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ABSTRACT

INVERT is a FORTRAN computer program designed to study the feasibility
of obtaining electron density distributions of the D-region of the ionosphere.
These electron density profileswould be derived from measurements of ionospheric
reflection coefficients. The radio propagation frequencies would be Timited
to the VLF band, particularly 3-20 kHz. This report contains a discussion of
the analytical approach taken in INVERT, a FORTRAN listing of the program,
instructions for using the program and some sample calculations using simulated

data. The program has not been used with real data.
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I. INTRODUCTION

The nature of the lowest ionosphere, the D-region, has been the
objective of Government sponsored research for more than a decade. The
principal interest stems from the global requirement for reliable strategic
communications at very low radio frequencies (VLF 3-30 kHz).

Numerical methods are presently available for calculating VLF systems
performance capabilities if the height distributions of the electron density
and the collision frequency of the lower ionosphere are known. The problem
is, however, to develop a procedure that will result in a reasonable repre-
sentation of these required profiles.

Radio sounding at VLF is an cften-used method for exploring the D-region.
This region is considered to range from 50 km to about 100 km above the earth's
surface. Because of the low-electron densities characteristic of these
ionospheric heights, usual methods, such as high frequency (hf) ionosounds
provide no useful information. For this same reason, data from rocket sound-
ings also provide little detail at these heights.

The measured data parameters, acquired from VLF jonospheric sounders,
are the ionospheric reflection coefficients. With special sounding techniques,
such as described in reference 1, it is possible to obtain reflection coeffi-
cient data simultaneously at many frequencies over the VLF band. Also, since
the theory of radio wave reflection from the ionosphere is well developed,
reference 2, it is possible to calculate the characteristic reflection
coefficients of radio waves propagated in models of the ionosphere. The goal
has been to obtain the height distributions of the ionospheric factors by the
simultaneous application of these two procedures, (i.e. sounder measurements
and theoretical calculations). Such an approach would be known as profile

inversion.
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Early work in ionospheric inversion used trial-and-error techniques to
deduce profiles. That is, values for the ionospheric properties were assumed
and the ionospheric reflection coefficients calculated; these results were then
compared with experimental values, and if the agreement was not satisfactory,
the calculations were performed again with different values used for the
ionospheric properties. The goodness of fit between calculations and experi-
mental data were determined by a subjective estimate of the investigator.

The approach taken in the INVERT computer program is to attempt an
analytical determination of the ionospheric profiles without the use of trial-
and-error. The procedure begins with ionospheric reflection coefficient data
and seeks to deduce the required electron density profile by finding the rate
of change of the reflection coefficients with respect to changes at each point
in the profile. Ideally the end result of the INVERT inversion procedure
will be a profile which contains all the detail justified by the data, but
which does not contain spurious data which would represent fitting to error
in the data.

The fundamental ideas of the INVERT inversion technique have been
previously described in reference 3. For this reason, several references
will be made to that report rather than to reproduce the material here.

This report is divided into six major sections other than the intro-
duction. Section II presents a discussion of the theory used in the inversion
process. Section III traces the execution of the INVERT procedure. Section
IV gives a description of the INVERT computer program. Section V discusses
execution of INVERT for simulated data while Section VI is for measured
data. The Appendices A, B, and C give FORTRAN 1listings of the computer

programs .




The notation used throughout this report is as described below, where
in general the subscript convention used is that j and j' refer to the "n"

layers of the electron density profile while i and i' refer to the "m" data

parameters. Note that most equations are written so that subscripted varia- |
bles are thought of as matrices or vectors.
The notation is:
Square matrix:
- - - A J'o
A = - : = ey s A
e LR 3 (o) ®
4y + - - 2,
Rectangular matrix:
bll . blm i
= = e 4
e : 3["31] .
bnl : bnm
Column vector:
o
> .
= G = j < C
c : 3 (CJ) (C)
n
Row vector:
it
e /_—\ —
0= dy...d = "dy (D) .




II.  INVERSION THEORY
The inversion problem is to begin with reflection coefficient data and
deduce the responsible electron density profile.

A. Reflection Coefficient Data

Very low frequency (VLF) reflection coefficient data may be obtained
from steep incidence sounders. Reflection of a VLF wave at near-vertical incidence

is described by the reflection matrix:

IIRII lRII

0
"

(1)
an Ry
where the first subscript refers to the polarization of the up going wave with
respect to the plane of incidence and the second subscript refers to the
polarization of the down coming wave. Note that the matrix elements are
complex numbers.
The reflection coefficient ratio used in the inversion procedure is

given in equation (66) of reference 3 as:

- iRy (8) +J sRy(e)
- (Ry(e) - 3 (Ry(e)

Rlug) = (2)

i
where i =1, ... m

The terms of equation (2) are further identified as:

wg -- The transmitted frequency.

m -~ The total number of transmitted frequencies.

) -- The incident angle of the radio wave on the ionosphere.

§ -

R(“i) -- The value of the reflection ratio at the i-th frequency as

obtained from data.
The reflection coefficients of equations (1) and (2) are functions of the

earth's magnetic field. As the sounder site approaches the geomagnetic

5
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equator, the cross term (i.e. lR“) tends to zero and thus the reflection
ratio, R(wi), becomes equal to one. When this situation occurs, the inversion
technique yields no information. The most useful data for determining
profiles is obtained, therefore, at locations with large magnetic dip angles
(i.e. the magnetic poles).

B. Parameterization of the Electron Density Profile

The procedure is to represent the electron density profile by a
series of short exponential segments. The common logs of the electron
densities at the heights, Zj’ where the segments join, are taken to be the

unknown parameters of the profile and are denoted by:

aj = a(zj) = 10910 Ne(zj) (3)

where j =1, 2, ... n.
and where N, is the electron density (electrons/cc) at height z (km).

C. Computed Reflection Coefficients

The ionospheric reflection coefficients given in equation (1) may be
computed for any given electron density profile by the "full-wave" method
given in reference 4. These reflection coefficients are the result of the

integration:

& JdR
R = =) g 4
» J{ (dz) ’ -

b

As discussed previously for measured data, a useful representation

of the computed reflection coefficient is:
-Ri(8) +§ |Ry(e)
o { R1(0) - 3 1R (0) (8)
fL 1 1Ry A

i=1, ... m




In this instance the reflection coefficients, R, and R, are computed from
the integration of equation (4) and thus "r(w;)" is the computed value of the
reflection coefficient parameter at the i-th frequency.

D. Fundamentals of the Inversion Procedure

The approach taken in searching for a best-fit electron density
profile to data was originally presented in reference 5. The basic require-
ment is that the profile is to be linear (on a log scale) unless the data
gives information to justify a given degree of detail. To carry out this
approach, two functions are defined. The first is a measure of deviation of

computed reflection coefficients from measured data, defined as:

: 2
s ik l(r1 - R.)/o; (6)
i
i=1, ... m
where
m -- is the total number of propagation frequencies.
ry -- are the computed values of the reflection coefficient ratio
from equation (5).
R1 -- are the “measured” reflection coefficients in the form of
equation (2).
o, -- are the uncertainties in the "measured" values. These are also

defined as the "expected" errors.
The second function is a measure of detail, or curvature, in the

profile and is defined as:

c- [ (£ 7
b dz




where z is the height variable, a(z) is the common log of the electron
density profile at height, z, and the integral is taken over the range of the
the profile.

Equation (7) defines the entire profile curve, a(z). In practice
a(z) can only be determined at a finite number of points, (a(zj) = aj), and
therefore the form of the profile is given by equation (3). For simplicity
it will be assumed that the aj's are equally spaced at intervals, Az.

The second derivative at Z is then approximated by:

2 a, - a, o, - o,
da _ "l S NS
£ 3 (T)(_Az_ oz (8)
In application, the curvature function "c" of equation (7) is
expressed in terms of summation over profile segments. The equation becomes:

n-1
c =~ ZE (aj-l - 2aj + aj+1)2 (Az)_3 (9)

§=2

where n is the number of points aj'
The expression in brackets represents the second derivative at height zj. The
slab summation form of "c" approaches the integral of equation (7) as the
slabs are made sufficiently thin.

Equation (9) can be written in matrix notation as:

Jj'»> J>
B ) i
s ¥
8




where the C.,. are elements of the matrix

JJ
1=2 1
/ -2 5-4 1 (:>

1 W 6k 1
W TN
3 NN N NN

LN N 0 N (11)
NaoNAON NG
{4 gk 1

1 -4 5 -2
o3 e

The required profile is sought by an iterative technique in which
the total curvature in the profile is allowed to increase in steps to improve
the fit to data. Each step requires a perturbation-type solution in which
the full-wave solution of reference 4 is analytically differentiated with
respect to perturbations in the profile. The end result of the inversion
procedure is a profile which contains all the detail justified by the data,
but which does not contain spurious detail which would represent fitting to
error in the data. There should be an optimum trade-off between deviation from
data, represented by the value of s, and curvature in the profile, represented

by the value of c. The trade-off may be represented by the condition:
¢ + As »+ min (12)

where the value of ) must be chosen for the optimum condition.
The solution to equation (12) is obtained by differentiating with respect to
“j' This gives:

ac as

5&;")‘3&}_:0 (13)

L o




Equation (13) can be re-written @s derived in section 1I-C of

reference 3) as:

> >
\ i 0
E(A’r(mi).(m\j) = T()\’aj: r(u’i)l R(mi)) (14)
where: j =1, ... n for the segments of the electron density profile.
and where:
K = The coefficient matrix, and is a function of the trade-off

parameter, "\"; and also a function of the computed iono-

spheric reflection coefficients r(mi).

- ¥
"

A vector which is a function of the above "A", and r. It is
also a function of the measured ijonospheric reflection
coefficients, R(wi)’ and a function of the previous electron
density profile, ajo.

(A;j) = A vector which represents the modifications to be added to
each previous electron density profile during each step of
the iteration scheme.

w; = ‘The propagation frequency, i=1,...m.

The solutions to equation (14) are obtained by an iterative proce-

dure. First, an initial profile, ag (j=1,...n) is chosen and a value is
assigned to the trade-off parameter, "\". These values, along with functions

of the full-wave calculations, r(“i)’ and data values, R(“i)’ are substituted

>
and a solution (Aaj) is obtained as:

&>

- () 3

These values of the (Aaj)‘s are added to the (ag)'s to get a new profile

>

o >
(aj)new' The sequence then continues with (a assuming the role of (ag).

j)new

10




and a new value assigned to "A". This leads to a new solutjon of (Azj) and

thus to a new electron density profile given by the relation:

-

(&B)new : (ag)previous . (Aaj) !

E. Assumptions Applied in the Inversijon Procedure

In the inversion procedure several assumptions concerning the
ionospheric parameters are made. In particular all parameters will be con-
sidered to be known except the electron density profile, which will be
unknown, and is to be found from the data. The geomagnetic field
parameters will be taken to be known, and the magnetic azimuth will be
restricted to be either 90° or 270°. As is the usual case at VLF, ions are
considered to have negligible effect on propagation and are omitted from the
model. The collision frequency profile is taken to be known and is con-

strained to be of exponential form:
v = v exp (-az) (17)

Additional assumptions (i.e. constraints) on the form of the desired
electron density profile are listed below and are illustrated in figure 1
where the electron density (Ne) is shown as a function of ionospheric height
in terms of log10 Ne’

(1) "Stop" constraints are introduced at both the top and bottom of
the electron density profile. These correspond to limiting values of electron
density which the profile may assume at these heights. At the top of the
profile the "stop" defines the minimum value of electron density which the

profile may assume. At the bottom, the "stop" defines the maximum value for

that height.

11




.

; dz
| T TOP STOP—=t_ conNTINUOUS

SEMI-INFINITE MEDIUM SLOPE
dN
dz

- BOTTOM STOP
I I = 1 b
a(z) = Log10 N —>

Figure 1. Segmented Electron Density Profile,

a(zj)'s Showing Constraints.

(2) It is assumed that there are no electrons below the chosen
Towest height of the profile. Above the chosen top height of the profile the
electron density is assumed to be of constant value equal to the electron
density at the chosen top height. This latter property is usually referred
to as a semi-infinite medium.

(3) The profile is constrained to be reasonably smooth but other-
wise consistent with the reflecticn coefficient data. Note that this implies
that the profile approaches a slope of (dN/dz) = O near the top height which
is just below the semi-infinite medium.

Inequalities are used as constraints on the end points of the
a(z) profile. At the top of the profile the electron density is constrained
to be at least as great as a chosen fixed value. At the bottom height of the

12




profile, the electron density is constrained to be no greater than a chosen

fixed value. Thus:

a(a) = a(zl)

v

aTop Stop
(18)

A

it} = “(zn) “Bot Stop

In addition, in order to ensure a continuous slope, (dNe/dz), leading upward
to the semi-infinite medium, the slope at the top of the profile (z = a = zl)
is constrained to approach that of the semi-infinite medium. In terms of the
segmented a(z) curve, that is, the segmented electron density profile, this is

implemented by adding the term:
("2 = al)z (AZ)-3 (19,a)

to the summation representing the curvature function. That is, "c¢" is now

defined as:

n-1
¢ = [(az - otl)2 + Z (ozj_1 - Zaj + aj+1)zl (Az)-3 (19,b)
Jj=2

Compare this result to equation (9).
With these sets of constraints, the equatijon to be solved is a modified

form of equation (13). In particular the matrix:

J
/(1+pT) -1 o...o\
-1 " Wk e
- g (20)
v 0 NS R
\ 0 0 0...p8/
13




is added to the unmodified C matrix of equation (11). That is, the original

C matrix terms are modified to be:

The new matri

|

new _

O
!

|

’cll =1+ (1+ pT) =2+ p; 7
Cip=-2+ (-1) = -3

1 c21 = -2 + (-1) = -3 b
Cop = 5+ (+1) =6

*Cnn o L Pg il Pg

x C"®¥ jis defined as

o R SR S S \
3 6k 10
1 o4 6 e O

1 -4 5 -2
1 -2 (1+pB)

A vector, V, is also defined to be:

. aTop Stop

Pg . “Bot Stop

and is a consequence of the added constraints.

Foa e o TV e A
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The values of the inequalities of equation (18) are defined as follows:

(a) = (0, if in the solution for the (Aaj)‘s of equation (15), the
top end of the profile is inclined to move to the right

< of the stop.

= a very large positive value if the top end of the profile

L is inclined to move to the left of the stop.

(b) =0 if, in the solution for the (Aaj)'s of equation (15) the
bottom end of the profile is inclined to move to the left
Pg 4 of the stop.

= a very large value if the bottom end of the profile is

inclined to move to the right of the stop.

F. The Complex Reflection Coefficient Plane

Calculation performed using different electron density profiles will
produce different values for the set of reflection coefficient ratios, r(“i)‘

The reflection coefficient ratio values are illustrated in figure 2
as plotted in the complex R (or r) plane. Here the frequency, w, Serves as
the parametric variable. The data values, R(mi) are shown in comparison to
two sets of r(”i) values. The curve [r(w)]1 results from applying equation
(4) and equation (5) to a given electron density profile. The curve [r(w)]2
presents the results obtained from a second electron density profile. It is
pointed out, that because of the constraints placed on the trial electron
electron density profiles, not all forms of the r(w) curve can be generated
simply by varying the profile.

The problem to be solved with the inversion procedure is to find
that electron density profile, which when used in the full-wave computation
of reflection coefficients, will produce a match to the data, R(wi).

Such a match is illustrated in figure 3. Because of error in the data
15




e Computed : T(ui) ® Meazured : R(ui)

r(wl)

[r(w)]l

r(wl)

\ R(wm)
Gﬁ‘—'R(Nl) \\\b "g)

R,r (Real) —

Figure 2. Data Values R(mi) and Computed Values r(wi)

as Plotted in the Complex Plane.

e COMPUTED : P(wi)
@ MEASURED : R(wi)

Ryl (REA]) e
Figure 3. Matched Comparison of R(“i) Reflection

Coefficient Data and r(w) Computations.
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and because of the constraints put on the ionospheric model, the data cannot
be matched exactly.

The fact that an attempt is made to match the curves in real and
imaginary parts of R(mi) and r(wi) implies that the spacing, in the R-r plane
between frequency points (wi and Wi410 etc.) of r(mi) and r(ui+1), etc., must

also match the spacing between R(wi) and R(wi+1), etc.

G. The Transformation Functions, g(wi) and G(mi)

In order to make convergence of equation (14) more likely, the
following function of the ijonospheric reflection coefficients is introduced.

(See the discussion on pp 28 in section 1I-C of reference 3.) Define:

g; = rlo)

(Te]
.
n

dr
i (§5). (24)
1
e T

where
ry is given by equation (5).
w 1is the propagation frequency (kHz).

m is the total number of data frequencies.

Equation (24) may also be written as:

+ jle )1 (25)

17




and

(og), = (tog) =20y ) (26)
where (¢g) is the principal part of the phase term and lies in the interval
M B W

i
The value of ;s in the phase term, is chosen for each frequency so

as to ensure that the phase, b s is continuous along the r(w) curve.

The phase angle (¢g). may also be written as:
i

Imag. (dr/dli)j )

(¢,). = ARCTAN (Reaﬂdr/dm)i

g, (27)

The definition of the transformation function, as given by equa-
tion (25), allows for a complete definition of the r(w) curve in terms of
spacing (i.e., |dr/dw|), phase (i.e., ¢) and the location of one point on the
r(w) curve, where for example the one frequency point is chosen to be the Tow-
est frequency, wy - An r(w) curve illustrating the "g" transformation is
given in figure 4.

The transformation function for the data values, R(wi), is also

introduced as:

6, = Rlu;) l
6, = In (g-ﬁ-)i
or ( (28)
6 = In (?)i * dlog),
{ 5.2 .4 ® J

18




r(IMAGINARY)

LENGTH = ig—:
B

-
r (real)
Figure 4. The r(w) Curve Illustrating the Transformation
Function, g<“i) = 1n (dr/dm)i + j¢i

(i.e., Spacing and Phase).

The phase, (°G)- is written as:

i
(o) = (o) + 2 (o), ) (29)
i i

and

Imag. (dR/dw)t

To obtain a match between an r(w) curve and the data curve R(w),
as exemplified in figure 3, the required r(w) curve may need to be completely
reversed from the r(w) curve obtained from the starting solution of the inver-

sion scheme. This is the situation portrayed in figure 2 where the [r(w)]2

19




curve is considered to be the starting r(u) curve and the data is given by the
R(mi)'s. Since the lower freguency end of the r{(w) curve, (i.e., r(ml) Yo 18
more stable with respect to small changes in the trial electron density pro-
files, it is likely to be the better choice for the end about which the required
rotation, (clockwise or counter-clockwise), of the r(w) curve is to be

carried out.

H. Interpolation in the R(w) and r(w) Planes to Obtain (dR/dw)

and §dr(dm}

The values of the derivatives (dR/dw) and (dr/dw) needed to com-

pute G(w) and g(w) in equations (24) and (28) are derived in the following
sequence.

The set of transmitted frequencies, Wi s (i =1, ... m) js assumed
to be a subset of possible frequencies, w, , (k = 1, ... K). K is larger than
m. A reflection coefficient ratio (similar to F(wi) ) will be denoted for the

frequency set, @, , by p(mk) . The defining equation is:

i>

k(o(mk))= k|bk’i| -j(R(wi)) (31)

¥ ¥

Where the p(mk)'s are linear combinations of the R(wi)'S with coefficients

(b The p(wk) values are obtained by interpolation of the R(mi) values

k,i)'
and equation (31) is the interpolation equation. The (bk,i) are defined in
section II-C of reference 3. The (bk,i) are not functions of the numerical
values of the R(wi) but depend only on the spacing of the w; frequencies
and on the number of frequencies m. At any frequency value where W is

equal to an i, , the value of p(Gk) will be equal to the value of R(wi).

20




Figure 5 shows the R-plane representation of the interpolated values, p(mk),
and the data value, R(wi).

The derivative at any one interpolation point, Gk’ is defined in
terms of the change in value of p(@) at the interpolation points preceding and

following that point. That is:

2 A0

(d mw)x e e (32)

where Aw is the interpolation increment in frequency.

Using equation (31) equation (32) is also written:

(dapwml - (bk+1,1 = bk-l,’l) R((AJ,‘)/ZAw (33)

(IMAG.)

R - Redl ey
Figure 5. R-Plane Representation of Interpolated Values

of o(wk) and Data Values R(wi).

21




and in matrix notation

do (w B 3 .
k (.__L). =kl k,it. ‘I(R(m-))
v ( s )k) ' ' ! ) (34)
wheve - By Oy B gy ]

i R 2
Y dRu) . 2
1<( u) ),> % 1("’11')’ 1<R(“’1')> (35)

where the ay 4 matrix is obtained from the By . matrix of equation (34) by

placing only those rows of the (Bk,i) matrix which correspond to wj values into
row positions of the (aii') matrix. This matrix manipulation is further dis-
cussed in section III-H of reference 3.

A similar presentation, to that above, will give derijvatives of the

r(w) curve. The interpolation derivatives will be given as:

i _

() - || )

and at the data frequencies w,:

()

) -1 <;“> j(r‘(mi)) (37)

| N Continuous Phase Terms,

+ i

¢giand og? in the r and R Planes

The desired result of the inversion scheme is to obtain a match of r(mi)

valuestoR(wi)values. To accomplish this, it isrequiredthatthephase,¢g,be

continuous along the r(w) curve. Thesameistrueforthephase¢GalongtheR(m)curve.
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From equation (25) the g(w) transformation variable may be written

in terms of the interpolated variables, o(mk). as:

do
dw

§k = 1In

|t (g 22 (ng) 7) (38)

-~

(<»g)k

and from equation (28) the expression for G(w)

Gk + In

+j(”&ktﬂ%h“) (39)

To satisfy the matching requirement between the r(w) and R(w) curves the values
of(ﬁg) and (ﬁé) must be chosen for each frequency,‘Gk, so that the phases

K k
and ¢ are continuous along the r(w) and R(w) curves. To irsure continuous

*g
changes in phase along the curves the differences: I¢k = by Iandl bpe1 - Ok
must be small.

The smoothing requirement for the continuous phase along the r(w)
curve leaves the value of (ﬁé)k arbitrary for one frequency, e.g. the lowest
frequency, wys which is G- The value of (ﬁ'g)k=3 is then chosen so as to cause
the r(w) curve to rotate in the desired sense, (i.e. clockwise or counter clock-
wise) to obtain a match to the R(w) data curve. The values of the phases
(¢G)k and (¢g)k at the point k=3 will be identified as ¢ (for data phase) and
b (for computed phase) respectively.

Figure 6 illustrates some possible cases for the phase relations
between the data curve, R(w), and two examples of computed curves, [r(m)]1 and

[r(w)lz. The phase values are identified as the direction assumed by a vector
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r,R
{Imag.}

r,R {Real} —»

Figure 6. Examples of ¢p for Data Values, R(w), and

bc for Computed Values, r(w).

originating at the lowest frequency point, r(ml) (or R(wl)) directed tangent
to the r(w) (or R(w)) curve as the curve extends toward the point r(wz) (or
R(mz). There are two ways that the [r(m)]l(or [(the r(m)]z) curve can be
transformed to match the R(w) curve. These are a clockwise rotation or a
counter-clockwise rotation of the r(w) curve about the point r(wl). This
rotation is accomplished in the INVERT computer program by the variable
ROTATE. A positive value assigned to ROTATE results in a counter-clockwise
rotation while a negative value gives a clockwise rotation. Examples of the
choices of values for ROTATE are presented in figure 7. The procedure to be
used in executing the program is to try one direction of rotation and, if it

does not prove successful, try the other direction.
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(a)

ROTATE = -270° N
ROTATE = +90°

Counterclockwise rotation Clockwise rotation
for the curve [r(w)]1 for the curve [r(w)]1
toward the curve [R(w)]. toward the curve [R(w)].
ROTATE
B S = -90°
e
o \ oc
/
{ /

\
ol

ROTATE = +270°

(c) (d)

Clockwise rotation Counterclockwise rotation
for the curve [r(w)], for the curve [r(w)],
toward the curve R(w). toward the curve R(w).

Figure 7. Examples of the Choices of Values for the ROTATE Variable to Cause

the Curve r(w) to Rotate Toward the R(w) Curve.
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J. The Inversion Equation

As stated in section II,D, the approach taken in finding a best-fit
electron density profile from data is an iterative technique which optimizes
the trade-off between the deviation from measured data, represented by the
value "s", and curvature in the wanted electron density profile, represented

by the value of "c". The trade-off was given by the conditijon:
c + As > minimum (40)

where "\" must be chosen for the optimum condition.
The actual equation to be solved in order to obtain the desired
electron density profile is derived in section II-C of reference 3 as:

coefficient matrix, K

i i i's i el 58 i

ag. 99. «J| (Ax) .

Pl apfat bl Aoy, gofalead g L ¢( J
¥ G e

v \ 9 51 «\%i) 4 \%i j
i+ i> i's> i>
39,
o f~new\) .[.0 - é i o ol :
= - J' Cia «J{9; -JjlVv.: +)‘J' —_—ei i! o g__G.)
' ( : J) w( : ) ’ ( ’) ’ [Q“J'] +(°ii') v (“ii') +( ik

J

(41)

T-vector

Note that the (Aaj) matrix and the (ag) matrix can also be denoted as the
->

vectors (A;j) and (ag) respectively. Eq. (41) may be written in the form of

equation (14) as

K (nuglay) + (o) = T (1, 0, gla;), 6luy) (a2)
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with solutions

-

(sag) = (1) - 7 (43)

Note that the coefficient matrix, K, must be non-singular for a solution,

(A&'j). to be obtained.

The C??? matrix of equation (41) is given by equation (22), the V

vector is given by equation (23), and the 9; and Gi terms are given by

equations (24) and (28) respectively. The uncertainty matrix (l/cii') is

derived in appendix D of reference 3, where the resulting equations are:

; i e g
e : agi'-l : 1 _
o S3ibme 0 9} =me (44)
¢l 4 oy ¥ 1 /r=k v : ii
it > i - ‘i'»
0 ]
= B St ‘i f ('?Fl) (45)
v | % At ' i/ g
new 0
where the matrix:
i-
o (46)
¥ i

0

is a diagonal matrix with real constant elements and is composed of the
expected uncertainties as assigned to the data values, R(“i)' The expression
"r=R" implies that, in the derivatives (ag/ar), everywhere an ry occurs replace

it with R1 (i.e. a data value).
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The derivative terms (3g/or) are derived in appendix E of

reference 3 as:

39, A
) ) R i' i
(=) - |z .
ail.'llr.ill
l ill_l
i'= 2,...m
i=1,...m

and the a4 factors are defined in equation (35).
The derivative terms (391/3“j) are derived in section III-I of reference 3

as

B ar,
> () 7o
1|

295\ j
75;; 5 n (48)
; B ¥y

where the derivative (ari/aaj) is given in section IV-E of reference 3 as:

91R) 3Ry
ari lRll 3aj g lRlaaj
— =24 (49)
a“j (- iRl 2 lRFXZf
J =41
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IIT. SEQUENCE OF PROGRAM EXECUTION

A more explicit description of the inversion technique used in the
INVERT computer program is as follows.

First, the initial electron density profile is defined to have a
constant value, «(z), for all heights from the bottom height through the top

height. The electron density of this profile is computed for all zj as:

[4] -
a(z)j __(Top stop) ' (Bottom stop) (50)

This set of a(z)j's is defined as (ag) initial. Note that the height incre-

ments chosen for the profile must satisfy the following relationship:

z -z
(Top stop%ELTAﬁBottom stop) _ i (51)

where n is an integer and DELTAH is an initial value input to the computer
program,
In the matrix equation (41), the first solution desired is for

g il A = 0. This requires:

J~ 3
j(cg?’)- j(Aaj) + 5 (cg‘j") 3 j(a‘.’) = j (vj) (52)
: : \ P\ Initial '
where
(a5,) = (@) = ad (53)
J Vnew 3 initial
and
J = Lyssilh
29




Substitution of equation (53) into equation (52) gives the solution:

Jj-
if («.) ) = j (c’.“?!’f) : j(v.) (54)
+( new/ v \ 7 W\
->
This implies that a solution for (aJ) is possible as long as the Cnew
new
matrix is non-singular. For the next step in the inversion, the above (a )
> new

becomes (aj)l, which is identified as the profile, al.

A full-wave computation, using the just defined set of profile values,
(a ) » as the input profile will give the set of reflection coefficients,
r(w ) (or really g(win' and the derivatives (ari/aa‘j% (or (agi/aaj)l)
needed to proceed with the inversion scheme.

The next step in the procedure is to substitute the values of (a;%'for
(ao) along with the values g(w ) Z (ag /atx ), and "\" (i.e. A= Ap=Ag= 0) all
into equation (41) and solve th;.equatwon for (Atx ). The (Acx )so]utlon will be
1dent1f1ig as (A:ﬁjé. This yields what will be called a "settle down" profile
(i.e. (on.)2 = (ozj)1 + (AOG)Z). The use of the "settle down" profile in the
inversion sequence will be discussed later.

Note that the variables, Aodd® will be used to identify the increasing
sequence of "A" values used in the inversion procedure. Also, the terms,
B odd? will be used to increment the Aodd values. The variables Aeven will

be used to identify the "settle down" steps in the inversion procedure.

A relationship is that A is equal to the previous A . (i.e. Ay = Ay

even

Ag = M3 etc.). This implies that Ap = Ay = 0. The term T will not be
identified or used in the procedure. The term ANy is an initial value

assigned to the computer program as the variable DELTAL.
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The inversion process is illustrated in figure 8. Here the curve shows
the variation of the profile, a(z) with the variable, "A", as given by the
minimization condition of equation (12). The objective is to follow the curve
by increasing the value of ")A" with the restriction being to stay as close to
the curve as possible. The process is halted when a predetermined criteria is
met. This criteria will be discussed later. The figure shows the basic steps
involved in the iterative sequence to obtain the desired final profile.

In figure 8, the point "a" is identified as the profile, al (which is the
set of (aj) values given by the previously defined vector (;ja. To get from
point "a" to point "b", in figure 8, a new value is assigned to the variable,

"x". This is given by A = Ayt AAg. The value Adg is related to

new A3

BA;- At point "b", the values of the variables g(wi) ’(391/3“j) » 3 and the
1 1

>
vector (aj) are all substituted into equation (41). The (aj)1 values are

1
6\
g
‘9*M10 o , e o
e
"7 | 3

N
vy
30 !:>

e e e - - —————— o —————

2 i % <:7 + Py o -+ t
a g n3 06 rx5 u7 ae “1 c\f’na]
PROFILE (uj) b —
Figure 8. Iterative Sequence to Obtain Desired Profile, (a)finaI.
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substituted for the factor(a?l The only unknowns in the equations are the(Aaj)'S.

» >

Equatior (41) is then solved for the VeCtor,(Aaj)E(Aaj) . For a solution
3

to be possible, the coefficient matrix, K of equation (41) must be non-singular.
Note that, throughout the remainder of the discussion of the inversion

procedure, a solution to equation (41) will be denoted as SOLEQS (or S.E.).

This is the name of the subroutine used in the INVERT computer program to solve

for the (Aaj)'s.

A new electron density profile is given by the vector equation:

>

(o)

g (e;) + (aqy) (55)

previous new

This gives, at the point "c" in figure 8, the new profile (aj) . That is
3

>

(aJ)3 - (a\])l » (Aaj)3 (56)

where (aj) is identified in figure 8 as the profile, a3,

3 1 3

A quantitative measure of the change in profile between a” and o is
given by:
n
2 2
D= [ (aay) (57)
j=1 3
where in this instance (Aa,) = (ac.) .
4 3 “

At point "c" a full-wave computation, using the vector set (ozj)3 as the
input profile, will give a new set of reflection coefficients, r(mi)3 (or

g(w,).,) and the derivatives (ar./da.) (or (3g.;/9a;) ) needed to proceed
i'3 i j3 i 33
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with the inversion technique. If the profile a3 lies close enough to the
minimization curve of figure 8, then, the choice of value for A3 is acceptable
and the inversion sequence may continue.

The requirement for acceptance of the a3 profile is that the following

equation must be true. That is:

3(uy) l‘( ) Zi Ll (58)
. LU - g b & a.) t{=o0 58
: L Ig L j=1 (aaj)l 3 ‘])3}

i=1,...m

Here the g's are real functions of the variables gi(real) and gi(imaginany),
(thus the reason for the 2n instead of n on the summation). Also, the g's
contain the uncertainty matrices, (1/9), of equations (44) and (45).

A more thorough expianation of the meaning of expression (58) is the

following. First, let a variable au(mi) be defined as:

2m a_i
9 (w;) = 9lw,) —L : 59
3 (ay) = Tlay) + J}:l (“'3')1 (AaJ>3l (59)

This is a linear first order relationship between the reflection coefficient

function E(mi) for profile ol

and the reflection coefficient function E‘(wi)
3
3

for profile a”. Now, the values computed for the §(mi)3 variables using the
full-wave integration calculation will not necessarily be linearly related to
the E(wi)l results. They will, in general, be described by second and higher

order terms being added to the first order linear term, as are presented in
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equation (59). The differences between the linear variables E’(mi) and the
full-wave variables §(mi) are thus related to the magnitude of the higher

order terms. That is:

CTON I M O
3 3 2nd and higher order

8 terms are (4a.) (60)
J'3

full-wave equation (59)

If the magnitudes of these higher order terms are unimportant, §(mi)3 will be
very close in value to -g"(mi)3 and the choice of A3 is probably not too large.
On the other hand, if the difference between §(wi)3 and §’(wi)3 is large (see
equation (58)) the choice of A3 is too large and will have to be reduced if the

resulting a3

profile is to remain close enough to the minimization curve.

It is important to point out at this time that small changes in the profile
(1.8, Aaj) can result in very large changes in the reflection coefficients, as
computed by the full-wave integration method, because of the addition of the
higher order terms mentioned above.

To determine whether the requirement of equation (58) is met sufficiently,
the following criteria is introduced and identified as a "SETTLE-DOWN" itera-
tion. To carry out fhe "SETTLE-DOWN" procedure, the SOLEQS routine is executed,
at the point "c" of figure 8, using the values g(w ) ‘ (agi/aaj)3 5 (;;)3 and

A== 2g. The solution is the vector (AaJ) wh1ch may be denoted as
4

(aZJ) The subscript, SD, stands for "SETTLE-DOWN."
5D
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The (Auj) may be thought of as those modifications which when added to
SD >
the previous profile, a3, will give the "SETTLE-DOWN" profile, (“j) 3

a

4
That is

(QJ)4 » ((‘J)B * (AQJ)SD (60)

Note the location of the profile, a4, in figure 8. This js jdentified as

point "d". The values obtained for the (Aaj) are used to determine a mea-
SD

sure of the nonlinearity of the g(“i) reflection coefficients with respect to

the changes in the profile, (a;) .

j = 4
dd
Note here that all factors Aodd s BAodg (aj) s (Aaj) and o° refer
odd )" odd "
to the full-wave related variables. The factors Xyt (a.) s i)
3 even J even

a®E" refer to "SETTLE-DOWN" variables.

and
The purpose of the "SETTLE-DOWN" calculation is to define a quantitative
measure of how acceptable the a3 profite is for satisfying the minimization

curve. Helpful functions for determining this requirement are:

2n 39
(51-) = Q_(wi) + Z (Sa—’) (Aaj) (61)
i=1, m

where the relation between g and g is the same as defined for equation (58).

The subscript, FW, stands for the previous full-wave solution for the g's.
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For the case of the profile o equation (61) is:

2n 3§~
9,) = glw;) + (—i\) a, 62
@) = 8y, le ) (1), (62)

Equation (61) states that 950 is computed as a linear function of the §}'s

A second function determined from the "SETTLE-DOWN" results is:

m
Z ( ‘so Gi)z {43)

where Gi is a data value as given by equation (28). The expression S~ will
be used later in determining where the interactive procedure is to be stepped.
The variable used to give a quantitive measure to the "SETTLE-DOWN"

criteria is given as

D PRIME = (64)

If the optimum magnitude of the "SETTLE-DOWN" is not exceeded then the choice
of A3 was not too large and the profile u3 is close enough for the inversion
sequence to continue. The variable DPRIME is indicated in figure 8 by D~

In order to continue at an optimum rate of progress (i.e., incrementing
“A" so as to move along the minimization curve), or to back up (i.e., decreas-

ing the value of “\"), the following procedure is used by the INVERT program.
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A "threshold" term is defined by the equation

DOPT V682

The numerical results of equation (65) is compared to the set of iteration
rules presented in table I. These rules state how "A" is to be incremented

(i.e., X +4)) for the next execution of the SOLEQS routine

next"*previous
in order for the inversion process to continue.

Assuming that the value of RATIO gives a favorable result as, determined
by the rules of table I, an increment Mg is added to A3 to get to point "e"
of figure 8 and the inversion procedure continues.

From the above discussion it is seen that the inversion scheme proceeds in

>

a "boot strap" fashion of obtaining solutions (Auj) to equation (41) for a
> - >
particular value of "A", computing a new profile ((a.) = (a;) + (4ay))
> I new J 014 J
doing full-wave calculations on the (a.) to get new values of the reflec-
new
tion coefficient functions g(w,) and (239./3a.) » Checking the linearity
" new V9 new
of g(wi) by doing "SETTLE-DOWN" calculations, and finally increasing the

value of "X". The process then continues by following through with the same
series of steps again.
The final solution (i.e., final inverted electron density profile) is

obtained as ufina]

as shown in figure 8. The definition as to what deter-
mines that any given profile in the iterative sequence should be identified
as the final profile will be that profile for which the variable S  of
equation (63) reaches a turning point (or "elbow") in a plot of S° versus

iterative step number.
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r
F TABLE I
' RATIO THRESHOLDS

RATIO COMMENTS AN A COMMENTS

0.0 | Convergence is [ax =\f§AAO]d Ao ™ Ko F ke (D Using Anew SOTVE

A going too slow- SOLEQS to get (Aaj)new.
ly, so want to (:) Compute new profile
speed up. Use (aj)new
B e 10 9oL (3 Do full-wave on

0.8 1 Anew (“j)new

0.8 Convergence is Axnew = AAO]d Xnew:=kold'+Axnew Same as "A" above.

"B" going about
right, so want
to continue at
same increment.
Use Axnew to

1.2 get Anew

1.2 Convergence is AAnew=AA0]d/2 Niow Sia + A)‘new Same as "A" above.

M going too fast.
Want to slow
down. Use Axnew

2.0 to get Anew

2.0 Results are too AAnew = Axold/z Anew:=ko]d (:) Using xold to

& ) far off con- "saved" solve SOLEQS for
vergence curve. (Auj)new is the same
Will compute as using (A°j)new

i ' 18




B

TABLE 1

CONTINUED
RATIO COMMENTS AX A COMMENTS
LY - how- from settle down
ever it will solution of SOLEQS.
(
not be used @ Uuse (805) gattie
; down
but will be to get new profile.
e tor @) Do full-wave on
4.0 future steps.
(aj)new
4.0 | Same as "D" M oow = 2261472 | Anew = 2o1d = 2o1d @ set (“j)new
E" | above "saved" * Aoravions 1= (“j)prev.
(® Do full-wave on
oo these (aj)'s

The function S is a linear approximation to the function S which is

given by:

i+ 1"-* 1'»
—
S=g1.-G1.-1'(0—1—)-i'(0—1—— cif g -6 (66)
—— ¥\ 8 + i +

where the Gi are data values as given by equation (28) and contain some amount
of error. Equation (66) is functionally related to equation (6) and replaces
the "S" factor in equations (12) and (13).

Figure 9 illustrates the general characteristics of the S and S functions
as rel{?ed to the number of the iterative step at any point in the inversion
procedure. The simulated data used in figure 9 has error statistics as will

be discussed in section V-A. That is the error is gaussian distributed and
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Figure 9. Comparison between S and $° as a Function

of Iterative Step Number.

uncorrelated and also the expected error values, o, , (i.e., the standard

i

deviation values) are known. For the results presented in figure 9, there are

20 data points used in the computation (i.e., i =1, ... m where m= 20).

This implies that the lowest value of S (or S”) to be expected is approxi-
mately 20. The approximate nature of this number is due to the number of
data points being finite. That is, for larger sets of data (S/m) - 1 as

m - = if the error for each data parameter is independent of the error for
any other data parameter. Continuation of the iterative process to obtain

S (or S°) values much less than 20 represents an unsuccessful attempt to fit
the profile to the error in the data. The transition from fitting to data
to fitting to the error is illustrated in figure 9 as an "elbow" in the S~

curve. Beyond this point oscillations are introduced into the profile in an

40
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P'P attempt to fit to the error which in turn leads to instability in the values of
S. The linear projections represented by the values of S” give an indication
of the best fit that can be expected.

Note that the very definite transition point, represented by the "elbow"
in figure 9, is the result of complete knowledge of the error statistics. That
is, the expected errors (i.e., the standard deviation values, 04 s which are
used with gaussian distributed random numbers to simulate the errors) for this
simulated example are known and the error for each data variable, G(wi), is
independent of the error for every other data variable. Otherwise, the transi-

tion represented by the "elbow" would be much less well-defined and might even

be undetectable if too little is known about the actual error statistics.

Experience gained in executing the INVERT program indicates that there
is an optimum magnitude of the "SETTLE-DOWN" of the profile which can be
tolerated for a valid sequence of profiles. Singularities of the coefficient
matrix of equation (41) will lead, however, to ever increasing values of
DPRIME as the value of "\" corresponding to the singularity condition is
approached. When this occurs in the inversion sequence, no further progress
can be made. This case is illustrated in figure 10. The only possibility
for progress is to re-execute the INVERT computer program from the beginning
with a new initial value of the input variable, ROTATE, (i.e., the direction
of rotation of the r(mi) curve is reversed). If this option is not success-
ful in alleviating the problem, no solution is possible, for the given set

of reflection coefficient data, when using the INVERT program.
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DOPT Mathematical point

}"’l where coefficient
matrix, K, = 0

3 =
SE(C +2s) = 0

{ unstable
| region

— — — — — — — — — .

<—(D” >> DOPT j—b

|

3
PROFILE: {o ) womiminl

Figure 10. Iterative Sequence in which

Divergence Occurs.
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IV. STRUCTURE AND DESCRIPTION OF THE INVERT COMPUTER PROGRAM

A.  Program Structure

Figure 11 presents the general flow of the INVERT computer program
showing the relationship between the varjous subroutines.
An important limitation built into the INVERT program is that execu-

tion is possible for an arbitrary choice of frequencies only as long as the

following rule is applied:

‘ Frequency Max. - Frequency Min. |
DELTA Frequency ‘ < 200 (67)

B. Description of Computer Program Routines

The function of each program subroutine is listed below:
(1) MAIN ROUTINE:
This routine controls the input of inversion parameters
through the Namelist, DATUM. It also provides for the input
of reflection coefficient data and the input of full-wave .
parameters.

(2) SUBROUTINE DINPUT:

Input of data: reflection coefficients (R), uncertainties
(o) , and propagation frequencies (w) .

(3) SUBROUTINE FWINPT:

Input of full-wave parameters through the Namelist, FULL WV .

These parameters include the angle of incidence of the radio

wave onto the ionosphere, "THETA", and the geomagnetic param-

eters of the earth: propagation azimuth, "AZIM", (i.e., degrees !

east of magnetic north), Codip angle, "CODIP", magretic field




C DINPUT }—
C FWINPT )——
4

INVERT
MAIN

(o )

C SET HTS )— r

CONTRL

—C SOL EQS )
e D;:LS )

—{( s )
—C LKCLKS j

""(Z: CA;?S i:)
(iﬁ OVCHK i:)

41: r—-—(:: PRNT RS i:)

L—Q R PLOTS )
—C PRINT P )

DIFFEQ

entry:
entry:

COEFFS

entry: INIT T
entry: INIT S

Fiqure 11.
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PRINT N
—( RDRDA )
} entry: PRINT P
C INTEG )
s (e
( INIT S }__ MTX FCT
entry: XFER
RDERIV entry: MULT
XDERIV ( mm1 )— entry: MULTVC

Structure of the INVERT Computer Program.




(4)

(5)

(6)

(7)

strength, "MAGFLD", (in Webers/square meter). Also input are
the options for obtaining printer plots of electron density
profiles, "IPROFP", and reflection coefficient plots, "IRPLOT".
SUBROUTINE CONTRL:

This routine controls the running sequence of the remainder of

the total program, especially the incrementing of the trade-off
parameter ")" which determines the convergence of the inversion
scheme.

SUBROUTINE SETHTS:

This routine sets up the initial electron density profile.
Here, use is made of the input parameters: HTSTOP(1) and
HTSTOP(2) (i.e., the profile heights where the maximum and
minimum electron densities are assigned. Also of importance
is that the value of (HTSTOP(1) - HTSTOP(2))/DELTAH must be

a multiple of 2. DELTAH is the height increment between each
profile point. See equation (51).

SUBROUTINE INTERP:

This routine sets up coefficients used for interpolation between
the given data points of reflection coefficients (R) versus propa-
gation frequency (w). These coefficients are the elements of the
g-matrix of equation (34). This routine uses the subroutine DGELB.

SUBROUTINE DGELB:

The routine solves a system of simultaneous linear equations

l . Y

with a coefficient matrix of band structure, (i.e., X = & Y

where g'l is of the form:
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(8)

(9)

(10)

SUBROUTINE LOGS:

The routine sets up the parameters for making use of the G
function of equation (28). That is for G, = ln(dR/dw)i
where Ri are the input variables (i.e., functions of the
reflection coefficients). The routine generates a continu-
ous curve R(w) (e.g., continuous in phase) by making use
of the g-matrix of equation (34). Subsets (aii') of the
g-matrix are used to compute the derivative term (dR/dm)i
along the R(w) curve. This derivative is given by equa-
tion (35). Also obtained are the derivatives (dG/dR)i of

equation (47). The uncertainty matrix (1/0) of equa-

new
tions (44) and (45) are also computed. This routine uses
the subroutine CLINEQ.

SUBROUTINE CLINEQ:

This routine finds the solution, X, of the matrix equation
A* 5 = ’c. * E * 5 = Q where ’c and Y are triangular

v

matrices.

SUBROUTINE RDRDA:

This routine sets up the parameters for making use of the
"g" function of equation (24). It computes the following
parameters: (dr/duw), of equation (37), (arilaaj) of

46




(11)

(12)

(13)

(14)

(15)

equation (49) and (agi/auj) of equation (48) to be used in the
subroutine SOLEQS. The continuity of phase for (dr/dw) is also
accomplished in this routine.

SUBROUTINE INTEG:

This routine does the full-wave integration for the jonospheric
reflection coefficients (i.e., R of equation (1) and

(ag/aaj) . The integration is accomplished by a Runge-Kutta
procedure. INTEG makes use of the following subroutines:

INITL I, DIFFEQ and COEFFS.

SUBROUTINE INITL I:

This routine computes the ionospheric reflection coefficient
matrix, R, for a sharply bounded ionosphere. These results
are used as starting values for the g integration of sub-
routine INTEG.

SUBROUTINE COEFFS:

This routine computes the coefficients for dR/dz .

SUBROUTINE INIT T:

This routine computes variables which are used in the full-
wave solution and are functions only of the geomagnetic param-
eters, (AZIM, CODIP and MAGFLD) and the angle of incidence,
THETA.

SUBROUTINE INIT S:

This routine computes variables which are used in the full-
wave solution and are functions of the variables of INIT T

and also of the propagation frequency, w . |
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(16)

(17)

(18)

(19)

(20)

(21)

(22)

SUBROUTINE DIFFEQ:

This routine computed the derivatives (dg/dz) and
d/dz (ag/aa(zj)) for use in the full-wave integration.
5 is the jonospheric reflection coefficient matrix of
equation (1).

SUBROUTINE EN NU:

This routine interpolates electron density and collision
frequency profiles as a function of ionospheric height.

SUBROUTINE SOL EQS:

This routine obtains the solution of equation (41) in terms
of the change in profile (Aaj) from given values of deriva-
tives (agi/aaj) and a given value of "A\". This routine
also computes the parameters, "error width" and "resolution”.
The solution (Aaj) is obtained through the use of the sub-
routine DGELS.

SUBROUTINE DGELS:

Solves the matrix equation (41) for (Aaj).

SUBROUTINE CARDS:

“Punched" card output for continuing inversion procedure
in a subsequent computer run.

SUBROUTINES SET CKL AND LK CLKS:

Systems routines for keeping track of elapsed time so that
output to subroutine CARDS will be obtained before computer
run is terminated by exceeding the time limit.

SUBROUTINE R PLOTS:

This routine provides computer printer plots of jonospheric

reflection coefficient functions, R (data) and r (computed).
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(23) SUBROUTINES PRINT N AND PRINT P:

These routines print and plot the electron density profile of
the ionosphere.

(24) SUBROUTINE PRINT RS:

This routine prints summary tables of computed parameters for
each successive iteration in the inversion scheme. The printed
values are: ri(real, imaginary), magnitude of (dr/dw), phase
of (dr/dw) in degrees, the transformation function g (real)
and g (imag.), in radians.

(25) SUBROUTINE OVCHK:

This routine checks for overflows and underflows during
computation.

(26) SUBROUTINE MTX FCT:

This subroutine provides for matrix manipulations.

C. Identification of NAMELIST Variables

(1) NAMELIST: & FULL Wv
(a) 'THETA' -- Incident angle of the transmitted wave onto
the ijonosphere. (degrees)
(b) Geomagnetic parameters of the earth's magnetic field.
'AZIM' -~ The clockwise angle between magnetic
north and the horizontal propagation
direction east of north. (degrees)
'CODIP' -- The magnetic co-dip angle measured
from the vertical downward. (degrees)
The magnetic equator is specified by
'CODIP' = 90° while the north magnetic
pole is identified as 0°.
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"MAGFLD" -- The intensity of the earth's magnetic
field (Webers/square meters).
(c) "IPROFP" -- Option for obtaining printer plots of a simu-
lated original electron density profile from
which reflection coefficients have been previously com-
puted and are to be used as input data to the program
“INVERT". If 'IPROFP' = 1, then computer plots of this
simulated profile will be superimposed upon plots which
are automatically printed of electron densities obtained
from successive iterations of the inversion scheme. Note
that the profile heights of the simulated profile must be
identical to the heights of the profiles obtained through
the iterative steps. If not the program execution stops.
If 'IPROFP' = 0, only the iterative profiles are
plotted. This is because if the input data values, R(mi),
were obtained from actual measurements, there would be no
simulated data profile and therefore no profile to plot.
(d) 'RPLOTS' -- Option for obtaining printer plots of r (real)
and r (imaginary) in the complex r-plane,
'RPLOTS' = 1 gives the plots, 'RPLOTS' = 0 results in
no plots.
(2) NAMELIST: &DATUM
(a) 'HTSTOP' -- The heights (km) of the electron density
profile at which the profile "stops" are to
be applied. "HTSTOP(1)" is the higher height correspond-
ing to "STOPS(1)" while "HTSTOP(2)" is the lower height
corresponding to "STOPS(2)".
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(b)

(c)

(d)
(e)

(f)

'STOPS' -- The limiting values (in electrons/cm®) of the
electron densities that the iterated profile
can take on at the heights. HTSTOP(1) and HTSTOP(2).
'NUFLAG' -- This parameter allows for a choice of exponen-
tial collision frequency profiles to be used
in the calculations. The exponential collision frequency
is given by v(z) = COEFNU * EXPNU(z) where "z" is the
jonospheric height in km.
(i) If "NUFLAG = 0", the values are:
COEFNU = 1.816 E + 11, coll/sec
EXPNU = -0.15 km™ "
(ii) If "NUFLAG=1", the values are:

COEFNU

4.303 E + 11, coll/sec
i

EXPNU = -0.1622 km~
(iii) If a different exponential is desired, set
“NUFLAG = 0" and enter the new values of COEFNU
and EXPNU through the NAMELIST, DATUM.
'DELTAL' -- The initial value of the parameter A).
'DOPT' -- A term used in the iterative procedure and

defined by:

_ DPRIME
iy
'ALPHA' -- The values of the logs of electron densities

at each height of the profile, (i.e.,
a(z)j =109, Ne(z)) . These ALPHA values are obtained
from a previous execution of the INVERT program and are

output from the subroutine "CARDS".
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(g) 'NRSTPS(J,I)' -- The number of Runge-Kutta steps in a
pair of height intervals between heights
(h(Zj-l)) and (h(2j+1)) for the i-th frequency, wy -
(h) 'NR' ~- The number of increments that have been made in
“A" in solving equation (41).
(i) 'IPRNTE' -- The truncation error in Runge-Kutta analysis
is printed when IPRNTE=1.
(3) 'IPRINT' -- Printout of Budden's reflection coefficients
as a function of height. Printed when

IPRINT=1.

(k) 'ROTATE' -- Determines the rotation of the computed r(w)

curve in the r-plane. The values used are

that:
= "+", is counter-clcckwise rotation.
= "-", is clockwise rotation.
ROTATE { = "0", the program chooses the rotation

direction of smallest difference between

the % and the ¢ of section (II-I).

The following tables give the initial values of the

NAMELIST variables.
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TABLE 11
NAMELIST VARIABLES AND INITIAL VALUES,
NAMELIST: &FULL WV

NAME VALUE UNITS

AZIM 90.0 degrees

COoDIP 12.0 degrees

MAGFLD 5.3E-5 Weber/square-meter
THETA 22 degrees

IRPLOT 1 none

IPROFP 1 none

IPRINT 0 none
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TABLE III

NAMELIST VARIABLES ANC INITIAL VALUES,

NAMELIST: &DATUM

NAME VALUE UNITS NAME VALUE UNITS
ALAMDA 0.0 km HTSTOP(1) 93 km

ROTATE 0.0 degrees HTSTOP(2) 50 km

DELTAH 1.0 km STOPS(1) 1.0E3 e]ectrons/cm3
DELTAL 1.0/64.0 km STOPS(2) 3.0 e'lectrons/cm3
DELF 0.1 kHz COEFNU 1.816 E11 collisions/sec
DOPT 1.0 none EXPNU -0.15 km™2

IPRNTE 0 none ALPHA(51) none none

NUFLAG 0 none NRSTPS none none

NR 1.0 none

MIN 10.0 minutes
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V. EXECUTION OF INVERT USING SIMULATED DATA

A.

Errors

To illustrate the inversion procedure, the INVERT computer program

may be executed using simulated reflection coefficient data as input.

where

These are
grams are

B.

The simulated data input is described by:

R(ws;) = Rlwy) A (68)
¥ Pl
i=l,...m
wj -- are the propagation frequencies.
R(mi) -- are the reflection coefficient variables as defined by
F.W.

equation (2) and are obtained from execution of the
FULLWAVE computer program. These values may be thought
of as the true values of the Reflection coefficients of
the data when no error is present.

&3 -- are the actual simulated errors assumed to be present in

the data R(wi) at each frequency.
€

The above variables are computed using two auxiliary computer programs.
identified as FULLWAVE and RANDOM. FORTRAN 1istings of these pro-
included in appendices A and B of this report.

The Auxiliary Program, FULLWAVE

The FULLWAVE computer program gives simulated reflection coefficient

values for the factor R(“i) of equation (68). These values are obtained from
F.W

the integration of equation 14) and the generation of equation (5) (or equa-

tion (2)).

The input to the program is a simulated electron density profile (i.e.

the "Data Profile"), assumed collision frequency profile, geomagnetic field parame-

ters, the frequency range desired and a value to be assigned to the expected error, SIGMA.
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*” Figure 12 illustrates the relationship of the various subroutines
for the FULLWAVE program.
The following is a Tlist of the subroutines used in the FULLWAVE
computer program.
(1) MAIN ROUTINE:
Provides for input to the program, including input electron

density and collision frequency profile. It also provides for

NAMELIST input.

FULLWAVE
[ mAIN |
PRFLIN
i CONTRL
COLFIN
INTEG RPLOTS
INITLR | SMTRX
| TMTRK DIFFEQ
QUART ¢ I ENNG
AUXILIARY ROUTINES |
XFER
OVCHK
ROUT
BLOCK DATA

Figure 12. Program Flow for FULLWAVE.
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(2)

(3)

(4)

(5)

(6)

(7)

SUBROUTINE PRFLIN:

Provides for reading an electron density profile into the
program. This profile is a table in terms of height and
e]ectron/cm3.

SUBROUTINE COLFIN:

Provides for reading a collision frequency profile into the
program. This profile consists of only the frequencies at the
top and bottom heights of the electron density profile.
SUBROUTINE CONTRL:

Controls the running sequence of the total program.

SUBROUTINE INTEG:

Performs the integration of the differential equations for the
ionospheric reflection matrix using Runge-Kutta integration
formulas. Subroutines utilized for this operation are: INITLR,
QUARTC, SMTRX, TMTRX, ENNU, DIFFEQ.

SUBROUTINE RPLOTS:

Provides for printer plots of real and imaginary parts of the
reflection coefficient function of equations (2) and (5).
AUXILIARY ROUTINES:

BLOCK DATA, XFER, OVCHK and ROUT.

The following are NAMELIST, "DATUM" input variables:

(1)

(2)

FLOW:

The lowest frequency (kHz) for which full-wave computations are
to be made.

FHI:

The highest frequency (kHz) for which full-wave computations are

to be made.
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(4)

(5)

(6)

(7)

FINC:

The increment in frequency (kHz).

THETA:

The angle of incidence un the ionosphere of the transmitted
radio wave.

AZIM:

The azimuth of the radio wave direction measured in degrees east
of magnetic north.

CoDIP:

The codip of the magnetic field vector. CODIP = 90° at the
earth's magnetic equator and = 0° at the earth's north magnetic
pole.

MAGFLD:

The magnitude of the earth's magnetic field (webers/mz)
NUFLAG:

A flag for determining the collision frequency profile to be

used in the "full wave" computations. The following criteria is

used:
NUFLAG = 0, COEFNU = 1.816E11 collisions/sec.
EXPNU = -0.15 km™!
NUFLAG = 1, COEFNU = 4.303E11 collisions/sec
EXPNU = -0.1622 km™!

If a table of collision frequency values is to be read in
through the subroutine COLFIN, then NUFLAG must also be set to

zero.
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(10)

(11)

(12)

NPUNCH:

If NPUNCH = 0, no output cards are punched. If NPUNCH = 1,
output cards are obtained with frequency (kHz), real and
imaginary parts of the R variable of equation (2) and a choice
for the expected error, SIGMA, on each card.

IPROFP:

Provides for printer plot of electron density profile:

IPROFP = 1: plot is obtained
IPROFP = 0: no plot
IRPLOT:

Provides for printer plot of R-parameter from equation (2).

IRPLOT = 1: plot is obtained
IRPLOT = 0: no plot
SIGMA:

The value of the expected error, o,

i~ assigned to each data

value, R(wi).
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TABLE IV
INITIAL VALUES OF FULLWAVE
NAMELIST VARIABLES

NAME INITIAL VALUE UNITS
FLOW 0.5 kHz
FHI 25.0 kHz
FINC 0.5 kHz
THETA 0.0 degrees
AZIM none degrees
copIpP none degrees
MAGFLD none webers/meter2
NUFLAG 0 none
COEFNU 1.816 x 10*! collisions/sec.
EXPNU -0.15 km™ >
NPUNCH 1 none
IPROFP 1 none
IRPLOT 1 none
SIGMA 20(0.03) none
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C. The Auxiliary Program, RANDOM

The computer program RANDOM provides for gaussian random error

values, e, to be added to the FULLWAVE reflection coefficient values R(wi)

The actual simulated error, €q is computed by the expressijon:

FW.

€: = U; X 0, (69)

where
Gy ik is the expected error in the data as chosen for each

frequency, Wy .

uiq -- is obtained from a random number generator where "q" is
the number identifying the particular set of random numbers
used.

Define a random variable u(x), which is gaussian distributed with

standard deviation, o = 1, as:

(x)~ — exp (-x/2) (70)
u(x = exp (-x

This distribution is shown in figure 13 where the distribution is truncated

between -6 and +6.

‘u(x)

xﬁ
Figure 13. Gaussian Distribution.
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Let different sets of random numbers be identifijed as q = 1,2---,
where the value assigned to "q" is input to the program, RANDOM by the
NAMELIST variable, IRANDM. A given gq-th set of random numbers is given by
the values, u, , i=1’...

iq

Note that the value chosen for a4 represents the standard deviation

of e; = u].q X o5 as a large number of sets, g, are considered.
In the computer program, RANDOM, the complex values of R(wi)F.w. are
divided into real and imaginary parts. The same value, 9y is then applied to
each of the parts (i.e. real and imaginary) of a given R(wi) = Separate
values of Ujq are applied, however, to the real part of R(wi)F.W. and to the
imaginary part of R(wi)F.w.' In the complex R plane the expected error, 0is
is represented as a circle of radius o about the data point R(mi)c'
The above definitions are such that for a given frequency, w5 and
given chosen value for the expected error, 9is then the true value, R(wi)F.N.,
will Tie within the error circle of radius 5 drawn around the value
R(wil , 68.3% of the time as a large number of error sets, g, are considered.
This result is illustrated in figure 14.
The NAMELIST variables of the computer program RANDOM consist of
the following:
IRANDM -- Determines a specific set of random numbers.
Default: IRANDM = 1.

NRF -~ The number of propagation frequencies.
Default: NRF = 20.

SIGMA -- The expected error, (01)' in the R-data.

Default: SIGMA = (0.03).
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q=2 FULL WAVE

RANDOM
y
INVERT
el
Figure 14. "Error Circles" for a given Figure 15. Program flow for
Frequency, w; and given expected error, using simulated data in INVERT
Iy for three error sets, q. program.

D. Examples of INVERT Execution for Simulated Data

The following sequence of computer runs must be carried through in
order to complete an execution of the INVERT program using simulated data.
Figure 15 shows the sequence of the reduired programs.

First, the set of reflection coefficient values, R(wi)F.W. is obtained
from the auxiliary program, FULLWAVE. The inputs to this program are the known
electron density profile (i.e. simulated data profile), incidence angle, THETA,
the geomagnetic field parameters and the range of propagation frequencies
desired. The chosen expected error, SIGMA (°i)’ may also be input. There are,
however, default values of 9 incorporated into the program. The output con-
sists of the set of values: frequency, wys computed values of R(mi)F.N.{real}
and R(mi)F " {imaginary} along with values of the expected error, SIGMA (i.e.oi).

There is oﬁe.set-of all the above values for each frequency, .
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*’! Second, a choice is made as to whether it is desired to add random
errcr to the R(w) values obtained from the FULLWAVE calculations. If not,
the output from FJ?{WAVE is input directly into the INVERT program. If error
is desired, then the output from FULLWAVE is input into the program RANDOM.

Additional inputs into RANDOM are the number of propagation frequencies, NRF,

and the value of "q", IRANDM, as discussed in Section V-C. Also, if the

choice of values for 9 is different from that of the FULLWAVE output, then
modified values of oy may also be input to RANDOM through its NAMELIST, DATUM.
The computations within the RANDOM program add a random error value, €5 to the

FULLWAVE values, R( , to give the data values, R(wi) . The output from
€

“they
the RANDOM program consists of the set of values: frequency, W s computed
values of R(mi) {real} and R(wi) {imaginary} along with values of the
expected error, %IGMA (i.e., oi). ﬁThere is one set of the above values for
each frequency, ws -

Finally, the input to the INVERT program consists of the known
electron density profile (i.e., simulated data profile), the output values
from either FULLWAVE or RANDOM, the incidence angle (THETA), the geomagnetic
field variables, and various constraints which are applied in the inversion
procedure. The output from INVERT is the inverted electron density profile.

The following examples of input-output values illustrate the inversion
sequence for simulated data.

Example I Tists the input values to the FULLWAVE program including the
profile of electron density per cm3 at each height and the NAMELIST variables.
Example II shows the printed output from FULLWAVE consisting of a table and
corresponding plot of the input profile. Example III gives the printed output
from FULLWAVE. This includes a table of the values of the output variables and

a plot of the R(wi) data values in the complex plane. Note that the table
FW
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values are also punched on cards to be used as input into either the RANDOM
program or directly into INVERT if the no-error case is desired.

Example IV illustrates the input values into the RANDOM program.
Note that IRANDM =2 for this case. Example V gives the printed input.
Example VI presents the random numbers computed using IRANDM=2. These num-

bers are used to compute the actual simulated error, €y - The equation is:

[R(u;) {real} = R(wi)Fw(real) + (U plreal) x oi)’

€

1 i (71)

R(mi) {imag}

- €

R(w;) {imag} + (U, ,(imag) x o,)
1w 9 i,2 9 173

Using the values for . of example V to illustrate the computation gives:

1

(R(u,) freal} = 0.290 + (-3.233 x 0.03)]
€
= 0.193 ¢
(72)
R(s,) (imagh = -0.332 + (1.687 x 0.03)
. € >

-0.281

n

The results of these computations are given in example VII. The printed and
punched output showing final results of the RANDOM calculations are presented
in example VIII. This punched output is to be used as input to INVERT.

In order to show a comparison between the results from two different
choices of sets of random errors to be added to the FULLWAVE output, a com-

putation for IRANDM=3 is also presented in examples IX, X and XI.
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The series of input-output examples characteristic of INVERT execution
are presented as follows. Example XII gives the input values to INVERT. These
values are for the reflection coefficient data containing random error set num-
ber 2. The input values are for the variables: propagation frequency ws s
the data values R(wi) {real}l, R(wi) {imag} and the expected error, a; - Also
included are the two ;;ts of NAMELIS{:variab1es. These are identified as
FULLWV and DATUM. Example XIII shows the printout of input data to INVERT.

Example XIV is the printout of initial steps in the INVERT execution.
The following examples are to be compared closely with the discussion concern-
ing figure 8 in section III of this report. Example XV is obtained from the
INVERT subroutine PRINTN. Example XVI shows the computed results of r(mi),
l(dr/dm)il 2 ¢(dr/dw)i, |g|] and ¢g as given by equations (5), (25) and (37) as
obtained from the full-wave integration of the profile in example XV. Example
XVII is the plot of R(w)€ and r(w) values as presented in the complex R (or
r) plane. The results of R(mi) are those listed under "data values" for
“RE(R)" and "IM(R)" in example ;}V. The inversion values, P(wi) , as obtained
from full-wave integration of the initial profile of example XV are listed as
RE(R) and IM(R) in example XVI and identified as "“computed values" in example
XVII. Note the large mismatch between the R(“i) data values and the r(mi)
computed values shown in example XVII. ?

As discussed in section III, the inversion procedure contains a
checking criteria which aids in preventing divergence by limiting the size of
the increments allowed for the variable "aAA". This criteria is identified as
the "SETTLE-DOWN". Example XVIII shows the "SETTLE-DOWN" printout including
the variables: S~” from equation (63), DPRIME from equation (64), RATIO from
equation (65) along with a table and printer plot of the "SETTLE-DOWN" profile
as obtained from the subroutine PRINTP.
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Note in the actual computer printout two additional variables are also
present. These are printed as "UNC" (i.e., the uncertainty) and "RES" (i.e.,
the resolution). These variables are presented and discussed in reference 5
pp. 25-28.

According to the iterative sequence described in section III, the
inversion procedure continues as shown in example XIX for steps (a) through
(m). That is a new ax (i.e., Axa) is computed giving a new value for "A"

5 A3). Next a solution for a new profile increment (A“)j ik,

(Aaj)s) is obtained by solving equation (41) with the SOLEQS routine. The pro-
file increment is added to the previous profile giving the new profile a? . Full-
wave solutions of r(mi){real} and r(wi){imag} are obtained for the profile a?.
These r(mi) values are then plotted in the complex r-plane, as in example XVII.
The value of "S", from equation (66), is also computed at this point. The
SETTLE-DOWN criteria is then applied with results computed for S”, from equa-
tion (63), DPRIME, from equation (64) and RATIO, from equation (65). The ijtera-
tive sequence then proceeds again in a similar manner through the steps (a)
through (m) with the calculation of a new ax (i.e., AAS) and new "\" (i.e., As).
The complete "boot-strap" procedure is repeated several times with computer

plots of each iterative profile and of each match between R(“i) data and the
resulting fullwave values of r(mi) presented at each step. '

If the resulting values of S”, from equation (63), and of S, from
equation (66) are manually plotted against iterative step number, the results
presented in figure 16 are obtained. As discussed previously in section III,
with regard to figure 9, an "elbow" is obtained for the S° curve. Beyond this
step oscillations are introduced into the profile by an attempt to fit to the

error in the R(wi) values. This in turn leads to instability in the values of

€
S and this instability is shown in the figure.
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Figure 16. S and S° Curves for Random Error Set Number 2.

Figure 17 illustrates the inversion results in terms of the S and S~
curves for the set of random errors obtained from examples IX, X and XI, (i.e.,
IRANDM = 3). Note that these results are qualitatively similar to those of
figure 16 but quantitatively different because of the different sets of random
errors present. As a matter of interest, figure 18 is presented to show the
relationship between the S and S* curves when no random error is present.

The manual plotting of the S and S” results, as given by figure 16,
allows for the selection of a particular iterative step (i.e., that step num-
ber at the "e'bow" position) to be chosen as the one which gives the required
inverted profile of electron density. For the case presented above, for the
random error set number 2, the profile for step number 18 is shown in example XX.

The plot compares the original simulated data profile with the chosen final

68




‘€ J43qunN 33§ JO0JJJ WOpURY JO4 SBAUN) .S pue § /T dunblLy

€ Y3GWAN d31S

e~ 1 '8)

69

0) SE 0¢ 14 0¢ Sl 01
% 1 | B 1 1 I Y R | 1 1 I | [ I |G S R (s Ak v 1 1 1 1 1 I [ B % TR
«M08713.,

—— e e . — —  —  —— —— —  —  —  — — — ——— ——— = = — - —— ————— e ——=d)
e T N—EF - - - - - - Se~-ccecccecceceac--d402
x —

-1001
- 002
e
-100€ .
\ ¥ | doY¥¥3 0L 1Id4 0oL
{ “ 1dW3lly 01 3n@
\ i S NI 100t
—_ | ALTTIGVLISNI
\ ! -
v |
X I
san|eA .S - @ I
) S -1 00S
N
san|ea § - X X




*40443 wopuey pappy ON 404 S2AUN) .S pue § ‘g a4nbi4 |
«——— YIGWNN d31S *
ot ¢ o€ 52 02 St (1] 4 !
i R R R R G A G G O N T N T S e . S R e R B S TR B T e e \m
’
¥ @ X~ @ X @ ¥ @ A= @ ~ ¥ @ ¥ ~@ X~ @ =X O ¥ O A= @ N @ ——~—————— 40

:zom4u=\\\\\

SINTA .S - @

SINTVA S - X




inverted profile. Example XXI illustrates the R-plane comparison between the
R(wi) data points and the full-wave computed values r(wi) using the above
inve;ied profile. Also shown in this example are the printouts obtained from
the INVERT calculations.

Section V-C states that for a given frequency, Wy s and given chosen
value for the expected error, 95 s the true value of R(mi)FN will lie within
the "error circle" of radius o drawn around the value R(wi) , 68.3% of the
time for a large number of error sets. The results of examp1e£}XI are shown
plotted, with these "error circles”", in figure 19.

For the random error set number 3 (see examples IX, X and XI), the
S and S” results were shown plotted in figure 17. The inverted profile for
step number 19 is shown in example XXII. This plot compares the original simu-
lated data profile with the chosen final inverted profile. Example XXIII illus-
trates the R-plane comparison between the R(wi) data points and the full-wave
computed values, r(mi), using the inverted pro;}le of example XXII as input.
The results of example XXIII are also shown plotted with "error circles" in
figure 20.

In figure 18, for the no error case, the scale used for the S and §~°
axjs was such that the magnitudes of S and S” appear to be zero at step num-
ber 19 and beyond. Figure 21 shows the same plot as figure 18 except on a
much expanded scale. In this case the existence of truncation error in the
Runge-Kutta integration procedures is obvious. Examination of the results,
shown plotted in figure 21, give the choice of integrated profile to be that
represented by step number 28. This profile is presented in example XXIV as
compared with the original simulated data profile. Example XXV then gives the
R-plane comparison between the data points, R(wi) and the full-wave computed

FW
values, r(“i) from the inverted profile of step number 28.

71




*SI|JUL) J04UT YILM — 2 “ON 33S J0J4U] wopuey 404 30(4 due{d-4 Y °61 a4nbij
— Q-l
X
X {e--
— Nul
X
q1°-
L0 9°0 S0 ¥°0 €°0 2°0
I AR l * L l l
i 1 B T || 5

4—— {|ea4} (4*}Y)

0 ‘4044d pajzdadxa jo snipey rmo_

(*r)y “oniea e3eg - ©
Apavg 40 an|eA pajeual] - X

72

A e




e S —

*S3[JUL) JOUUT YILM — € °"ON 39S 40JUJ WOpuey 404 30|4 due|d-4 ‘Y -0z @4nbL4

X ol
A-———_v X

L0 9°0 S°0 ¥°0 €0 2’0 1°0

- : ' + — t } =<
+— {|eau}(4°Y) . X
X
X X
£ ‘40443 pa322dx2 JO Snipey s _

A_avm ‘anieA eleQ -® o

A.:,.,T 40 dn|eA pajeUdl] - X

73




*(91edg papuedx3) 40443 wOpuey Pappy ON 404 SIAJN) .S pue §

4¢————— YIAWNN d3iS

12 d4nbL4

0}/ 1 0¢
R e . i G S A e G e
—_—— e e — 0 ey

uotjeubajui
e33ny-abuny ut
A04J3 uo(jesunay
03 but3zLy

san(eA .§ -@
san|eA § - X




FULLWAVE INPUT
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INPUT TO RANDOM

EOATU
NlF'

il o

|

6llﬂoﬂ32o

RANDO

ROR (N ) SIMULATED PROFILE (NO. 1-B)

EXAMPLE 1v

® ®0o 0 9290000
©e®0e0 000000 O
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0000 00OOO0N

ooooooooo
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]

PRINTED RANDOM INPUT

TEST CASE FOR ADDED RANDOM ERROR (NOe 2) SIMULATED PROFILE (NOe. 1-B)

P A
y s T
1 7.000 "?Jo —ssz Y
2 8.000 497 -0243
3 9.000 520 -.060
‘ 10.000 457 .068
5 11.000 .363 +130
6 12.000 ,258 142
7 13.000 154 123
8 14.000 .069 .086
9 15.000 .024 . 044
10 16.000 .027 014
EXAMPLE V

78




PRINTED RANDOM OUTPUT

SIMULATED PROFILE (NO, 1-8B)

2)

- JEST CASE FOR ADDED RANDOM ERROR (NQ,

O N TMON IO
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EXAMPLE VI

EXAMPLE VII
SIMULATED PROFILE (NOe 1-8)

PRINTED RANDOM OUTPUT

E FOR ADDED RANDOM ERROR (NOo 2)

TEST CAS

GAUSSIAN RANDOM R DATA
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EXAMPLE VIII

PRINTED AND PUNCHED RANDOM OUTPUT
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SIMULATED PROFILE (NO. 1-B)

EXAMPLE IX

PRINTED RANDON INPUT
TROATUM
=3,

IRANDM™

NEkF=10,

TEST CASE FOF ADDED RANDOM ERROR (NO. 3)
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PRINTED RANDOM OUTPUT
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ST CASE FOR A
TEST CASE FOR ADDED RANDOM EPROR




PRINTED RANDOM OUTPUT

b

TEST CASE FOR ADDED RANDOM EFRROR (NO.

SIMULATED PROFILE (NO., 1-B)

GAUSSIAN PANDOM R DATA

SIGMA

(R(wi )C
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PRINTED AND PUNCHED RANDOM OUTPUT

SIMULATED PROFILE (NOs 1-B)
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EXAMPLE XI

81




m —
o. b2 -
) x 2N o
~ s w e =
= & - <R
- w = -n n e
" > = o MNO
i~ ' =1 © we
~ w o o0
M OO0 & » O
ke 5 —OreO ¢
8o “ x4 ¥ 00 Sw
ZOO0DOOOO OO0 " g
o] S SOMAN i
~ OO0 000000 - G- s S
Weeosoesooooo - wWLnOw J-T T
VY W EOr=D0WO™w
S < <BTNZOOXT D
] t o z
~ .~
o o
41 . ]
- ¢ = OO aod N -
€ OO O 0 OO -
‘e NN OO =00 "
Do e ®e e v e oo a ©
- -2 B ] ] - 2
o o w
[ 4 o
“ww o ow
b > J
(o} 4 © =N MW IN N NN N N NN O NN (NN $o0 T o™ (e Py ey 7 e e e O 0 0000 o
“ OmM N fannnhane ¢ LOOOOOOOODOOOOOOOOOCOOOOOOOOOCODOOOOO0 COOODOOOOoCODOOO0O - <]
© 80 OO $0 ¢ ONO O O4 L+ 4909020 PPt PP PP PP PPt P+t PP P P PP C PP P99 900000
X ZeN-g NN O00 O G0 WAL LA LA a0 A A0 L ) L M L ) A G0 A L LD M) LA D A G b A R U A A A A A LA A LA A A M W A A A B D W
D« e 000000000 N ACOOO00O0VONO NN ™O) 00 OMMINO OO OMNAINNIM SO J00ND N OMNOO OONNOMNM
[ 3 t % T e erO NTe NO 00O AT RN OO0 ™A O MO VO N0 2 OR ONIN MON OMNN O
- o & ® 0 0 20 0 005 0600509 0 000 000800 0000000 0000000 © 0 sveseOLSLORS
| oL~ N 0NN NN NN €= OV M) N NN NN E=2= 00 \OWN T N8 2N Q00 OO N M NINT e NN ™
-<w « <«
-3 - o
' a o
v« e o
w )
| >N -
<+ 00000000000 3H <« o
-l 00000000000 J< J »

E MOOOrMMINOOWDWZED © 000600000 0000000000aa0000000oo®oeetoce ®vosoosovssscse O

o T e v O 3 e X W =0 OO MAIE= O O a0 P O N8N Ne= OO0 00 P 0N MOIT= O a0 0N M Nr= OO0 0P ON 2 MMNNeO §

1 7] | <edi= od VO OO OO O~ O~O O O* G000 G0 60 GOEO GO ANADAON=-I P PP P A 00 OO VO O OO NN INVWWAWN
=




SIMULATED DATA PROFILE (NO. 1-8) («
tee ADDED RANDON ERRQR ase = (S

-

OR THMULE))
Do 2)

7.00 -.28Y
. :‘05 = §7 i i
3: 48 438 ‘
- 238 :448 .83
2] 2043 984 :018
3 :Sﬁ -:§§3 :§i§
FULL UAVE IN PUT” L i o
R(mi)e.__J
WAVE
SRETh = 023000 DEGREES AZIM = 90,000 DEGREES
xruxur = OFP = IRPLOT = 1
CODIP = 12 oon DEGREES MAGFLD = $.300-00S
SEND
WSIMULATED DATA PROFILE (NO. 1-B)
a$g¥g=(1) = 100.C00 HTSTOP(2) = 50.000

STOPS(1) = 7.0004002 svors{2) = 3,000+000
IPRNTA = (O IPRNTE = O NUFLAG = 1

MIN = 9 DOPT = 400 DELTAH = 1.000

ROTATE = 90,000 ALAMDA = .0 X

NUFLAG = 1 COEFNU = 403034011 eXphy 2 - "alesp, 0628
PRINTOUT OF INVERT INPUT EXAMPLE XI1I

83




seseeneco e
1 =AM

s AOEND NN NSO

«00
.00C

«00
«00

+00
.00

Computed values of 044 from equation (45)
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g8 - values from equation (34)
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PRINTED INVERT OUTPUT

EXAMPLE XIV

END OF INITILIZATION
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FULL~WAVE SOLUTIONS
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8032.,817 USING FULL=-WAVE VALUES

S

EXAMPLE XVI
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| &
NEW LAMBDA===~
(a) DELTA LAMBDA 3 = .08839
(b) ... _SOLVE EQS WITH LAMBDA 3 = « 08839
(c) SIVING D = o241 LINEAR S = 6874.953 AND PROFILE 3
(d) FULL=-WAVE SOLUTIONS 3
( FREQ RE(R)  IM(R) M™AG(DRDF) AC(DRDF) RE(G) InC6)
7.00 °'°i° .153 -.gsg 9.159 :.ogsr; 1.15259
Szgg g§§ :39‘* :gig &:ggﬁ :3:8‘385 --:gaegg
(e)4 9: 5 24 0% 8% ;giszz -23%2233 :§§3¢6
‘AR
B <0832 <105 V011 -6.682 o2 G 1 b { 111
(F) S 3= 67964962 USING FULL=WAVE VALUES
(9) PLOT OF R=VALUES
SETTLE=DOWN=~>~
(h) STSCVE EQS WITH LAMBRA & = «08839
(1) GIVING § PRINE = 6363,873 0 PRIME = = ,207
() BATIO = _,52 AND SETTLE PROFILE &
©
¥ LANBD A==~ DELTA LAMBDA S = «12500
(1) 5....SOLVE EQS WITH LARBOA 5 = « 21339
| & () SIVING 0 ® 720 LINEARS = 4239557 AWD PROFILE 5
EXAMPLE XIX
g4 1 89
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vI. COMMENTS ON EXECUTION OF INVERT FOR MEASURED DATA

For execution of the INVERT computer program using real experimental
data (i.e., the data points are obtained from measurements rather than from
simulated values as described in section V) the following changes must be

incorporated into the input variables. These differences will be compared

with the input presented in example XII, which was for simulated data input.

First, the NAMELIST variable IPROFP in FULLWV must be set equal to zero.
Second, there is no simulated data profile to be input. Example XXVI shows
the input to INVERT for the case of measured data.

At this time the INVERT program has not been executed using real data

weasurements due to the lack of acceptable data.
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APPENDIX A
FORTRAN LISTING OF THE "FULLWAVE" COMPUTER PROGRAM

MORFITT*FULLWAVE( 1) MAIN

1 ¢ PROGRAM FULLWAVE
C MAIN

3 C FOR MS

4 c

5 COMMON/SIG COM/SIGMA(SO)

6 COMMON /R PNCH/NPUNCH

? COMMON/PLOT C/IPROFP,IRPLOT,ICALCP

8 COMMON/RTOLC/RTOL

9 COMMON/THETA C/THETA

10 COMMON/FLD COM/AZIM,CODIP,MAG FLD

1 COMMON/F COM/FLOW,FHI,FINC

12 COMMON/EXPNU C/COEFNU,EXPNU

13 COMMON/MPRNT/MPRINT

14 COMMON/XPRNT/XPRINT

15 COMMON/EXTRA9/IBUFFR(S500)

16 NAMELIST/DATUM/AZIM,CODIP,MAG FLD,

17 1 THETALRTOL,

18 s FLOWsFHILFINC,

19 s COEFNU,EXPNUJNUFLAG,

20 * IPROFP,IRPLOT,ICALCP,NPUNCH,
21 s MPRINT yXPRINT,SIGMA

22 INTEGER PROF 4COLF yWAVE yADAT,QUIT

23 REAL MAG FLD

26 INTEGER XPRINT y
25 DIMENSION IBCD(20)

26 DATA PROF/“PROF“/,COLF/”“COLF”/,IDEN/"ID “/,
27 s WAVE/“WAVE®/ ADAT/” BDA“/,1END/” BEN"/,
23 s QUIT/ QuIT”/

29 DATA BDATA/ TUM “/,END2/°D “/9NAME /“NAME */
30 C

31 C

32 NPUNCH=1

33 THETA = 0.0

34 FLOW = 0.5

35 FHI = 25.0

36 FINC = 0,5

37 RTOL = 0,001

38 MPRINT = 0

39 XPRINT = 0 '
40 IPROFP=1

61 IRPLOT =1

42 1CALCP=0

43 C

YA COEFNU = 1,816E11

45 EXPNU = =0.15

66 NUFLAG = 0

&7 (4
48 PRINT 67
&9 67 FORMAT(”1”)

50 4

51 10 READ 901,18CO




52 PRINT 902,1BCD

53 IF (IBCD(1) .EQ. PROF) GO TO 11

56 IF (IBCD(1) +EG. COLF) GO TO 12

55 IF (IBCD(1) .EQ. IDEN) GO TO 13

56 1F (IBCD(1) .EQ., WAVE) GO TO 40

57 I1F (IBCD(1) .EQ. QUIT) GO TO 905

58 IFCIBCD(T1) +EQ. NAME) GO TO 90

59 PRINT 900

60 900 FORMAT (° “,“ERROR IN CONTROL CARD®)

61 905 CALL OVCHK(“MAIN “,905)

62 sToP

63 C

664 11 CALL PRFL IN

65 G0 10 10

66 12 CALL COLF IN

67 60 10 10

68 13 READ 901,1BCD

69 PRINT 902,18CD

70 PUNCH 901,1BCD

71 60 10 10

72 C

73 90 READ(S,DATUM)

74 WRITE(6,550) ADAT,BDATA

75 SSO FORMAT(” “,2A4)

76 WRITE(6,555) AZIM,CODIP,MAGFLD ,THETA ,RTOL

77 555 FORMAT(” "' AZIM = '.'503.‘ coopip = '.FB.B.' MAGFLD = ’.1PE1003'
78 * ° THETA = “,0PF10.4,° DEGREES",” RTOL = “,0PFB.4)
79 WRITE(OH,444) FLOWIFHIZFINC,NPUNCH

30 444 FORMAT(® “,7FLOW = “,F10e49° KHZ"y” FHI = “,F10.4,” KHZ°,
81 [ ey FINC = ’Q"O."’ KNZ" % NPUNCH = “,15)

82 IF(NUFLAG NE. 1) WRITEC(69557) NUFLAG,COEFNU,EXPNU
83 SS7 FORMAT(® 7, NUFLAG = “,12,° COEFNU = “,1PET11.4," EXPNU = 7,
84 * OPF9,.5)

85 WRITE(6,551) IEND,END2

86 551 FORMAT(” “,2A4,//)

87 IF (NUFLAG .EG. O) GO TO 10

38 COEFNU = &4 ,303€e11

89 EXPNU = =0,1622

90 60 70 10

91 C

92 40 CALL CONTRL

93 60 70 10

94 (4

95 901 FORMAT(20A4)

96 902 FORMAT(® “,20A4)

97 (4

98 END

RT¢S FULLWAVE.BDATA
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MORFITT*FULLWAVEC(1).BDATA

1
2
3
4

BLOCK DATA

COMMON/SIG COM/SIGMA(S50)
DATA SIGMA/50+CG.03/

END

@PRT,S FULLWAVEPRFLIN
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MORFITT*FULLWAVE(1).PRFLIN

1 SUBROUTINE PRFL IN

2 C FOR MS

3 C

4 COMMON/PLOT C/IPROFP4IRPLOT,ICALCP

5 COMMON/NR OF AS/NR A

6 COMMON/HTS COM/HTS(101)

7 COMMON/ALOGN C/ALOGEN(101)

8 COMMON/EXPNU C/COEFNU,EXPNU

9 DIMENSION IBCDC20),HTS NU(2),VAL NU(2)

10 DIMENSION Y(101)

1 DIMENSION LINE(81)

12 INTEGER V

13 C

14 DATA ISYMN/“+°/,1BLANK/" “/
15 DATA ALN TEN/2.302585/

16 DATA V/0174000000000/

17 FMESH=4,0*ALN TEN/80.0

18 c

19 C

20 READ 909,(IBCD(L) 4yL=1,20)

22 J =1

23 111 READ 904 ,HTLEN

26 904 FORMAT (F7.2,5X4E9e2)

25 IF(HT +LTe 040) GO TO 1000
26 HTS(J) = HT

27 Y(J) = EN

28 IF(J «NEe 1 <AND. HTS(J’ oGE o HTS(J")) sTOP
29 PRINT 906,HT,EN

30 906 FORMAT (° ‘,F?.Z.Sx.1PE9.2)
31 IF (EN LT, 1,06E=-20) EN = 1.05'20
32 ALOGEN(J) = ALOGC(EN)

33 NR A = )

34 J = )1

35 60 TO 111

36 C

37 C

38 ENTRY COLF 1IN

39 J = 1

40 21 READ 90S,HT,ENU

61 905 FORMAT(FT7.2,46X,3(1X,1PEDL2))
62 PRINT 888,HT,ENU

43 888 FORMAT(® “oF7.296Xy3(1X,1PE9.2))
“h 1F (HT +LT. 0.0) GO TO 23
45 1F () +GE. 2) GO TO 27

b6 HTS NUCJ) = NWT

&7 VAL NUCJ) = ENU

48 Jd = gt

49 60 TO 21

50 C

51 23 EXP NU = ALOG(VAL NUCT)/VAL NUC2))/(HTS NUC1)=HTS NU(2))
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.

52 COEFNU = VAL NUCR)I*EXP(=EXP NU®*HTS NU(2))

53 RETURN

S& 1000 CONTINUE

55 c

56 C IFCICALCP +EQ. 0) GO TO 75

S? C CALL BGNPL (1)

S8 C CALL TITLECIBCD4Cy "ELECTRONS 49, ALTITUDE y8,54,5.)
59 C CALL XLO0G(e1914904920)

60 (o CALL CURVE(Y,HTS,NRA,0)

61 C CALL ENDPL (1)

62 c

63 7?5 1F(IPROFP .EQ, 0) GO TO 76

64 PRINT 60

65 60 FORMAT("1%)

66 PRINT 100,V4V,V,yV,V

67 100 FORMAT (“074SXy"HT 39Xy N",18X, A1,19("=7), A1,19( =),
63 * A1,19(°="), A1,19("="), AY)

69 D0 11 J=1,NP A

70 b0 SO K = 1,81

71 SO LINEC(K) = IBLANK

72 JPOST=ALOGENCJ)/FMESH+1.5

73 IF(JPOST «GEe 1 <AND. JPOST oLEe. 81)

74 *LINECJPOST)I=ISYMN

75 11 PRINT 10S,HTS(J) 3 YC(J)yVoLINE,V

76 105 FORMAT (7 “4F7.2,1X,1PES,2,17X, A1,8141, AY)

77 PRINT SO1,V,4V,V,V,V

78 SO1 FORMAT(” “,35x, A1,19("="), A1,19("="), A1,19(°="), A1,
79 * 19(°="), A1)

30 PRINT 502

81 S02 FORMAT(” “,325X,70 319X ,717,19%X,727,19%,°37,19%,74°)
82 c

83 76 CONTINUE

84 RETURN

35 C

86 27 PRINT 907

87 907 FORMAT (07, TwO HTS ONLY ALLOWED IN NU PROFILE®)
38 STOP

89 C

90 9C1 FORMAT (20A4)

91 902 FORMAT (7 “,20A4)

92 C

93 END

PRT,S FULLWAVELINITLR
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MORFITT#FULLWAVE(1)INITLR

1

2
3
4
5
6
7
3

C
C

[}

FOR

21

901

P APAAAAN

SUBROUTINE INITL R
MS

COMMON/ XPRNT/XPRINT

COMMON/M MTX/M11,M21,m31,M12,M22,M32,M13 ,M23,M33

COMMON/ INTEGR/R11,R214R12,4R22
COMMON/C COM/C,S
COMPLEX

MI11,M21,M31,M12,M22,M32,M13,M23,M33,

R11,R21,R12,4R22,
QTEMP(4) ,EIPIOL,GQ(2),
B4,83,82,B1,80,
p11,012,013,031,032,033,
P(2),T(2),
DEN,FACTOR

INTEGER XPRINT

DATA EIP104/(0.,707107,0.707107)/

(SQ = Cw=#2

B4 = 1.0’”33

B3 = S*(M13+m31)

B2 = =(CSQ*4MIII (1,0+MIT)+MT132M3T=(1,04M33)2(CSQA+M22)+4M23+M32

Bl = S#(M124M234M212M32-(CSQ+M22)*#(M134M31))

BO = (1.04M11)*#(CSQ+M22)2(CSQ4+M3II)+M122M234Mm314M13aM2124M32
~M132(CSQ4M22) #aM31<(1.04M11)*M234M32-M12+M21x(CSQ+M33)

CALL QUARTC(B4,83,82,B1,B0,QTEMP)

K = U

DO 21 KT=1,4

IF (REALCEIPIOL*QTEMP(KT)) .LT. 0.0) GO TO 21
K = K+1

1F (K «GEe. 3) GO TO 9C

Q(k?) = QTEMP(KT)

CONTINUE

IF (K «NEe 2) GO TO 90

IF(XPRINT oNEo O) PRINT 901,€QCJ),J=1,2)
FORMAT(“07,7Q= “,2(E15.4,E13.4),/)

po 31 J’1'2

D11 = 1.,04M11=Q(J)*#2
D12 = M12

D13 = M13+4Q(J)*$

031 = M31+4Q(J)*S

p32 = M32

D33 = CSQ+M33

DEN = D11#033=p13+p31

PC(J) = (~D12+D33+4013%032)/DEN
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52
53
' 54
55
56
57
58
59
60
61
62
63
64
65
66

31

90
900

T(J) = QUII*P(J)=S*(=D112p32+D12*D31)/DEN

DEN = (T(1)*C+P(1))*2(C+Q(2))=(T(2)*C+P(2))*(C+a(1))
FACTOR = 2,0/DEN

R11 = (T(1)*(C+Q(2))=T(2)*(C+Q(1)))*FACTOR

R22 = ((T(1)2C+P(1))=(T(2)*C+P(2)))*FACTOR

R12 = =(T(1)*P(2)=T(2)*P(1))*FACTOR

R21 = =(Q(1)=Q(2))*FACTOR

RETUKN

PRINT 9CO
FORMAT(“0”,“PROBLEM IN SORTING @ VALUES”)
STOP

END

GPRTyS FULLWAVE.TMTRX
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MORFITT*FULLWAVEC(1) . THTRX
1 SUBROUTINE T MTRX
2 C FOR MmS
s Gl >
3 COMMON/FRQ COM/FRES®
5 COMMON/FLD COM/AZIM,CODIP,MAG FLD
6 COMMON/WN/WAVE NR
7 COMMON/EN COLL/MT COLL,EN
8 COMMON/PM MTX/M19,M29,M39,M12,M22,M32,M13,M23,M33

9 COMMON/STORE X/X11¢001),x64(001),x12¢(001),x34¢001),x14(001),
10 ] X31¢001),%X62¢001),Xx32(001),%467C001)
1 COMPLEX
12 H UoUSQ,0,1UD,

13 S USQD,TA,TB,

14 ] D TEMP,

15 $ M130,m310,M23D,M320,

16 $ M23320,M1331D,M23310,M32130,

17 s M11,M21,M37,M12,M22,M32,M13,M23,M23,
18 s X9V oXoh oX12 X34 XV14¢X31,%X62,%X32,%61
19 REAL MAG FLD LY MYNY IUD PRT,

20 8 LSQYSQ,MSQYSQ,NSQYSQ,LMYSQ,LNYSQ,MNYSQ
21 DIMENSION U PARTS (2),US@ PRT(2),0 PARTS(2),IUD PRT(2)
22 EQUIVALENCE (U,U PARTS(1)),(USQ@,US@ PRT(1)),
23 * (DyD PARTSC(1)),CIUD,IUD PRT(1))

264 DATA PI/3.141592653/

25 DATA DTR/0.01745329252/

26 DATA COEFF X/3.182357€03/,CO0EFF Y/1.,758796€E11/
27 DATA VEL LT/2.997928E0S/

28 ¢

29 ¢

30 CALL EN NV

31 ¢

32 X = COEF EN®*EN

33 2 = COLL*OV OMGA

34 U PARTS(1) = 1,0

35 U PARTS(2) = =2

36 USG PRT(1) = 1,0=2#22

37 USe PRTL2) = =1=1

k1] D = =X/(Ur(USQ~-YSQ))

39 1UD PRT(1? = 2#+D PARTS(1)=0 PARTS(2)

4«0 1UD PRT(2) = D PARTS(1)¢Ze¢p PARTS(2)

61 UsSaoD = USa+D

62 ¢

43 M11 = USeD~-LSQYSO*D

&6 M22 = USQD-MSQYSQ@*D

45 M33 = YSQD=-NSQYSQ*D

46 TA = NY®*IUD

67 T8 = LMYSG@*D

48 M21 = +TA-TB

49 M12 = =TA=TB

50 TA = MY*IUD

51 T8 = LNYSQ@#*D
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52
53
54

56
57
58
59
60
61
62
63
64
65

67
68
69
70
71
72

74
75
76
77
73
79
8C
81
82
33

85
86
87
88
39

91
92
93
94
95
96
97
98
99
100
101
102
103

(4

M13 = +7
M) = =T
TA = LY*
T8 = MNY
»32 +T
M23 -T

D = 1.0/
13D = M
#31p = »
M23D = M
M32p = ™
mM233¢p =
M1331D0 =
M2331p =
~3213p =

L= 3

X11(L)
X646 (L)
x12L)
X34(L)
X164 (L)
X31(L)
X462(L)
x22(L)
X61(L)
RETURN

# HH NN N NN

ENTRY IN
OMEGA =
WAVE NR
COEF EN
OV OMGA
SIN DIP
DIR CS L
DIR CS M
DIR CS N
Y = =COE
YSQ = Yo
LY = DIR
®Y = DIR
NY = DIR
LSayYsaq =
MSayYsQ =
NSQYSQ =
LMYSe =
LNYSQ =
MNYSG =

RETURN

A=-TB
A-TB
1vo

SQ=D
A-TB
A-TB

(1.04mM33)
13+0
31+0

M32+2mM23D
M31+M13D
M31+mM230D
mM32+*M130D

=-M31D
-M13D
mM320
m23p

D

v2331p-m21
M3213D0=-M12
M22=M23320
1.0¢4M11=-M12310

1T 7

2e0*PI*FREQ*1C00.0

= OMEGA/VEL LT

= COEFF X*1,0E06/0MEGA#*2
= 1,0/0MEGA

= SINCCODIP*DTR)

= SIN DIP*COSC(AZIM*DTR)
= SIN DIP*SINCAZIM*DTR)
= «CO0S(CO DIP*DTR)

FF Y*MAG FLD/OMEGA

*2

CS Ly

CS Mey

CS NeY

DIR CS Le**2eYSQ

DIR CS M#w2aySQ

DIR CS N#*e2eYSQ
DIR CS L*DIR CS MmovSQ
DIR CS L*DIR CS N*YSQ
DIR CS ™eDIR CS N*YSQ
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104 END
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MORFITT*FULLWAVE(1).ENNU

C FOR
C

SUBROUTINE EN NU
L)

COMMON/NR OF AS/NR A
COMMON/JAY COM/J

COMMON/HTS COM/HTS(101)
COMMUN/ALOGN C/ALOGENC101)
COMMON/EXPNU C/COEFNU ,EXPNU
COMMON/EN COLL/HT,ENU,EN

F1 = (HT=HTS(J+1))*FACTR
F2 = (HTS(J)=HT)*FACTR
EN = EXP(ALOGENCJ)*F1+ALOGEN(J+1)2F2)

ENU = COEFNU*EXP(EXPNU*HT)
RETURN

ENTRY SET FTR
FACTR = 11U/ (HTS(J)=HTS(J+1))
RETURN

END

aPRTS FULLWAVELINTEG
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MORFITT*FULLWAVEC(T)INTEG

1

2
3
&
5
6
4
8

©

10
1"
12
13
14
15
16
17
18
19
20
21
22
23
26
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
13
45
46
47
48
49
59
51

C
c

FOR

901

30

31

AL N

SUBROUTINE INTEG
MS

COMMON/RTOLC/RTOL

COMMON/NR OF AS/NR A

COMMON/HTS COM/HTS(101)

COMMON/XPRNT/XPRINT

COMMON/ INTEGR/R(8),DRDH(8)

COMMON/X INTGR/X(8),DXDH(8)

COMMON/EN COLL/HT

COMMON/WN/WAVE NR

COMMON/OVRFLO/IOVFLO

COMMON/ JAY COM/JAY

DIMENSION
ROC16) yHDELRG(16),DELRTI(16) ,DELR2C16),
XO(8),HDELXC(8),DELX1(8),DELX2(8),
R SAVE(16),
RKHTS(401)

INTEGER XPKINT

DATA MAX NR/401/

DATA DHPIN/0.01/

N = b

I0VFLO = 0
IF(XPRINT o.NE. 0) CALL R COLS
THIRD = 1.,0/3.0
CALL INIT T

JAY = 1

JRK = 19

HT = HTS (1)
CALL SET FTR
CALL S MTRX
CALL INITL R

CALL XFER (RyX,8)

IFCXPRINT oNEe 0) PRINT 901
FORMAT (“07)

IF(XPRINT oNEs 0) CALL PRINT R

NRAM] = NR A=t

00 79 J=1,NRAMY

JAY = )

CALL SET FTR

CALL XFERCR,R SAVE,N)

HT = RKHTS (JRK)

CALL XFER (RyX,2)

DELH = (RKHTSC(JRK*1)=RKHTS(JRK))*0.S
I1F (ABS(DELH) LT, DHFIN) 60 TO 90
DM = DELH*WAVE NR/2.0

HOH = 0.,5*0H
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33

34

35

36

37

TOH = 2.0%DH

CALL R DERIV
IF (IOVFLO .NE. 0) GO TO 60

D0 3¢ I=1,N
RO(1) = R(I)
HDELRO(CI) = DRDH(I)*HDH
RC(I) = ROCI)4NDELRL(I)

00 33 13"3

x0(1) = x(1)

HDELXOCI) = HDELROC(I)#*2,0
X(I) = XO(I)+HDELXC(I)

HT = HT+0,5+*DELM

CALL S MTRX

CALL R DERIV

IFCIOVFLO oNEe 0) GO TO 60

00 24 1=1,N
CELRI1(I) = DRDH(I)*DH
R(I) = ROCI)+D.S*DELRI(I)

CALL R DERIV
IF(IOVFLO «NEe 0) GO TO 60

00 35 1I=1,N
DELRZ(I) = ORDH(I)*DH
R(I) = RO(CI)+DELR2(I)

HT = HT+0.5*DELH

CALL S MTRX

CALL R DERIV

CALL X DERIV

IFCIOVFLO «NEe 0) GO TO 60

DO 36 I=1,N

HDELR3 = DROH(I)*HDH

DELRG = (HOELROCIDI*DELRICII*DELR2CII*HDELRI) *THIRD
R(I) = ROCI)+DELRS

po 37 1’1.8
DELX1(1) = DXDH(I)*TDM
X(I) = X0C1)+0.5+DELXIC(I)

CALL R DERIV
CALL X DERIV
IFCIOVFLO .NE. 0) 60 TO 60

00 4c I=1,N

* ROCI) = R(D)

11




104
105
106
107
108
109
110
m
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
149
142
163
164
145
146
147
148
149
150
151
152
153
1564
155

‘mw e

42

43

46

45

LY

47

51

60
61
960

HDELROCI) = DROM(I)*HDH
R(I) = ROCI)+HDELRO(I)

DO 43 1=1,8
DELXZ(1) = DXDH(1)*TDH
X(1) = x0(1)+DELX2(])

HT = HT40.5+DELH

CALL S MTRX

CALL R DERIV

IFC(IOVFLO «NE. 0) 60 TO 60

DO &4 I=1,N
DELR1(I) = DRDH(I)*DH
R(I) = ROCI)+0.5+0ELRTI(T)

CALL R DERIV
IFCIOVFLO «NE. 0) GO TO 60

DO 45 I=1,N
DELRZ(I) = DROMH(I)*DH
R(1) = RO(I)+DELR2(])

NT = HT+0.5+DELM

CALL § MTRX

CALL R DERIV

CALL X DERI]IV

IFCIOVFLO «NEe ") GO TO 60

DO 46 1=1,N

HOELR3 = DRONU(I)*MDH

DELRG = (HDELROCID4DELRI(ID*DELR2CI)*HDELRI)*THIRD
R(1I) = ROCID4DELRSG

00 47 1=1,8%8

HMDELX3 = DXDN(I)*DH

SELXe = (HOELXOCIYSDELXTI(I)+DELX2(I)*HDELX3)*THIRD
X(1) = XO0C(I)*DELXSG

IFCXPRINT oNEeo 0) CALL PRINT R

PO S1 1=1,7,2

ERRSG = (RCID=X(I))ea2¢(R(I+1)=X(I+1))en2
RSQ = R(I)e22eR(T41)ne2

1F (KSO +6T. 1.0) ERRSG = ERRSQ/RSQ

IF (ERRSQ +GTe RTOL%**2) GO TO 61

CONTINUE

60 710 70

IF (XPRINT «NEe« 0) CALL PRINT R
IF (XPRINT .NE. 0) PRINT 960
FORMAT (° “,°OVRFLO")

IF (NR RK oGEes MAX NR) GO TO 95
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156 IOVFLO = O

157 CALL XFER(R SAVE ,R,N)

158 CALL XFER (R SAVE 4X,8)

159 HY = FKHTS (JRK)

160 CALL 35 MTRX

161 ¢

162 NRRKMT1 = NR RK=1

163 DO é¢ JCOUNT=JRK 4 NRRK MY

164 JJ = NRRKM1=JCOUNT*JRK

165 62 RXHTS(JJ42) = RKHTS(JJ+1)

166 RKHTS(JRK*1) = (RKHTS(JRK)*RKHTS(JRK*+2)) 0,5
167 NR RK = NR RK+1

168 G0 TO 31

169 ¢

170 70 JRK = JRK+1

171 I1F CAES(RKHTSCJRK)I=HTS(J+1)) 6T, 0.001) GO TO 30
172 79 CONTINUE

173 RETURN

17« ¢

1?5 ¢

176 ENTRY SET RK

177 DO K1 J=1,NR A

178 81 RKHTS(J) = HTS(J)

179 NR RK = NR A

180 RETUKN

181 ¢ .

182 90 PRINT 990

183 990 FORFMAT (“N°,“STEP TOO SMALL IN INTEG?)
184 sToP

185 ¢

186 95 PRINT 995

18?7 995 FORMAT (“0°,°TO0 MANY STEPS IN INTEG”)
188 STOP

189 ¢

190 END

@PRT,S FULLWAVE.ROUT
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MORFITT*FULLWAVE(1).ROUT

1
2
3
I
S
6
7
8

9
10
1"
12
13
14
15
16
17
13
19
2J
21
22
23

C
(4

(o]

FOR

900

901
902

SUBROUTINE R OUT
L3

COMMON/INTEGR/R(8)
COMMON/X INTGR/X(8)
COMMON/EN COLL/MHTLEC OMIT(2)

ENTRY R COLS

PRINT 9C0

FORMAT( 0% ,8X o HT 10X, “11R117,16X,“11R17,16X,"1R117,17X,“1R17)
RETUKN

ENTRY PRINT R

PRINT 901,HT(Xx(1),1=1,8)

PRINT S01,HT,(R(1),1=1,8)
FORMAT(” “3F10e2,4(2X4F9:5,F9.5))
PRINT 9C2

FORMAT (°0°)

RETURN

END

@PRT,S FULLWAVE.SMTRX
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MORFITT®FULLWAVE(T) SMTRX

VR NN SN -

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

C
4

SUBROUTINE S MTRX

FOR MS

COMMON/THETA C/THETA

COMMON/STORE X/x11(001),Xx64(001),x12(001),Xx34(001),x14¢001),
s X31(001),%x42¢(001),x32(001),%41(001)

COMMON/C COM/C,S

COMMON/S MTX/A11,A22,8B811,812,822,C11,C21,C22,011,021,012,022

COMPLEX

s X1V o Xbb o X112, X34y X14yX31,Xx462,X32,X41,
s TEMP,TWOC,
$ A11,A22,811,812,B822,C11,C€21,C22,011,021,D12,022

DATA RTD/57.29578/

CALL T MTRX

L =1
TEMP = X&1(L)*X4LT(L)
A11 = TEMP+TEMP
A22 = 4.0
TEMP = Sax44(L)=-C*x41(L)
B11 = TEMP+TEMP
B12 = =X42(L)=Xx642 (L)
TWOC = C+C
822 = =TWOC
TEMP = «S+X11(L)=C*X41(L)
C11 = TEMP+TEMP
€21 = X31(L)*Xx31(L)
€22 = =TWOC
D11 = CS*UXTTCL)=XLL (L)) =(10=XTL(L))*CSQA*(XLTIC(L)=XT4(L))
021 = =C*X31(L)*+S*X34(L)
D12 = S*#X12(L)+C*x62¢(L)
p22 = =x32(L)
R

ENTRY INIT S

C = COSCTHETA/RTD)
CSQ = Cwe2

S = SINCTHETA/RTD)
CS = (oS

RETURN

SPRT,S FULLWAVE.DIFFEQ
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MORFITT*FULLWAVE(1).DIFFEQ
SUBROUTINE DIFF EQ

-

|

C FOR
C
C
C
20
21
C
C
C
24
C
4

MS
COMMON/ INTEGR/R(8),DRDM(8)
COMMUN/X INTGR/X(8),0X0DH(8)
COMMON/S MTX/A11,A22,811,812,822,C11,021,C22,011,021,D012,022
COMMON/EXTRAT/R11,R21,R12,R22,
s DR110H,OR210H,DR12DH,DR22DH
COMMON/OVRFLO/Z/IOVFLO
COMPLEX
S R11,R21,R12,R22,
L3 DR11DH,DR21DH,DR12DH,DR22DH,
S “11 "22 .511.8127822.(11'C21'C22v011.021,012.0220
s D11R11,D12R21,021R12,D22R22,
3 R11R22,R12R21
DIMENSION R MTRX (16),DERIV(16)
EQUIVALENCE(RITI,R FTRX) , (DRY1DH,DERIV)
ENTRY R DERIV
CALL XFER (R,R MTRX,8)
IXFLAG = O
00 21 1=1,8
IFCABSC(R MTRX(I)) .GT. 1.0€4) GO TO 90
CONTINUE
D11R11 = DT11+R11
D12RZ21 = D12+R21
D21R12 = D21#*R12
D22Rc2 = D22*R22
R11Rc2 = R11#R22
RT12R21 = R12#R21
PRITIDH = A114(B11+C11+011R114D12R214D21RTI2)#RT1
s +RI12«R214C21*R12+D22*R12R21
DR2IDH = (B22+4C11+D11R114D12R214D22RR22)*R21
% +C21+R22+D21*R11R22
DR120H = (B8711+C22+D11R114D21RI124D22R22)*R12
$ *812#R224D12#*R1IR22
DR220H = A22+(B22+C22+D12R21+D21R124D22R22)*R22
$ +011+R12R21
IF (IXFLAG «NE. 0) GO TO 40
00 24 121,7,2
DROH(I) = DERIV(I+1)
DROH(I+1) = <~DERIV(I)
RETURN

ENTRY X DERIV
CALL XFER (X, R MTRX,8)
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IXFLAG = 1
60 TO 20

40 00 42 1=1,7,2
DXDH(I) = DERIV(I+1)
42 DXDH(I+1) = =DERIV(I)
RETURN

90 10VFLO = 1
RETURN
END

FULLWAVE.CONTRL
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MORFITT*FULLWAVE(1).CONTRL

C

(]

N

970

11

910
103

SUBROUTINE CONTRL

COMMON/SIG COM/SIGMAC(SO)
COMMON /R PNCH/NPUNCH
COMMON/NRF COM/NPOINT
COMMON/PLOT C/IPROFP,IRPLOT,ICALCP
COMMON/RDATA C/X(50),Y(50),F(50)
COMMON/F COM/FLOW,FHI,FINC
COMMON/FRQ COM/FREQ
COMMON/INTEGR/R11,R21,R12,R22
COMMON/C COM/C
COMPLEX R11,R21,R12,R22,
(3 CPLX I,R
DATA CPLX 1/(0.Cy1.0)/
ALAST==99,9

PRINT 900

FORMAT (“17,6Xy F 13X, Ry 16X, “SIGMA",/)
CALL INIT §

CALL SET RK

FREG = FLOW

NPOINT = O

CALL INTEG

NPOINT = NPOINT+1

FI(NPOINT)=FREQ

k11 = C*R11-1.0

k21 = C#+R21

k12 = (*R12

R22 = C*R22-1.0

R = (=R22+4CPLX 1%R12)/(=R22=-CPLX 1*R12)
X(NPOINT) = REAL(R)

Y(NPOINT) = AIMAG(R)

PRINT 910,FREQ,R,SIGMA(NPOINT)

FORMAT (7 “3F7.2,3X42F9e3,3X,F10.3)
IF(NPUNCH «GTe C) PUNCH 103,FREQyRoSIGMA(NPOINT)

FREG = FREQG+*FINC

IF(FREQ oLE« FHI) GO TO 11

PRINT 910,ALAST

IF(NPUNCH +GTe 0) PUNCH 103,ALAST

IFCICALCP +EQ. 0) 6O TO 75

CALL BGNPL(1)

CALL CROSS

CALL TITLECT "4t REAL &4y IMAG 44 484,84)
CALL GRAPH(=14,025,=14,425)

CALL MARKER(3)

CALL CURVE (X ,Y,NPOINT,1)
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e

w
~N
o0

75
60

76

CALL ENDPL(1)

1FCIRPLOT
PRINT 60

FORMAT("1°

)

CALL RPLOTS

CONTINUE
RETURN

END

QPRT,S FULLWAVE.QUARTC
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MORFITT*FULLWAVE(1).QUARTC

———————

SUBROUTINE QUARTC (B4 ,FOUR B3,SIX B2,FOUR B1,0NE B80,Q)

C FOR MS

C

o

21

A A A s

COMPLEX FOUR B3,SIX B2y,FOUR B1,0NE BO,Q,84,
HylyGyH PRIME,G PRIME,
SG ROOT,P POS,P4LOG P,
CuB RTQO,CUB RT1,CUB RT2,0MEGA1,0MEGA2,
ROOT P,ROOT Q,RO0T R,
TwlV B3,TWLV B2,F,DFDQ,DEL Q,FB4
corPLEX*16 B3,B2,81,8C,83 SQ
REAL MAG POS,MAG NEG
DIMENSION Q(&),P RIC(2)
EQUIVALENCE(P,P RI)
DATA OMEGA1/(=0.5,0,8660254038)/,0MEGA2/(~0e5,=-0,8660254038)/
DATA PRECSN/1.0€E=4/

FOUR B3/ (4,0%B4)

ey =

B2 = SIX B2/(6.0%R4)

81 = FOUR B81/(4.L»e4)

B0 = ONE BO/B4

BY Su = B3axQ

H = 32-B3 Ss@

1 = BU"-O'SS'B”Z.O‘E?“Z

G = ¢1093'('300‘52’200‘83 SQ)

H PRIME = -1/12.0

G PRIME = =G##2/4 C=H*(H*n2+3,0*H PRIME)

S@ ROOT = CSQRT(G PRIME#*#%244 ,0*H PRIME#®3)
P = (=G PRIME+SQ ROOT)*0.5

MAG POS = ABS(P RI(1))+ABS(P RI(2))
P POS = P

P = (=G PRIME=SG ROOT)*(,.5

MAG NEG = ABS(P RI(1))+ABS(P RI(2))
IF(MAG POS «GTe MAG NEG) P = P POS
LOG P = CLOG(P)

CUB RTO = CEXP(LOG P/3.0)

CUB RT1 = OMEGAT#CUB RTC

CUB RT2 = OMEGA2+(CUB RTO

ROOT P = CSQRT(CUB RTC=H PRIME/CUB RTO=H)

ROOT Q@ = CSQRT(CUB RT1=H PRIME/CUB RT1=H)

ROOT R = CSQRT(CUB RTZ2=H PRIME/CUR RT2=NH)

IF(CABS(G) o+LTs 1.0E=50) 60 TO 219 TIM
IF(CABS(G) +LTe 1.06E-26) 60 TO 21 TN
SIGN = =ROOT P*ROOT Q*ROOT R#2,0/6

IF(SIGN +LTe 0¢0) ROOT R = =ROOT R

Q(1) = +ROOT P+ROOT Q+ROOT R=-B3

Q(2) = 4ROOT P=ROOT Q=ROOT R=-B3

Q(3) = =ROOT P+ROOCT G=ROOT R=-B3
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52 6(4) = =-ROOT P=-ROOT Q+ROOT R=-B3

83 ¢

S& FRL = 4.,0*B84

55 TWLV B3 = 3,C*FOUR B3

56 TWLV B2 = 2.0*SIXx B2

57 D0 SZ J=1,4

58 ITER = 0

59 S1 F = (((R&*Q(J)+FOUR B3I)*Q(J)+SIX B2)*Q(J)+FOUR B1)*Q(J)+ONE BO
60 DFDO = ((FB&4&*Q(J)+TWLYV B3)#*Q(J)+TWLY B2)*Q(J)+FOUR B1
61 DEL G = =F/DFDQ

62 Q(J) = Q(J)+DEL @

63 IF(CABS(DEL Q/Q(J)) LT« PRECSN) GO TO 52
64 ITER = ITER+1

65 IF(ITER +GE. 10) GO TO 90

66 60 TO 51

67 §2 CONTINUE

63 RETUKN

69

70 90 PRINT 900

71 900 FORMAT(“C"4“Q FAILS TO CONVERGE IN QUARTC”)
72 STOP

73 ‘¢

76 END

@PRTyS FULLWAVE.XFER
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MORFITT*FULLWAVE(T1).XFER

1 SUBROUTINE XFER (A,8,N)
2 C FOR MS

3 C

4 DIMENSION. ACT1),B(1)
& e

6 C

7 00 11 J=1T,N

8 11 8WJ) = AQY)

9 RETURN

10 ¢

11 END

@PRT4S FULLWAVE.RPLOTS
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MORFITT*#FULLWAVE(T1) RPLOTS

1 SUBROUTINE RPLOTS
c

3 COMMON/RDATA C/X(50),Y(S0),F(S0)

4 COMMON/NRF COM/NR F

S DIMENSION ISYMD(S50),x0(50),YD(59),
6 * LINEC101)

7 INTEGER V

. S

9 DAT‘ lsv"ol""‘z"’s""'.‘s"'6"‘7"'8"'9"'0"
10 -« ’A’.’B"’C"’D"’E"‘r‘ OGI.OH"'l"lJl'
11 - lxt’lLO,lno’INO"OI"PO'OGO'O "'sl"t"
‘2 * 'U"'V""h"'l"‘v"'z"'1"'2"'3‘""’
13 DATA IBLANK/” “/

14 DATA v/0174000000000/

15 ¢

16 XMAX==1,0E9

17 XMIN=+1,0E9

18 YMAX==1,0E9

19 YMIN=+1,0E9

20 ¢

21 00 1U L=1,NR F

22 xp(L)=x(L)

23 yo(L)=vY (L)

24 IFCXDCL) oLTe XMIN) XFMIN=XD(L)

25 IF(XDCL) «6GTe XMAX) XMAX=XD(L)

26 IFCYDCL) oLTe YMIN) YMIN=YDC(L)

2?7 IFCYD(L) «GTo YMAX) YMAX=YD(L)

28 10 CONTINUE

29 ¢

30 IFCCXMAX=XMIN)/10.0 o6Te C(YMAX=YMIN)/6.S) GO TO 100
31 YMESH=(YMAX=YMIN)/S52.0

32 XMESH=YMESHeD,.8

313 XMAX=XMIN®(100.0#XMESH)

34 60 T0 200

35 100 XMESH=(XMAX=XMIN)/100.0

36 YMESH=XMESH/0.8

3? YMAX=YMIN®(S2,04YMESH)

38 200 CONTINUE

39 PRINT 30

40 30 FORMAT(“1°,” PLOT OF R=VALUES”)

41 YTOPSYMAX®YMESH

42 PRINT 31,YT0P

63 31 FORMAT(” '0'100"101("" )

'Y 00 300 1=1,53
45 b0 350 J=1,101

46 350 LINEC(J) = 1BLANK

(%4 00 400 L=1,NR F

48 ITEST = (YDC(L)=YMIN)/YMESH+0,.S
49 IFCCITEST 1) oNEe S3) GO TO 400
50 JPOST = (XO(L)=XMIN)/XMESH*T.S

$1 LINECGJPOST) = JSYymp(L)
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52
53
54
55
56
57
58
59
60
61
62
63

aPRT,S

P T e

400 CONTINUE

300 PRINT 555,V,LINE,V
SSS FORMAT(® “,9%, A1,101A1, AD)
YBOT=YMIN=YMESH
PRINT 32,v80T7
32 FORMAT(® “4F10.4,101("=") )
PRINT 33 ,XMIN,XMAX
33 FORMAT(® “,5X,F10.4,90x,F10.4)

RETURN
END

FULLWAVE.OVCHK
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MORFITT*FULLWAVE(Y).,0VCHK
SUBROUTINE OVCHK (CALLER,STMT)

&FIN

OO OO OO

L2 2 2R
LR E R R
LA 2 2R ]
LA R 2R
LA B AR
LR 2 RN ]
AR AR
LA R & 8 ]
LR 2 2R}
LA R B B J
LA 2 AR
LR 2 B2 ]
LA 2R X
LA R 2B
(2 2 XX
LA 2R R
LR 2R 8
LR A 2R
L2 2R

THIS SUBROUTINE WILL CALL THE ROUTINE OVUNFL WHICH
CHECKS FOR OVERFLOW AND UNDERFLOW. THE ROUTINE RETURNS AN
INTEGER VALUE WHICH TELLS WHETHER OVERFLOW AND/OR UNDERFLOW
HAVE OCCURRED SINCE THE PROGRAM STARTED OR SINCE THE LAST TIME
ONt OF THE OVERFLOW/UNDERFLOW CHECKING ROUTINES WwAS CALLED,
WHICHEVER HAS BEEN MORE RECENT. THE INTEGER VALUES RETURNED
AND THEIR MEANINGS ARE AS FOLLOWS:

1= OVERFLOW ONLY

2= NO OVERFLOW OR UNDERFLOW

3= UNDERFLOW ONLY

= OVERFLOW AND UNDERFLOW
THIS SUBROUTINE (OVCHK) WILL PRINT OUT A MESSAGE STATING
WHETHER OVERFLOW HAS OR HAS NOT OCCURRED. FOR PURPOSES
OF THIS CONVERSION, UNDERFLOW OCCURRENCES HAVE BEEN IGNORED
BECAUSE THE 1110 TAKES THE SAME ACTION (I.Ee SETS THE RESULY
TO ZERO) IN THE CASE OF UNDERFLOW AS DOES THE 360.
THE SUBROUTINE ALSO PRINTS OUT THE NAME OF THE CALLING
ROUTINE (VARIABLE “CALLER”) AND THE STATEMENT NUMBER FROM
WHICH IT WAS CALLED (VARIABLE “STMT®)

CHARACTER*S CALLER
INTEGER STMT
CALL OVUNFLC(IOVFL)

1F

(IOVFL «EQe 1 +ORe IOVFL .EQ. 4) GO TO 150

WRITE (6,100)
100 FORMAT (“10VERFLOW HAS NOT OCCURRED”)
GO TU 250
150 WRITE (6,200)
200 FORMAT (“10OVERFLOW HAS OCCURRED®)
250 CONTINUE
WRITE (£,300) STMT,CALLER
300 FORMAT (° OVCHK WAS CALLED FROM STATEMENT “,15,° IN SUBROUTINE °

1

vAb)

RETURN
END
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oMP
OMP
oMP
oMP
DMP
oMP
omMpP
DMP
DMP
bmP
omp
oMP
bmP
o™P
omp
pmp
oMP
DMP
OMP
omMP
DMP
DMP
L1
oMP
DMP
omMP
omp
DMP
omMP
oMP
omp
DMP
oMP
oMP
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APPENDIX B
FORTRAN LISTING OF THE "RANDOM" COMPUTER PROGRAM

PROGRAM RANDOM

" PROGRAN ADD ERROR
-Aglw_yf.m_w- THIS PROGRAM GEMERATES GAUSSIAN RANDON DATA VALUES
. COMPLEX rnatiia "R

s '
42 CISERUIRY BaRTEsBS ERRISRITORSRITENS COARITIEE

31114 3&57551&5"!3 nl‘fzn »SIGMA

% OEFAULT VALUES
TA lll,!sl1l

S16MAZ20+0,037
DATA ALAST/= 059

READ(S, DATUR)

1‘ 'oagaxszglbflf

PRIN
: 16 FOARAT 9{; 50A6./)
AR 13 £g 10! i zox. INPUT DATA®//,10X,“N” o 30X, “FREQUENCY *,8X . “R")
[ ]
A @
t 0 » ggﬁgs TR
- 1& FORMAT ’6;.51.15 ;i ri&.s.s:.zr1o.3)
. . 10 conTiwue
i READ $5.¢ INAL
o RN, oo co vo s
o S? EORMAT(” “,“LAST CARD 1S NOT NEGATIVE®)
z e 60 70 S8
. 56 conTINve
Mg
: gagg‘gg~g°~‘!'*~'~-')

a'"ﬁ littlsmengenres

"l!?’%"tl‘ﬂl(l"l
ENT

ART
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APPENDIX C
FORTRAN LISTING OF THE "INVERT" COMPUTER PROGRAM
PROGRAM INVERT
MORFITT*INVERT (1) «MAIN
1 c MAIN
2 C PROGRAM “““INVERT""”
3 C THIS VERSION OF THE IONOSPHERIC PROFILE INVERSION
4 C PROGRA™ WILL WORK FOR AN ARBITRARY CHOICE OF FREQUENCIES
S ¢ AS LONG AS THE FOLLOWING RULE IS APPLIED.
6 C
7 ¢ (CFMAX=FMIN) /DELF) LLE, 200,
3 C
9 C
10 COMMON/NR COM/NR
11 COMMON/PLOT C/IPROFP,IRPLOT
12 COMMON/ANS COM/ANSWER(S1)
13 COMMON/NORG C/NORG
14 LOMMON/MIN C/MIN
15 COMMON/DOPT C/DOPT
16 COMMON/ROTAT C/ROTATE
1? COMMON/DELF C/DELF
u 18 COMMON/DLTAH C/DELTAH
19 COMMON/HS COM/HTSTOP(2)
20 COMMON/STOPS C/STOPS(2)
21 COMMON/EXPNU C/COEFNU,EXPNU
22 COMMON/IFPA COM/IPRNTA
23 COMMON/IPE COM/IPRNTE
24 COMMON/ALPHA C/ALPHA(SY)
25 COMMON/NS COM/NR STPS(25,20)
P4}
e? COMMON/AL COM/ALAMDA
28 COM¥ON/DL COM/DELTAL
29 NAMELIST/DATUM/
30 b ] MIN,
31 1 NE
32 $ DOPT,
33 s ROTATE ,
34 L 1 DELF,
35 L DELTAH,
36 ] HTSTOP,
37 $ STOPS,
3% s COEFNUEXPNUNUFLAG,
59 L ] IPRNTA,
40 s IPRNTE,
41 t ALPHA,
42 L3 NR STPS,
43 $
44 L1 ALAMDA,
45 s DFLTAL
46 VIMENSION IB8CDC2C)
6?7 DATA NAME/“NAME“/ ,ADAT/® RDA“/,DAT2/°TUM “/,
43 $ IEND/” BEN"/ ENDZ/°D )
: 49 C
§ 50 4
§ 51 PRINT 100
i 128
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100

60

Qo8
66

600
90

FORMAT("17)

READ 901,18CO
PRINT 902,IBCD

CALL D INPUT
CALL Fw INPT

IFCIPROFP «NE. 1) 60 TO 66
READ IN AN ORIGINAL PROFILE

READ 901,18CO

PRINT 902,1BCD

=1

READ 67,HTD,LELD
FOR"AT(F70215X'1P59aZ)
IF(HTD oLTe 0.C) GO TO 98
ANSWER(J) = ALOGCELD)
Jd = J+1

60 TO 60

NORG=J-1

CONTINUE

MIN = 10
LOPT = 1.0
NR=1

DELF= Ue1

DELTAH = 1,0
HTSTOP(1) = 93,0
HTSTOP(2) = 50.C
STOPS(1) = 1,0€e3
STOPS(2) = 3,0€eN
COEFNU = 1.816E11
EXPNU = =0,15
NUFLAG = 0

IPRNTA = 0

IPRNTE = 0

ROTATE = 0.0
ALAMDA = 0,0
DELTAL = 1,0/64,.0

READ 901,1BCD
PRINT 902,1BCD

LFCIBCD(T) +EQ. NAME) GO TO 90

IFCIBCOCY) oNEo NAME) PRINT 800

FORMAT(“07y” NO NAMELIST INPUT e~==PROGRAM STOPS===")
60 TO 999

READ(SyDATUM)

PRINT 601,ADAT,DAT2
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104
105
106
107
108
109
110
11
112
113
114
115
11¢
117
118
119
120
121
122
123
124
125
126
127
128
129
132
131

601 FORMAT(” “,2A4)
IF (NUFLAG .EO0. U) GO TO 27
COEFNU = &4,%03E11
EXPNU = =0,1622
27 CONTINUE
PRINT 60U2,HTSTOP(1),HTSTOP(2),STOPS(1),STOPS(2)
€02 FORMAT(” “,” HTISTOP(1) = “,F8.3,” HTSTOP(2) = “,FB.3,
- STOPS(1) = "1PE1003,’ STOPS(2) = '.”"10-3)
FRINT 201,MIN,DOPT, DELTAMH
201 FORMAT(® 7,7 NMIN = 7,15, “ DOPT = “,F9.3,
f 7 DELTAH = “,F9,.3)
PRINT 202, ROTATE ¢ ALAMDA,DELTAL IPRNTA,IPRNTENUFLAG

202 FORMATAL” *, ROTATE = “3F9e3,° ALAMDA = “,F94¢3,7 DELTAL = 7,

$ F9.4,7 IPRNTA = “,12,° IPRNTE = “,12,° NUFLAG = “,12)
IF(NUFLAG +FQ, 1) PRINT 203,NUFLAGsCOEFNU,EXPFNU
2N FORMAT(® 7,7 NUFLAG = “,12,° COEFNU = “,1PE10.3,
S 7 EXPNU = “,GPFE46)
FRINT ZO4,IFND,END2
2C4 FORMAT(® “, 2A4L,/ 1)

CALL CONTRL

901 FORMAT (20AL)
902 FORMAT (7 “,2(44)

99 sToOP

eND

@PRT,S INVERT.CONTRL

EOPR T v
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MORFITT*INVERT(1) «CONTRL

C

SUBROUTINE CONTRL

COMMON/NR COM/NR

COMMON/PLOT C/IPRCOFP,IRPLOT
COMMON/MIN C/MIN

COMMON/D OPT C/D OPT
COMMON/NS COM/NR STPS(R25,20)
COMMON/NRF COM/NR F
CUMMON/NRA COM/NR A
COMMON/ALPHA C/ALPHAC(SY)
COMMON/DA COM/DAC(S51)
COMMON/ADIST C/ADIST
COMMON/OVRFLO/IOVFLO
COMMON/S COm™/S

COMMON/AL COM/ALAMDA
COMMON/SN COM/SNEXT
COMMON/DL COM/DELTAL
LIMENSION ALPHAQR(SY) THRESH(&) ,NSO(25,2N)
LATA 7"“55“/0-6"02'2001‘00/

NSEC = 6C*MIN
FNSEC = NSEC
CALL SETCLX

IFIRST = 19

CALL SET HTS
CALL INTERP
CALL LOGS

PRINT 101
101 FORMAT( 0", “END OF INITILIZATION®)
FRINT 103
103 FORMAT( 17, INITIAL PROFILE=~=")
IFCALA¥DA .€Gs 2.C ) GO TO 51
PRINT 104 ¢NR,RUAMDA
1064 FORMAT(® “,TX,“CONTINUE WITH LAMBDA”,I3,” = “,F12.5,1X,
$ “(NOT USED UNTIL SFTTLE=DOWN)")

15 CALL PRINT N

FRINT 105,NPR

105 FORMAT(® “ 43X ,“FULL=WAVE SOLUTIONS ,1Y)
CALL R DRDA
I1F (IOVFLO «NEs U) GO TO 90
CALL PRNT RS
PRINT 108,NR,S

108 FORMATC( 0 43X ,7S7,13,7 = “,F943,1X, USING FULL=WAVE VALUES”)

IFCIRPLOT +EQ. 1) CALL RPLOTS
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20 PRINT 200
200 FORMAT(“17, “SETTLE=DQWN=~==")
NR = NR + 1

CALL SOL E@S (Q)

RATIO = ADIST/D OPT
PRINT 202 ,NR,ALAMDA y SNEXT,ADIST,RATIO,NR
202 FORMAT(” “,3X,”SOLVE EQS WITH LAMBDA ,1%,” = “,F12.5,1x,
$ “GIVING S PRIME = '.F9.3.2!. ‘D PRIME = ',F?.S,ZX.’RATIO = "
$ FB,2,1X,”AND SETTLE PROFILE®,I3)
CALL PRINT P

IF (RATIO «LTe THRESH(1)) DELTAL = SQRT(2.,0)*DELTAL
IF (RATIO .GT, THRESH(2)) DELTAL = DELTAL/Z2.0

1F (RATIO LT, THRESH(4) .OR. IFIRST oNE. 0) GO TO 40
30 CONTINUE
DO 32 J=1,NR A
32 ALPHA(J) = ALPHAGWJ)
ALAMDA = ALC *
PRINT 300,NR,ALANDA,NR,DELTAL
300 FORMAT (17, “BACKSTEP===",
s 1SX.'SAVED Lﬂ"BDA"lS" = ‘0F12050' DELT. LA”BDA"IS.' >
$ F12.5,° (NOT USED)“/) .
NR JHF = (NR A=1)/2
00 39 L=1,NR F
00 39 JHF=1,NR JHF
39 NR STPS(JHF,L) = NSOCJHF,L)
CALL LKCLKS(SKEY)
IFC(FNSEC +LTe SKEY) GO TO 70
60 10 15

40 IF C(RATIO LT, THRESH(3)) GO TO 50
NR = NR +1
PRINT 400,NR,ALAMDA,NR,DELTAL
400 FORMAT(“17,“SAME LAMBDA=~=",
$ 1SX,“(SAME) LAMBDA 4I3," = “,F12.5,9X,
$ “DELTA LAMBDA ,13,7 = “,F12.5,° (NOT USED)”“7,19x,
«“PREVIOUS SOLUTION FROM SETTLE DOWN 1S USED®)
CALL LKCLKS(SKEY)
IF(FNSEC LT, SKEY) GO TO ?0
60 TO0 60

SO NR = NR ¢ 1 3
PRINT SOO,NR,DELTAL ¥

500 FORMATC( 17, "NEW LAMBDA~==",15X,“DELTA LAMRDA’,I1%3,” = “,F12,5)
1FIRST=D .

ALO = ALAMDA
ALAMDA = ALAMDA4DELTAL
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104
105
106
107
108
10¢
110
11
112
113
114
115
116
117
118
119
1¢0
. 121
122
123
v 124
0 125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
. 162
143

S1 CALL SOL E@S (1)

PRINT 504 ,NR,ALAMDA,ADIST,SNEXT,NR

504 FORMAT(” “,3X,°SOLVE EQS WITH LAMBDA“,I13,” =

52

58

60
A1

601

602

70

90C
990

s

“GIVING D = “4F7.3,2Xy LINEAR S = “,F943,1Xy“AND PROFILE H13)

CALL LKCLKS(SKEY)
IF(FNSEC oLTe SKEY) GO TO 70D

DO 52 J=1,NR A

ALPHAO(J) = ALPHA(J)

NR JHF = (NR A=1)/2

LO SE& L=T,NR F

DO S8 JHF=1,NR JHF
NSOCJHF,L) = NR STPS(JHF,L)

DO 61 J=1,NP A
ALPHA(J) = ALPHA(J)+DA(J)

CALL PRINT N

PRINT 601,NR

FORMAT(? “,3X,“FULL~-WAVE SOLUTIONS®,13)
CALL R DRDA

IFCIOVFLO «NEso 0) GO TO 90

CALL PRNT RS

PRINT 602,NR,S

fORMAT('O'.!X.'S'.I?a.' = "F903'1x.'USING FULL=WAVE VALUES')

IFCIRPLOT +FQe 1) CALL RPLOTS

GO TO 20

ALAMDA = ALPC

CALL CARDS

STOP

PRINT 990

FORFAT (“0°,“10VFLO FLAG SET”)
STOP

END

SPRT ¢S INVERT.SETHTS

SR .
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PORFITTINVERT (1) (SETHTS
1 SUBROUTINE SET HTS
AR <
3 COMMON/DLTAH C/DELTAH
4 COMMUN/HTS COM/HTS(S51)
5 COMMON/HS COM/HTSTOP(2)
6 COMMON/STOPS C/STOPS(Z)
7 COMMON/NRF COM/NR F
8 COMMON/NS COM/NR STPS(25,2C)
9 COMMON/ALPHA C/ALPHA(ST)
10 COMMON/AL COM/ALAMDA
11 COMMON/NRA COM/NR A
12 COMMON/ALIMS C/AMAX,AMIN
s %
14 DATA EPS/L.001/
15 ¢
16 ¢
1?7 AMAX = ALOGC(STOPS (1))
18 AMIN = ALOG(STOPS (2))
19 ¢
20 FLOTe = (HTSTOP(1)=HTSTOP(Z))/(2.0*DELTAH)
21 NR JHF = FLOTE+N.01
2 SLOP = ABSC(FLOTE=NR JHF)
23 IF (SLOP «GTe Le02) GC TO 90
26 ¢
25 IF CALAMDA +EQs 040) ALPHA(T) = (AMAX4AMIN)/2.0
25 HTSC(1) = HTSTOP(T)
27 J = 1
28 21 0 = J+1
29 HTS(J) = HTIS(J=1)=DELTAH
3C I1F (ALAMDA EO0. Q.C) ALPHA(J) = ALPHA(Y)
31 IFCHTS(J)=0e01 «GTe HTSTOP(2) ) GO TO 21
32 MR A =)
33 ¢
34 IF (NR A=1 oNEe 2*NR JHF) GO TO 90
35 IF CALAMDA o NE« 0.0) RETURN
36
37 DO 71 L=14NR F
38 DO 71 JHF=1,NR JHF
39 T9 NR STPSC(JHF,L) = 2
40 RETURN
61 ¢
| 42 90 PRINT 909
‘ «3 900 FORMAT (“07, " (HYSTOP(1)=HTSTOP(2))/DELTAH MUST BE A MULTIPLE OF 2.
bb $0°)
45 STOP
f 66 C
47 END

SPRTyS INVERT.CARDS
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' MORFITT*INVERT(1).CARDS

C

SUBROUTINE CARDS

COMMON/ALPHA C/ALPHA(S1)
COMMON/NR COM/NR

COMMON/NS COM/NR STPS(25,20)
COMMON/ROTAT C/ROTATE

COMMON/AL COM/ALANMDA
COMMON/DL COM/DELTAL
COMMON/NRA COM/NR A
COMMON/NRF COM/NR F

PRINT 100
100 FORMAT (“1°,“0UTPUT CARDS==")

FRINT 2U01,(ALPHAC(J) yJ=14NR A)

201 FORMAT(T 747 ALPHA = 7y 10(F6e3479 )3/ 9(" “310X,10(F6¢3,7,7)))
PUNCH 202, (ALPHA(J) 4J=1,NR Q)

202 FORMAT( = ALPHA = " 10(F6.3,"')'/' (10X.10(F6.3.'.')))

NR JHF = (NR A=1)/2
DO 31 L=1,NR F
PRINT 3014Ly(NR STPSC(JHF, L) sJHF =1,NR JHF)

I01 FORMAT (7 “,° NRSTPS(1,7¢124°) = “,09120144797)9/ (% “o16%,12C16,°,°

$)))

*1 PUNCH 302,L,(NK STPSCJHF,L) yJHF =1,NR JHF)

IN2 FORMATY ( = NRSTPS(‘,"IZ") = ‘.12(1"'.')'1'( 16!,12(1#,'.'
$)))

PRINT ‘01,ROTATE

401 FORMAT (‘ ',’ ROTATE = "Féo1,"’)
PUNCH 402, ROTATE

402 FORMAT (° ROTATE = “+Fé€e147s7)

PRINT 5C1,ALAMDA

5C1 FORMAT (' "' ALAMDA = "1P59-2."')
PUNCH 502,ALAMDA

S02 FORMAT (7 ALAMDA = “,1PE942,7y")

PRINT 601,DELTAL

601 FORMAT (° "‘ DELTAL = "'12.5"")
FPUNCH 602 4DFLTAL

6N2 FORMAT ( ° DELTAL = “,F12.5,7,7)

PRINT 701,4NR

701 FORMAT’Z” '.’ NR = ‘9139"‘)
PUNCH 7024NR

702 FORMAT( 2 NP o= '113"")

ROUTINE ADDED TO CHECK FOR OVERFLOW
610 CALL OVCHK(“CARDS “,610)
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52
53
54

RETURN

END

SPRT,S INVERT.SOLEGS
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MORFITT*INVERT (1) .SOLEQS

N -

C

1
12

2C

21
22
23

SUBRCUTINE SOL EQS (LFLAG)

COMMON/DLTAH C/DELTAH
COMMON/IPA COM/IPRNTA
COMMON/ALIMS C/AMAX,AMIN
COMMON/ALPHA C/ALPHA(ST)
COMMON/HTS COM/HTS(S1)
COMMON/NRA COM/NR A
COMMON/NRF COM/NR F
COMMON/AL COM/ALANMDA
COMMON/RNORM C/R NORM(&D)
COMMON/DRDA C/DRDA(LD,51)
COMMON/S COM/S

COMMON/DA COM/DA(ST)
COMMON/SN COM/SNEXT
COMMON/ADIST C/ADIST
COMMON/AU COM/ALP UNC(S51)
COMMON/RSN COM/RESLTN(S1)
COMMON/TEMP C/B(1325),A(2040)
DIMENSION PEN(2) ,CAP A(S51)
REAL*8 ByA,V(51),AUX(51),DSUM
DATA EPS/1.0E=4/

DATA ALN TEN/2.302585/

NR M = 2«NR F

IF(ALAMDA +FQes Nol oANDe LFLAG oNF. U) GO TO 12
S = 060

DO 11 I=1,NR ¥

5 = S+4R NORM(I)w=?

CONTINUE

FACTRY = 1.0

IF CALAMDA oNEe UeC) FACTRT = 1,0ES/DELTAH®*3/ALA%DA®S®?
PENLTY = FACTR1*1.0E2

PENCT) = 0,0

IF (ALPHAC(1) LLE, AMAX) PEN(Y) = PENLTY

PEN(2) = 0.°

IF (ALPHA(NR A) ,GE. AMIN) PEN(2) = PENLTY

ICOUNT = 0

Jb J = 1

LO 23 J=1,NR A

00 23 JJ=1,J

psSum = C,0

IF C(ALAMDA +EQ. 2.C) GO TO 22

00 21 I=1,NR M

DSUM = DSUM4DRDOACIZJJ)I*DRDA(L,J)
6C(Jd J) = DSUM

Jd J = JJ I+

137




52 DO 25 J=1,NR A
53 pSumM = 0.0
54 1F (ALAMDA .EG. 040) GO TO 25
55 DO 24 I=1,NR M
56 24 ODSUM = DSUMSDRDAC(I,J)*R NORM(I)
57 25 v(J) = =pSUM
58
59 65(1) = B(1)42.,0+FACTRY
60 8(2) = B(2)=3.(0*FACTRT
61 3(3) = B(3)+6.0*FACTRT
62 J J =06
63 NRAM2 = NR A=2
64 VO 27 J=3,NRAMZ
65 B(J J=2) = B(J J=2)+FACTR1
66 B(J J=1) = B(J J=1)~6o0*FACTRY
67 ECJ J) = B(J J)+6.0¢FACTRY
68 27 4 J = ) Jeue1
69 B(J u=2) = R(J J=2)+FACTRY

i 70 8CJ J=1) = RUJ J=1)-bO0*FACTRY
71 () J) = B(J) J)+S5.0«FACTPRY
72 J J = J JENR A
73 BUI J=2) = P(J J=2)+FACTRI
74 8 J=1) = B(J J=1)=2.0*FACTRY
75 Bl J) = B(J JI+FACTRI
26
77 V(1) = V(1)=FACTRI* (2.0*ALPHA (1) =3, N*ALPHA(2)+ALPHA(3))
73 V(Z) = V(2)=FACTRI* (=3, ) ALPHA(1)+6,U*ALPHA(2) =L U*ALPHA(Y)
79 s +ALPHA(4))
80 NRAM2 = NR A=?
81 00 23 J=3,NRANZ
82 28 v(J) = V(J)=FACTRI*(ALPHA(J=2) =4, 0*ALPHA(J~1)+6.C*ALPHACJ)
é3 1 =l U*ALFHA(J*V)SALOPHA(J+2))
34 VINP A=1) = VINR A=1)~FACTRI*(ALPHA(NR A=2)<L,0*ALPHA(NR A=2)
35 s *SUrALPHA(NR A=1)=2,0*ALPHA(NR A))
86 VINR A) = VINR A)=FACTRI*(ALPHAINR A=2)=2,U*ALPHA(NR 2=1)
5?7 s +ALPHAC(NR A))
838
89 (1) = B(1)+PEN(T)
g0 J J = (NR A*(NR A%1)) /¢
21 8(J J) = BR(J) J)+PENC(2)
92
93 V(1) = V(1)=PEN(1I)*(ALPHA(T) =AMAX)
94 VINR A) = VINR A)=PEN(2)*(ALPHA(NR A)<~AMIN)
9s
96 CALL DGELS (VB yNR Ay1,EPSyIER,AUX)
97 I1F CIER oLTe U) PRINT 903,1ER
98 9C3 FORMAT(® “,"FOKk DA SOLUTION, IER =7,13)
99
100 00 31 J=1,NR A

| 101 31 0ACY) = V(J)

i 102
; 103 IAGAIN = O

; 138
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104
135
106
107
108
109
110
11
112
113
114
115
116
117

131
132
133
134
135
136
137
1353
137
140
141
162
163
144
145
146
147
143
149
150
151
152
153
154
155

22

1L

25

45

Le

IF (PENCT) +sEQe Ue0 oORe ALPHAC(1)+DA(1) JLE. AMAX)

PENCT) = 0.
iAGAIN = 1
60 TO 33

IF (PENC1) oNEe UeC oORs ALPHA(1)+DAC(T1) .GTs AMAX)

PEN(1) = PENLTY
IAGAIN = 1

IF (PEN(2) +EQs CoC +ORse ALPHACNR A)+DACNR A) o GEo

PEN(Z) = 0.C
IAGAIN = 1
GO 10 35

IF (PEN(2) oNEs Ge0 +ORs ALPHACNR A)4DACNR A) LLT.

PEN(2) = PENLTY

IAGAIN = 1

IF C(IAGAIN .EQ. U) GO TO 40
ICOUNT = ICOUNT+1

IF CICOUNT «LTe 5) GO TO 20

PRINT 345

FORMAT (“0°, “ICOUNT TOO LARGE?)

sTOP

SNEXT = O.C

ADIST=0.,0

IiFCALAMDA +EQs "ol oANDe LFLAG oNE. ) RETURN
U0 46 1=214NR M

psu» = (.0

0O &5 J=1,NP A

LSUM = DSUMSDRDA(I,J)*DACY)

KNEXT = R NORM(I)+DSUM

SNEXT = SNEXT4RNEXT#n2

sSum se@ = 0,0

D0 47 J=14NR A

IF C(ALPHAC(J)) +GTe AMIN oANDe ALPHA(J) oLTe AMAX)
L1 SUM SG = SUM SQeDA(J)we?

4?7 CONTINUE

$1
52

ADIST = SORT(SUM SQ*DELTAH)/ALN TEN

IF C(LFLAG +NEos 7) RETURN

1F (ALAMDA .EG. Co0) GO TO 70

Jd J =1

DO S2 J=1,NR A

00 52 JJ9=1,y

bsur = 0,0

vO 51 l"Qh’ 1

OSUM = DSUMSDROACILZJJ)*ORDACI, )
B6ldJ J) = DSUPN

JId J = J) 4

e(1) = B(1)+1,0+FACTRY
8(2) = B(2)=2.,C*FACTRY
£(3) = B(3)+S5,CaFACTRY
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GO 70 32

GO TO 33

AMIN) GO TO 34

AMIN) GO TO 35




156
157
15%
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
1728
179
130
121
122
1e?
154
145
1€¢
187
188
159
190
191
192
193
194
195
196
197
173
199
200
2u1
2u2
2ul
2U4
205
2us
u?

A RO AR

S3

s7

14

€3
66

9n?

65
66

Jd J = 0

NRAM?2 = NR A=

DO 53 J=3,NRANM(C

Gy J=2) = P() J=C)+FACTR]

e(d J=1) = P() J=1)=boU*FACTR
cld J) = 8(J J)*60U*FACTRY

d 3 = J §454Y

ey J=2) = B{) J=CQ)+FACTRY

p(d J=1) = A8(y J=1)=6 U*FACTRY
(Jd J) = B(J J)*S.C*FACTRY

J J = J JenF A

E(d J=g) = P(J J=g)*FA(CTRY

p(d J=1) = F(J J=1)=2.L*rACTRY
c(Jd J) = B(J JY+FACTRY

4 3 = 3

DO S?7 I=1,NP »

V0 57 J=1,NR A

ACJ 1) = DkDAC(I,LI)
J I = J 141

CALL DGELS (A, i oNF A NR W ,EPS,IFR,4AUX)
IF CIER oLTe o) PKINT 975,1€R
FORMATC(® “,“FOK A SOLUTION, IER = “,17%)

00 4?2 J"'Np A

psu¥ = C,0

J 1 =

VO A1 I=1,NR V¥

vSUM = DSUMSA () J)ew?

d 1 = J I4NP A

ALP UNCCJ) = DSGRT(DSUM) /ALN TEN

LO A6 J=T14NP A

CO 64 JI=T,NR A

pSuUK = (.0

J 1 =24

DO &35 I=V1,NP M

LSUM = DSUM+A (Y 1)*DRDA(I,JI)
J I = J 14NE A

CAP ACJJ) = DpSUM™

1F CIPRNTA oNFe L) PRINT 907,J,HTS(I),(CAP ACJI)yJI=1,NR A)
FORMAT(® “,7CAP A%p14,47 AT 4FT742,7 = “4/4C10X,10C1PE11.2)))

SUM NUM = Ll0)

SUM DEN = C.0

0O 65 JJI=T1,NR A

SUM NUM = SUM NUM+(HTS(J)=HTS(JJ))222+4ABS(CAP ACDJ))
SUM DEN = SUM DEN+ABS(CAP A()J))

KRESLTN(J) = SQGRT(SUM NUM/SUM DEN)

KETURN
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208
209
210
211
212
213
214

70 DO 71 J=1,NR A
ALP UNC(J) = C.O

71 RESLTIN(J) = 0.0
RETURN

END

&PRT,S INVERT.PRINTN
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S TR Sy =

MORFITT*INVERT (1) .PRINTN

C

[a N ol

(o o]

100

SUBROUTINE PRINT N

COMMON/NORG C/NORG
COMMON/ANS COM/ANSWER(51)
COMMON/PLOT C/IPROFP,IRPLOTY
COMMON/NRA COM/NR A
COMMON/HTS COM/HTS(51)
COMMON/ALPHA C/ALPHA(S51)
COMMON/AU COM/ALP UNC(51)
COMMON/RSN COM/RESLTN(S51)
COMMON/DA COM/DA(S5T)
COMMON/ALIMS C/AMAX,AMIN
INTEGER V

DIMENSION LINE(21)

DATA ISYMO/ %"/ ,ISYMN/“+°/,1BLANK/® “/,1SYMS/"$°/
DATA ALN TEN/2.302585/
CATA V/01740000000G00/

FMESH=4eM*ALN TEN/EOD.C

IFCIPROFP oEQe 7 +ANDs NRA oNEeo NOKG) GO TO 988

PRINT 10UV 4VeVyV,yV

FORMAT (“C%ySX o "HT 99X, “N7, 18X, A1,19("="), A1,19("="),
* ‘1'19('-’)' A1'19('-')' ‘1)

DO 11 J=1,NR A

EN = EXP(ALPHA(J))

00 5S¢ K = 1'81

50 LINE(K) = IBLANK

60

67

11
105

IF(IPROFP +EQs M) GO TO 60
JPOST=ANSWERC(J)I/FMESH+1,5

IF(JPOST oGEe 1 o«ANDe JPOST oLE. 81)
*LINEC(JPOST)=1ISYMO

CONTINUE

JPOST=ALPHAC(J)/FMESH+1,5

IFCJPOST oGEe 1 «ANDe JPOST oLE. 81)
*LINECJPOST)=ISYMN

IFC) «NEs 1) GO TO 67
JPOST=AMAX/FMESH*+1,5
LINECJPOST)=ISYNMS

IFC) «NEe NR A) GO TO 119
JPOST=AMIN/FMESH+ 1,5
LINECJPOST)I=ISYMS

PRINT J0S,HTS(J) yENyV,LINE,V

FORMAT (7 “,F7e2,1Xs1PE9.2,17X, A1,8101, A1)
60 TG 530

ENTRY PRINT P
PRINT 200,VyV,yVeV,yV
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200 FORMAT (U0 35Xy " HT 49Xy "N” 33Xy “UNC 44X, RES”,5%X, A1,19("="),

* ‘1'19('-‘)' “:'10("‘)' ‘1'19('-1)| A1)
DO 21 J=1,NR A
EN = EXP(ALPHA(J)+pA(J))
DO To k=1,81
70 LINEC(K)=IRLANK
IFCIFROFP +EQe M) GO TO 61
JPCST = ANSWER(J)/FMESH+1.5
IFCJPOST oGEe 1 oANDe JPOST .LE. 81)
ALINE(JPOST) = ISYMO
61 CONTINUE
JPOST=(ALPHA(J)*DA(J))/FMESH+1.5
IF(JPOST oGEe 1 oANDe JPOST oLEe. €1)
*LINE(JPOST)=ISYVN
IF(J «NEL 1) GO TO 606
JPOST=AMAX/FFESH+1.5
LINE(JPOSTIYI=]ISYNMS
68 IF(J) oNEs NR A) GO TO 21
JPOST=AMIN/FMESH+1,S
LINECJPOST)=ISYNVS

21 PRINT Z2OS,HTS(J) yENJALP UNC(J) o RESLTNCJI) ,V,LINE,V
¢0S FORMAT (° ',57.?.1)(.1PE°.2.5,‘PF6.2.1X.0PF6.2.6X. A1'R1‘1' A1)

500 PRINT SC‘l.V 2VeVeV,V

5C1 '0“”‘7" '|35X. ‘1119(”’)' A1|19("l), ‘1'19('-‘)' A’.

* 16(°="), A1)
PRINT 502

502 FORMAT(® “,38X,70 19X, °17,19%,72°,19%X,°3

GO Tu &cCC

988 PRINT 987 ,NR AZNOKC

987 FORMAT( (" ,//,"PROGRAN STOPS**%”,” NRA =
STOP

800 CONTINUE
RETURN

END

@PRTyS INVERTRPLOTS
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MORFITT®INVERT (1) «RPLOTS

1 SUBROUTINE RPLOTS
2 ¢
3 COMMON/NRF COM/NR F
4 COMMON/RDATA C/R DATA(2,20)
S COMMON/DSPLA C/R DSPLA(6,20)
6 INTEGER V
7 DIMENSION ISYMD(20),I1SYMC(20),XDC2U),YDC(20),xCC20),YC(20),
8 * LINE(101)
9 C
10 DATA lSYMollAO"BO'OC"’oo,'El'or"IGI'IHI'II"IJI.
11 s 'K"OL"ONI"NO"OI"PI.IGJ 'R"'s"’t’l
12 DATA Isymcl‘1"’2‘.’3"""'S"'6"’7"'8"’9"’0"
‘3 s ‘1"'2"'3"""’S"‘é"‘?"’&’.’q'"0"
14 DATA IBLANK/Z® “/
15 DATA V/017400000000C0/
16 ¢
17 XMAX==1,0E9
18 XMIN=+1,0E9
19 YMAX==1,0€9
20 YMIn=+1,0€E9
21 ¢
22 PO 1L L=1,NR F
23 XD(L)=R DATA(1,L)
24 YO(L)=R DATA(2,L)
25 IFCXOCL) oLTe XMIN) XMIN=XD(L)
26 IF(XDIL) +6Te XMAX) XMAX=XD(L)
27 IFCYDC(L) oLTe YMIN) YMIN=YD(L)
28 IFCYD(L) +6Te YMAX) YMAX=YD(L)
29 10 CONTINUE
30 ¢
31 DO 20 L=1,NR F
32 XC(L)=R DSPLA(1,L)
33 YC(L)=R DSPLA(2,L)
34 IFCXCCL) oLTe XMIN) XPIN=XC(L)
35 IF(XCCL) oGTe XMAX) XFMAX=XCIL)
36 IFCYCCL) oLTe YMIN) YMINSYC(L)
3?7 IFCYC(L) +6Te YMAX) YMAX=YC(L)
38 20 CONTINUE
39 ¢
«0 TFCCXMAX=XMIN) /10,0 +6GTs C(YMAX=-YMIN)/6,5) GO TO 10C
61 YMESHE(YMAX=YMIN) /52.C
62 XMESh=YMESH+D,8
43 XMAX=XMIN® (100 0% XMESH)
Y G0 T0 200
45 100 XPESH=(XMAX=XMIN)/100.0
46 YMESH=XMESH/OD,. 8
47 YMAX=YMING®(52.0*YMESH)
48 c00 CONTINUE
49 PRINT 30
S0 30 FORMAT( 17, PLOT OF R=VALUES y5X, “DATA VALUES = ALPHAMERIC",
51 * SX,“COMPUTED VALUES = NUMERIC”)
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52 YTOP=YMAX+YMESH

53 PRINT 31,YTOP

5S4 31 FORMAT(” “,F10.4,101(°=~") )

55 po 3U0 1=1,53

56 DO 250 J4=1,101

57 350 LINECJ) = IBLANK

58 DO 4LUU L=1,NR F

59 ITEST = (YDC(L)=YMIN)/YMESH+N,S
60 IFCCITEST +1) oNEe S3) GO TO &GO
61 JPOST = (XD(L)=XMIN)/XMESH*1,.5
62 LINECJPOST) = 1SYPMDI(L)

63 400 CONTINUE

66

65 DO 4C1 L=1,NRF

66 ITEST=(YC(L)=YMIN)/YMESH+0 .S
67 IFCCITEST+I) «NE, 53) GO TO 4«01
68 JPOST=(XC(L)=XMIN)/XMESH+1,.5
¢9 LINE(JPOST) = ISYMCC(L)

70 401 CONTINUE

71 ¢

72 300 PRINT S555,V,LINE,V

73 555 FORMAT(® “,9x, A1,10181, A1)
74 YBOT=YMIN=YMESH

75 PRINT 32,Y80T

76 32 FORMAT(® “4F1044,1010°=") )

7 PRINT 33 ,XMIN,XVAX

78 33 'OR“AT(' "SX'F1U"99('X,F1(I06)
79 ¢

80 RETURN

81 END

APRT,S INVERT.DINPUT
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MORFITT*INVERT (1) ,DINPUT

1 SUBROUTINE D INPUT

C

3 COMMUN/F COM/F(20)
4 COMMON/RDATA C/F DATA(20)
5 COMMON/SIGMA C/SIGMAC(CD)
6 COMMON/NRF COM/NRK F
7 COMPLEX R DATA,R
8 DIMENSION ID(2C)
9

¢
10 ¢
11 READ 101,10
12 191 FORMAT (20A4)
13 PRINT 102,10
i 14 102 FORYAT (° “,20A0)
15, ¢
1% L=
1? 11 READ 1UTLFREQ4R,S1IC
39 103 FORMAT (F7,2,3X,2F1Ce2,F17.3) ¥
19 PRINT 104 ,FREQ,4R,SIG
20 1C4 FORMAT (7 "4 FT7e233X42F10:3,F10.7)
r 21 IF (FREG LLT. GeC) GO TO 158
22 F(L) = FREG
£ R DATA(L) = R
24 SIGYA(L) = S1IG
25 L = L+t .
26 6N TuU 11
7 15 AR F = (=1
28 RETUKMN
4 C
39 END

aPRT,S INVEPT.INTERP

S
—
g = 3
o SR
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S S0t

MORFITT*INVERT (1) JINTERP

1 SUBROUTINE INTERP

C

3 COMMON/NRF COM/NR F

4 COMMON/DELF C/DELF

5 COMMON/F COM/F(2u)

6 COMMON/IF COM/INDEXF(2C)

7 COMMON/DIDR C/DIDRC205,20)

8 COMMON/TEMP C/ACILLCD),V(4007)
9

KEAL%*E A,V
10 DATA MAXNR/20S/
1 C
12 C
13 INDEXF(1)=3
14 DO 11 L=2,NR F
15 11 INDEXF(L) = 3+5+CF(L)=F(1))/DELF
16 NR EQ = INDEXF(NR F)+2
17 IF(NR EQ oGTo. MAXNR) GO TO 99
18 C
19 (o
20 A1) = 1,0
21 A(2) = =g.0C
22 AC3) = 1,0
23 ACL) = ‘2-0
26 A(S) = 5,0
P ACE) = =4,0
26 AC7) = 1.0
27 c
28 A(8) = 0.C
<9 A(9) = 0.0
30 A(1IC) = 1.0
31 AC11) = 0.0
32 AC12) = (.0
33 (o
34 K = 15
35 00 23 L=gyNP F
3¢ 21 IF(K/5+1 +EQe INDEXF(L)) GO TO ?¢
37 Al(K=2) = 1,0
33 A(K=1) = =4,0
39 A(K) = 64,0
40 A(K+1) = =4,0
61 A(K+2) = 1,0
42 K = K+5
63 G0 TO 21
Lb (o
45 22 A(Kk=2) = N,0
46 A(k=1) = 0,0
47 A(K) = 1.0
48 A(k+1) = 0.0
49 A(k+2) = 0.0
S0 23 KR = K+5S
51 4
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S S ——

apg

52 AlK=2) = 1,7

53 A(K=1) = =4,0

54 Al(K) = 5,0

5SS A(K+1) = =2,0

56 K = K¢4

57 A(k=2) = 1.0

58 A(K=1) = =2,0

59 A(K) = 100

60 C

61 Kt=1

62 DO 31 L=1,NR F

63 00 31 K=1,NR EG

64 VI(KL)=UW0

65 T1 uL=kL+1

66 C

67 D0 33 L=1,NR F

68 kL = (L=1)*NR EQ+INDEXF(L)

69 23 v(kL)=1.0

70 C

71 CALL DGELB (V,A,NR FGyNR F42,2,1.0E=4,IER)
72 PRINT 401,1ER

73 401 FORMAT (“17,7IN DGELB, IER = “,13,/)
74 o

75 KLIMIT = NR EG=-1

76 00 S2 K=2,KLIMIT

7 kiL=K

78 DO 51 L=1,NR F

79 DIDR(K L)=VI(KL+T) =V (KL=~1)

3J S1 KL=KL*NR EG

81 §2 PRINT SO14(DIDR(K,L) L=1,NR F)
82 S01 FORMAT (7 “,10F10,.5)

83 RETURN

86 (4

8s 90 FRINT 9CO0

86 90C FORMAT( 0" ,“DELF TOO SMALL FOR FREQUENCY RANGE USED")
37 sToP

a8 (4

89 eND

SPRT4S INVERT.LOGS
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MORFITT#INVERT(1).LOGS

c

21

2¢

24

25

26

2¢&

51

SUBROUTINE LOGS

COMMON/DPHAS C/DPHASE
COMMON/F COM/F(20)
COMMON/RDATA C/R DATA(20N)
COMMON/SIGMA C/SIGMA(20)
COMMON/NRF COM/NR F
COMMON/DIDR C/DIDR(205,20)
COMMON/IF COM/INDEXF(20)
COMMON/RD COM/RD(20)
COMMON/OVSIE C/OVR SIG(20,20)
COMMON/TEMP C/AC2C,20) 4X(20,20),V(20,20)
COMPLEX R DATA,RD yOVR SIG,
R SUM,PARTSyR DSPLA(C20)
COMPLEX*T6 A,X,V
DIMENSION PART(2),0S PART(Z2,20,20)
EQUIVALENCE (PARTS,PART),(OVR SIG,0S PART)
UATA RTD/57.29578/
DATA P1/3.1461593/
DATA NOIM/Z20/

RD(1) = R DATA(T)
K DSPLACY) = R DATA(T)

PREVP = 0.0

K=¢

00 28 LL=24NR F

K=K+ 1

K SUM = 0.0

DO 22 L=T1,NP F

k SUM = R SUMSDIDR(K,L)*R DATACL)
FARTS = CLOG(R SUWM)

PHASE = PART(2)

IF (PHASE=PPEVP LT, PI) GO TO 25

PHASE = PHASE=2.0*PI

L0 TO 264

1F (PHASE=PREVP «GTe =PI) GO TO 26
PHASE = PHASE+2.0*P]

CO TO 25

RREVP = PHASE fIF(K .EQ. DPHASE = PREVP*RID
F(K oNEe INDEXF(LL)) GO TO 21

PART(2) = PHASE

KDC(LL) = PARTS

FART(1) = EXP(PART(1))
PART(2) = PART(2)*RTD
R DSPLACLL) = PARTS

AC1,1) = 1.0
DO 51 L=2,NR F
AlLy1) = 0.0
DO 53 LL=2,NR F
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R Sum = 0.0
K = INDEXF(LL)
00 S2 L=14NR F
§2 K SUM = R SUM4DIDR(K,L)*R DATA(L)
L0 53 L=1,NP F
53 ACLLLL) = DIDR(K,L)/R SUM

DO S5 L=1,NR F
6O S5 LL=1,NR F
€S viLysLL) = 0.0
DO S6 L=1,NR F
S€ Vv(L,L) = 1,0/SIGFA(L)

CALL CLINEG (A, V4XyNR FoNDI™,0,ERR)
FRINT 60U,ERR
600 FORMAT (07, “CLINEQ ERR = “,FT7e3,//)

DO 58 L=2,NR F
S8 PRINT 60C,ERR

L0 41 L=1,NFR F
0O 41 LL=1,NR F
61 GVR SIG(L,LL) = X(LL,L)

DO 62 L=1,NR F
PRINT 603, (0S8 P‘R’(’chLL).LL".Np F)
PRINT 603,(0S PART(2,LyLL)yLL=T,NR F)
603 FORMAT (7 “,10(1PE12,.2))
I FPRINT 604
604 FORMAT (°0°)

PRINT 700

700 FORMAT (“1°,°DATA VALUES==")
PRINT 7C1

7M1 FORMAT (073X, FREQ 46X, “RE(RI 43X, “IM(R)?,
SHDF)“ y9X s “RE(G) “y4X,“IM(G)7)
DO 71 L=1,NR F

71 PRINT 7C3,F(L),R DATACL) R DSPLA(L)RD(L)

703 FORMAT (° ‘.F?.Z.SX.ZFB.S.SX.2F8.3.F16.5.'9.

RETURN

END

PRT4S INVERT.RDRDA
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C

AP N A DA A AN

. MORFITT*INVERT(?) ,RDRDA

SUBROUTINE R DRDA

COMMCN/DELF C/DELF

clor.noms com/s mwmg
N

COMMON/IPE (Om/&q 02 w
COMMON/NS COM/NR STPS(25,20
COMMON/HTS COM/HTS(S1)

COMMON/NRA COM/NR A

COMMON/F COM/F(20)

COMMON/SIGMA C/SIGMA(2D)

COMMON/NRF COM/NR F

COMMOM/DIDR C/DIDR(2CS5,20)

COMMON/IF COM/INDEXF(20)

COMMON/RD COM/RD (20)

COMMON/OVSIG C/OVR SIG(20,20)
COMMON/FREQ NR/LFREQ

COMMON/FRQ COM/FREQ
COMMON/INTECR/RTI1,R21,R124,R22,IR OMIT(24)
COMMON/TEMP C/DR LIST(4,51),ER LIST(4,25)
COMMON/OVRFLO/IOVFLO

COMMON/RNORM C/R NORM(2N)
COMMON/DRDA C/DRDAC20,51)
COMMON/DSPLA C/R DSPLAC(3,20)
COMMON/UR COM/UR(20D) N STEPS(2)
DIMENSION PART(2),U LEVEL(2S)
COMPLEX

RD»
OVR SIG,
R11,R21,R12,R22,
DR LISTLER LIST,
R NORM,DRDA,
R DSPLA,
CPLX I,PARTS,
RNUM,RDEN,R(2N),
URNUM,URDEN,UR CPLX,
DPNUMIDRDEN,DRIV,
R SUM,R NEW(20),DRDA SV(20)
EQUIVALENCE (PARTS,PART)
DATA UFRCTN/0.3/
DATA CPLX I/(C0eCy1.0)/
UATA PI/3.141593/
DATA RTO/57.29578/

NR JHF = (NR A-=1)7/2

00 12 J=1,NR A
00 12 LL=1,NR F

12 DRDACLL,J) = 0.0
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21
2M

1

36

35

3¢
37

40

41

DO 49 L=1,NR F
FREG = F(L)

PRINT 201,FREC
FORMAT (7 “,F7.2)
LFREQ = L

CALL INTEG

IF (IOVFLO «NEe. O) RETURN

RNUM = =R224CPLX I#*R12
KDEN = =R22=-CPLX I*R12
R(L) = RNUM/RDEN

& DSPLA(Y,L) = R(L)

Sum = J.0
0O 31 J=1,NR JHF

URNUM = ~ER LIST(4yJ)*CPLX I*ER LIST(3,J)
UKDEN = ~ER LIST(&4,J)=CPLX I*ER LIST(3,))

UR CPLX = (URNUM=(RNUM/RDEN)*URDEN)/RDEN

PARTS = UR CPLX

U LEVELCJ) = PART(1)#«24PART(2)%#?

SUM = SUM+U LEVEL(J)
USQ = SUM
UR(L) = SAQRT(Sum)

LUSG MAX = (UFRCTN*SIGMAC(L))w#2
1F (USG +LTe USQ MAX) GO TO 40

U MAX = 1,09

U NEXT = 0.F°

Sum = y.0

DO 35 J=1,NR JHF

U TEMP = U LEVEL(J)
1F (U TEMP#*1,81 LT,

U MAX

U NEXT = U TEMP
IF (U TEMP .GTe U MAX) U TEMP = U MAX

SUM = SUM+U TEMP

«ANDe U TEMP

I1F (SUM +LT. USQ MAX) GO TO 3¢

U MAX = U NEXT
U NEXT = 0.0
G0 TO 34

LO 37 J=1,NR JNWF

IF (U LEVEL(J)*0,99
CONTINUE

60 T0 21

N STEPS(L) = C
GO 41 J=14NR JHF

«GT. U NEXT)

eGTe U MAX) NP STPS(J,L) = 2#NR STPS(J,L)

N STEPS(L) = N STEPS(L)I®NR STPS(J,L)

00 42 J=1,NP A

ORNUM = =DR LIST(LyJ)*CPLX I#DR LIST(3,J)
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104
105
106
107
108
109
110
111
112
113
114
115
116
117
112
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
164
145
146
147
148
149
150
151
152
153
154
155

42
49

61

62

64

65

€6

68

69

71

72

73

DRDEN = =DR LIST(&4,J)=CPLX I*DR LIST(3,J)
DRIV = (DRNUM=(RNUM/RDEN)*DRDEN)/RDEN

IF (L +EQe 1) DRDA(T,4J) = DRIV

DO 42 LL=2,NR F

K = INDEXF(LL)

ODRDACLLyJ) = DRDACLLyJI*DIDR(K,L)*DRIV
CONTINUE

R DSPLA(Z2,1) RCT)

R DSPLA(3,1) RCY)

kK NEWCT1) = R(1)=RD(1)
PREVP = (DPHASE-ROTATE) /RTD

"

k=2
00 69 LL=2,NR F
K = K+1

kK Sum = 0.0
DO 62 L=14NR F

R SUM = R SUM4DIDR(K,L)*R(L)
PARTS = CLOG(R SuM)

PHASE = PART(2)

IF (PHASE=PREVP +LTe. PI) GO TO 65

PHASE = PHASE=~2.C*PI

60 TO 64

IF (PHASE=PREVP +GT. =P1) GO TO €6
FHASE = PHASE+42.C»*PI

6O TO 65

PREVP = PHASE

IF(K .EQ. 3) ROTATE = (DPHASE~PREVP)*RTD
IF(K oNEe INDEXF(LL)) GO TO 61

PART(2) = PHASE

R NEW(LL) = PARTS=RD(LL)

DO €8 J=1,NR A

DRDA(LLyJ) = DRDA(LL,JI/R SUM

R DSPLA(3,LL) = PARTS

PART (1) = EXP(PART(1))/(2,0%DELF)
PART(2) = PART(2)*RTD

R DSPLA(2,LL) = PARTS

CONTINUE

DO 72 L=T,4NR F

R Sum = C,0

00 71 LL=1,NR F

R SUM = R SUM*OVR SIG(L,LL)*R NEW(LL)
Kk NORM(L) = R SUM

DO 75 J=1,NR A

PO 73 LL=1,NR F

DRDA SVILL) = DRDA(LL,J)
DO 75 L=14NR F

R SUM = 0.0

DO 74 LLE1,NR ¢
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156
157
158
159
160
161
162
163
164

764 R SUM = R SUM+0OVR SIG(L,LL)*DRDA SV(LL)

75

51

DRDA(L,J) = R SUM

$=0,0

DO B1 L =1,NR F

S = S*CABS(R NORM(L))#n#?2
RETURN

END

8PRT,S INVERT.PRNTRS
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MORFITT*INVERT (1) .PRNTRS

1 SUERGUTINE PRNT RS
C
COMMUN/DSPLA C/R DSPLA(6,2C)
COMMON/F COM/F(20)
COMMON/UR COM/UR(ZL) 4N STEPS(20)
COMMOGN/NRF COM/NR F

¢
PRINT 10C
100 FORMAT (“0U7 33X, “FREQ 46X 3" RECR) 733Xy “IMIR) 7y 2Xy“MAGC(DRDF) 41X, A(D

11 SROF) 49Xy “RECG) Ty 4X s IM(G)“,12Xy "RK ERRZ,3X,“RK STEPS”)
12 DO 17 L=1,NR F
13 11 PRINT 1C1,F(L) y(R DSPLACK L) yK=1,6),URCL) 4N STEPS(L)
14 101 FORMAT (7 7 FT7 a2 32X 0cFBa3,2X  2F8 4¢3 ,F164e5 3)FF9e5910XyFRe3,7X414)
15 RETURN
6 €
17 EMD

aPRT,S INVERT.FWINPT
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MORFITT=INVERT (1) FWINPT

C

4

4

SUBROUTINE Fw INPT

COMMON/PLOT C/IPROFP,IRPLOT
COMMON/THETA C/THETA

COMMUN/FLD COM/AZIV,CODIP,MAGFLD
COMMOUN/IPRNT C/IPRINT

REAL MAGFLD

NAMELIST /FULLWV/THETAZAZIM,CODIP,MAGFLD 4IPRINT,
* IPROFP,IRPLOT

DATA WAVE/ “WAVE®/

CATA ADAT/” EDA/ ,LATZ/ TUP “/,1END/” BEN"/,END2/°D !
DATA FULT/ FULL"/,FUL2/” WAV /4FUL3/ E INT/4FULGL/” PUT?/

IPROFP=1
IRPLOT=1
THETA = 2
AZIF = G0
coorr = 1
MAGFLD =
IPRINT =

PEAD 12, CBOD
12 FORMAT(1AG)
IFC CBD oNEos WAVE) PRINT 14

14 FORMAT(”0%,° FULLWV NAMELIST IS ABSENT ,=<PROGRAM STOPS==.")

1FC CRD +NEe WAVE) GO TO 999
PRINT 10,FUL1,FUL2,FUL3,FULSL
10 FORMAT(® “,4A4/)
IFC (BD <EGe WAVE) PKINT 131".VE
13 FORMAT(® “,A4)
PEAD(S,FULLWV)
PRINT 16,ADAT,DAT2
16 FORMAT(” “,2A4)
PRINT 11,THETA,AZIM,CODIP,FAGFLD,IPRINT,IPROFP,IRPLOT
11 FOKMATC(® “,° THETA = “,F843,” DEGREES ,” AZIM = “,fR,7,
* ° DeGREES”y” CODIP = “,FR+3,” DEGREES
* 7 PAGFLD = “,1PE1G.34/ “ IPRINT = “,12,” IPROFP = “,12,
« 7 IKPLOT = “,1?)
PRINT 17,1END,END?
17 FORMAT(” “,2A4,/)

CALL INIT T
RETUKN

999 STOP

EPRT,S INVERTJINTEG
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MORFITT*INVERT(1).INTEG

1 SUBRUUTINE INTEG
e . C
3 COMMON/NS COM/NP STPS(25,20)
4 COMMON/DLTAH C/DELTAH
S COMMON/HTS COM/HTS(51)
6 COMMON/NRA COM/NR A
? COMMON/IPRNT C/IPRINT
8 COMMON/FREG NR/LFREQ
9 COMMON/ JAY COM/JAY
10 COMMON/TEMP C/DP LIST(8,51),ER LIST(8,2%5),
11 $ A STOR(32,49),
12 b ) RO(56) yHDELRO(S56) ,DELRT1(56) DELRZ(S56),
13 3 X0(8) ,HDELXC(8),DELX1(8) ,DELX2(8),
14 $ R SAVE(S6&),
15 $ ERROR(8),
16 $ A TEMP(32),A PROD(32),
1?7 3 TEMPV (8)
138 COMMUN/ INTEGR/R(56)
19 COMMON/OROH C/DROH(SS)
20 COMMON/X COM/X(R)
21 COMMON/DXDH C/DXDH(&)
¢ COMMCON/EN COLL/MHT
23 COMMUN/WN COM/WAVE NR
24 COMMON/OVRFLO/IOVFLO
25 COMMON/IEW COM/IEW
és DATA DHMIN/(O.N1/
27 DATA RTOL/(C.03/
28 ¢
29 ¢
30 IOVFLO = (
39 CALL INIT S
32 JAY =
33 HT = HTS (1)
346 CALL COEFFS
3s CALL INITLI
36 CALL SET P DR
37 ¢
38 NR EG = 56=20+]1FW
39 N6NE = R=24]EW
40 N25N&Y = 41=-16*1Ew
41 N1EN32 = 32-14*1EW
42 C
43 IF CIPRINT «NEo () PRINT 900
us. IF CIPRINT oNEe U) PRINT 9C2,HT,(RCI)y1=1,N6NR)
4 C
46 NRAM] = NR A~1
47 NR JHF = (NR A=1)/2
48 00 69 J=2,NRAMI,2
49 P = J=1
50 JHF = J/2
51 JAY = Jm1
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CALL XFER (R4R SAVE,NR EQ)
CALL XFER (R,X,N6N8)

HT = HTSWJIM1)

NS = NR STPS(JUHF,LFREQ)

DELH = =2+0*DELTAH/FLOAT(NS)
DH = DELH*WAVE NR/2.0

HOH = Oo5*DH

TOH = 2,0*DH

NSOVR?Z2 NS/2

NSOVR& NS/&

DO 49 K=1,NSOVR2

CALL R DERIV

CALL X DERIV

IF (IOVFLO .NE. 0) GO TO 60

DO 22 I=1,NR EQ

ROCI) = R(I)

HDELRO(CI) = DRDH(I)*HDN
R(I) = ROCI)+HDELRG(I)

DO 33 I=1,N6NB

xX0C€1) = x(1)

HDELXU(I) = DXDH(I)*DH
X(1) = xOC1)+HDELXC(I)

HT = HT+0.5+DELH
CALL COEFFS - <
CALL R DERIV

IF (IOVFLO «NE. 0) GO TO 6C

DO 34 I=1,NR EQ
DELR1(I) = DRODH(I)I*DH
R(I) = ROCII*0.S+DELRI(I)

CALL R DERIV
IF (IOVFLO oNE. 0) GO TO 60

DO 35 I=1,NR EQ
DELR.C(I) = ODROH(I)*DH
R(1) = ROCI)*DELR2(I)

HT = HT+(Ce5*DELM

CALL COEFFS

CALL R DERIV

CALL X DERIV

1F (IOVFLQ .NE. D) GO TO 60

00 ¢ 1=1,NR EQ b
MDELR3 = DROH(I)+*HOH

DELR4 = (HOELROCID4DELRTCID4DELR2(I)I+HDELR3)I/3.D

R(I) = ROCIDSDELRA
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104
105
106
107
108
109
110
m
112
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
161
142
143
164
145
146
147
148
149
150
151
152
153
154
155

3?7

40

L2

43

X

45

b6

00 37 1=1,N6N8
DELX1(I) = DXDH(I)*TDH
X(1) = X0(1)#0.5*DELX1(]1)

IF (NS oNE. 2) GO TO 40

IF (UMY +GTe 1) CALL XFER C(R(NONB+1),A STOR(1,JM1=-1),N13N22)

CALL XFER (R(NQS5N&41),DR LIST(1,JM1),N6NB)
CALL SET P DR
JAY =

CALL R DERIV
CALL X DERIV
IF (IOVFLO «NE. 0) GO TO 6C

00 4¢ I=1,NR EQ

ROCI) = R(I)

HDELKO(1) = DRDM(I)*HDH
R(I) = ROCID®HDELRO(I)

DO 43 I=1,NENS
DELXZ(I) = DXDH(I)*TDH
X(I) = x0CI)+pELX2(I)

HT = HT+0,S5*DELH

CALL COEFFS

CALL R DERIV

1F (IOVFLO NE. 0) GO TO 6C

DO 44 I1=1,NR EQ
DELR1(I) = DRONH(I)*DH
R(I) = ROCI)I*0.S*DELRI(])

CALL R DERIV
IF (IOVFLO .NE. 0) GO TO 60

DO &5 I=1,NR EQ
DELRZ(I) = DRDH(I)*DH
R(I) = ROCI)4DELR2(T)

HT = HT+0.,5*DELN

CALL COEFFS

CALL R DERILV

CALL X DERIV

I1F (IOVFLO «NE. 0) GO TO 60

00 4o I=1,NR EQ

HDELR3 = DROH(I)*HDH

DELR&L = (HDELROCID4DELRICID*DELR2CI)+HDELR3) /3,0
R(I) = ROCID+DELRS

DO 47 1=1,N6NB
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156
157

159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
1738
179
150
131
182
183
184
185
186
187
183
189
199
191
192
193
194
195
196
197
198
199
200
201
202
203
206
205
206
207

&7

49

51

61
6N0

£5

69

72

HOELX3 = DXDH(I)=CH
DELXG = C(HDELXUCID+DELXT1(I)+DELX2CI)+HDELX3)/3,.0
X(I) = XOCI)+DELX&

IF (K «NEe NSOVR4) GO TO 49

IF (JM1 oGTe 1) CALL XFER (R(N6NB+1)4,A STOR(1,JM1=-1),N18N32)
CALL XFER (R(N2SN&1),DR LIST(1,UM1),N6NR)

CALL SET P DR

JAY =

CONTINUE

IF C(IPRINT oNEe« 0) PRINT 9CO0
IF C(IPRINT oNEe O) PRINT 901,(X(I),I1=1,N6NB)
IF CIPRINT oNEe O) PRINT QU24HT,(R(I)yI=1,NONR)

DO 51 I=1,N6NS

EFRORCI) = R(I)=Xx(1)

IF (ABSC(ERROR(I)) +GTe. RTOL) GO TO 61
CONTINUE

GO Tu 65

IF CIPRINT «NEe 0) PRINT 900

IF CIPRINT oNEe () PRINT QC2,HT,(RCI),I=1,N6NR)
IF CIPRINT oNEe () PRINT &0

FORMAT (7 “,°0VRFLO?)

IF (ABS(DELH/240) +LTs DHMIN) RETURN

IOVFLO = U

CALL XFER (R SAVE,RyNR EQ)

CALL XFER (RoX NO6NE)

NR STPS(JHF,LFREQ) = 2#NR STPSCJHF,LFREG)

HT = HTS(JM1)

JAY = Jgm1
CALL COEFFS
GO Tu 31

CALL XFER (ERROR,ER LIST(1,JHF),N6NE)

IF (J «GTe 1) CALL XFER (R(N6NB+1),A STOR(1,J=-1),N1BN32)
CALL XFFR C(RUN2SN&1),0R LIST(1,J),N6NB)

CALL SET P DR

CONTINUE

J = NRAM1
CALL XFER (R(N2SN&41) 4DR LIST(1,0+1),N6NR)

J = 9-1
CALL XFERC(A STOR(1,J)4A PROD,N18N32)
JHF = NR JHF=1

CALL MULTVCC(A PRODOR LIST(1,0),TEMPV)
CALL XFERCTEMPV,DR LIST(1,J),N6NB)

IF (J oNEe JHF*2) GO TO 73

CALL MULTVC (A PRODJER LISTC1,JHF) TEMPV)
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208
209
210
21
212
213
214
215
216
217
218
219
220
221
222
223
224
22s
226
a e2?
- 228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
2467
. 248
: 249
250
251
: 252

73

74

81

82

85

g6

87

900
901
902

CALL XFER (TEMPV,ER LIST(1,JHF),N6NS)
JHF = JHF=1

J = J4-1

IF (J oLEe 0) GO TO 74

CALL MULTCA PRODyA STOR(1,J)yA TEMP)
CALL XFER(A TEMP,A PROD,N18N32)

GO T0 72

CONTINUE

IF (1EW +EQe 0) RETURN

IF (1EW oNEo 1) GO TO EBS
DO 8¢ 11=1,4

I = 9=11

R(I) = R(I=-2)

DO 81 J=1,NR A
DR LISTC(I4J) = DR LIST(I=2,J)
DO B¢ J=14NR JHF

ER LIST(IZJd) = ER LIST(I=2,J)

RETURN

R(7) = =(RC1)+R(3)+1.0)

R(8) = =(R(2)I+R(4)) »
R(S) = R(2)=R(4) W
R(6) = R(3)=-R(1)

DO 86 J=1,NR
DR LIST(7,4)
DR LIST(8,J)
DR LIST(S5,J)
DR LIST(6,J)

=(DR LIST(1,J)+DR LIST(3,J))
=(Dk LIST(2,J0)+DR LIST(4,J))
DR LIST(2,J)=DR LIST(4,J)
DR LIST(3,J)=DR LIST(1,4)

RN >

DO 27 J=1,NR JHF

ER LIST(7,J) =(ER LISTC1,J)+ER LIST(3,4))
ER LIST(R,J) =(ER LIST(2,J)+ER LIST(4,J))
ER LIST(S,J) FR LIST(2,J)=ER LIST(4,y)

ER LIST(&,J) ER LIST(3Z,J)=€ER LIST(1,4)
RETURN

FORMAT (°07)
FORMAT (° “,10x,4(2X42F9.5))
FORMAT (7 “3F1062,4(2X32F9.5))

END

@PRT,S INVERT.ENNU
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MORFITT*INVERT (1) ,ENNU

1 SUBROUTINE EN NU

2 ¢

3 COMMON/DLTAH C/DELTAH

4 COMMON/JAY COM/J

5 COMMON/HTS COM/HTS(51)

6 COMMON/ALPHA C/ALPHA(S1)

? COMMON/EXPNU C/COEFNU,LEXPNU
8 COMMON/EN COLL/HT,EN,NU

9 COMMGN/W COM/WT ,wR

10 REAL NU

11 ¢

12 ¢

13 WT = (HT=HTS(J+1))/DELTAH

14 WB = (HTS(J)=HT)/DELTAH

15 EN = EXP(WT*ALPHA(J)+WB*ALPHA(J+1))

16 NU = COEFNU*EXP(EXPNU®HT) -
17 RETURN

M ¢

19 END

@PRT,S INVERTLINITLI
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MORFITT#INVERT (1) JINITLI

C

[N al

C

200

1

VP AR AN A NN

$

oA

L I I ™

SUBROUTINE INITLI

COMMON/IPRNT C/IPRINT
COMMON/CS COM/C,S,CSQ
COMMON/™ COM/M1T1,M22,M33,M21,M31,M23
COMMON/ INTEGR/R11,R12,R22yIR SKIP(24),DRP11,DR12,DR2?
COMPLEX
M11,M22,M33,M21,M31,M23,
R114R12,R22,
PR11,0R12,D0R22,
34 yB2,B0yHALF B2,R00T,Q(c),
011,012,013,031,032,033,
DENJP(2),T(R2),FACTOR,
DB&44DR2,0BU,40G(2),
oo11,0012,0013,0031,0032,0033,
DDEN,DP(2),DT(2)

Bé
B2
e

1.0+m33
“(CSA*M3I3I* (1.04M11)=F31a22=(1,04MT3)2(CSA+MR2) #2322
(1e0+MTT)2(CSCE+M22) #(CSA+MI3) ~2,0xr21xM31am23

“(1e04M11) 2222224 (CSA4M2) M3 1# a2+ (CSQA+MTT)aM2 71222

2 = B2/2.0

CSQRT(HALF BE2*#*2-B4*BU)
CSQRT((=HALF B2+ROOT)/R4)
CSQRT((=HALF B2=RO0T)/B4)

HALF
ROOT
e(1)
Q(2)

[T I R TI + 7

IF CIPRINT oNEe 0) PRINT 207,0(1),G(2)
FORMAT (“07,7Q = “,2(2X,2513.4),/)

DO 21 K=1,2

011 = 1.,04M11=G(K)*#2
P12 = =-m21

013 = =M31+4Q(K)*S

D31 = M314Q(K)*S

D32 = mM23

D33 = (Se+m33

DEN = D11#033=D13+031

P(K) = (=D12+D33+4013+D32)/DFN
T(K) = Q(K)*P(K)=S*x(=D11+#D32+4D12+D31)/DEN

0R& = M33

DB2 = =M334(1,04M11)=(CSQA*+MII)IaMIT1=2,04M3 1022
“M3Z2(CSE*+M22)=(1.0#M33)aM2242,0aM23 222

DBRC = M112((SQeM22)%((CSQ+M3T)+(1,0+4MI11)*M222(CSQ+M3Y)

+(1.04MIVDI*(CSAeM22)2MIT b Dwr21aM3I14M23
~(2¢043,C*M11)#M23222
$(2,0%CSC+3,0vM22)2M3 1202
+(2.0%CSQ+3,04MI3)aM2 120
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— el e A et b

52 0N 41 K=1,2

53 DRI(K) = =((DBL*Q(K)#a24DBZ)nG(K)*x /+DB0)

S i J((L CoBleGQ(K)*%242,0+B2)*Q(K))

55 D011 = M11=2.,0+G(K)*DG(K)

56 ph12 = M2

57 OD1? = «=M314DQ(K) =S

58 D031 = M3IT1+4DQ(K)*S

59 pD32 = 23

60 pp2? = Mm33

61 DDE% = DD11*D334D11+pD33~DD13+p31=-Dp13#DD31

62 DP(K) = =DDEN*P(K)/DEN

63 3 +(=DD12#D33=D12+DD53+DD13%D32+4D13*DD32)/DEN

oé 41 DT(x) = DA(KI*P(K)I+Q(K)*DP(K)

65 < “S*(=0D114D22=D11+4DD32+4DD12+#D314D12+0031

66 $ “(=p11+#p324D12+031)«DDEN/DEN)/DEN

67 ¢

63 DFEN = (T(1)#C+P (1)) 2(C+Q(2))=(T(2)*C+P(2))=x(C+GC(1)) §
69 FACTLR = 24U/DEN

70 R11 = (C*(T(V)=T(2))+T(1)*Q()=T(29%2Q(1))*FACTOR

71 R22 = (C*(T(1)=T(2))+P(1)=pP(2))*FACTOR .
72 R12 = (Q(2)=G(1))«FACTOR -
73 €

74 DOEY = (DT(1)#C+DP(1))*(C+C(2))+(T(1)*C+P(1))*DA(2)

75 3 “(DT(2)#C+DP(2)) 2 (C+QL1))=(T(2)*C+P(2))*DR(Y)

76 DR11 = =R11#DDEN/DEN

7? 1 +(C=x(PT(1)=DT(2))

78 L4 +DTCI)2G(2)+T(1)+DQ(2)=DT(R2)*Q (V) =T(2)*DQ(1))«FACTOR
79 DP2> = =P22+DDEN/DEN

8C k +(Cx (DT (1) =DT(2))+DP(1)=DP(?2))*FACTOR

61 DR1T = =RI2*DDEN/DEN

82 b 3 +(DR(2)=DG(1))=FACTOR

83 5€

84 R11 = (*R11=1.0

85 R22 = C*R22-1.0

13 R12 = (*R12

87 ¢

88 DRI11 = C*DR1Y

89 DRZ22 = C*DRZ2

99 DR12 = C*DR12

91 RETURN

92 ¢ "
93 END

@PRTyS INVERT.COEFFS
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MORFITT*INVERT (1) .COEFFS
SUBROUTINE COEFFS

C

PAR AR AN

A

COMMON/THETA C/THETA

COMMON/FLD COM/AZIM,CODIPyMAGFLD

COMMUN/FRQ@ COM/FREG

COMMON/EN COLL/MHT,EN,COLL

COMMON/WN COM/WAVE NR

COMMON/CS COM/C,S,CSG

COMMON/™ COM/M11,M22,+33,M21,m31,m23
COMMON/SD COM/D11A,S118,011R,521,021,522,D¢2
COMMON/DSD COM/DD11A,DS118,00118,0521,0021,052¢,0022
COMMON/IEW COM/IEW

COMPLEX

MI11,M22,M33,M21,M21,M23,
D11A,S116,0118,521,021,522,027?,
DO11A,DS11E,0D118,0521,D0214DS22,0022,
UyUSQ 4D ,IUD,

mM230,310,

mM23230,31310,M23310D,

T16 OVC,T32 OVC,CT41,T11,T31,T34 OV,
DT140C,DT320C,DCT41,0T11,0T31,0T340C

REAL MAGFLD,

MY NY,IUD PRT,
MSQYSO ,NSQYSQ,MNYSQ

DIMENSION U PARTS (<), USQ@ PRT(2),D PARTS(Z2),IUD PRT(2)
EQUIVALENCE (U, U PARTS),(USQ,USQ PRT),(D4D PARTS),(IUD,IUD PRT)

DATA
DATA
DATA
DATS
DATA

CALL

PI/3.14159/
RTD/57.29578/

COEFF X/3.182357¢E3/
COEFF Y/1.758796E11/
VEL LT/2.997928c5/

EN NU

X = COEF EN®EN

1 = COLL*OV OMGA

U PAKTS(1) = 1,0

U PARTS(2) = =2

USQ PRT(1) = 1,0=2%22

USQ@ PRT(2) = =2=2

D = =Xx/(Uu*(USQ=YSQ))

IFCABSC(D PARTS(1)) oLTe 1.0E=-30 +AND.

1UoD
U0
M1
M2
m33
m21
"3

P
4

ABS(D PARTS(2)) oLTe 1.0e=30) 0 = 0.0

RT(1) = Z«D PARTS(1)=D PARTS(2)

RT(2) = D PARTS(1)+2«D PARTS(2)

use«~p

M11=MSQYSC*D

M11=NSQYSO*D

NY*IUD

-MY+1UD

165




52
53
54
55
56
57
58
59
67
51
62
53
&b
65
65
o7
6¢
69
79
71
72
73
76
75
16
77
78
79
30
31
32

a6
85
86
87
83
89
Y
91
92
93
94
95
96
97
98

100
101
102
108

M23 = =MNYSQ*D

D = 10/ (1.04m2?)

M230 = %23+D

MTI1D = ¥31«p

T94 uvl = OVR (C=SSG OVC*D
M232:0 = Mc3*M23D

T®2 OVl = (CSQeM2c-Mc223D)+0VR C
M31210 = #31em31p

CT4Y = C+(1,0+%114¢31210)
T11 = -Ss+M310

M2321p = v23+m31p

T = M2331D=M21

T34 OVC = S OVR C*M23D

D114 = T11+¢T1Y

$112 = T14 OVC+CTed

D118 = T44 OVC=CT1

S21 = TI4 OVC+TY

021 = T34 OVC=-T29

§22 = (C+T¥2 ovcC

D?2 = C=T32 OVC

DT14CC = =$SG OVC#*Dp*(D=1,%)
DT220C = (M22=-M23220+(D+1.7))*0VR C
DCT& = Ca(Mt11+m213102(D+1.,0))
DT = T119+D

DT 21 = M23310+(D+1,0)=M21
DY3ILOC = T34 OVC*D

00114 = DTI1+DT11

DS11t = DT140C+DCT4LY

001%e = DT140C=-DCT41

pS21 = DT340C+pT3Y

DD2Y = DT340C=-DT21

ps2¢ = DT3¢0C

Dbce = =-DT320C

RETURN

ENTRY INIT T

16w = 1

DIK CS ¥ = SIN(CODIP/RTD)I*SINCAZIM/RTD)
DIR CS N = =COS(CODIP/RTD)
C = COSCTHETA/RTD)

S = SIN(THETA/RTD)

OVR C = 1.C/¢C

€SQ = (w2

S OVR C = S/C

SSG LVC = Sw*e2/C

RETUKN
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104
105
1406
107
108
109
110
11
12
113
114
115
116
117
118
119

ENTRY INIT S

OMEGA = 2.0+PI*FREG*10C0.0
WAVE NR OMEGA/VEL LT

COEF EN COEFF X*1.,0EQ06/0MEGA**2
OV OMGA 1.0/0MEGA

Y = =COEFF Y*MAGFLD/OMEGA

YSQ = yx=2

MY = DIR CS MwxyY

NY = DIR CS NwY

MSQYSQ = DIR CS Mex2xYSQ
NSQYSQ@ = DIR CS N##2xYSQ
MNYSG = DIR CS M#DIR (S N*YSQ
RETURN

nwann

END

GPRT,S INVERT.DIFFEQ
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MORFITT*INVERT(1) ,DIFFEQ
1 SUBRUUTINE DIFF EO

3 COMMUN/SD COM/DT11A,S118,0118,521,0¢21,522,D22

4 COMMUN/DSD COM/DDT1A,05%18,00118,0521,0021,D0522,0D22
S COMMON/W COM/WT,WB

6 COMMUN/INTEGR/R(36)

I4 COMMUON/DRDH C/DRDH(36)

3 COMMUN/X COM/X(6)

9 COMMON/DXDH C/DXDH(E)

190 COMMON/OKDER C/RT11,R12,R22,P(3,3),DR(6),
11 b | DER(3) ,PDER(3,3),DDER(H)
12 COMMON/OVRFLO/IOVFLO
13 COMPLEX
14 t D11A,S11#,0118,521,021,522,022,
15 - DD11A,DS118,00116,4,0521,0021,0522,0D22,
16 % R11,R12,4R2,4P,0R,
17 1 DER,PDER,DDER,
12 L4 £11,812,822,R12P12,C12,
19 s 0B11,0822,0812,0C12,
} 20 s X11,X12,X21,X22,
‘ 21 1 6"1'6,2'62"522052505329533'
P4 3 DTEMP(3)
23 DIMENSION R MTRX(3€),0ERIV(T6)
24 EQUIVALENCE (RT11,R MTRX) (DERLDERIV)
25 ¢
26
2? ENTRY R DERIV
28 CALL XFER (RyR ¥TRX,3¢)
29 IXFLANG = U
30 ¢
3" 20 DO 21 1=1,6
32 1F CABS(R MTRX(I)) «GTse 9.0) 60 TO 9C
33 21 CONTINUE
36 ¢
35 811 = R11+(0D11A=D118)
36 212 = R12+D21
3? 822 = R22*D22
38 RI12RI2 = RI12*R12
39 €12 = R12821%
40 ¢
41 DER(1)= (R114812+612-5S118=5118)+RV114RI12R12+D224C12+4C12-D11A=-D118
42 DER(Z)= (B11+B12+B22 «5118=5S22)*R124(R11+D214521)+(R22+1.0)
43 DER(3)= (B1248124822=-522~S22)*R22+R12R12+(D11A=D118)¢B12+48B12+D22
L4 1F (IXFLAG «NE. 0U) GO YO 6C
45 ¢
Y X171 = =5118+8114812
47 X12 = S214R11+#D21+R12#D22
48 X271 = p21+R12+(D11a=p11B)*R22#021
i 49 X222 = =522+B12+P22
: 50 ¢
§ 51 611 = x11+x11
168
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31

61

60
61

612 = x12+x12
621 = x21
622 = X11+x22
623 = x12
632 = X21+x21
633 = x22+x22

0o 31 L=1.3
POER(T,L) = G11*P(1,L)+G122+P(2,L)
PDER(2,L) = G21*P(1,L)4G22+P(2,L)+G23*P(3,L)

PDEP(3,L) = G32#P(2,L)+G332pP(3,L)
0R11 = R11*(DD11A-DD118B)
pB22 = R22+*DD22
DB12 = R12+DD21
DC12 = R12+DS21
DTEFMP(1) = (D8 1140812+40812-05S118=p5118)#*R11
s +R12R12#DD24DC12+40C12-DD11A-DD11R
DTEMP(2) = (DB11+40B1¢+0B22-DST118=DS22)*R 12
s +(R19+DD21+4DS21) *(R22+1.0)
DTEMF(3) = (DB124DB12+4DR22=-DS22-DS22)*R22
s +R12R12+(DD11A=-DDI1IB)+DB12¢DB12+4DD22

DOERCT)= DTEMP (1) »WT +G611+0R( 1)4612+pR( 2)
DDER(4)= DTEMP (1) +wB +611*DR( 4)+G122DR( S)
DDER(2)= DTEMP(2)*wT +G21+DR( 1)4G22+DR( 2)+G23+0R( 2)
DDER(S)= DTEMP(?2) *wB +G21*DR( 4)+G22+DR( 5)+G23*DpR( é)
DDER(3)= DTEMP () #WwT +G32«DR( 2)+633+DR( 3)
DDER(6)= DTEMP(Y) »wB +G3?2+DR( 5)+GI3#DR( 6)

(A+1¢B)/1 = B-1#A
DO &1 1=1,35,2
DRDH(I) = DERIV(I+1)
DRDM(I+1) = =DERIV(I)
RETUKN

ENTRY X DERIV

CALL XFER (XyR “TRX,%)
IXFLAG = 1

60 TU 29

DO €9 1=1,5,2

DXDH(I) = DERIV(I+1)
DXDH(I*T1) = =DERIVI(I)
RETUKN

ENTRY SET P DR
CALL XFER (RyR MTRX,36)
DO 7¢ L=1,3
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104 DO 71 I=1,3

105 71 PCI,L) = 0.0
106 72 P(LyL) = 1.0
107 C

108 0o 74 13193

109 DR(I) = DR(I+3)
110 74 DR(I*2) = 0.0
1M1 CALL XFER (R MTRX,Ry36)
112 WT = 1.C

113 wB = 0.0

114 RETURN

115 ¢

116 90 I10VFLO = 1

117 RETURN

118 ¢

119 END

120

121

122

ePRT,S INVERT.MTXFCT
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MORFITT*INVERT(1) «mTXFCT

V0O NOWVESWN -

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
r{-]
27
é8
29
30
31
32

C

o

o

1

21
22

3
32

SUBROUTINE MTX FCT

DIMENSION A(1),8(1)
COMPLEX C(3,3),0(3,3),€(3,3),
3 F(3,3),6(3),H(3),Sum

ENTRY XFER (A,B,N)
DO 11 J=1,N

B(J) = AQJ)

RETURN

ENTRY MULT (C,D,E)

D0 2¢ J=1,3

00 2¢ J4=1,3

sum = 0,0

DO 21 JJJ=1,3

SUM = SUM+C(J,4JJJ)2D(JJJ,d))
E(JedJ) = SUM

RETURN

ENTRY MULTVC (FyGoH)

b0 32 J4=1,3

Sum = 0,0

00 21 JJ4=1,3

SUM = SUM+F(J,J0J)*G(JJ))
H(J) = SUMm

RETURN

END

8PRT,S INVERT.O0GEL®B
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MORFITT*INVERT (1) .DGELB

1 SUBROUTINE DGELRCRyAyMyNyMUD,MLD,EPS,IER) DELB
S - DELB
3 C to.o....‘.o......c...Qo....'o..'..l.....l...00..00..0.0..‘.....O..DELB
4 ¢ DELD
g € SUBROUTINE DGELS - DELB
6 C DELB
T € PURPOSE DELB
a € TO SOLVE A SYSTEM OF SIMULTANEOUS LINEAR EQUATIONS WITH A DELB
9 € COEFFICIENT MATRIX OF BAND STRUCTURE. DELB
10 ¢ DELB
11 ¢ USAGE DELB
12 ¢ CALL DGEL® (R,yA M N,MUD,MLD,EPS,IER) DELB
» 3 SN DELB
16 ¢ DeSCRIPTION OF PARAMETERS DELB
15 ¢ R - DOUELE PRECISION M B8Y N RIGHT HAND SIDF MATRIX DELB
16 ¢ (DESTRCYED) s ON RETURN R CONTAINS THE SOLUTION DELB
G ¥ S OF THE EQUATIONS. DELB
18 ¢ A - DOUHLE PRECISION M 5Y ™M COEFFICIENT MATRIX WITH DELB
19 ¢ PAND STRUCTURE (DESTROYED). DELB
{2 S M = THE NUMBER OF EQUATIONS IN THME SYSTEM, DELB
ey € N - THE NUMBER OF RIGHT HAND SIDE VECTORS. DELB
22 ¢ mMUD - THE NUMBER OF UPPER CODIAGONALS (THAT MEANS DELB
23 ¢ CODIAGONALS ABOVE MAIN DIAGONAL). DELB
P MLD = THE NUMBER OF LOWER CODIAGONALS (THAT MEANS DELB
L T CODIAGONALS BELOW MAIN DIAGONAL), DELB
26 € EPS - SINGLE PRECISION INPUT CONSTANT WHICH IS USED AS DELB
27 € FELATIVE TOLERANCE FOR TEST ON LOSS OF DELB
28 ¢ SIGNIFICANCE. DELB
29 ¢ 1EK - QESULTING ERROR PARAMETER CODED AS FOLLOWS DELB
30 % 1ER=0D = NO ERROR, DELB
3% % 1Ek==1 = NO RESULT BECAUSE OF WRONG INPLT PARAME- DELB
32 ¢ TERS M MUD,MLD OR BECAUSE OF PIVOT ELEMENTDELB
33 ¢ AT ANY ELIMINATION STEP EQUAL TO O, DELB
54 ¢ IER=K = WARNING DUE TO POSSIBLE LOSS OF SIGNIFI- DELB
£ T S CANCE INDICATED AT ELIMINATION STEP K+1, DELB
36 ¢ WHERE PIVOT ELEMENT WAS LESS THAN OR DELB
f 37 ¢ EQUAL TO THE INTERNAL TOLERANCE EPS TIMES DELB
A 38 ¢ ABSOLUTELY GREATEST ELEMENT OF MATRIX Ae DELB
i 39 ¢ DELB
40 ¢ PcMARKS DELB
3 41 C BEAND MATRIX A IS ASSUMED TO 3E STORED ROWWISE IN THE FIRST DELSB
2 ME SUCCESSIVE STORAGE LOCATIONS OF TOTALLY NEEDED MA DELB
43 STORAGE LOCATIONS, WHERE DELB
46 C MAZMeMC=MLr(ML*Y)/2 AND ME=MA=MU*(MU+1)/2 WITH DELSB
45 MCEMIN(Y, 1+MUD*MLD)y ML=M(C=1=MLD, MU=MC=1=MUD, DELB
46 C kKIGHT MAND SIDE MATRIX R IS ASSUMED TO RE STORED COLUMNWISE DELB
47 C IN N*M SUCCESSIVE STORAGE LOCATIONS. ON RETURN SOLUTION DELP
48 C MATRIX R IS STORED COLUMNWISE TOO. DELB
&9 C INPUT PARAMETERS M, MUD, MLD SHOULD SATISFY THE FOLLOWING DELS
50 ¢ RESTRICTIONS MUD NOT LESS THAN ZERO DELB
51 ¢ MLD NOT LESS THAN ZERO DELS
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OO OO OO OO O OO OO0

(al

OO MmO O0 N

O On

~nN -

wv W

MUD+MLDO NOT GREATER THAN 2*M=2, DELB
NO ACTION BESIDES ERROR MESSAGE IER==-1 TAKES PLACE IF THESE DELB
RESTRICTIONS ARE NOT SATISFIED. DELB
THE PROCEDURE GIVES RESULTS IF THE RESTRICTIONS ON INPUT DELB
PARAMETERS ARE SATISFIED AND IF PIVOT ELEMENTS AT ALL DELB
ELIMINATION STEPS ARE DIFFERENT FROM ", HOWEVER WARNING DELB

I€ER=K = IF GIVEN = INDICATES POSSIBLE LOSS OF SIGNIFICANCE. DELB
IN CASE OF A WELL SCALED MATRIX A AND APPROPRIATE TOLERANCE DELB
EFPSy IER=K MAY PE INTERPRETED THAT MATRIX A HAS THE RANK K. DELB

NO WARNING IS GIVEN IF MATRIX A HAS NO LOWER CODIAGONAL. DELB
DELB
SUEROUTINES AND FUNCTIOM SUBPROGRPAMS REGUIRED DELE
NONE DELB
DELB
¥YETHOC DELB
SOLUTICN IS DONE 8Y MEANS OF GAUSS ELIMINATION WITH DELB
COLUMN PIVOTING ONLY, IN ORDcER TO PRESERVE BAND STRUCTURE DELB
IN REMAINING COEFFICIENT MATRICES. DELB
DELB
...0.'00....'......0.......l.l.l..............Il..l.l..l.....l....bELB
DELB
DELB
DELB
DIMENSION R(1),2 (1) DELB
DOURBLE PRECISION Fod,FIV,TE,TOL DELB
DELB
TEST ON WRONG INPUT PARAMETERS DELB
IF(MLDI&T 41,1 DELB
IF(™UD)&LT74242 : DELB
PC=1+MLD+MUD DELB
IF(¥(+1=M=M)3,3,47 DELB
DELB
PREPARE INTEGER PARAMETERS DELB
MC=NUMBER OF COLUMNS IN MATRIX A DELB
MU=NUMBER OF ZEKOS TO BE INSERTED IN FIRST ROWw OF MATRIX A DELB
YL=NUMBER OF MISSING ELEMENTS IN LAST ROW OF MATRIX A DELB
MR=INDEX OF LAST RCw IN MATRIX A wITH MC ELEMENTS DELSB
MI{=TOTAL NUMPER OF ZEROS TO BE INSERTED IN MATRIX A DELB
FASTOTAL NUMPER OF STORPAGE LOCATIONS NECESSARY FOR MATRIX A DELB
NM=ENUMBER OF ELEMENTS IN MATRIX R DELB
mC=m DELB
MUsM(=-MUD~1 DELB
ML=M(C=MLD~1 DELSB
MRV ap DELB
M7=2(rU*(MU+1)) /2 DELB
MAsMeMC=(MLa(ML+1))/2 DELB
NM=NeM DELB
DELB
MOVE ELEMENTS BACKwWARD AND SEARCH FOR ABSOLUTELY GREATEST ELEMENT DELSB
(NOT NECESSARY IN CASE OF A MATRIX WITHOUT LOWER CODIAGONALS) DELB
1FR=y DELB
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104
105
106
107
108
109
110
M
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
139
12

132
133
134
138
136
137
138
139
14C
141
162
143
164
145
146
147
148
149
150
151
B 152
¢ 153
f 1564
I 155

gy
AV ™

——————

(ol

O © ~

1C

1

14

15
16

17
18

19

N~ N

PIV=yu.DD
IFCMLD)14,14,6
JJ=MA

J=VA-M7

KST=y

Do 9 K"oKST
Te=A(@J)
A(JI)=TE
TE=DAES(TB)
IF(Te=PIV)a,8,7
PIV=TE

J=J=~i

JJI=JdJy-1

INSERT ZEROS IN FIRST MU ROWS (NOT NECESSARY IN CASE ™M2=0)
1F(v2)14,14,10
JJ=1

J=1+m2

I1C=1+MUuD

DO 15 [=1,MU

po ’; K=1'Mc
A(JJd)=C.00
IF(K=1C)11,11,12
ACJY)=AC))

J=J+1

JI=Ju+1

IC=1C+1

GENERATE TEST VALUE FOR SINGULARITY
TOL=egPS*PIV

START DECOMPOSITION LCOOP
KST=1

10ST=M(C

1C=v(=)

DO *r k=1,V
1F(K=MR=T)16,1¢,15
10ST=1pST=1
10=1DST

TLREkeMLD
lF(th-”)13.18.'7
ILR=M

11=x57

PIVOT SEARCH IN FIRST COLUMN (ROW INDEXES FRO™ I=K UP TO I=ILR)
PIV=u.DC

DO 2¢ 1=K, ILR

Ta=zpABS(A(I1))

1F(TE~PIVI20,2C,19

PIV=T18

J=1
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DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELSB
DELB
DELB
DELB
DELB
DELB
DELE
DELSB
DELSB
DELB
DELB
DELB
DELB
DELB
DELB
DELSB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELE
DELB
DELB
DELSE




PIVOT ROW REDUCTION AND ROW INTERCHANGE IN PIGHT HAND SIDF R

PIVCT ROW REDUCTION AND ROw INTERCHANGE IN COEFFICIFNT MATRIX A

156 Jd=11
157 20 IF(1-MR)¢2,22,21
158 21 10=10~-1
159 22 11=11+10D
1¢0
161 TEST ON SINGULARITY
162 IF(PIV)&L?,47,23
164 26 IF(PIV-TOL)25,25,2¢
165 25 I1ER=K=1
166 26 PIV=1.00/ACJ))
167
167
169 10=J =K
173 DO 27 I=KyhM,M
171 I11=1+1D
172 T3=PIV*R(]I1)
173 R(II)=R(1)
174 27 R(I)=TH
175
176
177 11=kST
173 J=JJ+IC
175 DO 2z I=JJ,J
180 TR=PIV*A(])
131 ACI)=A(11)
152 ACII)=TR
183 28 11=11+1
184
155 ELEMENT FEDUCTION
126 IF(K=ILR)29,34,%4
147 29 10=KST
187 I1=k+1
149 MU=KST+1
1%2 M2=KST+IC
191 DO T2 I=II,ILR
192
192 IN MATRIX A
194 ID=JuemC
195 JI=1~MR=1
196 1FCJJ)21,31.30
197 0 I0=1L=Jd)
12 ™ Plv==~2(1D)
ted J=104+]
PO T Ji=Myym2
1 Al =1)=aCJ)+PLlV*A(JJ)
4 \FEFLFED
. st =1)=(,DJ
-
In "ATRIX R
- PR
B YL JAnL NP
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DELE
DELB
DELB
DELB
DELB
DELS
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
DELB
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DELB
DELB
DELB
DELB
DELB
DELB
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DELB
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2u8
2JU%
210
211
212
213
214
215
215
21?7
218
219
220
<21
222
223
224
225
225
227
228
229
230
231
232
233
234
235
236
237
2138
239
2460
241
262
243
264
2645
246
247
248

(ol ol ol o)

(ol ol

13
34

35
36

37
38

4G
41

42
43

L4

L6

&7

ROJII=R(JII+PIVER(J)
JEJeM

KST=KST+m(C
lF(lLR'"ﬁ)}byBSQSS
1C=1(-1

ID=K=FR

1F(10)3%,38,37

KST=kST=-1ID

CONTINUE

END OF DECOMPOSITION LCOP

BACK SUBSTITUTION
IF("C-1)46.66,3°
1€=2
KST=MA+ML=MC+2
[l=m

DC 45 I=2 .M
KST=KST=MC
11=11-1

J=11=MR
1F(241,41,40
KST=KkST+J

DO 43 J=TII,NM,M
TB=R(J)
MZ=KSET+1C=2

10=J

DO bc JJI=KSTyMZ
10=10+1
T8=To=A(JJ)*R(ID)
R(J)=Te
IFCIC=MC)L6, 465,45
1C=1C+1

CONTINUE

RETURN

ERROK RETURN
1ER=~1
RETUKN

END

IPRT S INVERT.DGELS
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MORFITT*INVERT (1) ,DGELS

SUBROUTINE DGELS(RyA,MyN,EPS,IER,AUX) DELS
DELS
.....l..........Q..l.l.'...'...".I.l...l..‘.............l.....'..oELs
DELS

SUBROUTINE DGELS DELS
DELS

PURPOSE DELS
TO SOLVE A SYSTEM OF SIMULTANEOUS LINEAR EQUATIONS WITH DELS
SYMMETRIC COEFFICIENT MATRIX UPPER TRIANGULAR PART OF WHICH DELS

IS ASSUMED TO BE STORED COLUMNWISE. DELS
DELS

USAGE DELS
CALL DGELSC(RyA,MyNyEPS,IERyAUX) DELS
DELS

DESCRIPTION OF PARAMETERS DELS
R - DOUEBLE PRECISION M BY N RIGHT HAND SIDE MATRIX DELS
(DESTROYED) e« ON RETURN R CONTAINS THE SOLUTION OF DELS

THE EQUATIONS., DELS

A - UPPER TRIANGULAR PART OF THE SYMMETRIC DOUBLE DELS
PRECISION M BY M COEFFICIENT MATRIX. (DESTROYED) DELS

M - THE NUMBER OF EQUATIONS IN THE SYSTEM. DELS

N - THE NUMBER OF RIGHT HAND SIDE VECTORS. DELS
EFS - SINGLE PRECISION INPUT CONSTANT WHICH IS USED AS DELS
RELATIVE TOLERANCE FOR TEST ON LOSS OF DELS
SIGNIFICANCE. DELS

I1ER - PESULTING ERKROR PARAMETER CODED AS FOLLOWS DELS
IER=N = NO ERROR, DELS

IER==1 = NO RESULT BECAUSE OF M LESS THAN 1 OR DELS

PIVOT ELEMENT AT ANY ELIMINATION STEP DELS

EQUAL TO O, DELS

IER=K = WARNING DUE TO POSSIBLE LOSS OF SIGNIFI~ DELS

CANCE INDICATED AT ELIMINATION STEP K+1, DELS

WHERE PIVOT ELEMENT WAS LESS THAN OP DELS

EQUAL TO THE INTERNAL TOLERANCE EPS TIMES DELS

ABSOLUTELY GREATEST MAIN DIAGONAL DELS

ELEMENT OF MATRIX A, DELS

AUX = DOUBLE PRECISION AUXILIARY STORAGE APRPRAY DELS
WITH DIMENSION M=-1, DELS

DELS

PEMARKS DELS

UPPER TRIANGULAR PART OF MATRIX A 1S ASSUMED TO EE STORED DELS
COLUMNWISE IN M#a(M41)/2 SUCCESSIVE STORAGE LOCATIONS, RIGHT DELS

HAND SIDE MATRIX R COLUMNWISE IN N*M SUCCESSIVE STORAGE DELS
LOCATIONSs ON RETURN SOLUTION MATRIX R IS STORED COLUMNWISE DELS
T00. DELS

THE PROCEDURE GIVES RESULTS IF THE NUMBER OF EQUATIONS M IS DELS
GREATER THAN O AND PIVOT ELEMENTS AT ALL ELIMINATION STEPS DELS
ARE DIFFEPENT FROM 0N, HOWEVER WARNING IER=K = IF GIVEN = DELS
INDICATES POSSIBLE LOSS OF SIGNIFICANCE. IN CASE OF A WELL DELS
SCALED MATRIX A AND APPROPRIATE TOLERANCE EPS, IER=K MAY BE DELS
INTERPRETED THAT MATRIX A HAS THE RANK K. NO WARNING IS DELS
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GIVEN IN CASE M=1. DELS
ERROR PARAMETER IER=-=1 DOES NOT NECESSARILY MEAN THAT DELS
MATRIX A IS SINGULAR, AS ONLY MAIN DIAGONAL ELEMENTS DELS

ARE USED AS PIVOT ELEMENTS. POSSIBLY SUBROUTINE DGELG (WHICHDELS
WORKS WITH TOTAL PIVOTING) WOULD BE ABLE TO FIND A SOLUTIONCDELS

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
NONE

MeTHOD

SOLUTION IS DONE BY MEANS OF GAUSS~=ELIMINATION WITH

PIVOTING IN MAIN DIAGONAL, IN ORDER TO PRESERVE
SYMMETRY IN REMAINING COEFFICIENT MATRICES.

DELS
DELS
DELS
DELS
DELS
DELS
DELS
DELS
DELS

...'........I.....'l...0....l......‘...'........'.....O........'..DELS

DIMENSICN ACT1),R(1),AUXC(T)
DOUBLE PRECISION R,AJAUX,PIV,TB,TOL,PIVI]
IF(M)24,26,1

SEARCH FOR GREATEST MAIN DIAGONAL ELEMENT
IER=0

PIV=(.DN

L=0

DO T K=1,M

L=L+K

Te=0aBS (A (L))

I1F(Te=PIV)3,3,2

PIV=T8B

I1=L

J =K

CONTINUE

TOL=cPS*PIV

MAIN DIAGONAL ELEMENT ACI)=A(J,J) IS FIRST PIVOT ELEMENT.
PIV CONTAINS THE ABSOLUTE VALUE OF A(I).

START ELIMINATION LOOP
LST=U

NV =N~"M

LEND=M~-1

PO 1& K=1,M

TEST ON USEFULNESS OF SYMMETRIC ALGORITHM
1F(PIV)I24 2444

IFCIER)7,5,7

IF(PIV=TOL)6,6,7

IER=Kk~1

LT=J=K

LST=LST+k
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106 ¢
105 ¢
106
197
108
109
110
111 &
112 ¢
113 ¢
114
115 ¢
116 ¢
117 ¢
118 9
119
120
121
B 122
12
125 10
126
. 127
128 11
129 - 12
130
131 13
132 14
133 (€
134 ¢
135
136
137 ¢
138
139
P 140
141
142
143
144
5 145
146

148 15
149
150
151
152
153 16
154
155

PIVOT ROW REDUCTION AND ROWw INTERCHANGE IN RIGHT HAND SIDE R

PIVI=1.00/ACI)
DO B L=K,NM,M
LL=L*LT
T8=PIVI*R(LL)
RCLL)=R(L)
R(L)=TB

IS ELIMINATION TERMINATED

ROW AND COLUMN INTERCHAMNGE AND PIVOT ROW REDUCTION IN MATRIX
ELEMENTS OF PIVOT COLUMN ARE SAVED IN AUXILIARY VECTOR AUX.

LR=LST+(LT*(K+J=~1))/2
LL=L«

L=LST

DO 14 II=K,LEND
L=L+I1]

LL=LL+1
IFC(L=-LR)12,10,11
ACLL)=A(CLST)
TR=p J

G0 Tou 13

LL=L+LT

Ta=A(LL)
ACLL)=ACL)
AUX(ITI)=TE
A(L)=PIVI*TH

SAVE COLUMN INTERCHANGE INFORMATION
ACLST)=LT

ELEMENT FEDUCTION AND SEARCH FOR NEXT PIVCT
PIV=U.D0

LLST=LST

LT=N

DO 1 I1=K,LEND
PIVI==AUXCII)
LL=LLST

LT=LT+1

DO 15 LLD=I1,LEND
LL=LL4LLD

L=LL+LT
ACL)=ACL)+PIVI*A(LL)
LLST=LLST+11I
LR=LLST+LT

TB=DABS (A(LR))
IFCTE=PIV)17,17,16
PIV=TB

I=LR

J=11+1
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157
158
159
160
161
162
163
164
155
b 166

167
168
169
177
1”1
172
173
174
175
176
17?7
178
179
180
131
182
183
184
185
186

[N el ala)

[a Nl

[ ——

17

18

19
20

21

22
23

24

DO 10 LR=K,NM,M
LL=LR+LT
RCLL)=RC(LLI+PIVI*R(LR)
END OF ELIMINATION LOOP

BACK SUBSTITUTION AND BACK INTERCHANGE
IFCLEND)24,423,2C
I1=m

DO Z2¢ I=2,M
LST=LST=11
11=11-1
L=A(LST)+,500

DO 2¢ J=IINM,M™
TBE=R(J)

LL=J

K=LST

DO 21 LT=11,LEND
LL=LL+1

K=K4LT
TP=To=A(k)*R(LL)
K=J+L

R(J)I=R(K)
P(K)=T8

RETURN

ERROR RETURN
TIER==1
RETUKRN

END

. &PRT,S INVERT.CLINEO
4
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MORFITT*INVERT(1) JCLINEG

1 SUBROUTINE CLIN EG (A, B,y X, N, 00000
2 $ N DIMy IFLAG,y ERR) 00000
5, (R o 00000
&€ CLIN EG USES L=U DECOMPOSITION TO 0n000
5. ¢ FIND THE TRIANGULAR MATRICES L,y U 00000
6 C SUCH THAT L * U = As L AND U ARF 00000
y R STORED IN Ae THIS FORM IS USED WITH 00000
. BACK=SUESTITUTION TO FIND THE SOLN 00000
9 ¢ X OF A * X = L * U+ X = 83, 00000
10 ¢ N IS THE NUMBER OF EGUATICNS AND 00001
11 ¢ N DIM IS THE DIMENSION OF ALL ARRAYS 00001
12 ¢ I THE PARAMETER LICST, 00001
3. C 00001
16 ¢ IF IFLAG = 2, Ly Uy AND X ARE 00001
15 ¢ COMPUTED. 00001
16 ¢ IF IFLAG IS NON=ZERO, IT IS ASSUMED 00001
17 ¢ THAT L AND U HAVE BEEN COMPUTED IN 00001
% ¢ A PREVIOUS CALL AND ARE STILL STORED C0001
19 ¢ IN A.  THUS ONLY X IS CGOMPUTED. ©0001
. e ¢ ERR IS THE ESTIMATED RE!*TIVE 00002
) S - ERROR UF THE SOLUTION VEC i, 00002
ie 5 00002
23 COMPLEX*1¢ A, By, X, T 0n002
. gk ¢ INTEGER*2 IROW TIMO2
25 INTEGER*L  IROW TIMO02
256 DIMENSION A(N DIM, N DIM), c0002
’ 27 $ BG4 DIM), X(N DIM) 00002
22 DIMENSION IROW(SO), G(SQO) 00002
29 DATA EPS /1.,0E=15/ 00002
30 ¢ 00002
3T € 00003
32 IF (NeGTWSU) GO TC 9C0 00003
33 IF (IFLAGJNELDO) GO TO 600 00003
34 DO G50 1 = 1,N 00003
35 0C1) = C,0 00003
34 DO Tl J = 1,N 00003
37 GQ = CCAES (AC(1,J)) 00003
38 ULO IF (uw(1)eLTe0O) G(I) = Q@ c0003
39 IF (G(I)sEGeCWe()) GO TO 901 00003
4«0 uSC CONTINUE 00003
61 EPR = EPS 00004
2 42 PPIV = 7,0 00004
43 D0 Wl 1 = 1,N 0N004
. (YA 10L IROW(]1) = I 00004
S C ; 00004
46 DO SUC L = 14N 00004
3 47 PIVOT = Uau 00004
48 K =L -1 00004
49 DO 240 I = LyN 00004
50 I (KelLTe1) GO TO 230 00004
51 00 2¢C 3 = 1,k 00005
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52 220 ACI L) = A(I L) = A(J,L) » A(I,)) gggg
53 230 F = CDABS (A(CI,LL)) 7 @(1) i
54 IF (FIVOT.GT.F) GO TO 240 o
55 PIVOT = F i
56 NPIVOT = 1 i
7 240 CONTINUE
§s c IF (PIVOT.EQ.N.0) GO TO 9(C1 gggg
59 IF (PPIV.LEPIVOT) GO TO 250C s
6) ERR = EPR * PPIV / PIVOT s
61 IF (ERR«GE+1.0) GO TO 901 gt
0 PPIV = PIVOT
:§ 3 IF (NPIVOT.EQ.L) GO TO 28C gggg
64 QI(NPIVOT) = @(L) i
65 J = IROW(L) 4441
66 IROW(L) = IROW(NPIVOT) 4o
67 IROW(NPIVOT) = J b ond
68 D0 2¢C I = 1,N s
69 T = A(L,1) e
70 ACL,I) = ACNPIVOT,1) i
71 A(NPIVOT,I) = T i
' 72 260 CONTINUE R s
¢R0 IF (L.EGWN d
;2 T = (1-(‘00.0.00”) / A(L,L) gggg
75 K =L ¢+ 1 44
- Pl 0000
77 DO 450 I = K4N i
78 IF (MelT.1) 162 TO 40C e
pn 150 J = 1,
7: 350 AL 1) = A(LyI) = AlLyd) * AQJ, 1) gggg
6' «00 A(Lvl) R A ‘(L'I) Dooo
82 45C CONYINUE e
SCU CONTINU :
32 IF (ERR«GT.1.NE=S) PRINT 998, ERR gggg
L 0000
i 0000
87 500 DO 6¢C I = 24N pogees
38 620 xC1) = (J.000,Ce000) i
89 J = IROW(Y) S
90 x(1) = 8(J) / AC1,1) ++ed
91 DO 7L0 I = 24N —
92 J = IROW(I) et
4o Ko‘téc- : = 1,K 0000
] B
l :: 650 XCI) = x(1) + ACI, L) = xX(L) gggg
| 96 X(1) = (B(J) = X(1)) / A(l,1) e
; 97 700 CONTINUE b4
} ‘ 98 K =N-=1 pons oo
| ; 99 0O FLU I = 1,K 0000
| 160 J =N =1 o
i "o'ﬂJ0’ : 2 MyN 0001
) D v ’
::; X€(J) = X)) = xX(L) * A(J,L) 0001
: 182
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104 00 CONTINUE
1us RETURN
106
1J7 9NC PRINT G99
109 RETURN
110 901 PRPINT 997
11 ERR = 1.7
112 PETUKN
113 997 FORMAT (“1ERROR IN CLIN EQ, MATRIX IS SINGULAR®)
114 998 FORMAT (° CAUTION=",
115 $ 7 CLIN EG HAS DECOMPOSED AN ILL=-CONDITIONED MATRIX.",/,
116 1T “ RLSULTS WILL HAVE RELATIVE ERROR =
117 999 FORMAT (“1ERROR IN CLIN EQ, MATRIX SIZE GREATER THAN S507)
113 END
]
i . @PRT,S INVERT.OVCHk
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SUBRUUTINE OVCHK (CALLER,STMrT)

*aaxxx THIS SUBROUTINE WILL CALL THE ROUTINE OVUNFL WHICH
#aewxxs (HECKS FOR OVERFLOW AND UNDERFLOWe THE ROUTINE RETURNS AN
*wxwrx INTEGER VALUE WHICH TELLS WHETHER OVERFLOW AND/OR UNDERFLOW

LE R & B

xxaxx* ONg OF THE OVERFLOW/UNDERFLOW CHECKING ROUTINES WAS CALLED,
xxxxx WHICHEVER HAS BEEN MORE RECENT, THE INTEGER VALUES RETURNED
s#axdx AND THEIR MEANINGS ARE AS FOLLOWS:

IR 1= OVERFLOW ONLY

RARRR €= NO OVERFLOW CR UNDERFLOW
LA AR 3= UNDERFLOW ONLY

LA R 4= OVERFLOW AND UNDERFLOW

xasxx THIS SURROUTINE (OVCHK) WILL PRINT OUT A MESSAGE STATING
nadts WHETHER OVERFLOW HAS OR HAS NOT OCCURRED. FOR PURPOSES

aaxas OF THIS CONVERSION, UNDERFLOW OCCURRENCES HAVE BEEN IGNORED
#raex EECAUSE THE 1110 TAKES THE SAME ACTION (I1+Ees SETS THE RESULT
asxxx TC ZERO) IN THE CASE OF UNDERFLOW AS DOES THE 360.

xexxe THt SUPROUTINE ALSO PRINTS OUT THE NAME OF THE CALLING

xxxsx* ROUTINE (VARIABLE “CALLER?) AND THE STATEMENT NUMBER FROM
weaxx WHICH IT WAS CALLED (VARIABLE “STMT”)

100
150
200
259

300

5

CHARACTER*S CALLER

INTEGER STMT

CALL OVUNFLC(IOVFL)

1F (IOVFL +EQe * .GRe IOVFL +EG. &) GO TO 15C

WPITE (A,100)

FORMAT (“10VERFLOW HAS NOT OCCURRED?)

GO TC <50

WRITe (6’200’

FOR¥AT (“10VERFLOW HAS OCCURRED”)

CONTINUE

WRITE (€,3.0) STMT,CALLER

FORYAT (° OVCHK wAS CALLED FROM STATEMENT “,15,° IN SUBROUTINE
sA6)

RETURN

END
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HAVE OCCURRED SINCE THE PROGRAM STARTED OR SINCE THE LAST TIME

pMpP
DMP
p™Pp
omp
DMP
DMP
DMP
DMP
DMP
DMP
DMP
DMP
oMP
DMP
DMP
DMP
OMP
pMPp
DMP
DMP
DMP
DMP
pMP
pmMp
DMP
omp
DMP
pDMP
DMP
DMP
DMP
DMP
DMP
DMP
DMP




