TA<H9*ö(O.Ü),l .0) 
rJATA<üA«ü.i?»0*2'0*2*l*0'0'l 1 
ÜATa(N^ 
OA T A ( vpr*j) 

[).\Ta(HÜ ►LAi*0) 

P^INT Iqu 
100 FÜ«MAT(lH1> 

10 * l^L‘SnOATA,NJ 
IFtNrf tfeW. /H3R0FIl,fe) QO 10 AO 
IF(NW .eu. /HÍEVÊRSfc) QU to <0 
IFÇNw .feu. /HM6U10Î1S) 30 10 <5 
ir<Nw ,fcw. dH:3LLFRl:0l 00 TO 4() 
IFtN* .fcU. ¿HRC) GO TU 
IF(NO ,fcU, dH I M I T I At A ) UO TO *>i 
IFÍNH .fcU, ¿Hdf > QO TO >5 
IF(N" .tu. ÍHWaVEGUIO) GO TO 60 
IF(Nh ,fcw, /H* I TPRÍH ) 3u 10 'o 
IF(NH ,fcU, ftHOgSfeRT» GO TU 7i 
IF(nh .EU. ¿HIO) GO TU de 
IF(NH .feU, 4H3UIT) GO TU 99 
G3 TO 9q 

C ELfcCT'lON AND ION DENSITY RRUFIlEu 
20 R5AD 20l'(BOUlJ),J«l,lO> 

P-ilNT 2o2,(dCD(J),J»l,iO) 
K i SPfcCUS 
IF(K ,GT. N4 53tC) NR SHEC « K 
L ■ 1 

21 READ 2U1*I«-UCJ).J*1.10) 
201 F JHmAT(iuAS) 

PRINT 20¿.<iCD(J>,J»i,lö) 
2q2 FiRMATtiH ,10A8) 

IF(HCD(1» .¿O. 8^99999999) G«’ TO 22 
nSCunt(21,2o3,9CD> HI,EN 

2q3 F1RkAT<F/.2.51<.E9,2) 
IFCK .Nt. 1 .AND. HI .Nfc. HI LIST(l)) GO TO 9{) 
HT LIST(L) « HT 
IF(L .Nt. 1 .AND. HI LIST(L) *Gfc. MT LISr(L'i>) ÜU 1U VU 
IF(EN «EU. 0*0) fcN » l.dE'^a 
L )ü N LlST(.,<j « LUGMfcN) 
L ■ L*1 
QO T«) 21 

22 TJR HT « HT tlSKi» 
LJHfcST Hl » HT 11 STIL"1 ) 
N* PTS » L*1 
INTtG UP * fl 
Q'J TO IQ 

iO L HALF « PR PTS/2 
Dl 31 t«l,t HAf 
M a NK P I S*l*. 
TEHP s Hl LlSr(L) S Hl LI ST(i 1 » MT .ISTlM) % Ml L1S ((M/ « ItMP 

27 



lk«P • Luü ^ .ISUL.l) i LOG N Ll!»T(.,l) * LOU "• US'MM.l) 
LJti H USMH.D * t6 IP 

Si CJMIKJt 
D1 3? ^TS 

S¿ MT LlSUt) « --41 LISTIL) 
ritëG Jf» * l-HIÉG UP 
TEMP • TUP HF I ïQP HI « -L0-63T HT k LO.4F.ST Hi * "IlMH 
GT TO u 

JÜ mi 3*» L*i,N-< aTS 
E*1 a fcHKMLJU V LlSI(L.2>)"fc,pPtl-üri \ LUT(L.i1> 
irifeM ,EU. j.Ql CN » l,oE-4o 
LIG N L I^Ti . » 3) = LUGMtN» 

¿6 »-TIMT 3q 1, H I .1ST(L1,cM 
;i0i r»iH»iâTiirt ,*/,2,>x.t9.2) 

'44 SPfcC * 3 
GO TO lu 

C CULL I SI ÍWCOUs^CY PMOMlES 
4J ’l l I LAG * 1 

* * SPtCltS 
H M 1 

41 fltí*ú 2ül • t J) » J*i *10 I 
P-tUT 2()2, HCi)< J> 
irteCDIl» .=0, 8M999999V9) G«» TO 13 
OEOuOht21,20 3.301)) C hT lIST.M),NU 
IF I MU .fcu, 3.0) *U * l*OE"4o 
C LUG USTM.O * LUGFIN'J) 
•t * H»i 
*») TO 41 

C 
53 CALL ¿=wU 0„< 

Call iSTtCi 
CALL PPlNTMe 
p 31 fv T 1 g u 
GO U lu 

Call IM'L * 
3J 10 lo 

C ^AVeFttLOS 
?> call /cwu c.a 

if flau 8 1 
Call Ih »oTj 
call *av f lJ 
.4P FLAU s J 
CALL P 4 1 ^ T I 41 
i) TO lo 

C 1A /|j j J1 U 
OQ CALL FAVtfîUll) 

U) TO 10 

tVOF \ -mk FIT T IPU 
/3 P )LV ► 3 1 

¿8 



^producible 
1969 ?Ö9 NOT 

L'îwtST Hl = Ü.O 
N-i V * NH VJf• NH F 
RC PRINT = ü 
CAUL FIT PR-' 
RC PRINT s i 
ÜO TO 10 

n CJNTINÜfc 
RETURN 

C 10 
öQ RtAU Ö01*(R"0(J)»Jsi»10l 

3q1 FORHATIiOAS) 
PRINT 0o¿»(3CO(J)* 

3q2 FIRHATIi« ,10*8) 
do ai jsi.iü 
iriTLtl(0*2» s ÖCD(J) 

dl I TITLK2(0+21 s ÖCD(J) 
GO TÛ in 

c ERROR kXIT 
90 PRINT 9oU 

9g0 F3RMAT<iHo*1<HERROR IN ÜAlA nECK) 

99 CONTINUE 
IF<GRaRH!> .=0. t) CALL PLOT ( n » 0 » 999 ) 

ENI) 
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F JMCriQN CX K C T( A H G ) 

C’JMMÜN/üVK^ .ü/'^ ÜVH 
CJMPUtX ux -Cr.AWG.l 

W H A L N fe li 
;)ATa(SAVc PsA.si.oE; 99) i (SAVE I :IAG*i .^^99 ) 

T \ T A < i * ( U . 0 » 1 • f) J 5 
.) ATA t M P GVh _ = o ) 

O 
ft: ft. 

tw 
ft: 

O 
* 

ElTwr JMlX ajPT 
GMTpY CX SGP1 
APG PtAu = APj I AIÎG M*« = -1*AHU 
R ^ s äQrtTFtARR PEAU»ARb WEAi+AHG IMAG*AiIG 1MAG) 

APs PEAL = AHSr(AKC HtAL) 
IF ( WHO ,LT. APS PEAL) RhO = ûPS RfcAL 

1 cVfCT = * aUPTM (IÎHü*AKG RF a L ) * ú •^ ♦ 1 *- ,p T F ( ( HH'J" AHu 

¿ C < /cT = áJPTF ( (RHQ* APC Rc aL ) • 0 • 4 ) ” ’ *r lp( ( KHd-AK’ü KtA!.) »0 • 5) 

RslURN 

EMTHY CPL.X -UjF 
EJlPY CX LUGE 
ARG PfcAU = APj f ARG lPAG = -1 •ARG 
Í1RD S S(JrtTE(A<ri PEAL*ARG PEAl+APG IMaG»ARG 1HAG) 

IF ( H P 0 .erJ. G.O) ün Tu 13 
APS PhAL = APS^URG RtAL) 
IF ( K H U ,uT. APS PEAU) RhO = *BS RfcAL 
IF(APG I^A'i •3c- 0*ü) 11-12 

11 C < FCT s I..D jF ( RHJ) ♦ 1 * ACGSE ( AwG HtAL/pHO) 

R~r¡jpu 
1? C < FCT = L ) G'' ^ RR1) ) " ^ * A ^ RcAL/O'O) 

R'i T UPF' 
13 C< KCT = -¿JO.O 

R-TUPF' 

E JrwY CPUX =XJF 
E'IThY Cx EXji- 
ARG PbAi s APG % ARG 1 PaG = -I*APü ^ , 
I F ( APSE (ApU P = A l. ) .UT. /jV.Q *0R. A^srtAPG IMAG) .Gl. 6.0^1;) 

S NR OVi-L ~ NP üVFL*i 
IFÍNP OVF L .GT, 100> RTGP 
[ F ( APÜ 1MA j • =.) • 0 • U ) 21-22 

¿1 c< FCT s ?XjF(aPG Real) 
RsTUPN 

¿2 IF ( A P G pcAL .sO■ 0 - Ü) 24.2^ 
2 <, CX FCT = JüáF ( ARG IM AG ) ♦ I • « l NF l ARG IMA..) 

¿4 cVfcÍ = ; X aF ( ARG RfcAL ) • ( C'SF ( AHI 1 DAG ) ♦ 1 • S I MM AKU IMAG)) 

■r¿TuPc 



«fpsoouc/aif 
we 9 ?av 

HOî 

% 

L*Uhy Cf»ux Juif 
OJM» cm CUi* 
un it*„ t 4<i ÿ ARU iiàj * .(.Aieu 

i«Ai .¿3. o.a) Ji.j? 
il c< rCT « c<»ït (4-tM Peât) 

RâTuR*,' 
42 *F(â,<t* ii,:AL *¿3* SA,'C 9c*t . 4\). An*3 Ou J .tta. >**t tlUa» y,3 ÏC JJ 

-»AYt ReAt * Mf, R le Al » saoC »RAI» » X iC ; U., 
C )S s coart ARS RfeAL» 
’ÜV * > J MF ( A R 3 Rt AL I 
p ,s « cMRt(4>«3 IMAIÏI » %gy « I ,n/**0!* 
C I'M • (R0a*M-3)*3,> 
S|MW « (Rf*S-Ms3)*3.9 

6S C< tCT t caÿ«:3SH*l«SH*5i^H 
RETlMl. 

n 

4¿ 

43 

GtÏRY CPLX swr 
F tfRY CA St 
Att» RMl » *RJ f Atu 1 1A¿ * • 1 • ARy 
1C(*R(Ï |"A i .53. ,1. j) 41,4? 
C< tCT t SH»- (ARG Rt Al ) 
R5?UR\ 
IP(aRü Hcal .:3. SAYE 
*»4 Yfc WeAL « A <3 real 

on » co;*r(AR3 real t 
SIM « 51 MFC 4*3 REAL ) 

RtAL . *MJ. AîîO irXR .63. 
SAVE l»*AG a ArF, 1 IAi 

SâVfc i MA j) ) aj 10' 4 J 

P)5 t cxRitARi MAO a «EG s i ,o/K |S 
C )SH s (R0ïi*Msrii*g.5 
'CfiR • M0S-M¿U).3,s 
*< F CT » SI 4*C3SR* I «CUSaSH** 
»¿TjR* 

ENTRY CUMJ 
Atti Rt AL « ARC I AP« MA3 i .JtARy 
C< t CT s ARi REAL*I• ARS l'MAC, 
R 5 T -JRR 

1:11) 

31 
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S H Nil' î I M IAj AN j ( AFÏii » H , AwüUt ) 

C)MMLfcX A K J » l 
'Î;AL ”Aii 
:ia r a 11 * ui • n » i • d > ) 

\ T A < W AJ Tf) l)¿Ss57,¿937/951 ) 

f: 'lAb ANü.fc 
Ail! Wfr AL. s Ar<j { Afîli ilAT, s -l«AK(j 
‘HU s SfJKTMA-ia HFAL*ARü hFAi*ANÜ IMaG*A<?i IMAU) 

1 F ( xaü . h^J. ) • 0 i GU TU IQ 
Ç )S a AWj H;A ./MA'j 
l-'((;uy ,ut. i.n .a*iü, cos .l>. i.ut) ros = i-o 
I ' ( (MS ,LT, -1,(1 .AND, ÜOS .|JT, -1.01) CIS = -1-0 

3 A l'ïl.ir S ACOiMCOS)*HAU TO O^fJ 
I r { A ^ ò I^Aiî ,.T. 0 . J ) 4N3LÉ a 360.Q-AMC1U; 

H;fU^N 
10 CJS> s 0 , U 

'¡J TC) 3 

f~ 10 

3¿ 
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SUBROUTINE ^AVEüUID 

C'JHMON/lNPUr/THETA, IN OM I T { 9h ) 
CÜMKÜN7FLC3 IN^UT/FLU SKIP.Rc PRINT,r.G OUI K 23 ) 
COMMÜN/KÜ I NP JT/NQ I N SK 1 P ( 7 ) • R POLY* ^G I TI 0M I f ( 22 ) » fc K, 1-N ( 3n ) , 

ï WUIN NO(io) 
COMPLEX IHETA,EIGEN 
INTEGER KC JRl\jr,R POLY 

RC PRINT = (j 
IF(R POLY ,cU, i) CALL GEN R POLY 
CALL INJ I F JI3 

INDEX = 1 
11 THETA = fcIG s N( INÜEX) 

CALL ITERAT: 
CALL CÜKP PROC 
CALL FIELOS 
EIGEN RL = S I SEN (I NJEX+ 1 ) 
I F (EIG fc N RL .=0. o.O) GU 10 n 
index = indexai 
30 TO 11 

21 RC PRINT r l 
CALL PRN' F.ÜS 
RETURN 

GNU 

33 
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SUBHOUTlNE cuip prou 

COMMON/lNPUT/TRETA.^RtQ KHZ,IN SK I P ( 31 , ALPHA , H , U , 1N 0MIK91) 
COHMON/WÜ INPüT/WGIN SKIP(6),REFL mT.WGIN 0MIT(93) 
COMMON/F/F ÜKIP(2),ÜFDTHETA.R BARll.R PAR22 
COMMON/R/R SKIP(18)iR11»R22,R12,R2i 
COMMON/Rtí CP/SH F AC ( 25 ) » uj... , 

ï 5CHI T ( 25 ) i SG F AC ( 25 ) , ST FAC ( 25 ), SGF ACH ( ¿5 ) , SU ACR ( 25 ) 
CQMMON/PNOP OATA/WAITS EXC.KSM1.PÜ OMIT 
COMMON/HO I NP JT/AI.T ( 25 } » NR ALTS, PH I ( 10 ) , NR PHIS,HD ► LAG, NR ALR, 

S ALR(25),HD SKIP(12) 
* »PHIPUN 

DIMENSION X{2A) 
COMPLEX l , Si S¡JR 1' S| 

SH FAC,SCRIPT H, , „ 
DFDTHETA,THETA,CPLX SURT.CPLX SINF.S I HE I A P.C THETA P, 
RÍl,R22,Rl2iR2l,R ÖARlliR ÖAR22, 
extra,WAITS ef.denom,polar,waits exc,ksmi, 
E I »1 OV 4,STORE 1,STQRe2, 
XrRAl,XTRA2,SCRlT,SG FAC,ST FAC ,SGFACR. ST FACK, 
XFRAX.XTRAY 

COMPLEX HQ™« ,PüTHE,HüTHBiHGRX,HGRY,HGRZ,XCVX . XCVY.XCVZ, 
SXHEXiXHET iXHEZ.XHBXiXHBY.XHBZ 

COMPLEX OhQTVR.OHQTHEiOHQTHBiOHGRZíOHGRX.OHGRY»üxcvz.uxcvx, 
i oxcvyiüxhez,oxhex,oxhey.qxhbz;oxhbx.oxhby 

real KiLuGE10,imag 
INTEGER HD flag 
INTEGER PRIPUN 

DATaIdEG TO RADsO,017A5329252),(RAD TO DEG=57,295//951) 
DATAtVEL LIÜHTs2,99/928E0&) 
DATA<PI*'S.14i592653) 
DATa(LOGE10=2,3u25S5Q93) 
DATA(E I PI ÜV 4=(0,7071067812,0,/071067812)) 

IHGTVR = 5HHÜTVK 
IHGTHE * 5HHGTHE 
IHGTHB * 5HHGTHB 
IHGHX = 4HHÜNX 
IHGRY 3 4HNUHY 
IHGRZ 3 4MHGRZ 
IXCVX « 4HXCVX 
IXCVY * AhXCVY 
IXCVZ 8 4pXCVZ 
IXHEX 8 4HXHEX 
IXHEY 8 AhXHEY 
IXHEZ 8 4HXHEZ 
IXMBX 8 4HXHBX 
IXWBY » AhXHBY 
IXHBZ 5 ahxhbz 
k • khz*iooo.o/vel light 
CAP K 8 1,0/Í1,0"ALPHA*H/2,0 I 
S ■ CPLX SINF{THETA*DEG TO RAD) 
s theta p * cap k*s 34 
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STP RkAL s S THfc TA P 
STP IMAÜ * "I•S THETA P 
PHASE VfcL s V£L LIRHT/STP REAL 
V OVER C * PHASE VEL/VEL LIGHT 
ATTfcN s -8,ÖÖ58Ö96*K*STP IMAG*10üO.O 
KSHi s K *(S THETA P-l,Ql 
DEMON 5 R HAHll*RH*l,0 
REAL 8 UfcNOM 
IMAÜ * *I*QtNOM 
IPIHEaL .EU* 0,0 .AMD, JMAG .EQ. U*0> DE JOM = 1.0fc-lï>u 
POLAR ■ -R HARll»RlÜ/DENOM 
CALL MAG ANULEf POLAK,POLAR MaG,POLaR AiVG) 

C THETA P s CaLx SQRT(l,o-S ÎHElA P**?> 
C TP RfcAL • C THETa P 
COS a SUWTFÍCTP REAL**2«STP IMAG**2) 
THETA P RL a ACOSF(COS)*RAD TO LEG 
THETA P IM s uOGF((CTP KEAL*STP IMaG)/COS)*RaD 10 Ut G 

PRINT lOU 
100 FORMAT(IHq,//) 

PRINT loi,PHASE VfcL 
101 FORMAT(IR ,2X,i7HPHASt VELOCITY s ¿El2,5,llH KM PkH StC) 

PRINT 1q2, V OVER C 
102 FORMATilH , '¿K, 24HPHASE VELOCITY OVER C a ,r9,?5) 

PRINT Io-SjATTEN 
103 FORMAT(lMo,2X,14HATTENUATI0N s ,E12.5,3H DB) 

PRINT 116,PULAR MAG 
116 FORMAT!IHo*2X,19HP0LAKI ZA T I ON MAG s ,El2,5) 

PRINT 11^,POLAR ANG 
117 FORMAT<lH ,2X,21HP0LA«UATION ANGLE s .Fin.5,4M DbU) 

PRINT llb.THETA P RL,THETA P IM 
118 FORMAT(1MO,2X,14HTHETA PRIME s »2F8.3.4H DIG) 

IFtPRlPuN ,NE• -1) GO TO 317 
M « 1 
J » 1 
SCRIPT H a ËX3F(*ALPHA*(ALR<M)-D>/2.o>*SH f A C(N) 
SORT S s cPLX SORT(S) 
STORE 2 a (i,q + R BAR 11)**2*(1,o-RBAR22*R22)*GCKiP T H*SCRIT(J) 

S /{ÜFÜTHfcTA/OEG TO RA0*RBAR11) 
EXTRA » ST0Hb2*s*S*SQHT S 
WAITS EF ■ -I*K*REFL HT/2,0*EXTRa 
WAITS EXC » 0,06«96*K/<2,Ü*SQRTF<h REU KH2))*EXIRA 
CALL MAG aNGL6<EXTRA,EXTRa MAG,EXTRA ANG) 
EXTRA ANG a EXTRA ANG*DEG TO RAU 
CALL MAG aNULE(WAITS eF,WAItS MAG,WAITS ANG) 
WAITS ANG a WAITS ANQ*DEG TO RAU 
E SUB ¿ s 0,06496*WAITS MAG/( SOR TF ( FRF 0 KHZ ) *Rtl- L Ml) 
WAIT EF OH a 20.0*LGGF(WAITS MAG)/LOgF10 
E SUB Z ÜB » 2n.0*LOGF(t SUB Z)/LUr,El0 
102 * 1H 
IQ s 2HVZ 
XCVZ a EXTRA/<SCHIPIH*S0R1T(J)> 
HGTVR * SCRJT(J) 
HQHZ a SCRIPTH 35 



1969 308 

PKINT lO^bXNA HAG 
PRINT 105.6XTRA ANÜ 
PRINT ll2, WAITS ANU 
PRINT WAIT kí UB 
RETURN 

3i7 IFIPRjPUN.Nfe.O.AND.PRlPON.Nfc.J) PUNCH 318. THE TAKHL.FHt1 AP IH 
3l0 FORMAT ( 1H i ¿X, lAWTMtTA PRIME ■ #2>8,3,4H DEC) 
20 DQ 21 J ■ liNR ALTS.l 

DO 21 m » l.NRALW.l 

SCRIPT M ■ fcX»F(*Al.PHA*(Al.R(M)-D)/2.0>*SH FAC(M) 
SIJMT S » CPU* SURTIS) 
STORE 2 » (1.0 ♦ R «A* n)t*2*U,Q«.RBAR22*R22)*SCHIPT H*SCHIT(J) 

S /(DFUTMbTA/üEQ TO RAD*RBARU) 
EXTRA s STORt2.S*S*SOHT S 
WAITS EF « -I*X*REru HT/2,0*EXTRa 
WAITS EXC ■ Q.O^ftiK/ÎÏ.Q^SQRTFaREU KHZ ) ) *EX FMA 
CALL mag anulecextra,EXTRA MaQ.EXTRA ANG) 
EXTRA ANG a EXTRA ANG«DEG TO RAD 
CALL MAG ANULEIWAITS EFiWA 1TS MAG.WAHS ANG) 
WAITS ANU « WAITS ANGaßEG TO RAD 
E SUB Z * 01 0 6 496«WA I TS MAG/(SQRTF( FREQ KHZ )«REF L HF> 
WAIT fcF UB ■ 2fl.0«LUGF(WAlTS MaU)/LOUE10 
E SUB Z UB • 2o.0«LUGF(E SUB Z)/LUGE10 
IF(PR1PUN,NE.0,AND.PRIPUN,NE,4) PUNCH 207.ALT(J>.ALHCM> 
PRINT 2q7.ALT ( J)»ALH(M) 

2q7 F0*MAT(1M1,6HAlT » .SX.FIO.S.Sh KM¿5X,6HALR * iUOíS.Jh KH) 
10? ■ IH 
ID ■ 2hvZ 
XCVZ « E*TRA/(SCR|PTHaSCRlT(J)) 
H3TVR » SCRI» (J) 
HQRZ » SLRlPTR 
|F(PRIPUN,EU. 1) PUNCH S03.EXTRA,ln.ID2 
IFCRRIPUN.EU, 2) PUNCH So3,WAITS EXC.ID.ID? 

5g3 F0HMAT(lX,C{El2.5,El2.5) ,2oX.A2.Al> 
X(l) a EXTRA RAG 
X (2) a EXTRA ANG 
X(3) a WA{TS ANG 
X( A ) a WAJT fcr OB 
STORE2 ■ STURE2/(SaSCRIPT H)«SGFACR(M) 
extra ■ store2*S*S*SOMT s 
IO a 2HVX 
XCVX a E*TRA/(SGFACH(H)aSCRlT(J)) 
H3HX a SUFACM(M) 
IF(PR|PUN,EU. 1) PUNCH S03,EXTRA , In.ID? 
WAITS EF a •I«KaRE^L HT/2,0*EXTRA 
WAITS EXC a 0«06496*K/(2iÕ*$QRTF(FREU KHZ>> *EX TKA 
IF ( PR IPuN, EU. 2) PUNCH SQA.waITS EXC.ID.1D2 
CALL RAG aNGLcíEXTRA,EXTRA MAG,EXTRA ANG) 
EXTRA ANU a EXTRA ANQaOEG TO RAD 
CALL MAG aNULE(WAITS EF.WaITS MAG,WAITS ANG) 
WAITS ANU a WAITS ANG*DEG TO RAD 
WAIT EF U0 a 20.0*LUGK( WA I TS MAÜ)/LOuE10 
X< 5) a EXTRA MAG 
X( A ) a EXTRA ANG 
X(7) s WAJTS ANG 

36 
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X(8> « WAIT ÊF üb 
ST0HE2 * •t.0/S*H21*(l,g*HBARU)*(l.Q*RBAR22)*bi;RJ I ( J)*STKACMM)/ 

S (ÜFÜTHfc Fa/DEG TO RAD) 
EXTRA * i»TOHE2*S*S*bQRT S 
ID • 2HVY 
XCVY « EXTRA/CSCKIT(J)*STFACR<M>} 
HQRY * SÍFAUR(M) 
inPMlPUN.EU, l) PUNCH S>o3 , EXTRA , l n. ID2 
WAITS EF « -I*K*HEPl. HT/2,o*EXTRa 
WAITS fcXC ■ 0,06496*K/(2,0*SORTF(FREU KH¿))*EX1HA 
iriPRiPuN.EU, 2) PUNCH 5()3,WAITS EXC.ID.1D2 
CALL haq anule<EXTRA.EXTRA MAG,EXTRA AMG) 
EXTRA ANO * EXTRA ANG«DEQ TO RAD 
CALL mag amuleíwaits EF,WAITS MAG,WAITS ANG) 
WAITS ANG * WAITS ANG'DbQ TO RAD 
WAIT EF DB « 20.0*LUGF(WAITS MAG)/LOüE10 
X(9) » EXTRA MAG 
X(lo)« EXTRA ANG 
X(U)« WAITS ANG 
X(12>> WA]T EF OB 
ID? » 1HE 
DU 21 L ■ li NR PH IS » 1 
XTWA1 * -¡•(SINF(PHML))*R12*(1.0*RBAR22)*(1,0 + KUAH11)*ST FAC(J) 

S »SCRIPT H*COSF(PHI(L>)»tl.O»RBARll)**2»(1.0-R0AR22»R22) 
S • SQ FAC < J ) »SUR I PI H/RBARlDXdJFDTHETA/DfcU TU RAD)*S*SCRT S 

ID * 2HH¿ 
IF ( L iEU i 1 ) XHEZ « XfRAl/(SCRIPTH»Sr,FAC<J>> 
XHBZ ■ XTRA1/(SCRIPTH*STFAC(J>) 
IFIL.EU.I) HÛTME » SGFAC(J) 
H9TH8 « STFAC(J) 
IFIPRIPUN.EG, 1) PUNCH 5q3.XTRAl,lD , ID2 
XTRa? * *I*K»REFL Hr/2,0»XTRA1 
WAITS EXC » 0.06A96»K/(2,0*SQRTF<FREU KHZ))*XTRA1 
IFIPRJPUN.EU. 2) PUNCH 5()3,WAITS EXC.ID*ID2 
CALL MAG ANULê<XTRA1,XTKA1MAG,XTRA1ANG) 
CALL MAG ANULE(XTRA2|XTHA2MAG,XTRA2ANG) 
XTRaIANG ■ XTRA1ANG»DEG TO RAD 
XTRA2ANG ■ XTRa2ANG»DEG TO RAD 
XTHA2DB » 20i0»LOGF(XTRA2MAG)/LOGE10 

XI13) » XTRAl MAG 
X(14) « XTRAl ANG 
X(15) > XTRA? ANG 
X(16) • XTRA2 08 
XTRaX I*(S|NF(PHI(L))»Hl2»(1.0*HBAR22)»<i;o+HBARll)» 

S SfFAC(J)*SGFACR(M)*C0SF(PH1(L))*<1,0^HBAH11)**2/RBAR11» 
S a,0»RBAR22*R22)*SGFAC( J>*8GFACR(Mn/(DFUTHETA/ 
S DEG TO RAO)*S*SURTS 

ID i 2HHX 
IFILiEQ,1) XHEX « XTRAX/(SGFAC(J)*SGFACR(M)) 
XHBX a xTRAX/(STFaCU)*SQFACR(M) ) 
IFCPRIPUN.6G, l) PUNCH bo3,XTRAX, ID,ID2 
WAITS EF a -I*K*NEFL HT/2,0»XTRAX 
WAITS EXC ■ 0,06496»K/(2,0*S0RTF(FREU KHZ))*XTKAX 
IFIPRIPUN.EU, 2) PUNCH 5Q3,WAITS EXC.ID,ID2 
CALL MAG ANGIXTRAX,EXTRA MAG,EXTRA ANG) 
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EXTRA ANü ■ fciXTRA ANG*DbQ TO RAD 
CALL MAÜ aNULc ( WA I Ti» bP,WAITS MAÜ,WAITS ANC) 
WAITS ANü * WAITS ANG'DbQ TO RAD 
WAIT ET UB a 2o . 0 »LUGH WA I TS MAG)/LOGE10 
X ( 17) * b^TRA RAG 
X(18) * EXTRA ANG 
X ( 19)■ WAITS A MG 
X{2q)■ WAJT ET Dtí 

XTSaV « 1,0/S* I*(SlNHPHl<Ln*<1.0*WBAR¿2)**2/H8AH22*<l.o-RBARll* 
I Rll)*STrACi J)*STFACR(M)*cOSF(PRI (L) )*H2l*(l.U*R8ARH)* 
S (1,0*RBAR22)*SGFAC(J)*STFACR(M))/(DFUlHblA/DEU TO RAD) 
S *S* SORTS 

ID « 2hhY 
IF (L i b O 11) XHEY = XTRAY/(SGFAC(J)*STFACR(M)) 
XR8Y s XTRAY/(STFAC( JJbSTFACRUI) ) 
IFIPHIPUN.EU, 1) PUNCH 503,XTRAY , In, ID2 
WAITS EF « -i*<*HEFL HT/2,0*XTRAY 
WAITS EXC ■ 0(o6496*K/(2,Q*SORTF{FREiJ KHZ ) ) *X TRAY 
IFIPRJPUN.EU, 2) PUNCH 5o3,WAITS EXC.ID.ID2 
CALL HAG aNU(X TRAY » EXTRA MAG,EXTRA ANG) 
EXTRA ANü a EXTRA ANG*DEG TO RAD 
CALL HAG aNULEIWAITS EF,WAITS MAG,WAITS ANG) 
WAITS ANG a WAITS ANG*DEG TO RAD 
WAIT EF UB » 2q.0*LUGF(WAITS MAG ) /L0GE10 
X(2i)b EXTRA Rag 
X(22 > b EXTRA ANG 
X(23)b WAITS ANG 
X(24)b WAIT EF DB 
IFIL.EG,1) UU TO 72 
IF(PR I PUN,fcG.3) PUNCH 41, HGTVR,IHÜTVR,HGTHE.IHGI HE#HG!HB,IHGTHB 
IF ( PR J PUN , NE i 4) GO TO 72 
PUNCH 4i,hGR¿,IHGRZ ,HURX,IHGRX,HGKY. 1HGRY 
PUNCH 4#XcVZ,IXCVZ.XCVX,IXCVX.XCVY,IXCVY, 

ÎXHEZ.IXHEZ,XHEX. I XHEX,XHEY,IXHEY.XHBZ,IXHBZ,XHBX, IXHBX,XHBY , IXHBY 
41 FORMAT«1X1C(E12.5,C12,5),10X,A5,2(/,1X,C(E12.5,E12;5),1UX,A5)) 

4 FORMAT ( IX ,C (t 12.5^12,5) ,10X.A5,8(/, 1X,C(E12,5,E12,5), luX, A5) ) 
72 CONTINUE 

I F ( PR I puN , Nh i 0 ) GO 10 2!> 
CALL HAG aNGLE(HGTVH,HGTVKM,HGTVHA)- 
CALL HAG aNULc(HGTHE,HGTHEM,HGTHEA) 
CALL HAG aNGL=(HGTHB,HGTHBM,HGTHRA> 
CALL HAG ANULE(HGRZ ,HG RZM.HG RZA) 
CALL HAG ANGL=(HGRX ,HG RXM.WG HXA) 
CALL HAG ANGLE (HGRY ,HG RYM.HG RYA) 
CALL hag aNGLE(XCVZ,XCVZM,XCVZA) 
CALL HAG ANGLE (XCVX,XCVXM,XCVXA) 
CALL HAG ANGLE(XCVY,XCVYM,XCVYA) 
CALL MAG ANGLs(XHEZ,XHEZM,XHEZA) 
CALL HAG aNULE(XHEX,XHEXM,XHEXA) 
CALL HAG ANGLc(XHEY,XHEYM,XHEYA) 
CALL HAG ANGLE (XHBZ,XH3ZM,XHBZA) 
CALL HAG aNGL6(XH8X,XHRXM,XHBXA) 
CALL HAG ANÜLê(XH0Y,XHf3YM,XHBYA) 
OHGTVR s HG F V RM * I *HGTVRA 
O H Ci T H b s HGTHgM ♦ I*HGTHEA 
OHGTMB * HGTHBM * !*HGTH8A 38 
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OHQKZ 
ÛHQRX 
OHQRY 
OXCVZ 
OXCVX 
OXCVY 
OXHfcZ 
oxhex 
oxhey 
OXHBZ 
OXHBX 
QXHBY 
PR 

HQH4M 
HQRXM 
HqRYM 
XCVZM 
XcVXM 
XçVYM 
XHE4M 
xhexm 
xheym 
XH84M 
xhbxm 
xhbym 

IF 
PR 
PR 
PR 
' F 
PR 
IF 
PR 
IF 
PR 
IF 
IF 
PR 
IF 
IF 
PR 
IF 
IF 
PR 
IF 
IF 
PR 
PR 
IF 
PR 
IF 
PR 
IF 
PR 
IF 
IF 
PR 
IF 
IF 
PR 
IF 
IF 
PR 
IF 
IF 
PR 
IF 

UHtiRZA 
I «HÛRXA 
UHliRYA 
I*XCVZA 
I*XCVXA 
ItXCVYA 
I»XHEZA 
I-XHEXA 
I*XHEYA 
I-XHBZA 
UXHBXA 
I*XMBYA 

NT 291 
L.feü.l) PRINT 271 
NT 203, PHJ(L) 
NT 2?2 
NT 291 
L.E0,2) PRINT 33q 
NT 200 
U.EQ.Z) PRINT 320 
NT 350 
LiEQi 2) PRINT 320 
NT 350 
L.fe'Q.i) PRINT 20^ 
L«EQ,2) PRINT 32o 
NT 1qSXU3) 
L.EQ.l) PRINT 20» 
LiEQ12) PRINT 320 
NT IQ®»X(14) 
L.EQ.l) PRINT 212 
L.EQ^) PRINT 320 
NT uZ.XtiS) 
LiEQ11 ) PRINT 213 
L.EQ,2) PRINT 320 
NT ll3,X(16) 
NT 201 
L.EU.S.ANO.D.EQ.O 
NT 281 
LiEQi2tANO,0,EQ|0 
NT 350 
l.eq.z.ano.d.eq.o 
NT 350 
L.EQ.l) PRINT 20« 
LiEQi 2,AND.|).EQ' Q 
NT 10«.X(17) 
L.EQ.l) PRINT 205 
L,EQ,2,AN0f0.EQ,0 
NT lo5,X(18) 
L.EQ.l) PRINT 212 
LiEQ.2,ANO 10 «EQi g 
NT ll2|X(19) 
L.EQ.l) PRINT 213 
L»EQ,2,ANDiD.EQ.Q 
NT U3(X(20) 
L.EQ,2,ANI),D.EQ,o,0)PRINT 

IHßTVRiOHGTVR 

IHQTHE.OHGTHfc 

X(l) 
IHÜTHB » 

X ( 2) 
IHSRZ . 

X ( 3) 
IHGRX . 

X ( 4 ) 
IHURY . 

ohgthb 

OHGRZ 

OHGRX 

OHGRY 

0)PRINT 572 

OJPRINT 32q» IXCVZ# 

0)PRINT 320.IXCVX, 

X(5) 
0)PRINT 

X ( 6 ) 
0)PRINT 

X < 7 ) 
0)PRINT 

X ( 8 ) 
0)PRINT 

PRINT 350 

32o,IXCVY, 

32qi IXHEZi 

32q * IXHEX, 

320.IXHEY, 

32g *iXHUZi 

OXCVZ 

OXCVX 

OXCVY 

OXHFZ 

OXHEX 

OXHEY 

OXHBZ 

39 
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inL.fcU.ií, ANUtD.bQ,0,Q>HRINT 320 , I XHBX,OXHBX 
PRINT 3*>ü 
IFa.fcUt2.ANü,D.bQ, 0,0) PRINT 320, I XHÜ Y, OXHO Y 
PRINT 202 
PRINT 291 
IFlL.fcÜ.l) PRINT 20^, X(9) 
PRINT lo«,X(2l) 
irtL.fcO.l) PRINT 20¾. X(10> 
PRINT 1q^,X(22) 
IFiL.fcU.l) PRINT 212, X(ll) 
PRINT ll2,X t 23) 
IFd.fcU.l) PRINT 213, XI12) 
PRINT ll3,X(24 J 

291 FORMAT(iHg) 
271 FO«MAT(lM*,ÖüX,10X,l5HVbRTICAL DIPOLE) 
2q3 rORMAT(lH*,25x,6HPHI « ,ri0.5,4H RaD) 
280 FORMATUH , 4q X , 7HE î>UB L ) 
281 FORMAT(1H .4qX, 7HE BUB X) 
282 FORMAT (1H ,4ox,7HE BUB Y) 
320 FORMAT«1H*,P7x,a5,2H *,C(El2.5,El4.5) ) 
330 FORMAT«1H*,60X, 21HHEIÜMT GAIN (MAG ANG)) 
350 FORMAT « IM > 
572 FORMAT(1H*,60X,28HEXCITATION FACTORS (MAG ANG)) 
104 FORMAT (1H ,2X,i2heXTRA Maü * .E12.5) 
272 F0RMAT«1H ,5X,17HHOKU0NTAL DIPOLE)1 
1q5 FORMAT «1H ,2x,i4heXTRA ANGLE 8 .F10.Ö.4H RAD) 
112 F0RMAT«1M , 2X, 35HPHASE OF WAJTS EXCITATION FACTOR * ,H0.5,4h RAD) 
113 FORMAT«!« ,2X,32HWAlTS EXCITATION FACTOR IN DB 8 .E12,5,3h 06) 
2q4 F0RMAT(1H*,55X,2X,12hEXTRA MAG 8 .E12.3) 
2q5 F0RMAT(1H*,55X,2X,14hEXTRA ANGLE 8 .F10.S,4H RAÜ) 
212 FORMATdMé.SSx^X.OSHPHASt OF WAITS EXCITATION FACTOR 8 .FIO,5, 

% 4M RAD) 
213 FORMAT«1«*.P3X,2X,32hWAITS EXCITATION FACTOR IN DB 8 .fcl2.5,3H DB) 

25 CONTINUE 
ID? > 1HB 

21 CONTINUE 
PRINT '¿00 

2q0 FORMATtlHO) 
RETURN 

END 

» 

40 
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SJ8R0UÎ ine ■< üur 

COHmOn/r/^OJ RllfRU AMQ. LOG R22.H32 ANG. 
i LJG Rl2iRl2 ANG.LOfî R2l»R2l ANG, 
s R ch I n¿a) 

COMmON/ê1^ COLl/HT,EC UMiKlO' 
COMMON/FIT 3W0F/V(4) 
REAL Lûü R11.L O G R22.L0Ü «12-LOG «ai 
Ï)ATA(RTD = 57,29577951 ) 

ENTRY R LOLà 
PRINT igu 

lüO PORMAT(1h0,3x,2HHT#ioX.3HiiRi i.lTX.SHlRi.lóX.AHiRii.ifeXHHiiRi) 
RETURN 

ENTRY PRINT R 
Ru mag = expfclog Ri 1 ) 
R22 MAG = EXP"(LOG K22) 
R 1,2 MAG = ËXP-(L0G Ki2) 
R2i MAG = EXPF(L0G R21) 
UÇGll = RU AN3*RTD 
DÇG22 = «22 ANG*RTD 
OEG12 - Ri2 ANG*RTD 
0=521 = «21 ANG*RTD 

PRINT 2uü.«r»Rll MAG, ÜEGu * Ri>2 MAG , DsG ?2,Ri2 MAG,Ufcbi2, 
ï R21 MAG,DbG2l 

2qo FOHMATCiR »FtOf2»4(FlO iA,Flo 2)) 
RETURN 

entry Rai 01F 
RATIO = Ri2 MA3/R22 MAS 
O IFF s 0tGl2-DEG22 

PRINT 3 01,« A TI0 
3q1 FORMATClHg .19HiRU MAG/lRl MaQ * .E12.5) 

PRINT 3q2,DIFF 
3q2 FORMAT ( U ,23RiRll ANGLt-lRl ANGLE = ,FU.5) 

PRINT 3q3 
3q3 FORMATCl«l) 

RETURN 

ENTRY V OUT 
R22 MAG = EXPF(LÜG R22> 
Rl2 MAG = 6XPF(LOG Ri2> 
RATIO * «i2 MAG/R22 MAS 
V(U * RATIO 
DSG22 s «22 A\IQ*RTD 
DEGi2 * «12 ANG.RTD 
0JFF * DfeGl2-DEG22 
V(2) « DlFF 41 
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V(á> a H¿2 
lí^l MAG 3 EK.^caOQ *11) 
v(4) 3 Hl1 MAS 
H=TUHN 

t: vll) 

42 
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3JHRQUT1.ME Rü 3UÎPUI 

CJMHOfv'/pPUf/fHklA, iMfeT* IMQ.l.’J OMlttOfli 
CJMhON’/H/R SKI3( iH) ,R«4 J 
H jFljrHfcTA.R 0AR(?) 
CJMRLbX * (JAR, R, ALI RS,1,K,D>DTH|*Fa 
Rcal IRaü part,raq 
DATa(I *(U.0 * I • o * > 
f) I Ht^S 1 O1'* A-t 9S(6) 'Mág(S).A«UU<0>. JfAl »»AR I ( h ), | Mai, FAHM?) 

¡»RIM* Rs» 
UJ 11 J*1,2 

11 ALL Rb(j> * R 0AW{J) 
ni 12 J*1.A 

12 ALL Rb(J*2> * R<J> 
ALL wsm * R RAR{i Í *R( i} 
ALL Rbl«) » R RAR(2»*R(¿) 

il) i$ Jsl.R 
CALL MAU A 4it: ( ALL RS( J). RAO» J) • ANfíL-sí J) > 
«'¿Al PARI { J) * ALL RS( J) 

U Màli PARI ( J ) X » I • ALL R!»(J) 

PRlNT 2QU 
2 00 F)RMAT(iM0ldA,5HTHElA,5X,9lliiRu »AR.6X. /Hl«! RAR » OX M i j Pj i • 

i tOA.3HlRl,9A,4HlRli .‘«.AilliP! .¿X.UHKU PAK-HU, 
I 4X.9RR1 HARtRi/) 
PRINT 2gl, f RfeU. (REAL »AR f ( j *, j»i, (| ) 

201 F)RMAT(iM ,4RREAL,F9,J,iX,8ti3,!>) 
PRINT 2q2 * T Ré T A I # ( I RA 3 PA* T < J > , |* | , fl) 

2,)? FIRmAT«!« pHlHAQ.FV.á.iX.flEO.S) 
PRINT 2o¿» < •J*!*81 

203 F )R;iAT( j^h .JRRAÜ.uX.OFu.S) 
PRINT 204,<AN3l6(J).J«1.8) 

2n4 FIRhATIiM ,¿HA9QLE. RA.ÖF^.h) 

R'îfURN 

•: JTrY RR I f Rtf A 
CALL PAU ANJL6(P|Í -Uíi.F A NO* k ) 
CALL PAR ANJL = {!)Ft)TMnA,DF NT M*ü.i)FN| A** »U 
PRINT -»JU • T Rfc r A . THE I A IRQ,» -AU, J» )T l'AO 

'.»00 F 3RMAT < jMg , SRTHET A « .?► 10 • 3 • IQ* . *MF PAG x . 1 um3. • ' . 
t 1>RÜFI|THEIA RAQ ■ .Piß.3) 

«RjTURP 

E ID 

Rj 
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SJâKQU T 1 NE FlEtUS 

ClMMON/lNPUr/SE THE TA* JM THE TA , IN 0MlT(9ti) 
C3MMON/PHQP ÛATA/WA !TS feXC.KSMi.Nü SDL 
C3MMQN/FLD INPUT/DI ST « DEL DI <T , I TI TLsl ( ). I TI I LEkî Í12 ) 
C3MMON/FLQ |NPüT/FUi S« 1 P ( 9 ) • GRAPHS. OrtlT^S) 
complex i.e.haits exc.kshi.c* expf 
REAL MAG,JM T LlST.lM THETA 
I 'l T E GE R GRAaHS 
'jJHfcNSION D< 500 ),E(PoO)»Re T L I ST ( iQ ) , I M T LISUlüJ. 

S E REAL<2)»BüFFEH(2nOO> 
DATA( I«(ü.O »1*0 1 * 
DATa( I abSuôhrho IN MM ) 
HATAI IOR^oj^HFIELD Dd/UV/M/*W) 
DATAI I0HÜ2*l6HPHASE IN ÜEÜRE^-S) 
EJüjVauENCEIE.E «EAU 

IftüEUÚIi»! .E3. 0.0) RETURN 
MMJ, * M-l 
IFIMM! ,c G i o> GO TU il 
IF I NO SOI ,cQ « 1) GU TO i3 
DU 10 LU.MMl 
IFIABS^IRE THETA-RE T L1STILO ,11, 0-05 .AND. ABSK1M IHETA- 

S 11 T tlSTltn , U T. 0.005) 13,11 
10 CONTINUE 
11 Rs T LISI(M) a HE THETA 

IM T USl (M) a JM THETA 
M * M♦! 
03 12 <«1iNR DIST 

12 EIR) * E<K)*i.o/SQRTF(SINF{D<K)/637o.o)),WAITS bXG* 
S CX EXPFl-laRSMiaDI*)> 

13 RETURN 

enthv int f.d 
enthy INIT aos 
IFIDELUIST ,E3, 0*0) RETURN 

m ■ 1 

L » 1 
D 11) a DtL J I ST 
E(1) a O'O 
I F I D 11 ) .GE, DIST) UO TJ 22 

L ■ 2 
21 D(L > « DtL-l>*DEl DIST 

EIL) * O'O 
IF(D IL ) -GE, DIST) UO TU 22 
L » L ♦ 1 
GO TO 21 

¿¿ NR DIST » L 
r¿ turn 44 
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ENTrtY F1.13 ÜJT 
entry print flos 
IF < OË1.Ü I ÜT ,63, o.O) RETURN 
PRINT 3qÜ 

3ü0 F3MMAT(iH1,/HQ IN KM.bX.iiHTnTAL F IE-D, 4X, 9HREL PHAbL.vSX, 
S 17Hr I ELD DB/lUV/M/KW) 

Q3 30 LU. NR DI ST 
CALL MAG aNsi( = (L) .MAG, ANGLE) 
D3 » 20.U*LJüF(HAQ*i,qEo6)/2 3o2589o93 
E(L) a DS*I * A NGLE 

30 PRINT 3ol.D(L).MAQ.ANGLfc.UB 
3q1 F3RMAT<jiHg ,F8,0f 5Xifeu,4,5X,r8,2,5x.F8,2) 

IF(GRAPHÜ ,cU. 0) RETURN 
D3 42 La21 NR DIST 
U2Mi * L*2-l 
Tsmr * fc REAL (L2mi ) 
L^l a L*1 
D3 41 K.LP1.L2M1 
K« s L2Ml4(.Pi-K) 

41 E REAL(KK) a g REAL(KK-l ) 
42 E REALIL) = T=MP 

D3 43 LU, NR UIST 
LL * NR Üjsr+NR UIST^ti-L) 

43 E MEAL(LL + ?) a E REAL (LL) 

D3 44 Lai,NR DIST 
44 D(L) ■ 1)1L)/1000.0 

INTqR s 13{NR DIST) 
RIDE « l.Q^FLDATFtINTGR) 
CALL CALCMP(U,E REAL(l)»NR DI ST,q. I T 1TlEi,72,1. u . ü« 

ï 0 • 0 * 1 • 0 » 0 • 0 * 0 • 0 » 0 •n * 0 » 0 » 
* RIDE.IO.O»IABS.9,lnRDl,i6,io.O*l.BUFFfcR,2ûUü) 

CALL CALCmP(D,E REALINR DIST*3), NH DI ST,j,I TITLfc2 » ^2,1 « ü *0 » 
ï O.OU'OiO.O'Q.O'O.n.Q.Ú« 
ï WIÜE.lO .0»IA9S,9, iriRD2,i6,io ,0*11*BUF^ER.2uUü ) 

DO 47 Lai,NR DIST 
47 D(L> a Dil>*l000*0 

RETURN 

END 

45 
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SUBROUTINE i i era te 

COMMON/INPUT/Tret A, IN Om IT(9«) 
COMMON/WÜ INPJT/TYPt ¡TtR.MA« DEL T A » RG I N SK IP(ÖÖ), I HE I A INC, 

i RUIN 0MIT(2),jThET*,LUb real.lub IMaG,WyiN NU(3) 
C3MHON/R/R 3KI3(i8),Rii,R22,u OMlT(4) 
CJMPÜN/F/r,L)FOTHETA,R 3aRh,« 3AR22 
CQMMON/PKOP data/pd skIR(4), no SOL 
complex lHfclA,F0,F,UFDTrtETA,nELTHETA,I,Rii,R22»H öARu.K 8AR22, 

i EIGEN,DTHETA 
REAL RAX D fc-T A ,L U B RE A L , L UR »MAG 
INTEGER 'VRc I TER , F I RST, F I XEr* INC 
DATA ( R A X IT;R = 2Q) 
DATA ( I = I u , Q *1, o ) ) 

PRINT 101 , TYP= 1 TER 
101 FOWmaT(1h1,14HITERATION TYPE ,13) 

PRINT 1 o ¿ , M A X flELT A 
102 FOHPATIiH , 12RNAX DELTA = ,F5,2) 

FIRST = 1 
NR ITER = 0 
NO SOI = 0 

U THETA = IWEIA-DTHETA 
CALL C0MHUT= • 
FJ = F 
THETA = I Ht IA*0IHbTA 
CAUL COMPUT: * 
DFDTmETa = lF-F0)/niHETA 
OELTHETA s -F/DT dtheta 
FIXED INC = 1 
GO TO 20 

15 F 3 s F 
CALL COMPUfs ' 
DFDTMETa = t F-fq)/ Del theta 
OcLTHfcTA * -F/DFDTHbTA 
FIXED INL S o 

20 IF(EIKST .EJ. 0> GO TO 2l 
CALL PRJNT RS s CALL PR T THET A % FIRST = Q 

21 DEL REAL = Dfc-THETA S AtíS RE4L = ABS'(DEL REAL) 
IF(ahS REAL » 3T. T H t T A INC) r>EL THETA = DeLTHETA^THETa INC/ABS REAL 
D = U IM A G : -I.DFlTHETA » A0S I MAG s AFSF(DEL IMAQ) 
IF(aHS IPAG ,3T. THETA INC) ^EUTHETA = DELTHETA*THE IA INC/ABS I MAG 
THETA = I HE T A + DEL THcT A 
CALL PR T THsTa 
NR ITt R = NR ITfcH*! 
I F (\H ITcR . G T, MAX I I EH ) NO SOL * 1 
fF(\R ITER .GT, MAX IT £K) GO TO 3o 
DEu RF.Al = Jt_TiETA Î DEL ImaG = “IaüELTHETA 
MS REAL S Ad OF ( DEL RtAL) ï aHS IMaG = AdSF ( DEL IMAG) 
I r {A , S RtAi- • -E. LOB REAL .AM), AdS IMaG ,LE, LUB IMaG) GO TC 3o 
IF ( aHS RtAL ,-6. max LElTa .and. ABS IMA‘1 .LE, Max DELTA) 15,11 
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¿0 IMF IXED INC .EU. l ) bO TÜ 31 
THETA = (Hf I'A-DTHEIA 
CALL C'OMHijTs E 
Fo = y 
THETA = IHb!A*DTHETA 
CALL COMHUTs r 
CFDTHfc T A a U-FoJ/DiHbTA 

31 IF( TYPE 1TEH ,6U. 1) UFUThETa s (H BAR2?*R^2-1.Ü)b IHtTA 
I F ( TYPE 1 TEH ,EU. 2> UFUTMET* a (H 8 ARi 1 * R.[ 1-l • U > * UT b I Hfc T A 

CALL PHINJ HS 
PHJNT î>ol.NH ITbH 

5q1 FOHmAT(iHq.¿JH!TERA I lUNb PEM^ORMEU = ,1^) 
PRINT 5o2,IJSLTHETA 

5q2 FOHMAT(iH0tllHDELTHfcTA s , C f Fu , 7 , Fu , 7 ) ) 
PRINT 5q3,F 

5(]3 F3RMAT<iH0(134F FUNCTION a • C ( F13,5 . Fi 3.5 ) ) 
RETURN 

EMÜ 
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sjbhouUne 9 reí 

COMMON/WU I NPJT/ITEH ,MQ SK IP<6) . APRROX,WQ 0MIT(92) 
COM^ON/R/R SKlP(i8>.Rll.R22*ul2*R2l 
COMMON/F/r.P SKIP(2)|S BARll-R BAr22 
COMMON/lNPUr/T*4ETA.IN 0HlT(9a) 
CQMMON/SUijNS/NR SOU,SQuTN(2‘») 

R. ,1.«22 
>PROX 

COMPLEX 
integer AP 
DATA(DTR»o»D1745329252) 
DATAÍNM !>0l«0> 

Rl2.R2t*F,R 0ARl1 » R 8AR22.THETA ,SÜL IN 

lnthy compute F 
CALL R BARS 

IF(aPPRO* .BO, o> call integ 
IFUPPROX .(:0, i) CALL USE P«’LY 

IF{ITER -EQ. 0> f * (R BAHll*Rll-1.0>*<r BAR22*H22*1 • 0> 
S -R 3ARU*R BAR22*Ri2*«21 
IFdTfcR • EQ. 1) F a R 3ARU*R11-1.0 
1F ( J TER -EQ. 2) F « R 9AR22•«22-1.0 

IF ( nr sol ,sQ. Return 
DO 21 Jal.NR SOL 

21 F ■ F/(<THEfA-SOLTNtJ>>*DTR) 

RETURN 
END 

48 



1969 289 

SUBROUTINE 4 BARS 

COMMON/lNpUT/THETA,KRfcQ KHZ.iN SK IP ( ¿ ) , ALPHA, H, U, IN ÜMIK91) 
COMMON/WU INPJT/WQ SK IP(2 > »EPS ILON,E?SI LUN 0.SlliMA*Hü 0M1T(95) 
COMMON/F/F SK IP(4 ) » R ÖARll.R BAR22 

... COMMON/RB CP/ SH FAC(251». 
I SCR IT ( 25 ) i SQ F AC ( 2<í > i ST FAC f 25 ), SGFACH ( 25 ) . STMCR( 25 ) 
COMMON/HU nPJT/ALT(25),NR Ai TS, PH I ( iq >, i'íR PHIS,HD KLAG,NR ALR, 

S ALR(25 ) »HD SKIP<19> 
S iPRIPUN 
complex theta,sh fac.i.ng sq.c,s,sq root,ratio rt, 

S PO,aO,Hl D.H2 D,H1 PRIME D.H2 PRIME U.CAH Hi Ü,CAP H2 D. 
s Pq » Ofl * Hl 0.H2 0 * Hi PRIME 0*H2 PRIME 0*CAP Hl o*CAP H2 0* 
S AlST,A2ND,Al»A2,A3.A4,R öARh.R BAR22. 
S C P0RER,Zl,Z2iC TE«P, 
S CPLX SQRT.CPLX EXPF.CPLX SlNF.CPLX CQSF, 
S PT,HiT,H2T,HlTPRlMC,H2TPRHE,A3RD,A4TH,SI TAC, 
S S3 FAC,SCHIT,SGFACR.STFACR 
REAL KiLOQ < OVR A i X OVER A nT,K OVER A TT.ND SU,Nu 5Ü 
INTEGER MD PLAG 
INTEGER PRIPUN 
DATA(Pl»3,l4i592653) 
DATa(VEL Ll3HT«2,997928bo5) 
DATAU»l0^Oa*O>> 
DATAtDEG TO RAOSQ.01745329259) 
DATAITEST TH IM*10.0) 

OMEGA « 2,0*PI»FREQ KHZ*iQ00-0 
K « OMEGA/VEL LIGHT 
NQ SO ■ (EPSlL0N-I*SlGMA/0MEOA>/EPSI.0N j 

C » CPLX CQSF(THETA*DEG TO R*D) 
S f CPLX S1NF(THETA*0EQ TO RaO) 

LOG K QVH A * l0GF(K/ALPHA) 
K OVER A OT « EXPFUOQ K OVR A/3,Q> 
K OVER A TT « K OVER A 0T**2 
A OVER K OT » i.O/K OVER A OT 
A OVER K TT « A OVER K 0T**2 

NQ SO * 1,Q"*'J»HA*{H-D) 
Nn SO * 1•0*AtPHA*H 
S3 ROOT * CaLX SORTING S0-S*.2> 
RATIO RT s VO SO/NG SU«SQ RQnT 

PD « K OVER A TT*(110"AIPMA«*H»D)*9**2) 
PO s K OVER * TT*(1.o-ALPHA*h-S**2> 
GO * PD 
QQ s PO 

THETA iM * -I*THETA 
IF(-THETA IM .GT, TEST TH IMi GO Tq 50 
CALL MO maN<El(OD,Hi 0jH2 Di»1 PRIME D,H2 PRIME D) 
CALL HP HaN<6l(00,Hi 0,H2 0»“1 PRIME O.HÜ PRIME 0* 
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CAP Hj, D 
CAP Hi o 
CAP H2 D 
CAP H2 o 

-n 

H2 
H2 

oKIME D*A OVER K 
PRIME o*A OVER K 
PRIME D*A OVER K 
PRIME o * A OVER K 

TT-H1 n/2.o 
TT*m 0/2.0 
TT*H2 D/2•0 
TT*H2 0/2-0 

Ai^T « CAP “*2 RT.K OVER A 0 
A5ND * CAP Rl 0-1.RATIO RT.K OVER A 3T*Hl 0 
Ai * C*ND SJ* < -Hi D*AiST*H2 »'i*A2ND) 
A3RD * H2 PRIME o ”I*K OVER * 0T*SQ R00T*H2 0 
A4Th » HI PRIME o *I*K OVER * OT*bQ ROOT*HlO 
no 31 t = liNR alr.i 
PT í K OvER a T i *(1,o-ALPHA*<H-ALR(L))-S**2) 
CALL MD haN<E_(RT,HíT,H2TiHiT PRIME,HPT PRIME) 
ST FACR(D= (-A3RD*HiT + A4Tw*H2T)/(-A3RÜ*HiD ♦ A4IH*H2Ü) 
SH F AC ( L ) = (-AiST*HiT*A2ND*W2T)/UAiST*Hin*A2NL>*H;¿U) 
S3 FACR(U)* t-I*A OVER A OT •(-AiST*HiT PRIME ♦ AZ^U^HgT PRIME) 

S -¡•AL:>HA/(2.0*K)*I'AlST*HlT*A2 Vn*H2T) )*EXPF(rALPHA 
5 «la-ALRIL) )/2,0>/l-AlST*Hiü + A2¡'in*H2D) 
no 3i «J = i*nr alts.i 
PT s K OVER A TT*(i.o-AUPHA*<H-ALT(J))-S**2) 
CALL MD HA,V<t^(RT,HiT,H2T,HiT PRIME,H2Î PRIME) 
ST FAC (J ) s <-A3RD*MiT ♦ A4TW*H2T)/(-A3RJ*HiD ♦ A4IH*H2U) 
S3 FACU) = ( -1 • A OVER ^ OT .(-AiST*HiT PRIME ♦ A2ND*H2l PRIME) 

S -I*AL-,HA/<2.0*KÎ*t-AlST*HiT*A2'»D*H2T) )*EXPF(5ALPHA 
S •(O-ALTIJ))/2,0>/<-AlST*HlO*A2ND*H2D> 
SCR 1T(J ) * C-AiST*HiT ♦ A2ND*H2T)/(-AiST*HlD ♦ A2NU*H2D) 

j *EXPF(A_3HA/2,0«(ALT(J'-D) ) 
Jl CONTINUE 

32 AiST e -I*A OVER K UT*CAP H2 0'RArIO RT*H2 0 
A2N0 s -i*a over k ut*cap hi pt*hi o 
A2 » -CAP Hi D*A1$T*CAP H2 0*A2ND 
R 8A«H s ( Ai-A2)/(Ai*A2) 

AiST a 1•A JV;R K OTaHg PRIMt Q»SU ROOT*H2 0 
A2ND * I *A OVER K OfaHi PRIMS o*SO ROOTaHl 0 
A3 a -Hi PRJME ü.A1ST*H2 PRI^E D*A2N0 
AiST s M2 PRIMP 0-I*K OVER A OT*SÜ ROOTaH? 0 
A2ND » Hi PRIME o-1 *K OVER a OTaSU ROOTaHi q 
A4 s CM-Hl 0*AiST*H2 D*A2ND» 
R ÖAR22 * (A3*A4)/(A4-A3) 
IF(d ,80- 0,0) 30 TU 5>o 
RETURN 

c ^"laî 6AWTH 
53 C PQhER * CJLX EXPF(-2,galaK*DaC) 

no i39 L * ALR-l 
R RaRh = <V3 SU»C-SQ ROOT)/<NO SUaC*SQ ROOT)aC Pü^bR 
R HAR22 s «3-SO ROOD/tCaSQ -OOT)aC POWER 
IF(.THETA IM ,3T, TtST TH IM* 30 To 25 

RETURN 
j 5 3H F A C(L ) 3 ( CPIXEXMFIIaKaC*4LR(L)>aRBARil*CPLXtXHMt-l*KaCa 

i A„R<. )*2.o«I«K*C*'’>) )/(CPLXEXPF(I*KaC*U)*(i.o*RBARn)) 
ST FACR(L)s C®LXEXPF( |aKaCa*LR(D y*RBAR22*CPLXbXPM (-I*KaC* 
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* A*R<i)*2,üM*K*C*D' )/(CPLXftXPF( I*K*C*L)>*U.U + KBAR22) > 
SQ FACR(DB (C*(CPLXEXPF( 1*K*C*ALR(L) )-RdARll*CRLXtXP^ (-I*K*C* 

S AwR(L)*2,0»I*K*C*0»))/(CRUXEXPF(I*K*C*D)*Cl.O+RöARll)) 
DO 1,39 J * 1 # NR ALTS.i 
ST FAC(J) » (CPLXEXPFt I*K*0*LT(J) > + RBAR22*CPLXfcXPM-l*K*C'* 

S AuT( J)+2,0*I*K*C*DO/(CPLXEXPF( I*K*C*U)*il.(]*KBAR22 ) ) 
S3 FACtJ) » (C*(CPLXEXPFCI*K*C*ALI(J) )-RüARll*CPUXtXPK-l*K*C* 

ï AL.T( J)*2.0*I*K*C*DO )/(CPLXEXPF( I*K*C*D)*(1. O^RBARjl ) ) 
SCR I T ( J ) S ( CplXEXPF ( I *K*C*A' T( J) )i,RijARli*CPLXbXPPt-i;K*C*ALT( J) 

Î ♦2»o*I*K*C*D) )/( CP* XEXPF<I*K*C*D>*<l.U*HÜARll>> 
139 CONTINUE 

RETURN 

END 
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S'JHROuriNe. 'lU MANKEL(Z,Hi,H2 .Hi PHIH=,H2 PRIME) 

CJMHLfcX Z.l.Hi.HZ.Hi PR l Ht » HJ PH[Mg,¿CUBED » Z PUWEH.ItHMl,TERM2* 
TsFH3, T6RM4,TbRM5, rfcRM6, SUMI,SUM2.SUMá,SUM4,8UM5,SIM6 
SJM?,SUMflir,Q,F PRIME.Q PRIMF.iJNE HT Z.CPlX bURT, 
Z FOURTH,SQHT Z CUn, fcXPl,EXP2»EXPU.EXP4,bXP5. 
C JL X hXPF.BfcTA.HT 7 , QM2H G »MFP . I POWfcH.M J POWER, 
Z M3HALVS,Z M3HAFS M 

DIMENSION A(23) ,8(2J) iC(20) .IK2J) *GA:,(l4 ) 

DATA < A a o « 9jQ 4 367! 693l 
i 574,3436 5242 545, 
I 54,,6854 374d 434 
% ¿6,6263 

5 0• 
i 0*000? 
I 0*0000 
i 0*0000 

(Q 
5i8/ 0^» 
1?75 944!, 
R 1,.30 4i42, 
OOI4 1557, 
0000 0026, 

<1.0149 ,723 
6 ;Q ,21 76 
2^7,9454 4638 

6,1210 J043 
0,02^8 33q3 
0,0000 ¿5fi2 
0.0000 0000 
0,0000 0000 

DATA ( tí* 0,6 782 
I il9,62?4 
i 74,7422 
S 2,8532 
I 0*0164 
I 0*0000 
f 0*0000 
I 0*0000 

n 4 T A ( c * 

i 
s 
t 
t 
i 
I 
I 

0 ,^652 
•52.213o 
¿7,0842 

0.9l8l 
0 *004fl 
0*0000 
0.0000 
0,0000 

9872 
0478 
1821 
5737 
2293 
2252 
uooo 
0000 

1835 
5931 
7i87 

5006 
4?44 
0619 
0000 
0000 

5i4, 
735 , 
5/2, 
403, 

9955, 
8289, 
9729, 
0002# 

846, 
140* 
q22 » 
45i. 

1q38, 
8599, 
2528, 
0000 * 

1 1 
1 s3 

3q49 
,37lo 

<2,3559 
0,6i36 
0,0021 
0,0000 
0,0000 
0,0000 

6,2029 
*•2,1584 
il,2l50 

0,1912 
0,0006 
0,0000 
0,0000 
0,0000 

DATAU)« 0*6,B? 997¿ 514 
t 
s 
s 
s 
l 
t 
s 

U96,294o 
l42o,102l 

79.Í912 
0,8|) 76 

0,0010 
0*0000 
0.0000 

4787 
4609 
064/ 
487/ 

3630 
0053 
0000 

•»5,2199 
350,19^3,8234 
865, 7,! ,83o6 

*9,0217 
0,0842 
0,000(1 
0,0000 
0,0000 

29o • 
8323, 
12 78 , 
50 74, 
0102# 

7875 
3177 
3862 
0373 
0550 
0191 
0000 
0000 

1144 
0-394 
1940 
8126 
0568 
Up5l 
0000 
0000 

l500 
1312 
4967 
1582 
2020 
9386 
0003 
0000 

()97, 
DO8# 
3n2, 

0 056, 
q964, 
7495, 
887y , 

0001 ) 

24o, 
865 , 
152, 

6351 , 
5122, 
567i, 
0589, 
0000) 

6l 9 , 
2l5, 
796, 

3439, 
3682, 
655o, 
Ol5o# 
0000) 

2q6./63 / 
020,7/87 
93,4584 
1.1592 
0 *. 0u¿0 
0*0000 
0*0000 

53.8332 
127;8o9i 
10,7b53 

0 Hu93 
0 :quo2 
0*0000 
0*0000 

25; 8464 
48 î/616 
315945 
0 *0331 
0*0000 
0*0000 
OtQUOO 

1487 
1922 
9606 
6n38 
842o 
02ü2 
0000 

3215 
9314 
1287 
7678 
3316 
OOI4 
0000 

6435 
8936 
5750 
2229 
6555 

DOO* 
0000 

3l6, 
864, 
631, 

4480 , 

“m: 

05ol# 

431. 
888, 
384 , 

98, 
7788, 
4470, 
0032, 

9i5, 
639, 
255, 

6699, 
OI82» 
8220. 
0008 » 

962, 37618326 
25o,2U44‘947cj 
35i, 269.6328 

688q , 
4896, 
7869, 
4135, 
0005) 

3#7i88 

0*0100 
OTOOOO 
0*0000 

25q8 
9n38 
2184 
1052 
2621 
0 75i 
0000 

Ol5# 
206# 
6o3. 

3339, 
4869, 
2435, 
1962, 

DATA (CApsn, l04i 6666 6666 66#*6 7,0.0835 5q34 7222 2222 2» 
t n,l2B? 2657 4556 32;1 6,q.29i8 49q2 6464 14U4 6, 
S 0.8816 2726 7443 75'6 5,3.3214 j828 1Ö62 768, 
i 1 4,99-57 6298 6862 6.78,9230 1301 1587,4 74145l5 3886 8, 

32() 7,4900 9i, 2 
1/48 4377,0) 

4j86 5496,19 fl92i.l2.l7V iVociO# 

n\TA(Plt3,l4i5 92653 58979) 
5¿ 



datau»<q,qu.o> > 
nATA(ALPHAB0.833 66/ 21Ö 838 95j) 

X969 289 

CALL mag aNGL|;< Z, ZMAGi PHI ) 

Z PüWfcH = 1,0 
Z CU8HL» 3 z**3 

IFIZMAU ,QT, 4,2) QU ÍO 5q 

IFUMAG .LT, 3.2) 21,22 
21 N»12 

G3 TO 3q 

22 IFtZMAG ,1.1, 4,1) 23,24 
23 N*15 

Q1 TO 3q 

24 N*23 

30 SJMi s o»0 
SJM2 » 0*0 
SJM3 * o*0 
SJM4 b o*0 

no 31 Mtl.N 
TgHMl » A(M)*Z POWEH 
T=RM2 * B(H)*Z POWEH 
TSRM3 » C(M)•Z POWEH 
TERM4 3 U{M)•Z POWEH 
SJHi a SUMl»T6RMl 
SJM2 b SOM2*rSRH2 
3JM3 a SUMi^fERMS 
SJH4 a S0m4*T=RH4 
Z POWER * WL CUHÊD/200 « Q*Z P'lWER 

31 CONTINUE 

F ■ SU«! 
G • Z*SUM2 
Q'4|F • G-2,0*F 
F PRIME * -Z«*o2*SUM3 
Q PRIME 1 SJM4 
QPMfP b U P4HE-2,0*f pNIME 
RT THIH!) « 3URTF(l.0/3»a) 

Ht b G*I*RT THIHD*QM2^ 
*•1 PRIME * J -»RlHEMtHT THlRn.GPMFP 

H9 b G-I*RT fHIHÜBQM2)' 
H<i PRIME b i »RIME-I.RT TM I Rl>•OPM^ P 

RETURN 

90 S<JM*j s 1 • Q 
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S JM$ > 1 • O 
SJM7 ■ 0*0 
S'JMa a 0*0 
Z StAL » Z 
Z I M A(J a * I *Z 
I Püwb'í 8 I 
'i J Pü^EM ■ "1 
R T ¿ « CH|.X S3R r ( 2 ) 
n 'IE RT l « 1.0/^T z 
Z FOURTH » JH.X SQRt(«T Z> 
R5TA » Al-PMA/Z FOURTH 
SJHT Z C^B • Z*«J 
Z M3HAt,Vi> * l.Q/SQRr ¿ CUtí 
Z H3HAFS M « Z 13HALVÎ» 
E<Pi a C^L* 6XPF( l*2,o/4.Ü,Sl,RT z CU¿) 
E<P2 « EXPl'C^tX EXPrt-I-S.o'lZ.O’Pl> 
E.<P3 a i.o/sX3l*CPLX fcXPrU*Hl0/i2.0*PI) 
EXP4 ■ E*P1*C3LX EXPF( !ail.0'l2.0*Pn 
E<P& a l.o/BX3i*CPLX fcXPF(-I•11. Q/l2.C*Pí> 

U) t>l 1*1,1« 
TERMS a 1 P3RfcR*CAP(M)*Z H3H4F3 M 
T=»M6 a M I P3WER*CAP(M)*Z M<HAFS M 
SJM5 a SUM5*T=RM5 
SJM6 a SüMft*r=RM6 
EM a M 
SJM7 • SUM7*<*1.5aEM*1.0/Z)*T6BM5 
SJM8 * SUM8*(-i.5»E**1.Q7Z ) •rERM6 
Z M3MáFS M « Z M3HAFS MaZ M3**ALVS 
I Pf)RfcR * I PDRERal 
•1 J PQWE* * M 1 POWtRat-1 ) 

5l C3NTIMÜE 

IF(Z WtAU tJc, 0*0 'OK* Z lM*G «SE» l-O* 61.62 
61 Mi a 86TA«EXP2*SüM6 

M; PRJMfc a JETA»tXP2*tSUMÓ*(-QI•R^ Z>*SUH8) 
r) to 

62 Mi a BfcTAa(éXP2.SUM6*bXP5aSUN5) Ä t 
* Ml PRIME a JETA*(EXP2a(SUM6*«-0.2!>*l.r/Z*I*RT ZI*SUMb)*bXPj*(SUM5 
f Z>*SUm7)) 

7fl IP(Z REAL ,ik. g. g .0«, Z IM*G -U. j.Q> 71*72 
7, Mi a 06T*aEXP3*SÜMS 

M2 PRJME a JcrA.fcXP3«(SUMS*(-0.25ai.j/Z-I*RT Z>*SÜM7) 
RETURN 

72 HZ 
H2 

i 

a a6TAa(sX«*3«SUMll*bXP4aSU«6) 
PRIME « JcTA*t6XP3a(SJM5«'*3.2^*1.5/Z*I«RT ¿)aSUM/)♦tXP4*(SUH6 

•I-0.2’»i-O/ZalaRT Z)aSÜM8)> 
RETURN 
E <0 
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S JUROU T J Nt i 

C'Jmmon/ i np j i / Tut Ta i im oui r<9«) 
COMMON/Wli I MP JT/iiíG I N SKIP{8).T L I i»T ( 11 ) . JC I N OM|T(/o) 
CJMMON/R/LOJ SKIK(io)-R(9) 
COMMON/INI? H/*OJ fi.AU 
CJMPLtX ÎHfclA,tOU R.R.UÜG R «TRX.I LIST.^AGR INlP.UHLX fcXP^ 
HTtOfiR üJMd-'JSv.ADJ FlA<J,DEü"G 
DlHfcMSIO« L3G •» wTRX ( J g i 4 ) 

E^tHV UfcM R POt^ 
PRINT ioü 

100 fJHHATi^ ,/////,29HR H* TH I X INTeRPO.ATIP0|N'S) 

H ■ 1 
11 T46TA ■ I LIST(M) 

CALL iMTtQ 
OJ i? N*1,4 

12 L'}(i « HTRX(H.H) « LUG R(N) 
IF(T L>SI(H*D .60. o 10 ) UO fO l3 
A3J Flag • 1 
M • M*i * GJ TO 11 

13 DIHfcNSN * H 
A'JJ FLAG * 0 

PRINT 3g0 
300 FJHHAT(iH0,6X,6HT LiST,i«X,5*11*11.13.«101. 

1 l/X,4HlRH,l9X,4HliRl) 
33 31 H«l,OlHsNSN 

31 PRINT J0i,T UST(H),(L3U * M rRX (M, •!> . M«l. « > 
3qi F3RMAT<irt iiX,-(F6.2.F6.2».4'2X,Ctrio.4.fig.2))) 

rsturn 

ERTRT OSfc RJur 

03 5l N«l,4 
LJü R{N) a .A3R INTP(T LIST,.OG R HÎRX ( i, N), Tnt i A, iMMfcNiN ) 

5i R(N) « C^L* 6XPF(lOU H<NJ) 
RETURN 

ERD 
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FONCTION UAÜK INTP(X,Y,Xo,N) 

CQMPLtX X.Y.Xq.lAUR INIP.SUM.PRQD 
DIMENSION X(N ) i Y (N) 

SJM « O.U 
DD i2 J«1,N 
P^OD » 1*0 
DO il I«1,N 
IF ( I (EQ• J) 30 TO U 
PROD ■ PROD*(Xq-X( I>)/(X(J)-*ÍI )) 

11 CONTINUE 
12 SJM ■ SUM*PRUO*Y(J) 

L4QH INTP * »UM 
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SUBROUTINE INTEü 
C HUDUE\| 

COMMON/lNPUr/IN SK IR(5 ) » HAG CLD.IN NJT(2) * D » PREUSN# 
S TUP HT,IN OMIT(2).nHHIN,IN N0(H6) 
cummon/flq input/debug,hc prwt.fg SKIP(6) « j flau.fu UMI r(16) 
C0MM0N/R/L03 R(8),OLOGRüH(8)•R OMIT(io) 
COMMON/1/L.HT LIST(i5o),OMITi(i5o,9) 
CUMMON/COlL FREQ/H,NU FlAQ.C HI LIST(25),CF O MI 1(125) 
common/inIT FlaG/INIT flag 
CQMMQN/EN COLu/HT.EC OHUdo ' 
C0MMON/SlEP/OELH 
CUMMON/OVRFi.O/NR OVFL 
PEAL LOG R.wOQ N LIST.LUGR o-LOWEST HT.LOGEio.MAQ klu 
INTEGER SV flag,DEBUG,RC PPNT 
DIMENSION LOOR o(8),DLOGRDH n(8), 

S DEL LOOR 0(8).DEL ' OGR 1(8),DEL LOGR 2(8) 
nATA(LOGtl082.3o25S5o93) 

IF(RC PRNT ,E3, 1 ,UR, DEBUG .GE. i) CALL ZERO ULK 
IF(RC PRNT ,63, 1 .OR, DEBUG , GE. i) PRINT 100 

100 FORMAT(iH0ll5X,2lH R-HATRlX INTEGRATION ) 
IFJRC PRNT ,63, 1 , UR < DEBUG .GE. i) CALL R COLS 

FACTOR a EXPF(-PRECSNaLUGElo* 
E1AX a 3 • qíFACTQR 
EH IN « o•3*F ACTOR 
L » 1 
M ■ j 
NT a TOP HT 
INJT PREV a q 
SV DELH » DHMIN 
CALL I N J T T 

11 CALL T MTRX 
I NIT FLAG a o 
CALL INITl N 
IF (INI T PREV ,E3, X .AND, INlT FLAQ ,EQ. n) PRINT ini,HI 

101 FORMAT «iHg, i6HT0P HT RESET Tn ,F7.a,/) 
INIT PREN a INJT FLAG 
DELH a DrtMlN 
IFUNJT FLAG ,EQ, 1) DELH a n,5 
IFUNIT FLAG ,EQ. 1) GO TO 2n 
IF (RC PRNT ,63. i ,UR, DEBUG .GE, i) CALL PRINT R 
CALL S MTRX 
CALL R OfcRlV 

C PUNGE KUTTA 
20 SV FLAG = 0 

IF(HT .EG, NT LIST(L*1>) L = L*1 
IF(HT-0ELH • GE, HT LIST(Ln>' GO To 21 
DSLH » hT-HT LIST(Ln) 
SV FLAG = 1 
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¿U IF < NU FI.AQ .ta, 0) ÜO TU 22 
IF ( H T ,ga, : HT LISUM*!)) M s M + l 
IF(HT-DELH ,QE. C HT L, I ST ( M + i ) ) GO TO 22 
nsuH ■ ht-c ht listim^) 
SV FLAU * 1 

22 IF(HT-UfcLH .LT, ü) ÜELH * HT-D 

I F( INI r H LA 4 ,EU, 0> uo TÜ 3n 
HT s HT-OELH 
GJ TO n 

JO 00 31 1*1,8 
L'JGK o ( I ) » LOG R( I ) 

Jl Ol,OGRDH u ( I ) * DLOQHDHI I ) 
TRY A'JA IN 

J3 IF ( MR OVI-L .UT. 2q5 RETURN 
0) 3A 1*1,8 
DEL LOGR 0U> * -DLOGRDH q ( I > «DELH 

34 LOG R ( 1 ) = LOGR 0<P*0.5*DEL LOGR o<l> 

HT * HT-u,5*0ELH 
CALL S MlRX 
CALL R ÜkRlV 

DJ 35 1*1,8 
DEL LOGR iU> * -DLUGRDH( I )*nELH 

35 LOG R(I) * uOGR oU)*0.5*DEL LOGR jd) 

CALL R DtRIV 

DO 36 1*1,8 
DSL LOGR gm a -DLQGHDH< I ) *nELH 

J6 LOG R(I) s .ÜGR o<n*D6L LOG» 2d) 

HT s HT-UELH*o.5«DELH 
CALL S MlRX 
CALL R UtRlV 

S JM su * 0 • 0 
DO 37 1*1,8 
DSL LOGR 4 = ((-DLOURUHd)*DRLH*ütL uOGR 0<I))/2,0 

S ♦ UEL LOGR id) .DEL LOGR ad))/J.O 
LOG R (I) * LOGR q < l> «DEL LOG« 4 

J7 SJM SU * SUM S0+(DEL LOGR 2( ' )-DEL LOGR 4)**2 
RH S ERR = S JR Tr( SUM SU/8 Q > 
IFIRMS ëRR .ur. EMAX .AND. DK LH , GT. DHMIN) 38,40 

38 HT = hT+UELH 
DSLH * DtLH/2.0 
IF(DELH . I. T. DHMIN) DELH * DmMJN 
GO TO 33 

4q CALL R DfcHlY 
IF < WC RRNT .ta, 1 ,UR. UE8UG .Gfc, i> CALL PRINl R 

1 ( ^R .LT, EMIN) DEL« * 2.0*UELH 
I*- (SV / u 4 G .tQ, i ) U EL H * SV DELH 
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SV DEL.H * D¿LH 
ipjht ,cjr, j) Qü ro 2ü 

IPÍHC PRNI ,b3. 1) CALI, RAT n I F 
IP(HC PR'NT .63, i ,ÜR, DEtíUG .GE, i) CALL PRINUHfc 
CALL V OUT 
RETURN 

E MD 
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3JHKÜUT1NE F 'URX 

C0MM0N/lNPUr/THbTA.eRfc3»A¿IM.DIP»MaG run,ALPHA.h,¡N UM l I (92) 
C3MM0N/SP 1MPJT/NR bPEC.SP Sk 1P ( IQ > . GHaRUE < 5 ) . M «AllUlt)) 
COMMOrc/FLQ IM3UT/FLÜ S K I P ( 5 ) - N £ G ELE^.HnX Rg^-.H-U UMlKia) 
COMMON/M Mrx/Mii,M21,M3l.M12.M22.M32.Ml3.M23,M3¿ 
ClMMON/CbK/5.S,WAVE N« 
COMMON/tN C'JLL/HT ,EN(5) »CÜLL FR6Q(5) 
COMMON1/1 MTX/T1i,T2l,T3l,T4i.T12,132.132.142, 

i Tl3,T23,T33.T43,Tia,T24,T34.T44 
COHMON/S^HT LIST(10).SAVE T(<2i10> 
complex i,theta,c,s,csa# 

IwY,IMY,INY.U.USQ.n, 
Hn,M?l,M3i.,Mi2.H2'J.H32.i1l3.M2 5,M33, 
Tll.T?l,T3i,T41,Tia,T22.T3?,T42, 
Ti3,T?3,T33.T43.Tii ,T24,T34.T44, 
C■’LX COSF.CPLX S INK 

REAL mag FlU.M RATIO, 
i LSUYSQ.MSUYSQ.NSOY'ïQ.LMYSQ.LNY JQ.MNYbU 

DIMFNSIO^ TIS) ,YSQ(t») .Usa) . 4 
S IwY(5).IMY(5).INY(h),LSUYS0(5).MSQYSU(5).NbUYbü(b). 
ï Lisais) »INYSU(5> .MNYSQO) 
3ATa(PI*3,i4i592653) 
OATa([JTR = 0.01745329252 ) , z r , 
OATAiCOEt-P X = 3,i82357fcQ3) . (CnEFF Y = i, 758 796El 1 ) 

DATAI 1 = (0,0.1-0)) ,,,, 
DATA(T21 = (0'0»0.0))»<(22=(0.||.0.0))‘.IT243<0.0»0*0 ) 
DATA(Tl3s(0,0.0*0))'<T 33=(0.11.0-0)).^43=(0.0.O'D)' 
l) A T A ( T 2 3 = ( 1 « 0 » 0 • 0 ) ) 
DAT A ( V EL L^s2.9979201=0^) 
F:3U I VALENCE! Ul.T) 

DO 11 NN=1.10 
IF(hT .eO. HT LiST(NN)) GO Tn 20 

11 continue 

MU = 0.Ü * Ml2 3 0 • Q ï Ml3 = 0 • 0 
M21 3 0.0 ^ M22 3 0*0 5 M23 = 0*0 
M3l * 0.0 * M32 3 0 * 0 5 M,i3 a 0*0 

CALL PINO 6V NU 

D0i2XsllNRSPEC 
X ■ COEF) X.(i.oE06*EN(K))*CWARGE(K)**2/(OMEGA**2*M RAlIO(K)) 

IF (neg elect ,EO. 1) X * ■X 
I F ( INDX REFR ,EQ. 1) X = i .Q - (EN(K>*i,oE-06 + l*0 )**¿ 
Z 3 COLL FRcQ(K)/OMEGA 
IF(NEG ELECT .EQ. l> ¿ 3 -Z 
U ■ i,ü“)*^ 
UiQ S U*U 
I) « -X/(U*( JSa-YSQ(K) ) ) 
MU s Mil*< JS3-LSQYbQ(K) )*D 
M21 = M2i4^ ¡ny(k)*|j*lmysq(K) '*n 
131 3 M31*(-IMY(K)*U-LNYSÜ(KO*ü 

6o 
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M12 * ^U2*(-IMY(K)*ü-1,MYSü(KU*D 
M22 « M22+(JSQ.mSQYSQ(K))*D 
"132 » M32« <RY(K)*U-MiNYSQ<K) >*U 
Ml3 » Miv3*( IMY(K)*U-LNYSQ(K) »*D 
M23 s M23*(-lLY(K)*U-HNYSQ(Ki)*D 

12 M33 « M3J*<JSQ-NSQYSQ(K))*D 

CÜ«V TERM a AlPHA*(H-HT) 
MH » MU-CJHV TERM 
M22 a M22-CJRY TERM 
M33 * M33-CJRV TERM 

0 « 1,0/4iÜ*M33) 
TU 8 -S*M3l*D 
T3l » M2¿*M3l*D-M21 
T4i » 1,U*Mh-Mi3*M3i*D 
Î12 s S*M32*D 
T32 s CSU*M22-M23*M32*D 
T42 a M32*Mi3*D"Mi2 
T14 a (CSQ*M33)*D 
T34 a S*M23*ü 
T44 a -S*M13*D 

ÍD3 ]_3 Jsl, 32 
13 SAVfc T(J.N) = T(J) 

HT LISTÍN) r Hj 
N i 
IP(N ,ÜT• ig) M s i 
return 

¿0 do 21 0=1,32 
21 T < J ) s SAVE Kj.NN) 

return 

ejtry init r 
OMbtiA = 2 , g *P I *KREO*ioog , n 
NAVE NR = OMESA/VEl, LT 
3JN DIP = <îINf:(DlP*ÜTH) 
DJR COS L a SIN DIP*CUSF{AZIm*DTR) 
DJR COS M s SIN DIP*S1NF <AZIm*|)TR) 
DIR COS N s -COST (DIP*DTR) 
C i CPLX COST (THETA*DTR) 
CSG s 0**2 
s » CPU SIMF(THETA*DTR) 

DO 31 Ksl.NR SPEC 
Y(K> a CÜEFF Y*CHARUE(K)*MAG FI.U/< QMsGa*H RATIU(K)) 
YSQ(K> s Y(<) **2 
U.Y(K) s I *JI R COS t»*Y(K ) 
IMY(K> s I*01R COS M* Y(K ) 
INY(K) s J * 01R COS N*Y(K ) 
LSQYSü(K) 8 DIR COS U**2*YSQiK) 
MSOYSü(K) 8 DIR COS M**2*YSQfK) 
NSQYSU(K) 8 DIR COS N**2*YSQíK) 
lUYSQIK) s 01R COS I.*UIH COS M*YSQ(K) 
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^MYsQ(K) s OH COS U.UIH COS N*YSU(K) 
31 ^MYSQ(K) S oh cos m*dh cos N.YSü(K) 

DO ¿2 0=1.10 
¿2 HT LIST(O) = 9000.0 1 

N « 1 
RETURN 

E >10 
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SUBROUTINE 5N MU 

COMMÜN/FLG lN=UT/n.ü SKiP(2).POLY FLAG.FLG 0HIT(22> 
CUMMON/sP IMPJT/NR SPfcC.CÜEFt- NUlSy.EXP UU(5),8P üMIT(Iq) 
CÜMmON/i/L#.Ht LIST(15o) *LOG w L I ST ( 150 , Ç ) 
CQMMON/tlNl C'JLL/HT,EN(5)*CÜLL FREQ(5) 
COMMON/CÜLL FRgQ/MiNU FLaG.C Hl LIST(25)»C LOG LlSI(2t?*S) 
REAL LOG N LIST,LOG N.LUQ COi L 
mfcGfcR PQLY PLAG 

ENTRY FI NU sN MU..._. 
DO 23 K=i,NR SPEC 
IF(POLY HLAi .EQ» 0> 11^12 

11 LOG N = LOG N LIST(L*1,K)*(HT-HT LIS1(L+1)) 
S /(HT LIST(L)-HT LI^T(Ln>) 
S *(LOG N LIST(L,K)-' OG N LIST(L+1*K)) 

EN(K) = EXP-'Í-OG N) 
GO TO 20 

12 CALL FIND EM 

20 IF{NU Flag .eg. o) 2l#22 
21 ABS HT = HT 

COLL FREO(K) = COEFF NU(K)*EvPF(EXP MU(K)*10Ü0•U*AHS HT) 
GO TO 23 

22 LOG COLL = 0 _OG LI ST < Mn, K > * ( HT-C HT L I 3T ( M + 1 ) )/(U HT LIST(K) 
S -G HT L IS T ( M * 1 ) ) * ( f’ LOG LlST(M,K)-C LUG USKM^i.K)) 

COLL FRfcQ(K) = EXPF(LOG COLL' 
23 CONTINUE 

RETURN 

END 

¿3 
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SUBROUTINE JUT bo 

COMMON/lNpjr/iN SK 113 ( 5 ) »MAG HD,IN 0^11(94) 
CDHmON/W/lOS '-ill,LOU K22,L0G Rl2,L0G R21 . 

S DuNRiiDH,ULNR22DH,nLNRi2DH.DLNR2iDH, 
S R Sitl P (2 > » Rll * R22 » R12 »R2i 

COMMON/! MTX/T11,T21,T3i,T4i.T12,T22.T32.T42, 
ï Tl3,T23,T33,T43.Ti4,T24,T34,T44 

COMMOtJ/cÜK/CtCK SK IR ( 2 ) , K 
COMPLEX I,K U\/ER 2l»C,0V C, 

Til,T2l,T3i,T41(TlJ,T22.13 2,14 2, 
Tl3,T23,T33,T43,Ti4,T24,T34,T44, 
SllAlDiiA,SllÖ,Dii^,Sl2,ni2,S2l,D2i,S22,U22, 
fcill,B22,Bl2#B2l,Rl'JR21.Ci2,C21, 
DÉRIVll,DfcRlV22,DEwIVi2,DERlV2l, 
Rll,R22,Rl2,R2l,L0r. Ru.LOs R?2,L0g Ki2,LÜU H21. 
D-NR11DH,ULNR22DH,nLNRi2r)H,DLNR2lDH, 

S CJLX EXPF 
Ri;AL MAG F‘LJ,< 
dataiI*(U.Q*1.0> > 

entry s mtrX 
K OVER 2i 5 K/(2.o*I) 
OV C s 1 

CALL T MIRX 

SHA * T11H44 
DllA * T11-T44 
SUB » U4*JV C + C*T4]_ 
Due f T14*3V C-C*T4i 
S;2 » Ti2*0V C*T42 
Dl2 0 Tj_¿*OY C-I42 
521 s 134*0V C*T3l 
D21 » 134*0Y C-T3l 
522 3 C♦I 32«U Y C 
D22 b C-I 32*0 Y C 
RETURN 

entry R LER 1 Y 
Rj,! ■ CPLX cX3F(LOG Ru) 
R22 3 CPLX 5X3r(L0G R22J 
Ri,2 s CPLX =X3F(LOG Rj.2) 
R21 ■ CPLX EX :,F ( LOG R2l) 

RL LOG R12 = *0G Rl2 
IFÍRL LOG Ri2 ,LT. 'll.J) Rl3 = 0«0 
RL LOG R2i 3 »OG R21 
IFIRL lOG R21 .LT. -Il,Q) R2i = 0*0 

i 

DU * Rll* ( 011 A-ülltí ) 
022 3 «22*022 
Dl2 * «12*021 
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921 * Wallis 
912921 s R12*-<21 
C12 s 912*521 
C21 ■ 921*012 

DEW 1 Vu = Bll+ Bl2 + B2l'SiiB-Si IQ* («12 921*922*012 *021-011A-HUB )/911 
QíiRiV22 = ai2*B21*922-S22-S2^*(Rl2R2l*(DllA-Diiy)*012*021*022)/922 
I R ( MAR FLD -03. o • Q ) liO TO 
DEH I Vi2 s 011*ai2 + 922*SllA-Siia-S22^lRu*Sl2*Dl2)*iK22*l.0)/912 
HER I Vgi = 8i 1+ 821 *922 "Su A - Si iB-S22* ( Rl 1 * D2l+ S21 )* 192 2*i.o )/R2l 
GO TO 42 

41 0 fei N 1 V12 = 0*0 
DEH I Vgl = 0»0 

42 ^U^RllOH 
DL^R?2 OH 
DLNR120H 
DUMR21OH 
return 

4 OVER 2l*0EKIVn 
< OVER 21*UERIV22 
< OVER 2I*UEHIVi2 
< OVER 2 I*DEHIV2i 

END 
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SJtíHOUTlNt J N 1 Tl H 

C 3mmON / INRU T/ 1 N SK I ►* ( Ü ) i MAG CLD«IN O'IITCoJ.Q MAX.IN NU(87) 
C3MM0N/FLG 1 N3üT/[)EtíUG, ► 3 0MiT(24) 
COMMON/T MTX/T1i,T21.T3l,T^i.Ti2,Ta2.T3?.T42. 

S Tl3»T23iT33*Ti3iTl^iT24»T34iT44 
COMmON/R/lOj ^ll-LOü ^22»L0G Rl2.LOG R21»R SkIR<10)' 

S Rll,R22,Rl2»R2i 
COMMON/iNjT «/¿DJ FLG 

C3mmON/C^K/;*OK OMI I(3) 
COMMON/P ^11)(/3(4,2) 
COMMON/INIT F.AG/INIT flag 
COMPLtX C.P.0V4 DET.C TfcMP.DRT, 

^#92,81,dQ,3» 
Tll,T2l,TJl,T41,Ti3,T22,T32,T42, 
Tl3,T23,T33.T43,Tl4,T24,T34,T44, 
Gl2»Gl3»Gl4»323*G24»034, 
000,011.022*012.021,«11,R22.Rl¿,R2l, 
LOG Rii.LOG R22,L0ß Rl2*L03 R21. 
F\| S3,F ROOT, 
CX SORT,CX LOGF.COmJ 

REAL MAG FL J 
INTfcGfrR 0E9J0.ADJ FLG 
DIMENSION 0lFF(4),Qt4) 
DIMENSION PMASE R(0),PRfeV PHâS(8) 
0ATA(PI*3,141592653) 
DATA(ADj FLi*0 ) 
E3UI V AlENCE ( L OG Ru,PHASE R) 

IF(K A G FLO .60, 0.0) GO TO 5n 

83 s *<TllM44> 
B? s TH*T44-Tjt4*T4i-l23*î32 
31 s -T23*(-Tii.T32-T32*T44^ti2*T3i+T34*T42) 
80 8 T23M-ill*<T32*T44-T34*r42) 

S ♦Tl2*(T3l*T44-T34*r4i) 
% -ri4*(T3l8T42-T32«T41)) 

CALL üUAHTC(03,92,Bl,âo.Q.DEMUG) 

_ O MAXIM s o,0 
00 12 NU,4 
CALL MAG aNG(3(N),Q MAG,ANGLP 3) 
IF(Ü MAG .Gf. 3 MAXIM) U MAXIM s ü MAG 
IFIANGLE Q « L T, 135.Q) ANGLE O 8 AnG.E Q^óq.O 

12 niFF(N) 8 A3SF(ANGLE Q-3l5.0' 
_IF(a MAXIM ,GT, Q MAX) INJT FLAG * i 

I F (I N I T Flag ,E3. l) RETURN 

DO 15 Ms2,4 
DO l5 NsM,4 
IF(DIM'(N) ,GT. DIFF(M-i)) Gd TU 19 
T£Mp s DlFF(N) 
DIFF(N) 8 O IF F(M-1) 

66 



1969 289 

UJFF(M-I) » TëMP 
C TfcMP s Q(M ) 
Q IN ) ■ Q ( M -1 ) 
Q(M.i) s C 18HP 

15 :C)NTlNUt 

D'J 21 N si , 2 
DE T =* ( Til" J( N ) ) * ( T44-Q( N ) ) - ri4*T41 
OVP DE T 5 l.Q/DET 

P(11 N ) * (Ti2*T23*Q(N)-l23*(T12*T44-Ti4*T42))*UVH UtÍ 
P(2 i N ) s T23 
P ( 3 , N ) s Q(^) 
P(4,M) s (I¿3*T42*Q<N)*T23*( r12*T41-Ti1+T42))*üVR Uh I 

PDYnTg * P( 1.'J)*CQNJ(P(4,N) )-CONJ(P( 3.N) )*(-P(2'N) J 
IPÍPOYNTÜ ,-T. o-Q) PRInt 201(pjyntg 

201 FOHMAT(iH0,8HroP Q 3 . C< Ell. » Ell, 3 > . nHPOYNT I NU = 
21 CONTINUE 

012 3 P(l,l)*3(2»2)”P(l#2)*Pi2.1) 
Gl3 s P(1,1)*3(3.2)-P<1»2)*P<3,1) 
Gl4 s P(l,i)«3(4,2)’P(l»2)*P,4.l) 
023 3 P(2,l )*3(3»2)-'P(2»2)*P,3,l ) 
G24 » P(2,1)*3(4,2)"P(2»2)*P'4»1) 
G34 » P(3,1)*3<4»2)"P(3i2)*P,4i1) 

DqO 3 -013+2^(034-012+0^324) 
DU 3 Gi3 + C*( 334 + G12*C*ü24) 
D22 3 Gi3*C*(-G34-G12 + C + G24 ) 
Dl2 3 2,Q*C*Gl4 
D21 3 2,0*C*ü23 

«it 3 ou/Dqo 
R22 3 D22/D00 
R12 3 D12/D0O 
R21 3 D2I/D00 

22 LOG Ru 3 CX uOGF (Rn) 
LOG «22 = CX lOGF(R22> 
IF(MAG FLD ,E3. 0,0) 00 TO 2< 
LOG «12 3 CX _OGF(«12) 
LOG «21 3 CX w0GF(R2l) 
GO TO 3q 

23 LOG «12 3 (-99,o»o*0> 
LOG «21 3 (-99,0*0.0) 

30 IFUDJ FLG i E3, o> TU 36 
DO 35 Ns2,8,2 

33 IFÍPHaSE R(N ) -P«EV PHAS(N) JE, PI> GO TO 34 
PRASE R(N) 3 3HASE «(N)-2.0*°I 
GO TO 33 

34 IF (PREY PHAStVI)-PHASE R ( N ) . > E , Pl> GO TO 35 
PHASE «(N) a 3HASE «(N)+2.0+pI 
GO TO 34 

35 CONTINUE 
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¿b D3 i7 
67 P-ífcV PHAi>(N) = PMASh H ( iM ) 

í?eruHK 

c RS tiY FHES^fcL. 
Í30 F \| SO = I 41 

F WQOT s C* S0RUTi4*l4l) 
a (FM SJ*C-F ROüT)/(FN S0*c*F ROOT) 

R>¿ = (G'F ROOT >/(C*F ROOT) 
Rl2 » ü.U 
R21 a üiü 
GJ TO ¿'¿ 

ERO 
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jJHKOuTlMfc JUA 9 T C( F KUH 83.31» 02.MUH Rt, Oft . O .UtBUU) 

CJHPLfcX M3.á2,8i,ao,Q, 
ï FJU-Í 03.SIX 82,fnu<» Ui , 
* OJ sQ,H, I ,0,0 POlMt ,G PHJfl; i 
I 3J OOQl.P PLJS.P.inQ P, 
* CJOÊ OTg , CUBE RTl.rUOfc P T2 , OtlF-iA i , 0MHÍA2 . 
t Wjur P, HOOT 3,ROOT W, 
i Fjn;tion,cplx 1, 
I CJLX SURT.CPLX LOGF.CPLX E*PF 

iMTtilfcO ufoju.erp Flag 
REAL PAß PLJS.'iAÜ MINUS,MAG F 
DjMfcNSION UH),P RI ( 2 ) • F UNCT I ON ( 4 ) 

04 TA (OMfcbAi* (-0.5,0,866))2540 «8» ) . ( OMtC A? a (-Q . 5 . - o • BöOii25 a n3d ) ) 
IJATA(CP|.A ^^.O'l'O** 
OArA(TOLsl.gt-02) 
E 3UIVALfcNCfclP.P «I) 

Oï s FÜUH Oí»0,25 
02 f SIX 02/6.0 
3t * FOUH 01*0.25 

03 SO * »3**2 
o * 02-ad sj 
I » 0(j-4 . o*ii*0l*3.ü*02**2 
0 « Oi*bd*(-J,o*H2*2,(J*tí3 S0> 
H PH I ME * * I / jp.o 
0 PHlMt * *i**2/4.0*O*(H**2* i,o*F( PR I MR ) 

SJ WO(J T * C J(. X SORT ( G PR I ME * *2 *4 , g *H FRMF**3 ) 
P » (-G PR 146*80 ROUT )*o,5 
MAO PLUS * AHSFfP Rl(i))*ABSF(P RI(2)) 
p plus « p 
P * (-0 HRI46-80 ROUT)•y ,5 
MAO MINUS * A8SF(P RHi ) )*AB5F*(P RH¿)) 
IF ( MAG PLUS .3T. MAO MINUS) P ■ P PLUS 
LJO P » CPLX LOGF(P) 
C'JHfe RTo « 3P.X tXPF'CLOO P/3 Q) 
CUH6 RTi > JME3Al*CUflfc RTq 
CJRfc FiÍ2 » JMEQA2*CUBE RT0 

ROOT P « CP-* SQRT(CUBE RI0-m PHIME/^ure RT0-h) 
ROOT Ü > CP-X SORT(UUdE RTfU PRIME/JURE PT.-h) 
ROOT H « nP.X SORT(CUBE RT2-m PRIMF/gURF RÏ2-H) 
sun s .root ¡».root q.ruot r*2,o/g 
IF ( SIGN ,lT, 0,o) RUGI H « -«00T R 
OID i »Root 3*ruot q*ruot r-b3 
0(2) ■ *Rour j-root q-ruot R-83 
0(3) ■ -ROOT 3*R00T Q-RUOT R-B3 
0(4) ■ -root »-root q*ruot h-bí 

00 32 N»1,4 
OR * U(N ) S AdS QR « ABSF(QR) 
oí « -CPLX l •!)( N) % ABS QI » ABSF(QI) 
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IFU3S UH#TJL , IT, ABS UI) QU TO ¿X 
QI = C^LX IM ( ( <QR^4,Q*B3)*QW4'6.0*H2)*OR*4.0*Bl,**JH*bu) 

t /U (4.0*C)H*l2.0*ö3'*QR*ia*0*B2)*QR*4.U*öl) 
JL I F(ABS U I * T J L ,lT. ABS QR) Qn TO 3R 

QT s (<{<Ql-CaLX lM.Q*tl3)*QI-6tû*ÎJ2>*QI+CPLX I *4 . U^bl ) ^U I ♦Bü > 
'S / ( ( ( CPLX I*A,o*Ul + i2.0*B5)*OI-OPLX I*12.U*b2)*UI-4.0*Bl> 

32 Q(N} * UH>CJLX I * Q I 

IFIDEBüG ,feji o) RETURN 

e^r flau s u 
')0 51 N = 1,4 
IF(uEBUü , üe, 2> PRINT 2oi.N.Q(N) 

5 q 1 FQRyAT ( j H* , ¿hrooT ,li,3H = , f ( Ei2 .'3. =13 . lj ) ) 
FJVCTIOnTN) = (<((Q(N)+4.Q*B-<)*a(N>+&.o*B;>>*U(N)+4.u*pl>M)(N)+ß0) 

i /Bq 
I F ( [jEbOU ,C>s, 2) PRINT 5q2 »N.FUNCT ION(N) 

^02 FlRMATtiH i 4oX(9HFUNGTIÜN , I i , C ( En , 3 . EU • 3 ) ) 
CALL MAG aNjLS(FUNG!10N(N)»MaQ F.ANGlE F) 
IF < MAG F .LT. o . IQ > GO TO 5l 
PRINT bo^.N.MAG F 

5q3 FORMAT(1^ , ^HROUT ,Ii»23H IS NO GOOD MAG F = .fcl0.3) 
ERR FLAG s 1 

bl CONTINUE 
IFCbRR FLAU ,=3. i) STOP 
RETURN 

END 
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SU8HQUT1NE JNITL a 
COMMQN/lNPUr/IN SKIP(10),TOP HT*IN D'Il T( 69) 
COMMON/R/R SKIP<18> *Rn»R22*w12»R2l 
COMmON/eN COLL/HT.EC OMIT(10> 
COMMON/CSK/C«CK OMIr(3) 
C0MM0N/i/L,3MlTi(i50i6) 
COMPLEX Rll»R22*Rl2*R2l*D6LT*,AlliA22»A12»A2i,C 

L ■ 1 
HF « TOP HT 
CALL iNjr T 
CALL S MlRX 
CALL jNiri. R 

DELTA a <Rll-l,o>*(H22n.u>-»12*R2l 
Ail * '<2,q/DELTA*(R22*1,0)*1 •CP/'C 
A22 * -(2,o/DELTA*(Ril-l,q)-i,o)*C 
A12 ■ "2»0*Rl2/DELTA 
A2t ■ -2tO*R2l/OELTA 

100 

101 

102 

103 

1q4 

PRINT 100 
F0RMAT(lHli27HCROMBlE SOLUTION - A MATRIX) 
PRINT 101.AH 
FORMAT<lHo»6HAii a » C(El5 » 8» ^15•8)> 
PRINT 102.A22 
FORMAT (iHg,6HA22 * #C( El5,8,^15,8)> 
PRINT 10J,A12 
FORMAT(lH0.6HAi2 * .C(Ei5.8, *15,8)> 
PRINT 104,A21 
FO«MAT(lH0,6HA21 * »C<El5,8,*15,8)> 

RETURN 
END 
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SUBROUTINE UU'IMY 
C FUR BUDUEN WAVÉJUlQt HUH INITIAI A 

E’^kY ¿kWOC-K 
Ef-ltHY PHINTJME 
ENTHY (H IN f(J 
ENTRY HaV F.l) 
E 'ITRY FJ I IMF 
ENTRY F JNfj cN 
rs turn 

END 
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