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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 limited

to the VLF band , particularly 3-20 kHz. This report contains a discussion of

the analytical approach taken in INVERT 1 a FORTRAN listing of the program,

instructions for using the program and some sample calculations using simulated

data. The program has not been used wi th real data.
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I. INTRODU CTION

The nature of the l owest ionosphere , the D-reglon , has been the

objective of Government sponsored research for more than a decade. The

pri ncipa l interest stems from the globa l requirement for reliable strategic

coninunications 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 i nformation . For this same reeson , data from rocket sound-

ings also provide little detail at these heights.

The measured data parameters, acquired from VIF ionospheric 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 simu l taneously 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

coef ficients of rad io waves propagated in models of the ionos phere . 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

m yers Ion.

I
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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 i nvestigator.

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 i nversion 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 listings of the computer

programs .

3
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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 “rn” 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:

a11 . - . a1 i’ ’
= (
~ - 

= i (
~~

)

Rectangular matrix:

b . . . b

= 

~11 im 

i 

~~ 
(B)

ni nm

Column vector:

Cl
= (:) = i 

(ci) 
(C)

Row vector;

o d1 . . . d~ = d1, (0)

4
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II. INVER SION 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:

= 
(11 R 11 1R 11\ (1)

\1 R1 1R1J

where the first subscript refers to the polarization of the up going wave wi th

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:

- 1R1(e) + j 1R 11(e)
R(~1) 

= 
- 1R~(o) - j  1R 11(e) 

(2)

where l = 1 , ... m

The terms of equa tion (2) are fur ther Iden ti fie d as:

-- The transmitted frequency.

in -- The total number of transmitted frequencies.

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

R(wj) -- 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 geomdqnetic

• 5
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equator, the cross term (i.e. 1R 1 ) 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. Parameterizatlon of the Electron Density Profile

The procedure is to represent the electron density profile by a

series of short exponential segments. The coninon logs of the electron

densities at the heights , ~~ where the segments join , are taken to be the

unknown parameters of the profile and are denoted by:

= x(z
3
) = 10910 Ne(Zj) (3)

where j = 1, 2, ... n.

and where Ne is the electron density (electrons/cc) at height z (kin).

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 :

a /dR\
R 

J 
~~~
—- ) dz (4)

- 

b ~dz 1

As discussed prev iousl y for measure d data , a useful representation

of the computed reflection coefficient Is:

J-jRj(e) + j jRit(e)1
r(wj) = 

l— 1R 1(0) - J 1R11(o)J 
(5)

6



F In this instance the reflection coefficients , 1R1 and 1R 11 are computed from

the Integration of equation (4) and thus “r(t~1 )” 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:

s = 

~~~~~ 
1(r j - Rj)/oij (6)

where

m -- is the total number of propagation frequencies.

r
~ 

-- are the computed values of the reflection coefficient ratio

from equation (5).

-- are the “measured” reflection coefficients in the form of

equation (2).

-- are the uncer ta in ties in the “measured” values. These are also

defined as the “expected” errors .
The second func tion Is a measur e of detail , or curvature, in the

profile and is def ined as :

c = f fd
2 a~z)J dz (7)

7
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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(z3) = a
1

) ,  and

therefore the form of the profile is given by equation (3). For simp licity

it will be assumed that the a
d
’s are equally spaced at intervals , I~z.

The second derivative at z
3 

is then approximated by:

[ (a
.~~~~ a.)  

- (~ ~z
aj÷1)1 ~z (8)

In application , the curvature function “c” of equation (7) is

expressed in terms of summation over profile segments . The equation becomes :

c (a~~~ ~2a~ + a~+i)2} 
(Az~~

3 (9)

where n Is the number of points a
3
.

The expression in brackets represents the second derivative at height z~. Th e
slab sunination 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:

i_I.

c (i~zY’
3 . . is (c.uj) . (10)

8
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where the ~~~ are elements of the matrix

j 1 —2 1
• I _2 5 — 4 1

1 - 4 6 - 4 1

C -  ii
.

-

\ \ \  \ \
1 -4 6 -4 1

1 - 4  5 — 2
1 -2 1

The required profile is sought by an Iterative technique in which

the total curvature in the profile is al lowed 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 :

c + xs + mln (12)

where the value of x must be chosen for the optimum condition .

The solution to equation (12) is obtained by differentiating with respect to

This gives:

• c as
~ —. + x ~~- _ = o  3

i i  . ~~~~. _ _  

_



r Equation (13) can be re-written ~s derived in section lI—C of

reference 3) as :

= T(x ,a~, r(u~ )1 R(wj)) (14)

where: j = 1, ... n for the segments of the electron density profile.

and where:

1< = The coeffic ient matrix , and is a function of the trade-off

parameter , “A ”; and also a function of the computed Iono-

spheric reflection coefficients r(w1 ).
I = A vector which is a function of the above “A ”, and r. It is

also a function of the measured ionospheric reflection

coefficients, R(wj), and a function of the previous electron

density profile, a
1
0 .

= A vector which represents the modifications to be added to

each previous electron density profile during each step of

the iteration scheme.

The propagation frequency, i 1 ,...m.

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

dure. First, an initial profile, a~ (j=1 . . .n) is chosen and a value is

assigned to the trade—off parameter, “A ’. These values , along wi th functions

of the full-wave calculations , r(w1), and data values , R(w1), are substituted

and a solution (Aa~) Is obtained as:

(;~~~) (
~‘) T (15)

These values of the (aa
1
)’s are added to the (c~)’ s to get a new profile

-I. 
4.

(a
1
)~~~. The sequence then continues with (aj)new assuming the role of (ci~),

10



and a new value assigned to “A ”. This leads to a new solution of (~a1
) and

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

• (cr ) = (a°) + (~a.\ (16)
new previous \ 3j

E. Assumptions Appl ied in the Inversion Procedure

In the inversion procedure several assumptions concerning the

ionospher ic parameters are made. In par ticular 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 wi ll be taken to be known , and the magnetic azimuth will be

restricted to be either 900 or 270°. As is the usual case at VLF , ions are

considered to have negligible effect on propagation and are omi tted from the

model . The collision frequency profile is taken to be known and is con-

strained to be of exponential form:

= 

~ 
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 10910 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

prof i le 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 
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TOP
SEMI—INFINITE MEDIUM SLOPE

(

cx(z~~~)
‘

~~~
— — — ct(z~j)

a(z~+i )

-~~~~~OTTOM STOP
I I

a(z) = Log10 N 
.—

Figure 1. Segmented Electron Density Profile ,

a (z .) ’ s Showing Constraints .

(2) It is assumed that there are no electrons below the chosen

lowest 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 reflection coefficient data. Note that this implies

that the profile approaches a slope of (dN/dz) = 0 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 va lue. At the bottom height of the

12
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I—

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

fixed value . Thus:

a(a) = a(z1) ~ aTh~ Stop
• ( 18)

a(b) = a(zn ) $ cx
~0t Stop

In addition, in order to ensure a continuous slope , (dNe/dz)~ 
l eadin g upward

to the semi-Infinite medium , the slope at the top of the profile (z = a = z
1)

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:

(a
2 

- a
1) 2 (t~z) 3 (19,a)

to the summation representing the curvature function . That is, “C ” is now
-

. defined as:

c = (a~ - a
1)

2 + ~~~~~ 
(a.

1 
- 2a. + a

1÷1)
2 

j  

(Az) 3 (19,b)

Compare this result to equation (9).

Wi th these sets of constraints , the equation to be solved is a modi fied

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

I
.4 0.. .0

• . -1 +1 O . . . 0
(20)

+ 0 0 O . . . O

0 0

- 

13



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

C matrix terms are modified to be:

c11 = 1 + (l + p ~) = 2 + p ~

C12 = - 2+ (-1) = - 3

C21 = —2 + (—1) = —3 (21)

C22 =5+ (+ 1 ) = 6

C =  ‘ 4 P B =

The new matr i x Cnew is defined as

(2+pT)
_3 1 0 . . . .

1 - 4 6 -4 1 Q
% \ \ ‘ \
‘. \ \

Cnew = \ \ \ ~ (22)
‘I, \

~i ~.4 ‘6 -4 ‘1
1 -4 5 -2

1 -2 (H-pB)

4.

A vector, V, is also defined to be:

a10p Stop
j’(V \= j’ (23)+\ inew/

aBot Stop

and is a consequence of the added constraints.

14



The values of the inequalities of equation (18) are defined as follows :

(a) = 0, if in the solution for the (Aa1)’ s of equation (15), the
top end of the profile Is inclined to move to the right

~T of the stop.

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

is inclined to move to the left of the stop.

(b) = 0 if , in the- solution for the (Aa
1

) ’ s of equation (15) the

bottom end of the profile is inclined to move to the left

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 densi ty profiles will

produce different values for the set of reflection coefficient ratios , r(w 1)

The reflection coefficient ratio values are illustrated in figure 2

as plotted in the complex R (or r) plane. Here the frequency, , serves as

the parametric variable. The data values , R(
~~
) are shown in comparison to

two sets of r(~1) values. The curve [r(u)1 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 reflec tion coefficien ts, wil l produce a match to the data , R(wj) .

Such a match is Illustra ted in figure 3. Because of error in the data

• 15



•Computed : r(~~) •Mea ured :

r(w~)

r(w1)(~~)

R,r
(Ima g .)

/

--€3
,

/ 
R(w~)

~~
—R (

~~
)

R,r (R ea l )

Figure 2. Data Values R(~1 ) and Computed Values r(~1 )

as Plotted in the Complex Plane.

.C OMPIJTED :

~~MEASURED :

1’
R ,r
(Ima g.) , ‘.

(u
’

)

r(~ 1
) r (w)

curve

R,r (Reel)

FIgure 3. Matched Comparison of R(wj) Reflec tion

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(wj) and r(w1) implies that the spacing , in the R-r plane

between frequency points (w
~ 

and ~~~~~~~ etc.) of r(w1 ) and r(~~+1
)
~ 

etc., must

also match the spacing between R(u1 ) and R(~1~1), etc.

G. The Transformation Functions, g(w 1) and

In order to make convergence of equation (14) more likely, the

following function of the ionospheric reflection coefficients is introduced .

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

g1 
= r(w1)

= ln (
~

) (24)

where

r1 is given by equation (5).

w is the propagation frequency (kHz).

m is the total number of data frequencies.

Equa ti on ( 24) may also be wr itten as:

g1 
= in + j(~~) (25)

1 = 2 , ... m

17

- - - - -. -  -— • 
— - - - -- -.--.-_ -

~ 
•
~~

••—-,  -



c~nd

(+g). 
= 

((~~g
) j ± 2n.~ 

~
) (26)

where (I~g) is the principal part of the phase term and lies in the interval

- ~ < •.~ ~~

The value of n 1 , in the phase term, is chosen for each frequency so

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

The phase angle (.~) may also be written as:

/Imag. (dr/dw). \
(~g). 

= ARCTAN 
~ Real (dr/d

~
j
~ 

) (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., Idr/dwl), phase (i.e., q~) and the location of one point on the

r(-~) curve, where for example the one frequency point is chosen to be the low-

est frequency, 
~ 

. An r(w) curve illustrating the “g” transformation is

given in figure 4.

The transformation function for the data values , R(~1), i s also

introduced as:

= R(~1)

I dRG = m i —
~~w i

or (28)

= in I (~~)f 
+
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LEN GTH =

dc~ c

—— 
__

~c 
= t(480°) r (IMAGINARY)

W j~~ ~~~~ W
j

=, 

~~ 
..%~~~

1
/

LENGTH~~~~~
LEN;H =~~&!~

LENGTH =
(A)

8

r (r eal )
Figure 4. The r(w) Curve Illustrating the Transformation

Function , g(w.~) = in (dr/dw )~ +

(i.e., Spacing and Phase).

The phase, 
~ G~- is written as:

1

~ ~~~~ 
2 (n ) iT (29)

~ 
G~ /

and

/Imag. (dR/dw)1\
= ARCTAN 

~ Real (dR/dw)j 1 (30)

To obtain a match between an r(u~) 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—

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

19
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curve ic considered to be the starting r(~ ) curve and the data is given by the

R(~ .)’s. Since the lower frequency end of the r(w) curve , (i.e., r(w 1) ), is

t~re stdble with respect to small changes in the trial electron density pro-

fi1~.s, i t  is likely to be the better choice for the end about which the requi red

rotation , (clockwise or counter-clockwise), of the r(w) curve is to be

carried out.

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

and (dr/dw)

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

pute G(~) and g(u ) in equations (24) and (28) are derived in the following

sequence.

The set of transmitted frequencies, w~ , (I = 1, . . - m) is assumed

to be a subset of possible frequencies , k (k = 1, - . - K). K is larger than

m. A reflection coefficient ratio (similar to r(w
~
) ) will be denoted for the

frequency set, wk by P(w k
) - The defining equation is:

i+

~ ~~~ ~V k , i I - i(R(w~)) 
(31)

Where the 
~~~~~ 

are linear combinations of the R(w 1 )’S with coefficients

(bk i ). The D(wk) values are obtained by interpolation of the R(w 1) values

and equation (31) is the interpolation equation . The (bk j ) are defined in

section Il-C of reference 3. The (bk j ) are not functions of the numerical

values of the R(wj) but depend only on the spacing of the 
~i 

frequencies

and on the number of frequencies m - At any frequency value where is

equal to an , the value of P(wk) will be equal to the value of R(~1)

20



Fi gure 5 shows the R—plane representation of the interpolated values , P(wk))

and the data value , R(w1).

The derivative at any one interpolation point , 
~k’ 

is defined in

terms of the change in value of p (i~~) at the interpolation points preceding and

following that point. That is:

_____ = 
(“
~~k÷1~ 

- wk_1)) 
322 A w

where ~ is the interpolation increment in frequency.

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

(dP(w
)
k 

= (bk+l j - bk l i ) R (
~~

)/2
~
w (33)

(
~ 

)
~ ~~~~~~

p ( : k )

R R (~ )
(IMAG.) rn-i

=

R - R e al
Figure 5. R-Plane Representation of Interpolated Values

t 

of ø(u k ) and Data Values R (w 1 ) .
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and in matrix notation

~ 
((~

)
~) = kF: k

~1. i(R~~~~) (34)

where h k ,i (bk÷l j — bk..l ,j) 
-

At the data frequencies, w~~, equation (34) simplifies to:

i I —).

~ ((4~.~
) )  

= i(a~ ji) 
i’(R(w~)) 

(35)

where the a1~~i matrix is obtained from the 
~k,i 

matrix of equation (34) by

placing only those rows of the (8k i ) matrix which correspond to values into

row positions of the (a
~~t u ) matrix. This matrix manipulation is further dis-

cussed in section Ill-H of reference 3.

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

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

k ((d~~~~) 
= kF~

k,i1~ 
i(r(w.)) (36)

and at the data frequencies w
~~
:

1’

.j 
((d~ (~))) = i (a i~~ i) 

- i (r~~j) (37)

I. Continuous Phase Terms, and in the r and R Planes

The desired result of the Inversion scheme is to obtain a match of r(w1)

values toR(w 1 ) values . To accomplish this , it is required that the phase, ~~ be
continuous along the r(~) curve. The same is true for the phase +Q alon~ the R(w) curve.
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From equation (25) the g(w) transformation variable may be written

in terms of the interpolated variables, 
~~~~ 

as:

= in ~2. +j  ((
~~ 

) ± 2 ( n ) IT \  (38)W k ~~ 1

(4k )

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

+ in + j ((~
) ± 2(i~ ) ~~ (39)

\ k k I

k

To satisfy the matching requirement between the r(w) and R(~) curves the values

of (~ ) and (ir ) must be chosen for each frequency, ~ , so that the phasesG k k
and are continuous along the r(~i) and R(u~) curves . To irsure continuous

changes in phase along the curves the differences: I~k 
- 

~k-1 l and I ~k+1 - 

~k I
must be small.

The smoothing requirement for the continuous phase along the r(w)

curve leaves the va l ue of (
~ 

) arbitra ry for one frequency, e.g. the lowest

frequency, 
~~
, which is ~~~~~. The value of (~i ) is then chosen so as to cause

9 k=3
the r(w) curve to rotate in the desired sense, (i.e. clockwise or counter clock-

wise) to obtain a match to the R(~) data curve. The values of the phases

(
~ ) and (~ 

) at the point k=3 will be identified as c~ (for data phase) andG k D

~ 
(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(w)]1 and

(r(j J 2. The phase values are identified as the direction assumed by a vector

23 
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~c~
250

~ 
[r( ~ ) J 1

R ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 20°

r,R ~Real }

Figure 6. Examples of for Da ta Valu es, R(w), and

for Computed Valu es , r(w).

originating at the lowest frequency point, r(w1) (or R(w1)) directed tangent V

to the r(~) (or R(w)) curve as the curve extends toward the point r(w2) (or

There are two ways that the [r(w)J 1 (or [(the r(w)]2) 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(w1). Th i s
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 )  ( b )

~~~~~~ : . _
~
__.__.;::f::

4 
‘
~D ( c•.

~
1r

\:V) ~~~~~~
7 ~~~~~~~~~~~~~~~~ ROTAT E = -270°~~~~

— ROTATE = +900

Coun tercloc kwi se rotati on Clockwi se rota ti on
for the curve [r(w)]1 for the curve
toward the curve [R(~)J. toward the curve [R(w)}.

ROTATE

/~— - -
~~

• ROTATE = +270°

(c) (d)

Clockwise rotation C- unterclockwise rotation
for the curve [r(w)]2 for the curve
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 Rot::e Toward the R(w) Curve. 
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r 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 i terative 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 ccrndition :

c + As -
~ minimum (40)

where “A ” 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 lI—C of reference 3 as:

coefficient matrix , K

- . .1 . j -~
.

~ (C~~~) + Av [~~ I 
.i~~~~~~~

. .,

~~~~~~~ 

~~~i

i’ V÷

~s(c new) .i (~o)  -j  (v i)+x i ’ [.~.tj .i(.. L..) i’(~
i ).1(9~~G~)

T _ve~ tor
(41)

Note that the (~a~) matrix and the (a~) matrix can also be denoted as the

vectors (~aj) and (a~) respectively. Eq. (41) may be written in the form of

equation ( 14) as

K (A ,g(u 1)) - (
~~

) = r~ ( A , ~~, g(w 1 ), G(w ~ )) (42 )
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r
with solutions

(ta ) = (K~~) 1 (43)

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

(A ~~~)~ to be obtained .

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

vector Is given by equation (23), and the g.~ and G
~ 

terms are given by
equations (24) and (28) respectively. The uncertainty matrix (1/a 11 1 ) is

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

- j - 4  1 +
-1

~
‘(
~~~

new 
= ‘

~~~~~~~

‘

~~~~~~ 

~~~~~~~ 

(44)

11
* 1 —, 1

/ O \  / ,  ~—1

• 

= 

~ i~i ) ~~~~~~ -R 
(45)

new 0

where the matr ix:

i V$.

~ I 
_i_ °\ (46)

~~~ a11
\0

Is a diagonal matrix wi th real constant elements and is composed of the

expected uncertainties as assigned to the data values , R(w1 ). The expression

“r=R” implies that, in the derivatives (ag/ar), everywhere an r1 occurs rep l ace

it with R1 (i.e. a data value). 
V
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The derivative terms (ag/ar) are derived in appendix E of

reference 3 as:

(
~
9
i) = 

m 
ai l i (47)

a1,~ ,,r 11 ,
I i”—i

1 =  2,...m

I =

and the a11, factors are defined in equation (35).

The derivative terms (ag 1/aa~) are derived in section Ill-I of reference 3

as

(
~~

) = 

(aft ) 

(48)

( ~ a1~, r~\ V

where the derivative (ar 1/aa~) is given in section IV-E of reference 3 as:

a1R1 
_____

ar. 1R 11 ~~ 
- iR1a~

= 2 
(- 1R1 - J 

(49)
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I I I .  SEQUENCE OF PROGRAM EXECUTION

A more explic it 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 va lue, a(z), for all heights from the bottom height through the top

height. The electron density of this profile is computed for all z
3 
as:

= 
°(Top stop) a(Bottom stop) (50)

This set of a(z)~ ’s is defined as (a~) initial . Note that the height incre-

ments chosen for the profile must satisfy the following relationship:

Z(TOP stop) 
- Z(BOttOm stop) — 2 51)bELTA I1 n

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

“A ” = A
1 

= 0. This requires:

i (c~7). ~
(
~~aj ) 

+ i’ (ct ) . i (a~
) 

= i ( V . )  ( 52)
1 In it ial

where

4. 4. +

(~ a~) = (a ’) - (a~ ) (53)
new initial

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

~~~
i
~new) 

= ~
‘ (c~~ ) .  i(v~)

This implies that a sol ution for 
~~~new 

is possible as long as the Cnew

matrix is non-singular. For the next step in the inversion , the above (a
s
)

becomes (a
d ). 

which is identified as the profile , 
new

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(w1) (or really g(w1 ) and the derivatives (ar./aa .) (or (ag./aa .) )
1 V1 1 1

needed to proceed with the inversion scheme.

The next step in the procedure is to substitute the values of (at) for

(a°) along with the values g(w.) , (ag ha.) , and “ A ” (i.e. A=A =A =0) all1 1 ~ 3 i 2 1
into equation (41) and solve the equation for (~a,j). The (~~j) solution will be

identified as (~~a .)  . This yields what will be called a “settle down ” prof i le
-
~

(i.e. (a.) = (a.) + (~ &‘i) ). 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,

will be used to increment the A odd values . The variables Aeven wi ll

be used to identify the “settle down ” steps in the invers ion procedure .

A relationship is that Aeven is equal to the previous Aodd (i.e. A 2 
= A~~,

A 4 
= A 3 etc.). This Implies that A 2 

= A~ 
= 0. The term 

~
Aeven will not be

IdentIfied or used in the procedure. The term ~A 1 is an initial value

assigned to the computer program as the variabl e 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

minimiza tion 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 , a1 (which is the

set of (a.) values given by the previously defined vector (a.) . To get from3~
point “a” to point “b” , in figure 8, a new value is assigned to the variable,

“ A ” . This is given by A new = A 3 
= A 1 + ~A3. The va lue ~A 3 is related to

At point “b” , the values of the variables g(w.) , (ag~/aa.) , A 3 and the
4. 1

vector (a.) are all substituted into equation (41). The (a.)
1 

values are
J i 3

DOPT .:~
:•- 

V.—H u.~ 
~~~~~~~

D
~~~~~~~~~~~~~ (c + s)

U)

I ~~7 •1
’ 1

Cd-’ I I
A —

~ 
‘ I

-, 
— _ e D. I

5 ’ 6  -

~ t~A 5~I I I

D .  
‘

~~

I I3,
• I I, I
• A 1,A 2 ‘ ‘

o 6 ’ ‘ 8a 3 a 5 7 a
£ a a

PROFILE (ct
j

) -
~ 

_____

Figure 8. Iterative Sequence to Obtain Desired Profile, (a)f inal
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substituted for the factor ~~~ The only unknowns in the equations are the (&z~)’s.

Equatior. (41) is then solved for the vector , ( . )
~~

(
~~ .)  . For a solu tion3 3 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 (Aa.)’ s.

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

(a .)  = (a.) + ( A a . )  (55)
new ‘~ previous new

This gives , at the point “c” in figure 8, the new profile (a.) . That is3 3

(a.) = (a.) + (.~ cv .) (56) V

3 3 3 3

where (a.) is identified in figure 8 as the profile, a3.3 3 1A quantitative measure of the change in profile between a and a is

given by:

0 = (57)

where in this Instance ( A a  ) (na.)
i q 3 3

At point “c” a full-wave computation , usin g the vector set (a
s

) as the

input profile, will give a new set of reflection coefficients, r(~1)3 
(or

9(wi )3
) and the derivatives (ar 1/aaj)3

(or (a gj/aaj) )  needed to proceed
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‘V.

with the inversion technique. If the profile a3 lies close enough to the

minimization curve of figure 8, then , the choice of value for A 3 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:

j 2n
- ~ (w i )1 

+ ~~ 
(

__j_

) 
(na .) (58)

I =

Here the g ’s are real functions of the variables g1 (real) and g~(imaginary )~
(thus the reason for the 2n instead of n on the sunination). Also , the g ’s

contain the uncertainty matrices , (1/a), of equations (44) and (45).

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

following. First , let a variable g’ (~~) be defined as:

2m -

= 

~~
i 1 

+ 

~~ 

( t a.)  } (59)

This is a linear first order relationship between the reflection coefficient

function g(w.) for profile a1 and the reflection coeffIcient function ~~ - )

for profile Now, the values computed for the g(w1) variables using the

full-wave integration calculation will not necessarily be linearly related to

the ~(~1) results. They will , in genera l , 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 g(u~) and the

full-wave variables ~(~1 ) are thus related to the magnitude of the higher

order terms. That is:

g(w.) - g ( w . )
1 1 3 2nd and higher order

terms are (&~ ) 
(60)

full-wave equation (59)

If the magnitudes of these higher order terms are unimportant, ~~~~ will be1 3
very close in value to ~~

(
~~) and the choice of A 3 is probably not too l arge.

3
On the other hand , if the difference between ~~(w.) and j(w.) is large (see

1 3 1 3
equation (58)) the choice of A 3 is too large and will have to be reduced if the

resulting a
3 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

(i.e., ôa~~) can result in very large changes in the reflection coefficients, as

computed by the full-wave i ntegration method , because of the addition of the

higher order terms mentioned above.

To determine whether the requ i rement of equation (58) is met sufficiently,

the following criteria is introduced and identified as a “SETTLE-DOWN” itera-

tion . To carry out the “SETTLE-DOWN” procedure, the SOLEQS routine is executed ,

at the point “c” of figure 8, using the values g(~~) , ( a g . / a a . )  , ( a . )  an d
-~ 3 1 3 3 3 3

A = A A . The solution is the vector (&z.I) which may be denoted as

(&~,)  - The subscript, SD, stands for “SETTLE-DOWN .”
~~SD

~

1 
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The (Aci-) may be thought of as those modificatio ns which when added to
3 SD 4

the previous profile , ct~ , will give the “SETTLE—DOWN” profile , (a.) = a
4

3 4
That is

(a.) = (a .) + (&~•) (60)3 4 3 3 3 SD

Note the location of the profile , a4 , in figure 8. This is identifi ed as

point “d” . The values obtained for the (~~ - ) are used to determine a mea-
SD

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

the changes in the profile, (~~)

Note here that all factors Aodd AA odd •1 odd 
‘ 3

~odd 
and refer

to the full-wave related variables . The factors Aeven , ~~~
v even even

and ~e en refer tO “SETTLE-DOWN ” variables .

The purpose of the “SETTLE-DOWN ” calculation is to define a quantitative

measure of how acceptable the a
3 profile is for satisfying the minimization

V curve. Helpful functions for determining this requirement are:

(i.) = ~~~•)  + 

~~ 
(;~.) ~~~~ (61)

1 SD 1 FW FW ‘~ SD

I = 1, . . -

where the relation between ~ 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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F For the case of the profile a3 equation (61) is:

‘i SO 
= 

~(~~
) + 

~~ 

(a
~~~~

) 
(t ~~.) (62)

Equation (61) states that is computed as a linear function of the flj ’ S

A second function determined from the “SETTLE-DOWN” resul ts i s:

S~ = 
~~~~~ ( (s . )  

- G.)2 (63)
‘ SD 1

where G1 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 A 3 was not too large and the profile a
3 is close enough for the inversion

sequence to continue . The variable 0 PRIME 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 “x”), the following procedure is used by the INVERT program.
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A “threshold” term is defined by the equation

- 0 PRIMERATIO - D OPT 65

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., A next = A previous +AA) for the next execution of the SOLEQS routine

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 is added to A 3 to get to point “e”

of figure 8 and the inversion procedure continues .

From the above discussion it is seen that the inversion sr;’leme proceeds in

a “boot strap” fashion of obtaining solutions (M~)to equation (41) for a

particular value of “ A ” , comput ing a new profile ( (c i .)  = (a.) + (~~ • ) )
new ~ oldV 

doing full—wave calculations on the (a.) to get new values of the reflec—
new

tion coefficient functions g(~~
) and (ag 1/aa.) , checking the linearity

new new
of g(~~) by doing “SETTLE-DOWN” calculations , and finally increasing the

value of “ A ” . 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

obta i ned as final as shown in figure 8. The definition as to what deter-

mi nes that any given profile in the i terative sequence should be identified

as the fina l profile will be that profile for which the variable S of

equation (63) reaches a turning point (or “el bow”) in a plot of S versus

iterative step num ber.
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TABLE 1

RATIO THRESHOLD S _________________________

RATIO COMMENTS AA A COIiIENTS

0.0 Convergence is 
~
Anew ‘

~~~~~ old new = ol d newA A +~~~ ~~ Using Anew solve

“A” going too slow- SOLEQS to get (tlcij)new
ly, so want to ® Compute new profile

speed up. Use (a i)new
t
~
Anew to get © Do full-wave on

0.8 A new (aj)new

0.8 Convergence is ~A = ~A A = A +~~A Same as “A” above.new ol d new ol d new
“B” going about

right , so want

to continue at

same increment.

Use 
~ new to

1.2 get A new

+ AA Same as “A ” above.1.2 Convergence is 
~ new~~ Ao1d/2 A

fl~~~~~
)
b1d new

“C” going too fast.

Want to slow

down . Use t~A

2.0 to get A new

2.0 Results are too AA new ~~
Aold/2 A new =A old ~~ Using Aold to

“0” far off con- “saved ” solve SOLEQS for

vergence curve. (
~
uj)new is the same

Will compute as using 
~~ j~new
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TABLE 1

______ _______________ 
CONTI NUED 

_____________________

RATIO COMMENTS A COMMENTS

t
~

A
~~~~ 

how- from settle down

ever it w il l solu tion of SOLEQS .

not be used (
~ Use (&Zj)s tti

• . downbut will be to get new profile.
saved for (V.~3 Do full-wave on

4.0 future steps. (~
_____ _____________ _____________ _________________ 

j ‘new

4.0 Same as “D ” 
~
A flew =

~
AOld/2 Anew = A old

_ l
~
Aold (1j Set 

~-
‘
~j~new

“E” above “saved ” A previous = 

~ j~prev .

® Do full-wave on
• these (a~)’s

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

given by:

1+ i ’-~- 19-
I ~ I ,  ~ I

V 9. — G. - j ( — . i’( _~~
_ - ( 9i — G. ~ (66)

1 1 1
‘-

~~~~~~~
.— 4 \  1 1 /  

~ \ I I~~ 4

where the 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 related 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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STEP NUMBER
Figure 9. Comparison between S and S as a Function

of Iterative Step Number.

uncorrelated and also the expected error va lues, ci~ , (i.e., the standard

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

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

This imp lies 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/rn) ~ 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 5 ) va l ues 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

I
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attempt to fit to the error which in turn leads to instability in the va l ues 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

V 
is , the expected errors (i.e., the standard deviation values , , 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(w1) , is

independent of the error for every other data variable. Otherwise, the transi-

tion represented by the “el bow ” would be much less well-defined and might even

be undetectable if too littl e 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 “A ” corresponding to the singularity condition Is

approached . When this occurs in the invers ion 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(w1) curve Is reversed). If this option is not success-

ful in alleviating the problem , no sol ution is poss ib le , for the given set

of reflec ti on coef ficien t data , when usin g the INVERT program.

I
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DOPT Mathematical point
where coeff icien t j~~(’~ + As) = 0
matri x , K, = 0 V

________ uns tab le
— 

o bV I region 
- -

4 ( D  >>

X 3, A 4 _  , I

A 1,A 2 

~~~~~~~ 

J 

~~ 

J

a a PROFI LE , (
~

) —0

Figure 10. IteratIve Sequence in which

DIvergence Occurs.
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IV. STRUCTU RE AND DESCRIPTION OF THE INVERT COMPUTER PRO GRAM

A. Program Structure

Figure 11 presents the general flow of the INVERT computer program

showing the relationship between the various 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 M m .  
< 200 67DELTA Frequency —

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

(a) , and propagation frequencies Cw ) -

(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 , “AZ IM ” , (I.e., degrees

east of magnetic north), Codip angle, “CODIP”, magnetic fiel d

_ _ _  

- 
~~~~~~~V. V V V V V

~~~~~~~~~~~~~~ 
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Figure II. Structure of the INVERT Computer Program.
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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 ” .

(4) SUBROUTINE CONTRL:

This routine controls the running sequence of the remainder of

V 
the total program , especially the incrementing of the trade-off

parameter “A ” which determines the convergence of the inversion

scheme.

(5) 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).

(6) 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

s-matrix of equation (34). This routine uses the subroutine DGELB.

(7) SUBROUTINE DGELB:

The rou ti ne solves a system of simul taneous linear equat ions
V with a coefficient matrix of band structure, (i.e., ~ 

= C~~ •

where is of the form :

k
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/ 

b a— .,

I c b ~~~
= 1 ~

~~~~~~ ~~ :
(8) SUBROUTINE LOGS:

The routine sets up the parameters for making use of the G

function of equation (28). That is for G1 in (dR/dw)i
where R 1 are the input variables (i.e., functions of the

reflection coefficients). The routine generates a continu-

ous curv e R (~) (e.g., continuous in phase) by making use

of the 8-matrix of equation (34). Subsets (a11 1 ) of the

8-matrix are used to compute the derivative term (dR/dw)
~

along the R(w) curve. This derivative is given by equa-

tion (35). Also obtained are the derivatives (dG/dR)
~ 

of

equation (47). The uncertainty matrix (l/a)new of equa-

tions (44) and (45) are also computed. This routine uses

the subroutine CLINEQ.

(9) SUBROUTINE CLINEQ :

This routine finds the solution , ~~, of the matri x equation

A * * * = where an d are trian gular

matrices.

(10) SUBROUTINE RDRDA:

This routine sets up the parameters for making use of the

“g” function of equation (24). It computes the following

parameters: (dr/du)1 of equation (37), (ar 1/actj) of

46
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equation (49) and (~~~1/ ~ a~ ) of equation (48) to be used in the

subroutine SOLEQS. The continuity of phase for (dr/dw) is also

accomplished in this routine .

(ii) SUBROUTINE INTEG:

This routine does the ful l -wave integration for the ionospheric

reflection coefficients (i.e., ~ of equa tion ( 1) and
(aR /aa~) - The Integration is accomplished by a Runge—Kutta

procedure. INTEG makes use of the following subroutines :

INITL I , DIFFEQ and COEFFS .

(12) SUBROUTINE INITL I:

This routine computes the ionospheric reflection coefficient

matrix, ~~~~, for a shar ply boun ded ionosphere . These resu lts

are used as star ting values for the ~ integration of sub-

routine INTEG .

(13) SUBROUTINE COEFF S:

Thi s rou ti ne computes the coefficien ts for d~/dz

(14) 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.

(15) SUBROUTINE INIT S:

This routine computes variables which are used In the full-

wave solution and are functions of the variables of INIT I
V an d also of the propagation frequency, w

47
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( 16) SUBROUTINE D IF FEQ :

This routine computed the derivatives (d~/dz) and

d/dz (aR/~a(z~)) for use in the full-wave integration .

is the ionospheric reflection coefficient matrix of

equation (1).

( 17) SUBROUTINE EN NU: V

This routine interpolates electron density and collision

frequency profiles as a function of ionospheric height.

( 18) SUBRO UTINE SOL EQS:

This routine obtains the solution of equation (41) in terms

of the change in profile (&~) from given values of deriva-

tives (~g1/aa~) and a given value of “x ”. This routine

also computes the parameters, “error width” and “resolution ”.

The solution (&z~~) is obtained through the use of the sub- 
V

routine DGELS. 
V

( 19) SUBROUTINE DGELS:

Solves the matrix equation (41) for (&~)

(20) SUBROUTINE CARDS :

“Punched ” card output for continuing inversion procedure

in a subsequent computer run.

(21 ) SUBROUTINES SET CKL AND LK CLKS :

Systems routines for keepin g track of ela psed time so that

output to subroutine CARDS will be obtained before computer

run is terminated by exceeding the time limit. V

(22 ) SUBROUTINE R PLOTS :

This routine provides computer printer plots of Ionospheric

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 sumary tables of computed parameters for

V each successive i teration in the inversion scheme. The printed

values are: r
~ 
(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 underfl ows during

computation .

(26) SUBROUTINE MIX FCT:

This subroutine provides for matrix manipulations.

C. Identification of NAMELIST Variables

(1) NAMELIST: & FULL WV

( a )  ‘THETA ’ -- Incident angle of the transmi tted wave onto

the ionosphere. (degrees)

(b) Geomagnetic parame ters of the ear th’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

V 
‘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 corn-

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 obta ined through

the i terative steps. If not the program execution stops.

If ‘ IPRO FP ’ = 0, only the iterative profiles are

plotted . This is because if the input data values , R (
~m ) , V

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) ‘HISTOP’ -- The heights (km) of the electron density

profile at which the profile “stops” are to

be applied . “HTSTOP(l)” is the higher height correspond- 
V

ing to “STOPS(l)” while “HT STOP( 2)” i s the l ower height

corres pond ing to “STOPS(2)”.
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(b ) ‘STOPS ’ -- The l imiting values (in electrons/cm3) of the

electron densities that the iterated profile

can take on at the heights . EITSTOP(1) and HTSTOP(2).

(c) ‘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

ionospheric height in km.

(i) If “NUFLAG=O ” , the values are:

COEFNU = 1.816 E + 11 , coll/sec

EXPNU = —0.15 kni1

(ii) If “NUFLAG = 1” , the values are:

COEFNU = 4.303 E + 11, coll/sec

EXPNU = -0.1622 km~
(iii) If a different exponential is desired , set

“NU F LA G O ” and enter the new values of COEFNU

and EXPNU through the NAMELIST , DATUM .

(d ) ‘DELTAL ’ -- The initial value of the parameter ~~

(e) ‘DOPT ’ -- A term used in the iterative procedure and

defined by:

RATIO - OPR IM E
- DO

_
PT

(f) ‘ALPHA ’ -- The values of the logs of electron densities

at each height of the profile, (I.e.,

ct (z)
j 

= 10910 Ne(Z)) . These ALPHA values are obtained

from a prev ious execution of the INVERT program and are

output from the subroutine “CARDS” .

51
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P (g) ‘NRSTPS(J ,I)’ -- The number of Runge-Kutta steps in a

pair of height intervals between heights

(h(2~~1)) and (h(2~~1)) for the i-th frequency, w.~

(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

(j) ‘lPRINT ’ -- Printout of Budden ’s reflection coefficIents

as a function of height. Printed when

IPR IN T = 1
( k) ‘ROTATE ’ -- Determines the rotation of the computed r(w)

curve in the r-plane. The values used are

that:

= “ +“
, is counter—clockwise rotation .

= “ — “
, is clockwise rotation.

ROTATE = “0”, the program chooses the rotation

direction of smallest difference between

the and the ¼ of section (Il-I).

The following tables give the initial values of the

NAMELIST variables .

L V ~~~~~~~~~~~~~~~ 
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r TABLE II

NAMELIST VARIABLES AND INITIAL VALUES ,

NAMELIST : &FULL WV

NAME VALUE UNIT S

AZIM 90.0 degrees

CODIP 12.0 degrees

MAGFLD 5.3 E - 5 Weber/square-meter

THETA 22 degrees

IRPLOT 1 non e

IPROFP 1 none

IPRINT 0 none 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



TABLE III

NAMELIST VARIABLES AND INITIAL VALUES ,

NAMELIST : &DA1UM

NAME VALUE UNITS NAME VA LUE UNIT S

ALANDA 0.0 km HTSTOP(1) 93 km 
V

ROTATE 0.0 degrees HTSTOP(2) 50 km

DELTAH 1.0 km STOPS(1) 1.0E3 electrons/cm3

DELTAL 1.0/64.0 km STOPS(2) 3.0 electrons/cm3

DELF 0.1 kHz COEFNU 1.816E 11 collisions/sec

DOPT 1.0 none EXPNU -0.15 km ’

IPRNTE 0 none ALPHA(51) none none

NUFLAG 0 none NR STPS none none

MR 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.

The simulated data input is described by:

R(~1) 
= R(w.) + (68)

1 F.W.

where

-- are the propagation frequencies.

R(w.) -- 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 coeffic~Tnts of

• the data when no error is present.

V 
-- are the actual simulated errors assumed to be present in

the data R(~1 ) at each frequen cy .

The above variables are computed using two auxiliary computer programs.

These are identified as FULLWAVE and RANDOM . FORTRAN listings of these pro-

grams are inc luded in appendices A and B of this report.

B. The Auxiliary Program, FULIWAVE

The FULLWAVE computer program gives simulated reflection coefficient

values for the factor R(w ) of equation (68). These values are obtained from1 F.W.
the integration of equation (4) and the generation of equation (5) (or equa-

tion (2)). The input to the program is a simulated electron density profile (i.e.

V 
the “Data Profile”), assumed coll ision frequency profile, geomagnetic field parame-

ters, the frequency range desired and a value to be assigned to the expected error, SIGMA .

t

I 

~~~~:~~~~~~~~~~~~~~~
V ~~~~~~ V . • V V V V V V V V~~~ V 

- -



r Figure 12 Illustrates the relationship of the various subroutines

for the FULLWAVE program.

The following is a list of the subroutines used in the FULLWAVE

computer program.

(1) MAIN ROUTINE:

Provides for input to the program , including input electron V

density and collision frequency profile. It also provides for

MAMELIST input.

FULL WA VE[ MAIN 1

PRFL IN 
CONTRLCOLFIN ] 

_______________

ii 1’
INT E G 

[ 
RPLOT S 

1

INITLR I I SMTRX

~ 
TMTRX DIFFEQ

QUART C ENNU
AUXILIARY ROUTINES 

~XFER
OVCHK
ROUT

BLOCK DATA

Figure 12. Program Flow for FULLWAVE.
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(2) SUBROUTINE PRFLIN:

Provides for reading an electron density profile into the

program. This profile is a table in terms of height and

electron/cm3.

(3) 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.

(4) SUBROUTINE CONTRL:

Controls the running sequence of the total program .

(5) 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 , ENN U, DIFFEQ.

(6) SUBROUTINE RPLOTS:

Provides for printer plots of real and imaginary parts of the

reflec ti on coeff icient func tion of equa ti ons (2) and ( 5).
(7) AUXILIARY ROUTINE S:

BLOCK DA TA, XFER , OVCHK an d ROUT.

The following are NAMELIST, “DATUM” Inpu t variables ;

( 1 ) FLOW :

The lowest frequency (kHz) for which full—wave computations are

to be made.

(2) FHI:

V 

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

V to be made.
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F (3) F INC :

The increment in frequency (kHz).

(4) THETA :

The angle of incidence ~n the ionosphere of the transmitted

radio wave.

( 5) AUM :

The azimuth of the radio wave direction measured in degrees east

of magnetic north.

(6) CODIP :

The codip of the magnetic field vector. CODIP = 900 at the

earth’s magnetic equator and = 00 at the earth ’s north magnetic

pole.

(7) MAGFLD:

The magnitude of the earth ’s magnetic field (webers/m2)

(8) NUFLAG :

A flag for determining the collisio n 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 ’

NU FLAG = 1, COEFNU = 4.303E11 collisions/sec

EXP NU = -0.1622 km4

If a table of collision frequency values is to be read in V

through th~ subrou tine COLFIN , then NUFLAG mus t also be set to

zero.
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(9) NPUNCH:

If NPUNCH = 0, no output cards are punched . If NPUNCH = 1,

output cards are obtained with frequency (kHz), real an d

imaginary parts of the R variable of equation (2) and a choice

for the expected error, SIGMA , on each card .

( 10) I PROFP :

Provides for printer plot of electron density profile:

IPROFP = 1: plot is obtained

IPR OFP = 0: no plo t

( 11 ) IRPLOT : V

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

1RPLOT = 1: plot is obtained

• IRPLOT = 0: no plot

(12) SIGMA :

The va l ue of the expected error, U~~~~~~~~ . assigned to each data

value , R(w1 ).
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TABLE IV

INITIA L VALUES OF FULLWAVE

NAMELIST VARIABLE S

NAME 
-— 

INITIAL VAL UE UNITS

FLOW 0.5 kHz

EHI 25.0 kHz

FINC 0.5 kHz

THETA 0.0 degrees

AZIM non e degrees

CODIP none degrees

MAGF LD non e webers/meter2

NUFLAG 0 none

COEFNU 1.816 x 1011 colli sions/sec .

EXPNU —0.15 km4

NPUNCH 1 none V

IPROFP 1 none

IRPLOT 1 non e

SIGMA 20(0.03) none
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C. The Auxiliar y Program, RANDOM

The computer program RANDOM provides for gaussian random error
V V values , c

~~
, to be added to the FULLWAVE reflection coefficient values R ( w . )  -

1 F.W.
The actual simulated error, c 1, is computed by the expression:

= uiq x (69)

i=1 ,. . .m

where

-- is the expected error in the data as chosen for each

frequency, w1.
U
jq 

-- 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 , ~ = 1, as:

u (x)~ ~i exp (-x 2/2) (70)

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

between -6 and +6.

u (x)

Figure 13. GaussIan Distribution .
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Let different sets of random numbers be identified as q = 1,2--- ,

where the value assigned to “q” is input to the program , RANDOM by the

NANELIST variable, IRANDM. A given q-th set of random numbers is given by

the values , uiq~ 
1=1 ...

Note that the val ue chosen for a1 represents the standard deviation

of c .~ = U iq x as a large number of sets, q, are considered .

In the computer program, RANDOM , the complex values of R(w
~
) are

F.W.
divided into real and imaginary parts. The same value, a.1, is then appl ied to

each of the parts (i.e. real and imaginary) of a given R(~.) . Separate
1 F.W.

values of u. are appl ied , however, to the real part of R(w.) and to theig 1 F.W.
imaginary part of R(w.) . In the complex R plane the expected error, a. ,1 F.W. 1

is represented as a circle of radius a. about the data point R(w.) -
1

The above definitions are such that for a given frequency , 
~~

, and

given chosen value for the expected error, a.,  then the true value , R(t~.)1 1 F.W.
will lie within the error circle of radius a 1, drawn around the value

R(w~),68.3~: of the time as a large number of error sets, q, are considered .

This result is illustrated in figure 14.

The NAMELIST variables of the computer program RANDOM consist of

the following:

IRA N DM -- Determ ines a spec i f ic set of ran dom num bers.

Default: IRANDM = 1.

NRF -- The number of propagation frequencies.

Default: NRF = 20.

SIGMA -- The expected error, (a1 ), in the R-data .

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

YES 
RANDOM

Figure 14. “Error Ci rcles ” for a given Figure 15. Program flow for
Frequency, w~ an d given expected error , using simulated data in INVERT
a1, for three error sets, q. program.

D. Examples of INVERT Execution for Simu lated Data

The following sequence of computer ri ns must be carried through In

order to complete an execution of the INVERT program using simulated data.

FIgure 15 shows the sequence of the required programs.

First, the set of reflection coefficient values , R(w.) Is obtained
1 F.W.

from the aux i l iary program , FULLWAVE . The inputs to this program are the known

electron density profile (i.e. simulated data profile), incidence angle, THETA ,

the geomagnetic f iel d parameters and the ran ge of propaga tion frequenc ies

desired. The chosen expected error, SIGMA (a i), may also be Input. There are,

however, defaul t valu es of a1 incorporated into the program. The output con-

sists of the set of values: frequency, w 1, computed values of R(wj) {real}
F.W.

and R(w~) {imaglnary} along with values of the expected error, SIGMA (i.e.a4).
‘ F.W.

There is one Set of all the above values for each frequency, t~~~~~.
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Second, a choice is made as to whether it is desired to add random

error to the R(w) values obtained from the FULLWAVE calculations . If not ,
FW

the output from FULLWAVE 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 is different from that of the FULLWAVE output , then

modifi ed values of a~ may also be input to RANDOM through its NAMELIST, DATUM.

The computations within the RANDOM program add a random error value , , to the

FULLWAVE values , R(w 1 ) , to give the data values , R(w.) . The output from
FW 1

the RANDOM program consists of the set of values: frequency , w
1 
, computed

values of R(~1 ) (real) and R(w
~
) {imaginary } along with values of the

expected error, SIGMA (i.e., o~~). There is one set of the above values for

each frequency, w~

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 lists 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 
V

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 compl ex 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 IRANOM=2 for this case. Example V gives the printed input.

Example Vl presents the random numbers computed using IRANDM=2. These num-

bers are used to compute the actual simulated error, . The equation is:

R(w.) {real} = R(w ) (real) + (U (real) x a . )i c 1 FW i,2 1

(7 1)

R(~1) {imag} 
= R(w.) fimag } + (U. 2(imag) x a

j
)

C 1 FW 1 ,

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

R(w
1
) {real) = 0.290 + (—3.233 x 0.03)

C

= 0.193

(72 )

R(w ) (imag} = -0.332 + (1.687 x 0.03)
C

= -0.281

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 corn-

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 w
1

the data values R(w1)(real} , R(w 1 ){imag} and the expected error, . Also

included are the two sets of NANELIST variables. These are identified as

FULLWV and DATUM. Example XI II 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 . Exampl e XVI shows the computed results of r(w1)

I (dr/dw )~ I ~
dr/dw)

~ J~J and 4
~g 

as given by equations (5), (25) and (37) as

obtained from the full-wave Integration of the profile in example XV. Example

XV II is the plot of R(w) and r(w) values as presented in the complex R (or

r) plane . The results of R(w
~
) are those listed under “data values ” for

“RE(R)” and “IM(R)” in example XIV . The inversion values , r(w1) , 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 identifi ed as “computed values ” in exam ple

XVI I . Note the large mismatch between the R(~1) data values and the r(w
~
)

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 “AX ’,. This criteria is identified as

the “SETTLE-DOWN”. Example XVI II 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

invers ion procedure con tin ues as shown in example X I X for steps (a) throu gh

(m). That is a new AX (i.e., AX 3) is computed giving a new value for “X ”

(i.e., A 3) . Next a solution for a new profile increment (&z)~ , (i.e.,

(~~
.) ) is obtained by solving equation (41) with the SOLEQS routine. The pro-
3 5

file increment is added to the previous profile giving the new profile . Full-

wave solutions of r(
~~
){real} and r(u 1){imag} are obtained for the profile ctj~

These r(~1) values are then plotted in the complex r-p)ane, 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), DPR IME , from equation (64) and RATIO, from equation (65). The i tera-

tive sequence then proceeds again In a similar manner through the steps (a)

through (m) with the calculation of a new AX (i.e., AX 5) an d new “X ” (i.e., x5).

The complete “boot-strap” procedure is repeated several times wi th computer

plots of each iterative profile and of each match between R(w1 ) data and the

resul ting fullwave values of r(w1) presented at each step.

If the resul ting values of S , from equation (63), and of S , from

equation (66) are manually plotted against iterative step number , the resul ts

presented In figure 16 are obtained. As discussed previously in section III ,

with regard to figure 9, an “el bow” 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.

67

_ _  - —- —



-t 
5OO~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

® -  S Va lues
400 -

300 — INSTABI L ITY IN S
S /DUE TO ATTEMPT TO

FIT TO ERROR
200 - 

A ~100 — 

~ / \ / 
X’

A

.
I I S I • I • I •_~~~ ‘ 

5._ S •_~~~ • 5_ s • I_S •_~~~

“ELBOW ”
0 I I I I

15 20 25 30 35 -40
STEP NUMBER

Figure 16. S and S Curves for Random Error Set Number 2.

Fi gure 17 i l l u s tra tes the invers ion resul ts in terms of the S and S

curves for the set of random errors obta ined 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-~ resul ts, as given by fi gure 16,

allows for the selection of a particular Iterative step (i.e., that step num-

ber at the “&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
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V inverted profile. Example XXI illustrates the R-plane comparison between the

R(wj) data points and the full-wave computed values r(w1) using the above

inverted profile. Also shown in this example are the printouts obtained from

the INVERT calculations.

Section V-C states that for a given frequency, 
~i 

, and given chosen

V value for the expected error, , the true value of R(w.) will lie within
‘ FW

the “error circle ” of radius , drawn around the value R(w1) , 68.3% of the

time for a large number of error sets. The results of example XXI are shown

plotted , with these “error ci rcles ” , in figure 19.

For the random error set number 3 (see examples IX, X and xl), 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 XX III illus-

trates the R-plane comparison between the R(w1) data points and the full-wave

computed values , r(w1) , using the inverted profile of example XXII  as input.

The results of example XX III are also shown plotted with “error ci rcles ” in

figure 20.

In figure 18, for the no error case, the scale used for the S and S

axis 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 XX IV as

compared with the origina l simulated data profile. Example XXV then gives the

R-plane comparison between the data points , R(w ) and the full-wave computed
FW

values , r(wi) from the inverted profile of step number 28.
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FULLWAVE INPUT

• PROF ILE 1
S MULA T ED D A T A  P R O F I L E  (NO. 1—B )• ‘ti~i 

V

96.g~ 2.10+95. 2. 0+
94.  0 2.10+
93. ~‘

92.
91. 1.90+
90. 0 1.52+

U: 8
87. 0 3.50+
86.0 3.084
85.0 2.96+
84.0 2 .934 0
83.0 2.93.0
82.0 2.75.0

~:fl8~ EXAMPLE I
79. 1.20+0 2
78. 8.70,0
~?.
76. 5.1 •
75. 4.12.
74. 3.97+0• 73.0 4.15.0
72.0 4.72+U
71.00 5.63+0
~~~~ 6.84.00
69.OO 8.30+0
68.00 9.60+0
67.00 9.60.001
66. fl 8. 98.0
65. O 7.72+
64. 0 6.60+
63. 0 5.42+
62. “ 4. AO+0
61. O 3J3.0

~: 8

}
~ti13. •0

51. 2.55+0 0
50. 0 1.93+000

$DAT UM
V~~1I~~IAV*Zj a O IA21PI_ 90s0~~C o D I P i 1 2  .O,MAGF% D*5,31..5,

.0, F$I.20,0,
• wAU

QUIT
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INPUT TO RANDOM

IDAT UM
4R AN DM *2,

N RF B IU ,
& E ND
TE~ T

8 

ASE FOR A D~~~ RANDO M 
~~

ROR (NO~~~~) SIMULATED PROFILE (NO. 1—B )

ii 
:g~~~~~ 

EXAMPLE IV

:~f l : h ~~16.OQ .027 • 14 .03—99.9 u L.... R(wj)Fw J

PRINTED RANDOM INPUT

TEST CASE FOR ADDED RANDOM ERROR (NO . 2) S I M U L A T E D  PROFILE (NO. 1—B )

INPUT DA T A p_ R(w l)F W _,
N FRE Q UENCY ~ R

1 Imaginary
1 7.000 .~~~0 — .332

2 8.000 .497 — .243

3 9.000 .520 — .060

4 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
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PRINTED RANDOM OUTPUT
V 

.V TEVVSVT C A S E  IOVR V ADDED iA&DQI 1.IVVLOIV (JlQf Vt) SZ1IU~P~TEO P R O F I t E (NO. 1—8)

GAUSSIAN RANDOM X DATA
I IR AND M XREAL (14

4
) IRAN DM X!MAG (U~p)

1 1331975123 —3.233 1192245589 1.687
2 1582285849 .281 731406625 —1.123

1:2k ~I~~~t’~5 99 99 81 • 51 341O17~7 — .549
6 145 75 61 — . 45 52708625 1.271

10 68 40 9 — . 5  9~ 3 8 ~~6~~5 — . 7

EXAMPLE VI

V PRINTED RANDOM OUTPUT EXAMPLE V II  
V

TEST CA SE FOR ADDED RANDOM ERROR (NO. 2) SIMULATED PROFI LE (NO. 1—8)

G AU S S I A N R A N DOM R D A T A 
-

V 

N FRE Q UENCY :t ~ th :~i 
(R(w~)~

3 9.00 .5 0 — .060 .463 — .106 .03

7 3.Q0Q .114 .123 •17~ .091 .030
.~~~9 •V 8~ •1O~V •~~4 •~~4i •~~ , ~~~10 o.uuu .u~~r .v1 4 .uul — .uu v

PRINTED AND PIJ4CHED RANDOM OUTPU T EX AMPLE V I I I

SIMULAT ED DATA PROFILE (NO . 1—B ) ((FOR THULE ))
*0* ADDED RAND O * ERROR •*~ (SET NO. Z)

•12~ — .ill
5~~03 — .ç r r

9,Ou .463 — .i06 • 3
:U~ :~
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TEST C A S E  FO F A D D E D  R A N D O M  E R R O R  (NO. 3) S I M U l A T E D  P R O F i L E  (NO. 1—B )

PRINTED RANDOM INPUT EXAMPLE IX

g t J AT U V~ iV~~~
V

IR A h D ” 3,
p,~ ~~~~~~~

-- IL~~D
T I~~T C A S E  F OR A D D E D  R A N D O M  ER~IOR (NO. 3) S IM U L A T E D  PR O F I L E  (NO. 1— P )

.2 9” — .~~32

.4 c ?  — .24 ’ ~%3fl
- ~~~~~ ~~~~~ ~~~~~3 I%  _____________ V

• 4 5 ~ t~68
11.00 .36~ .130
1 2 .0 0 .2~~~ . 1 4 2  .O~~~

—

~~~~~~~~~~ 
-M i— —~R~P

i e .0C .024 .044 • l~3’~
.027 • 0j 4  •(‘30

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Rt ‘%W I IF  W

PRINTED RANDOM OUTPUT EXAMPLE X

TEST C A S E  FO R A D D E D  R A N D O M  E P R O R  (NO. 3) S I M U L A T E D  P R O F I L E  ( NO.  1— 8)

G A U S S I A N  R A N D O M  X D A T A

V 1V V1P.PVKDP~ 
V I R E A L  I R A N ~~VI~ _~~~~ V k I M A G

~ ?~~~~~2’73 — 3 .722 18!’5°51~~65 .65 r
2 1~ S 7 9  ~ 5 — .0 4 1  4( ~~ 6 6 5 3 ~~3
3 ~1 ‘~~~-—-—- -—1-4~— — - - ~~~~~~~~~~~~~~~5 179573812 9 .38P 9~ O93~~2S? — 1 .49Q
C 45~ 339~ 57 .024 629049969 .374

V_V  

~‘- i-m~~i-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
v 17 5 5 , 1 5 7 9 3  .~ 75 90U37073 — .74

10 194323985  — 1 . 0 5 1  104 2~- 2 1 9 6 9 .03

80

L~~V .__V-VV - — 
V_V_ _~~ - _~____ •

__
~~~~V~~VV - _•_ —



r

PRINTED RANDOM OUTPUT

TE ST CASE FO R A D D E D  RANDOM ERROR (NO. ~) SIM U L A T E D  P R O F I L E  (NO. 1— P )

6 I l J S S I A ~, P A N D O M  R D A T A
F R E Q U E N C Y  TR(w l)F R Pr

(1
~ i)c~

)__r S I G M A
1 7 . U ( .~” — .~~3 ’ .l7~ 

_ .T13
2 8.Ou~’ ./.97 — .21,3 .496 — .238 .030
3 9.~ DC .520 — .~~ 0 .4 ? ~ — .C59 .030

1C . O( ~r .45 7 • ‘)6~ .4~~4 • r 3 5  .030
S 1 1 . Q 3 C  .~~63 .130 .~~75 . C 8 5  . ‘~~06 1~.

, ,.,r .25E~ .142 ~~~~ .153 •Q~~07 13 .L~OC .154 .1~ 3 .16~ .146 .030
5 j 4 •~~ (~~ .1~~ 9 • 03~ •~ i~~3 . 0d 4  .030
9 1 5 . ( j r  , f ;~~4 • f~44  .~~e6 .~~22 .03 0

16. Oi JC .~~2’ .0 14 — .~~t 5 .t~15 .~ 3O

PRINTED AND PUNCHE D RANDOM OUTPUT
TEST CASE FOR A D D E D  RANDOM ERROR (NO. 3) S I M U L A T E D  P R O F I L E  (NO. 1—B )
7.00 .178 ~~~~~ .0~~O
~•QQ 

.4v6 ~~~~~~~~~v.uu .470
10. 0 .494 .035 • 30

3: 8 ~~ :~L~ : ~8
3. Q .168 .146 • 30
4. u .u33 .084 • 30

— ~: § — :~~~~~ ~~ : ~8
S 

-L.—- R(~~)~
_t

EXN4PLE XI
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•V
V~

SIMULATIUDA rA PROFI1.E CR0 . 1_ ~B1
_V V VtCTOL TNuLE ,j

*~~* A D D E D  RA N~~~N ERROR •.* (S ET NO. 2)
7.00 .1 — .281 .030
8.OQ .50k —j 7?

.46~ —. 06 .u30
:~t~ :~Z :818

12.00 .245 .180 .030
13.00 .175 .091 .0301~:88 :8~ :X~ :818
16.00 •oöi — .~~09 .030

—99.90
W AVE
& FU LI WV
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SEND

DATA PROF ILE (NO. 1—B )~~~ U LA TED 

~~~~98.0 2. IOE+03
97.0
96.0 c.I OE+O.,
95.0 2.IOE.03
94.0 2.ICE4O3

91.0 1.90r+03 INVERT INPUT
90.0 1.SZE+03

EXAMPLE X II
87.0 3.50f+02
86.0 3.08E•02
85.0 ~.96E+0’84.0 ~.93E.O1
83.0 c . 93E4 Oc
82 .0  ~ .7SE .0 ’
81.0 ~.19E +O~1.71E,fl Z

1.2 0
78.0 8 .70(401
77.0 ~.6QE+O76.0 ).I.)E40
75.0 4.1~E4074.0 3 .97E+O

• 4.I~~E+Q

5.6~ E4O
a 4 .~~~E4 O

10.0 6 .84(401

67.0 9.60(401
66.0 8.98(401
gz:8
63 .0  5 .42E .0 1
6~~.0 ‘•

~
0E+01

6 , . 0  3. 3E. 0 1 h AM E
2 . 82 ( 4 0 1  $ D AT UM

58.0 1.70(401 STO PS 1 •.~~~~... ~
2.2 0(401 sTST0P.r0 A0

~~~

.C,
MU FL A 5$57. 9 . (4

. £481 DOPT~0.1i?E.OO D ELTAL .
54.0 5. 65 (400 R0TATE ~ +

M IPi~~9 ,‘3.0
• 91:88 SE ND

51.0 L~~ E+OO
5O~~~~~ 1.9 3(400

82
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SIM ULATED DATA PROFILE (NO. 1— 0 ) ((FOR TWULE ))
ADD ED RA ____________________ R OR *** (SE1.uu V V V_~~~~~ 2~N .V ER fl ~~~~ VV V V 

~~~ 
2)

8. .~05 — . 77 .0~

~~

. :~~ :8~1 • .43 .  .~6’
1 • .~43 . ~. •~~U: :~13 : ~ :81
15. .o~c . 4~16. .9~ — . .81
—99. .uU . i.,O .00

FULL W A V E IN PUT L ~ —I
W A V E  

R(w 1,

&DATU MV 
THETA a 22.000 DEGREES A iiM z 90.000 DEGREES

I!NINT • 0 IPROFP • I IRPLOT 1
CODIP = 12.000 DEGREES MAGF LD a 5.300—005

&E N D

S IMULAT ED D A T A  PROFILE (NO. 1— 8 )NAME
& DATU M
NTST OP ( 1)  a 100.000 HTSTOP (2) 50.000

S T O PS ( 1)  S 7.000.002 ST OPS ( 2 )  Z 3 .000+000

IPRNTA a 0 IPRNTE • 0 NUFLA S ~

M IN a 9 DOP T a .400 DELTA M 1.000ROTAT E a 90.000 ALA M DA a .coo D ELT A L * .0625NUF LA G I C O E F N U  a 4.303+011 EXPNU — .1622SE N D

PRINTOUT OF INVERT INPUT EXAMPLE XIII

V 

( 
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IN DG EL 8,  IER • ~ 
- values from equation (34)

— .25261 .31921 .08406 :~fl1~ 
— .00583

—4 5107 •R RH~— .c4629 •~~fl ::~fl~3 • 45 ~~~• I Y d I~~— .2 3831 .2867 0 ~~.fl 4 .01610 — .004 24

— .25267 .31921 — .08406 .02214 — .00583 

~_3 etc::~~fl :~ Z~ ~~~ ~8~i~9 i8~2?::1~~ :12~8 :82~9~ :~8~9I ~88~I1

CL 1N EQ ERR .060 Computed values of from equation (45)
3.33 + 01 .60 .00 .00 .00

•C0  .00 .00 .00 .00

3.33+~O1 6.584000 3.10+0CC -1.22.000 5.22+000
—5.6I—u08 4.88+CO0 —9.45+OOC 4.28.000 —2.94.000 I etc

3.33+001 7.68+000 7.64-301 -5.99-001 2.57.000 
V

2.87—~)O8 5.84.CO0 —2.33+0CC 2.11.000 —1.45.000 I
3.33+~O1 7.88+000 1.14-008 -1.52.000 5.22+000 I6.15—008 5.844000 1.72—009 5.34.000 —2.94+000 u

etc

radians

DATA V A L U E S — —  r
R(w j ).i ~~~ 5dR~dw J~ (~~ J~ 

lflr L L~i~FR EQ R E ( R )  1M ( R )  M A S ( D R D F )  A ( D R D F )  RE (S )  IMIS)

~:88 ~~ ::~93 ~~ —3 :~~~~~~~~ :~i1~2
9.00 .463 — .106 .045 1o:~ 

3 . h h h l 2  1.88797
10.00 .442 .067 .020 5 —3 .91568 1.84757

1~:88 : t  :1~~ 1 9 :tR~ :1:U~~1~~.0C .i75 •b91 ~~4e 214.276
14.00 .087 .105 .017 181.259 —4 .08574 .1635
U:88 :8~ -:8M :818 1:~1~ :t:~~~ t:~HH

END OF IN1 T IL IZA T ION

EXAMPLE XIV PRINTED INVERT OUTPUT
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NEW LAM B DA ———

a 
(a) DE LTA LAM B DA 3 ~ .08839

(b) SOLVE EQS W ITH ~~~~~~~ 3 a .08839

(c) G~~~Y1~~~~~~~V ! V ~~~~~~~~~~~~.-.. ~~341
V V  ~~1NV EV~~~~~ V V S VVV

E 
V V  ~~~~~~~~~~~~~~~~~~~ 

P R O F I L E  ~

(d) FULL ~~~AV E SOLUTIONS 3

FRE Q RE (R) IM (R ) NA 6 (DR DF ) A (D RDF ) IE (G) IN (6)
7.00 — .056 .159 — .056 .159 — .05577 .15869

::8fl :~9~ :8~ :~:I~ :t:*!~8~ ~~~~(e) ?:~8 :8~i :83~ :8~ 27:~~~ ~~~~ :2~U
2 .2 3 • 6 • 8 —6 .9 1 —6,40821 — .12 2

6.Ou .u83 .105 .011 — 6 .68 2 —6.122 48  — .11663

( f)  $ 3 ~ 6796 .962 USING FULL—WAVE VALUES

(g) PLOT OF R—V ALU E S

(h )  5 I I L a L S  WI TH L AM BDA 4 ‘ .08839

( I )  cIV IVV!4 ~ VV PPJMVI a - •36~ ,I?3 P !R I M J •

(j) 1&!IL! . V V V..1il .V+.~~V .VV~..MLTU_~~~~~~
OFL

~~!- ~~

k) 
NEW LA M R DA ” DELTA LA M BDA 5 a .12500

(1) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ .21339

8ZV ING I a .728 L I N E A R S * 4 2 3 !~~.S7~~ N D V !V!P!1Lt S 
-

(m) V V _ V ~~~~~

EXAMPLE X IX V
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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 FtJLLWV 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

~easurements due to the lack of acceptable data.
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INFORMATION CARD NO. I FOR MEASURED D A T A
INFORMAT ION CARD NO. 2 FOR M EASURED DATA
7.03 .290 — .332 .030

.49 7 — .2439.~ O .52(1 — .060

.457 .~~~8 .0~Oi.uu .363 • O .0,0
‘S 0 S~~~ 8 .030

‘p4 5125 .030
4. ~ .u69 .OSo .030
5. y .Q~ 6 .Q44 .03

.03

t F ULLW V -

TN ETA *22 . C , A Z I M Z 9 C .O ,CO DIPZ I? .O , MA G F LD= 5 .3E_ 5 , I P R O F P z ’,~~E N D  
__________NAM E

IDAT UM
• NTSTOPZICO.O,5f 1.t,

S TOPS R7fO.f l 5 3,0,
NUFLAG S ,
DOPT:O.4 ,• D ELTA L’0.0625,
ROTAT Ea ,90 .0,
M INzI,
&EN D

EXAMPLE XXVI

INPUT TO INVERT FOR CASE OF MEASURED DATA

- 

- - 
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APPENDIX A

FORTRAN LISTING OF THE “FULLWAVE” COMPUTER PROGRAM

PORF1TT*F ULLWAVE (1).MA IN
1 C p~~

jp
~
j
~ FULLWAVE

2 C M A I N
3 C FOR MS
4 C
5 COMMON/SIG COM /SIGMA (5O )
6 COMMON /R PNC I4/N PU NC I4
7 COMMON/PLOT C/I PROF P,IRPLOT ,ICAL CP
S COMMON/ RTOLC /RTOL
9 COMMON/T HETA C/TH ETA
10 CO MMON/ rID COM /AZ IM ,CODIP ,MAG FLD
11 COMMON/F COM /FLOW ,F NI,FINC
12 COMMO P4/EXPNU C/CO EFNU ,EXPNu
13 COMMON/ M PRN TFM PRIN T
16 COMMON/XPRNT/XPR INT
15 COM MON /EXTRA9 /ISUFFR (SCO )
16 NAM EL IST/DATU M/AZ IM ,CODI P,MAG FLD,
1? 5 TNETA ,RTOL,

• 18 $ FLO W ,F$1,F IJISC,
19 S COEFNU ,EX PNU ,NUFLA G,
20 • IPROFP ,IRPLOT,XCALCP,NPUNC H ,

• 21 S M PRINT ,XPRI PST,SIGMA
22 INTEGER PROF ,COLF ,WA V E ,A DA T ,OUIT
23 REAL M A G FLD
24 INTEGER XPR INT
25 DIMENSION I8CD (20)
26 DATA PRO F/ #PRO F_ /,COLF /~~CO LF_ /,IDEN /PID ‘I ,
21 5 WAV E / ’W *VE /,ADAT/ ’ &DA /,IEND/ $EN /,
23 S QUIT/’QuIT /
29 DATA BDATA !’TUM /,END2/’D ‘/,NAME/ NAM E I
30 C
31 C
32 NPUNCH .1
33 THETA ‘ 0.0
34 FLOW ‘ 0.5
35 FM! ‘ 25.0
36 FI NC 0.5
31 RTOL * 0.001
38 M PR!NT s
39 SPRIN T * 0
60 IPROFPSI
61 IRPLOTsI

• 62 ICALCP .O
43 C
44 COEFNU • 1I~~16E11
65 EXPP4U —0.15
46 NUFLAG 0
41 C

PRINT 61
61 FORMATC ’I’

SO C
51 10 HEAD 901,IBCD
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1$

52 PRINT 902,IBCD
53 iF (I8CD(1) •EQ. PROF) GO TO 11
54 IF (IBCD (1) .EG .  COLF) GO TO 12
55 IF (IBCD (1) .EQ. lOIN ) GO TO 13
56 iF (IRCD (1) •EQ. WAVE ) GO TO 40
57 iF (ISCD (1) .10. QUIT) 60 TO 905
58 IF (IBCD (1) .10. NAME ) GO TO 90
59 PRINT 900
eO 900 FORMAT C’ ,‘ERR O R IN CONTROL CARD )
61 905 CALL OVCHK (’MA IN ‘,905)
62 STOP
63 C
66 11 CALL PRFL IN
65 GO TO 10
66 12 CALL COLF IN
67 60 10 10
68 13 READ 901,IBCD
69 PRINT 902,IPCO
70 PUNCH 901,IPCD
71 601010
72 C
75 90 READ (5,DATUM)
74 wRITfCô,SSO ) A DA T ,BDA TA
75 550 FOR MAT ( ,2A4)
76 w R I T E (6 , 5 5 5 )  A Z I M , C O D I P ,MAGF LD ,TH ETA ,RTOL
71 555 FORMAT (’ ‘,‘ AZ IM ‘ ‘,F8.3,’ CODIP a ,F8.3, MA G F L D  * ,IPE1O.3 ,
78 * — T HETA ~ ,OPF1O.4, DEGREES ,‘ RTO L = ,0pF8.4)
79 WRITEC 6,464) FLOW ,FHI,FINC, NPUNC H
50 444 FORMAT (’ , FIO W a ‘,F10.4,’ KHZ’,’ FHT ,F10.4, ~H Z ,61 • FINC z ,F10.L, K H Z ,  NPUNCW ‘.15)
82 IFCNU FLAG .ME. 1) WRITEC6,551) NUFLAG ,COEFNU ,UPNU
63 551 FORMAT ( ‘,‘ NUFL AG a ‘.12,’ COEFNU ,1PE11.4,~ EXPNU *
84 • 0Pr9.5
85 WRITE (6,551) IE ND,END2
66 551 FOR M A T C  ‘,2A4,!I)
87 IF (P4 LIFLAG •EQ.  0) 60 TO 10
58 CO EFN U ‘ 4.303111
89 EZPNU a —0.1622
90 60 10 10
91 C
92 40 CALL CONTAL
93 60 T0 10
94 C

901 FORM A T ( 2 0A 4 )
96 902 FORMAT ( ,2OA6~
91 C
98 END

RT , S  FUL L WAV E. I DA T A
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I

MORF ITT*F ULLWAV E ( 1) .BDATA
1 BLOCK DATA
2 COM MON /SIG COM /SIGMAC 5O )
3 DATA SIGMA/ 5O*G .03/
4 END

&PRT,S FULL WAVE .PRFLIN
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~ORFITT*FULL WAVE (1).PRFLIN
I SUBROUTINE PRFL IN
2 C FOR M S
3 C
4 COMMON/PLOT C/IPROFP,I RPLOT ,ICALCP
5 COMM ON/N R OF AS/NR A
6 COMMON/HIS CO M/HTS (101)
7 COMMON/ALO6 N C/ALOGEN (1O1)
8 COM MON/EXPNU C!COEFNU,EXPN U
9 DIMENSION IPCO (20),HTS P4U (2),VAL NU (2)

10 DIMENSION Y (1O1 )
11 DIMENSIO N LINE (81)
12 INTEGER V
13 C
14 DATA ISYMN /’ + /, IBLAN K / ‘/

15 D A T A  ALN TENI2. 3 025851
16 DATA V/0174000000000/
17 FMESHX4.O* A LP 4 TEN/80.O
18 C
19 C
20 READ 901,(IPCD (L),Ial,20)
21 PRI NT 902,(IBCD (L),Lz1,�O)
22
23 III READ 904,HT,EN
24 904 FORMAT (F7.2,5X ,E9.2)
25 IF (NT .LT. 0.0) 60 TO 1000
26 HTS (J) a *

21 Y (J) EN
25 IF (J •NE. 1 eA P4D . HTSCJ ) .61. HIS (J 1)) STOP
29 PRINT 906,HT ,EN
30 906 FOR MA T C’ ,F7.2,5x ,1PE9.2)
31 IF (EN •LT , 1.01—20 ) EN = 1.OE—20
32 A L OGEN (J ) a AI O 6 (EN )
33 NR A~~~~J
34 j a
35 60 TO 111
36 C
37 C
38 E NTRY COL F IN

J a
40 21 READ 905,HT,ENU
41 905 FOR MAT (F7.2,6X ,3(1X ,1P19.2))
42 PRINT 888,IIT ,ENU
43 888 FORMAT (’ ‘,F1.2,4X ,3 (1X ,1P1 9.2))
44 IF (NT .LT. 0.0) GO TO 23
45 IF (J .61. 3) GO TO 21
66 NTS NU (J ) a N T
41 VAL NU (J) (MU
48 J J,1
49 60 T0 21
53 C
51 23 UP MU a ALO G (V AL NU (1)/VAL NU (2))l (HIS NU (1)—HTS NU (2)) 

• - — 
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52 COEFN U VAL NU (fl*EXP (—EXP NU*HTS NLS (2 ) )
53 R ETURN
54 1000 CONTINUE
55 C
56 C IF (ICALCP .10. 0) GO TO 75
57 C CALL BGNPL (1)
58 C CALL TITLE (IBCD, 4C,’ELECTR ON S ,9,’A LT IT IJ D E ,8,5,,5.)
59 C CALL XLOG (.1,I.,0.,20.)
60 C CALL CURVE (Y ,HTS,NRA ,O)
61 C CALL ENDPL (I)
62 C
63 75 IF (IPRO FP .10. 0) GO TO 76
64 PRI N T 60
65 60 FORMAT (~~~’)
66 PRINT 100,v,v,v,v,v
67 100 FOR MAT (‘0 ,5X, NT ,9X , N ’,18X , A1 ,19(’— ) , A1 ,19(’— ),
63 • A1,19 ( — ), A1,19 ( — ), Al)
69 DO 11 J 1 , NP A
70 DO 50 K a 1,81
71 50 LI NE (K ) a I8LANK
72 JPOST ALOGEN (J )/FMESH+I .5
73 IF( JPOST .61. 1 •AND . JPOST •LE. 81)
74 *LINE (JPOST )a1SYMN
75 11 PRINT 105,HIS (J),Y (J),v,LINE ,v

• 76 105 FORMAT (‘ ,F 7.?,1x,IPEQ ,2,llx , A 1,81 A1, Al)
77 PRINT 501 ,v,v ,v ,v ,V
78 501 FORM AT( ,35x , A 1,1 9( — ), A1,19 ( — ), A 1 ,19( — ‘) , Al,

• 79 • 19V— ), Al
80 PRINT 502
61 502 FORM AT V ‘,‘Sx , O , 1 9x ,‘l’, l9x ,2’,19x , 3 ,19x,’4)
82 C
83 76 CONTIN UE
84 RETURN

C
86 27 PRI N T 907
87 907 FORMAT (O , T w O  HIS ONLY ALLO w ED IN NU PROFILE ’)
88 STOP
89 C
90 901 FORMAT (20*4)
91 902 FORMAT C’ ,20A4)
92 C
93 (MD

~PRT ,S FULLWA V E. INXTL R
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MORF ITT * FULLWAVE( 1 ).INITLR
1 S UB ROUTI N E INITL P
2 C FOR M S
3 C
4 C O M M O N / X P R N T / X P R I N T
S CO MMON/ N MT X /Mll ,M21 ,M31 ,M12 ,M22,M32,M 13 ,M23 ,M33
6 COM MON/ INTE G R/R ll ,R21,R12,R22
7 COMMON/C C O M / C , S
3 COMPLE X
9 5 M 11,M21,M31,Ml2,M22,M32,M13,M23,M33,
10 S R11,R21,R12,R22,
11 S QTEMP (4),EIPIO4 ,Q(2),
12 5 B4,B3,B2,B1,BO ,
13 S D11,0l2,D13,D31,D32,D33,
14 S P(2),T(2),
15 S D E N , F A C T O R
16 INTE6ER XPR INT
17 DAT A EIPIO4/ (0.707107,O.707l07)/
18 C
19 C
20 CSQ = C*~~2
21 C
22 84 1.O+M33
23 83 S* (M13+M31)
14 82 = — (CSG.M33)* (1.O+Ml1 )+A113*M31— (1.O+P33)* (CSQ,M22),M23*M12
25 81 Se (M12*M23,M21.M32— (CSQ,M22)* (M13.M31))
26 80 = c1.O,M11 )* (csQ,M22 )* (CsQ.M33).M12aM23*M3l,M13*M21*M32
27 $ — M13* (CSQ+M22)*M 31— (1 .0,Ml1)*M23*M32—Ml 2*M21* (CSQ+M33)
23 C
29 CALL OUAR TC (84 ,P3,82 ,B1,8O,GTEMP)
3 Q C
31 K *
32 DO 21 K T 1  ,4
33 IF (REAL(EIPIO 4aQT(MP(KT)) •LT. 0.0) GO TO 21
34 K K+1
35 IF (K .GE. 3) GO TO 9(~
36 Q ( K )  = QTEMP (KT)
37 21 CONTINUE
38 IF (i~ .ME. 2) 60 TO 90
39 C
40 IF (X PRIN T .ME. C) FRIP,T 901,(Q(J),Jal,2)
41 901 FORMAT (’O’, Qa ,2(E15.4,113.4),/)
42 C
43 DO 31 Jal ,2
44 Dli 1.O .M11—Q(J)*.2
45 012 a M12
46 013 a M13+Q (J)*S
47 031 M31+Q (J)*S
48 032 a M32
49 D33 ~ CSQ.M33
50 DE N ~ D11*D33— D13*D31
51 p~~~, a (~~O1Z*D334D13*D32 )/DEN

104
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52 31 T(J) a Q (J)*P (J)—$* (—D11*032 .012a031)/DEN
53 C
54 DEN (T (i)eC +P(1))*(C+Q(2))— (T (2)*C~~P(2)).(C.Q(1))
55 F ACT U R = 2.0/DEN
56 all a (T(1)*(C+0(2))—T (2)*(C.Q(1)))*F*CTOR
57 R22 = ((T(1).C+P(1))— (T(2)*C.P(2)))*FACTOR
58 R12 a — (T (1)aP (2)—T (2)eP(1))*FACTOR
59 P21 = — (Q(1)—Q (2))*FACTOR
60 RETU RN
61 C
62 90 PRINT 960
63 900 FORMAT C ’O ,’PROPL(M IN SORTING 0 VALuES ’)
64 STOP
65 C
b6 END

~PRT ,5 FULLWA V E.T M TRX
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M O R F Z T T * F U L L W A V E ( 1 ) . T N T R X
I SUB ROUTIN E I M T RX
2 C FOR MS
3 C
4 COM MONIFRQ COMIFRIQ
5 COM MON/FLD (OM/AZIR ,CODIP,MA6 FID
6 COMMON/WN/ WAV I MR
7 COMMON /EN COLL !NT,COLL,EM
8 COM MON/N MTX/N11,M21 ,M31,M12,M22,M32,M13,N23,M33
9 COM MON /STORE x I x l l ( O O 1)  ,144(O01) ,X12 (O01),X34(0O1),X14 (O01),
10 S X31 (0O1),X42(OO1),X32(001),X41 (001)
11 COMPLEX
12 S U,USQ ,D,IUD ,
13 S USQD,TA ,TB,
14 S D TEMP .
15 S N130,P31D ,M23D,N32D,
16 S M233 2D , M13310, M233 1D, M32 130 ,
17 S M11, M21 , M31, M12, M22, M3~~,M1 3, J4 23, M~~3, -

~~~~~~~~~~
- • ‘ - - V • - -

16 $ X t 1 , X 4 4 , X 1 2 , X34 ,X1 4 , X 31, X4 2 , X 32, X4 1
19 R EAL RAG FLD, LY, RY ,NY ,IUD PaT,
20 5 LS QY SO ,M S QY SQ ,NS QY SQ ,L NYS Q , LN Y S Q ,MNT SQ
21 DIMENSION U P A R T S ( 2 ) , U S Q  P R T ( 2 ) , D PARTS ( 2 ) , IUD PRT ( 2 )
22 EQUIVA LENCE (U,U PARTS (1)),(USQ,USQ PRT (1)),
23 • (0,0 PARTS (1)),(IUD,IUD PRT (1))
24 DATA P1/3.141592653/
25 DAT A DTRIO.01745329252/
26 DATA COE FF X/3.18235?1031,COEFF Y/1.758796Ei1I
27 DATA VEL LTI2.997928E051
28 C
29 C
30 CALL EM MU
31 C
32 x a COEF EN*EN
33 z COLL * OV ONGA
34 U PARTS (1) a 1.0
35 U PART S (2) a —Z
36 USO -PRT(t) 1.O—Z**2
37 USO PRU2)  a

a X1 (U* (USQ YSQ))
39 IUD PRT ( 1~ 

a 1*0 P A R T S ( 1 ) — D  P A RT S ( Z )
40 IUD PRT (2 )  a D PARTSC1 )+Z*D P*RTS (2)
41 USQ D US Q a D
42 C
43 NIl a US Q D— LS Q YS Q * D
44 P122 a U S QD—M S QYSQ * D
45 P133 US O D— N S QYS Q e D
46 TA a NY~~IUD
4? TB a LMY S OaD
48 P121 • •TA TB
49 P112 • —TA—TB
50 TA a MY’IUD

• SI • L NYS O* D
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52 Mi 3 a +TA— T8
53 P~~1 a —TA—TB
54 TA a LY~~IUD
55 TP NNYSQ*D
56 ~ 32 = 4TA—TB
57 M23 = —IA—TB
53 C
59 = 1.O/ (1.O+M33)
60 P130 a M 13*D
61 P310 a P3IaD
6? M230 a P123*0
63 M32D = P132*0
64 M 23!~~D M32*M23D
65 N1331D M 31aM1 3D
66 M2331D M31*M23D
67 r3213D M32*M13D
68 C
69 L 1

• 70 X11 ( L)  a —M 31D
71 x 44(L) • —M13D
72 X12 (L) a P320

• 73 X34(L) M23D
• 74 X14 (L) 0

75 X31 (L) = N2331o—M21
76 X 42(L) * M32 13D—M 12
77 X’2 (L) M22 M2332D
73 X41 (L) a 1.04M11—P13J1D
79 RETURN
8C C
81 C
82 ENTR Y INIT T

O~ 1GA a 2.O*PI.FREQ*1COO .O
84 WAVE NR a OMEGA/VEL LT
85 COEF EN a COEFF X*1 .0106/OMEGA**2
86 OV ONGA • 1.0/OMEGA
87 SIN DIP a S1N (CODIP*DTR )
88 DIR CS I. a SIN DIP*COS (AZ IM*DTR )
69 DIR CS P a SIN DIP*SIN (AZIM ~ DTR)
90 DIR CS N —COS(CO DIP*bTR )
91 Y a — COEFF Y*MAG FLD /OMEGA
92 YS O a Y**2
93 LY • DIR CS L~~Y
94 MY a 

~~~ CS P1*1
95 NY • DiR CS Mel
96 LSQVSQ a DIR CS L**?*YSQ
9? $SQYSQ DIR (5 M**2*YSQ
98 NSQYSQ • DIR CS N**2*YSQ
99 LMYS6 DIR CS L*D1R CS MaYSQ
100 LNYSQ a DIR CS L~~DIR CS MaY 5 4
101 MNYS~ • DIR CS ~‘DI ft CS M aY 54
1U2
103 C
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104 END
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M ORFITT a FUL IhAVEC 1) .ENNU
1 SUB ROUTINE EN MU
2 C FOR PS• 3 C
4 COM N( iN/N R OF A S / N R  A
S C O M M O N / J A Y  C O M / J
6 CO MM ON / HTS  C O M / H T S ( 1O 1)
7 CO M~’UN/ALO 6N C/ALOGEN (1O1)
S C OPiPON /EXP N U C / C O E F N U , E X P N U
9 COMM ON/EN COLI/HT,ENU ,EN

10 C
11 C
12 Fl (HT—HTS(J.1))eFACTR
13 F? = (HTS (J)— HT)*FACTR
14 EN EX P (A L O G ( N ( J ) * F l ,A I O G E N ( J , 1) e F 2 )
15 END = COEFNUa(XP( (XPNU*HT)
16 RETURN
17 C
18 C

• 19 ENT RY SET FIR
20 F AC IK 1.u/ (HTS(J)—pgTS (J,1))
21 RET URN

• 22 C
• 23 END

• iPRT,S FUL LWA VE.IN T E G 
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MORFI TT *FULLWAVE (t ).INTEG
I SUBRO UTINE INTEG
2 C FOR MS
3 C
6 COMMON / R T O L C/ RT O L
S COMMON/NP OF A S / N P  A
6 COM MON/HIS COM/HTS (IO1)
7 CO PIP ’UN/XPRNT/ X PRINT
8 COMMON/INTEGR/R (8 ),DRDH (8)
9 COMMON/X INT6R/X (8),DXDH (8)
10 COM MON/EN COLL/HI
11 COMMO N/WN /wAV E PIP
12 COMNON/OVRFLO/ IOV FLO
13 CO MPION/JAY CON/JAY

DIME NSION
15 S RO( 16 ) ,I4DELR O( 16 ) ,DE LRI( 16) ,DELR 2 ( t 6 ) ,
16 S XO (8),HDELXC(8),DELXI (8),DEL X2(8),
17 S R SAVE(16) ,
18 S RKNTS (401)
19 INTEGER XPRINI
20 DATA MA X NR/401/
21 DATA DHPIN/0.OIF
2? C
23 C
24 N b
25 IOV FLO = 0
26 IF(X PRIN T .ME. 0) CALL . R COL S

V 
27 THIRD a 1.0/3.0
28 CALL IP4IT T
29 J AY a
30 JR K a 1
31 NT a HTS ( 1)
32 CALL SIT FIR

I V 33 CALL S MTR X
34 CALL INITL P
35 C
36 CALL X F E R  (R ,X ,8)
3? I F (X P R I NT  .ME. 0) PRINT 901
38 901 FORMAT (‘0’)
39 I F ( X P R X N T  .ME. 0) C A L L  PRINT A
40 C
4 1 P4RA N1 • MR A— t
42 DO 79 Jal,P4RANI

t 43 J A Y a J
46 CA LL SET FIR• 45 30 CALL X FER (R ,R SAVE,N )
46 NT • RKNTS (JRK )
47 CALL X F E R  ( R ,X ,6 )
48 31 DELI4 • ( R K HT S (J R K , 1)— R K N T S ( J R K) ) * O . S
49 IF (A BS ( D E LH)  •LT.  DNMIN) 60 TO 90
53 ON • DELH.W AV I NR/2 .0
Si NON • 0.5*0K
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• 52 T DH a 2 .0.DH
53 C
56 CALL P D E R I V
55 IF (IOVFLO .ME. 0) GO TO 60
56 C
57 DO 3~ i 1,N
58 RO (I) a R U)
59 ~ HDELRQ U = D R D H ( I ) * H D H
o O 32 R( i )  • RO ( I ) + H D E L R L~(I)
61 C
62 DO 33 1=1 ,8
63 X 0 ( I  X ( I )
64 NDELXO (I ) a H D E L R O ( I ) * 2 . O
65 33 X ( I )  a XO(I)+HDELXG (I)
66 C
67 HI = HT,0.5*DELH
63 CALL  S M TR X
69 C A LL P DER 1V
70 I F (IuV FLO .ME. 0) 60 TO 60
71 C

• 72 DC 3~ l = 1 , M
73 DELR1 (I ) DRDH (I)aD H
74 34 RU ) RU (I),0.5CDELRI (I)
75 C
76 C A L L  P D E R I V
77 1F(IOV FLO .ME. 0) GO TO 60
78 C
79 DO 35 I~~1,N80 DELR~~(I) DRD II(I)*DH
81 35 R (I) a R0 (I)+DELR2 (I)
82 C
83 P41 HT.O .5*DELH
84 C A LL S P’TR X
85 C ALL P DERIV
86 CALL X DER IV
87 I F ( Z O V F L O  .ME. ~) GO TO 60
88 C
89 DO 36 Ial,P4
90 HDELR3 • DRDH (I)*HDN
91 D E L R 4  • (NDELRO (I).DELR1 (I)+DELRZ (I).KDELP3)CTNXRD
92 36 RU ) a RO (I)+DELR4

• I • 93 C
94 DO 37 1*1,8
95 DELXI (I) • DXDH (I )*TDH
96 37 XCI) a XO (I)+0.SCDELXI (I)

• 9? C
9$ CAL L P DERIV
99 CALL X DE RIV

100 IF( IOVF LO .ME. (1) 60 TO 60
101 C
102 00 4~ Ial ,N
103 R0( 1 • 1(1)

L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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104 I4DELRO (I) a DRDN (I)*HDN
105 62 R( I)  a R O ( I ) + H D E L R O C I )
106 C
107 DO 43 111,8
108 D E L X ~~(I) • DXDN (I)eTDH
109 63 XC!) a XO (l)+DELX2 (I)
110 C
111 NT * 14T+0.5*DELN
112 CALL S MTR X
113 CALL R DER IV
116 IF (IOV FLO .ME. 0) 60 TO 60
115 C
116 DO 44 Ial , N
117 D E L P I C I )  a DRDN (I)~ DH
118 46 PCI ) a RO (I),O.5*D(LRI(I)
119 C
120 CALL P DER IV
121 • 

IF (IOVFLO .ME. 0) GO TO 60
122 C
123 DO ‘.5 I’ l,N
124 DFLP2 (1) a DRDH (I)~ DW
125 45 R u )  * RO (I)+DELR2 (I) *
126 C
127 NT * NT,0.S*DELN
128 CALL S MTR *
129 CALL P DERIV
130 CALL * DERIV
131 IF (I OVFLO .ME. ~) GO TO 60
132 C
133 DO 46 I*1,N
136 NDELR3 * D.RDN (1)*NDN
135 D!LR 6 • CHDELRO( I).DELPI (I)+DELR2 (I).NDELR3)*TNIRD
136 46 PC I )  • *O (I)4DELR6
137 C
138 DO 47 1*1,3
139 P4011*3 • DXDN (I)*DN
160 SELX4 • (ND€LXO (1).DELX1CI ),DE1X2 (I),HDFLX3)*THIRD
161 4 ? X C I )  • X 0 ( I ) 4 D I LX 4
142 C
143 IF(IPRIMT .ME. 0) CALL PRINT R
144 DO 51 1*1,7,2
145 ERRSQ a ( R ( I)— X ( I) ) e e2 ,( R ( I , i )~~X ( I+ 1) )*e2
146 RSQ • N (I)e*2,R (I+1)**2
147 ]F (~~SO .GT. 1.0) ERRSQ • ERR SQ /R SQ
14$ IF ((IPSO .61. PTOL**2) 60 TO 61
169 51 CONTINUE
150 60 70 70
151 C
152 60 IF (X PRINT .ME . 0) CALL PRINT A
153 61 IF (X PRIMT .ME. 0) PRINT 960
156 960 FORMAT C’ ‘,‘O V R F L O’)
ISS IF (MR Ak .61. M A X  NR)  60 TO 95
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156 IOV FLO 0
15? C ALL XFER (R SAV E , R ,M)

• 153 CALL *FER CR SAV E, X ,8)
159 141 a P~~N T S ( J R K )
16J C A L L  ~ M T R X
161 C
162 N PRKM1 = NP RK—1
163 DO ~~c JCO UNTaJRX ,NRR K P1
164 JJ N R R K M 1 — J C O U N T 4 J R K
165 62 RKNIS (JJ42 ) a R K H T S C J J , 1 )
166 RKH TS C JR K+ 1 ) a CR KH r $CJRx ,RKHTS (JRK,2) *0.5
167 MR R~ * MR RK+ 1
163 GO T O 31
169 C
173 70 J RK a JRK+1
171 IF (AESCRKHTS (JRK )—H TS (J .l )) .GT. 0.001) GO TO 30
172 79 CO NTI NUE
173 RET URN
174 C

• 175 C
176 EMT PY SET RK
177 DO Fl J= 1, NR A
179 81 RXH TSCJ ) a NTS (J)
179 NP RK NP A
180 R E T U R N

• 181 C
182 90 PRINT 900
183 990 FO RPA T (‘fl’,’STFP TOO SMALL IN INIEG ’)
184 STO P
185 C
156 95 PRINI 995
137 995 FORMAT (‘O’,’TO O MANY S T E P S  IN INTEG ’)
188 S lOP
159 C
190 END

aPRT ,S FU LLW AV E.ROuT



MORF ITT *FULLWAV E (1 ) .ROUT
1 SUBROUTINE P OUT
2 C FOR PS
3 C
4 COMMON/ INIEGR/R(8 )
5 CO N MON / X I N T 6 R / X C 8 )
6 COMMON/EN COLL/HT,EC OMITC2 )
7 C
8 C
9 E N T R Y  I COLS
10 PRI NT 900
11 900 FORPAT (’O’ ,8X ,‘P41’,IOX , ‘Ii R11 ’,16X ,’IIRI’,16X,’IPI1’,1TX, IRI’)

12 RETURN
13 C
14 C
15 E NTRY PRiNT I
16 PRINT 901,HT , (* ( I) ,Izl ,8)
17 PRINT 901,HT,(RCI) ,IZ1,8)
15 901 FOR MAI C ’ ,F1O.2,4(2X,F9 .5,F9.S))
19 PRINT 962
23 902 FORM AT C ’O~~

R E T URN
22 C
2 3 END

~P RT ,S F U L L W A V E . S M T R X

V V 
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• MORFITT*F ULLWAVE (l) .SPTRX
1 SUBROUTINE S MT RX
2 C FOR MS
3 C
6 COMMON/THETA C/THETA
S COM MON/STORE X/X11C00I) ,X44(0OI),X12 (OO1),X34 (OO1),X1 6(OO1),
6 S X31C001),X42C001),*32 (OO1),X41(OO1)
7 COM MON/C COM/C ,S
8 COM MON/S M TX/A 11 ,A22 ,B11,B12,B22,C11,C21 ,C22,D11,D2I ,D12,022
9 COMPLEX
10 5 xli ,x’ ,4 ,x12 ,x34 ,x 14 ,x31 , x 42 , x32,x41 ,
11 $ TE MP ,T W OC ,
12 S A 11,A22 ,BI1 ,B12,B?2,C 11,C2l ,C2?,D11,D21,Dl2 ,D22
13 D A T A  RT D/57 .2 95 7 8/
14 C
15 C
16 CALL T MT RX
17 C
18 L = 1
19 TEMP a X41(L).X41 (L)
20 All a TEMP+TEMP
21 A22 a 6.0
22 TEMP a S * X 4 4 C L ) — C * X 4 1 ( L )

• 23 811 a TEMP4TEMP
24 812 a —x42(L)—x42 (L)
25 TWOC • C~~C
26 822 a —TWOC
27 TEMP a — 5 * X I I C L ) — C * X 4 1 ( L )
28 CII a TEMP+TENP
29 C21 a X31 ( L)+*3 1( L)
30 C22 • —TWOC
31 Dli • CS* (X11 (L)~~X64(L))~~(1.O~ XI6(L))+CSQe(X41(L)~~xl 4CL))
32 D21 a — C 0x 3 1( L ) .Sex 34 ( L )
33 D12 • S eX 1 2 ( L) ,C .X 6 2 C L )
34 022 • — * 3 2 ( L)
35 RETURN
36 C
37 C

• 3$ ENTRY INIT S
39 C a C O S (T N E I A / RT D)

• 40 CSQ • Ca *2
41 S • SIN (TNETA/RTD)
42 CS • C*S
43 RETURN

• 44 C
45 END

8PIT,$ FU L LWAV E . D I F FE Q
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NOAFI TT*FULLWAVE (l).DIFFEQ
I SU BROUTI NE 0 1FF EQ
2 C FOR M S
3 C
4 COM MON/INTEGR/R (8),DRDHC8 )
5 CO MM(,N/X INTGR/X (8),DXDH (8)
6 COM MON/S MT X / A 1 l  ,A22 ,Bll,812 ,822,C 11,C2 1,C2?,bl l ,D21,D12 ,D2 ?
7 COM MON /EXT RA 7/R 11 ,R21,R12,R22,
8 S DR1IDH ,DR 2IDH ,DR I2DH,DR2 2014
9 COMMO N /OVR FLO /IOVFLO

10 COMP L EX
11 5 Rll,R2 1,R12,R22,
12 S O R11 OH ,DR 2I bH , DRI2D H ,DR22DH,
13 5 A1l, A 22,Ell ,812,822,CI1,C21,C22,Dll,021,D12,022,
14 5 D11R1I ,DI2 R 2 1 , D2 1 R l2 , D 2 2 R 2 2 ,
15 S R 11R22 ,R 12 R2 1
16 DIMENSION P PIIRX(1 6),DER1VC I6)
17 EQ UIVAL EM CE (P11 ,R PIRX ),CDRI1 D H,DER IV )
18 C
19 C
20 E N T R Y  R D E R I V
21 C ALL XF € R (P .R MTRX ,8)
22 I*FL AG C
23 20 DO 21 1=1,8
24 IF (AbS (R MTRX(I )) .61. 1.0E4) GO 10 90
25 21 C O N T I NU E
26 C
27 DIIR11 D1l*RIl
28 DI2 Rt1 a D1?*R21
29 D? 1R12 a D2 le R i?
30 o22 P~ 2 

a 02 2 a R2 2
31 p1D~~2 R11*R2?
32 R i2R21 ‘ Rl2aR2l
33 C
34 DR1IDN a A11, (8l1.Ci1,D1IRII+D12R21,D21R12)*P11
35 S ,812*R21,C21*RI2,b22*R12R21
36 0R2 10P • C822 .C 1I .D I1R1l.D12R21+D22R22)* R2 1
37 S •C21a P22 ,D2 IC PI1R?2
38 DRI2D N a CB1I,C22+D11R11,D21RIZ+D22R22 )*R12
39 5 ,a,2*122+D12*P11R22
40 DP22OH A22+ (822,C22+D12121,021R124D22R22)*R22
41 $ ,otI*R12R21 t
62 IF (IXFLAG .ME. 0) 60 TO 40
63 C
44 DO 21, 1*1,7,2
4 5 DPDN ( I)  a D€PIV (I41)
46 24 DPDH (1.1) —DE PIV(I)
41 RETURN •

48 C
69 C
50 ENT RY X DE R IV
Si CALL X FER (x,P MTRX,5)

I
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52 IX E L A 6  a 1
53 GO TO ZO
54 C
55 40 DO 42 1*1,7,2
56 0*014(I) DER IVCI + 1)
57 42 DX D H ( I + 1)  = — D E R I V C ! )
58 RETURN
59 C
60 90 IOV FLO ‘ I
61 RET URN
62 C
63 END

aPRT ,S FULLWAVE.C ON TRL



r

M ORF ITT C FULLWAVEC I ) .CON TRL
1 SUB ROUTINE CO NTRL
2 C
3 COM MON/S IG COM /SIGMA (5O)
4 CO MMON /R PNCH/NPUNC PI
S COMMO N /NRF COM/ PIPOINT
6 COMMON/PLOT C/IPROFP,IRPLOT ,ICALCP
7 COMMO N /RDATA C/X (5O),YCSO),FC50)
S CO MMON /F COP/FLOW ,FI4I, F I N C
9 COMMO N /FRQ COM /FR [O
10 CO MMON /INTEGR/ RI1 ,R 2 1 ,R12,R 2 2
11 COMMON/C COM/C
12 CO M PLEX PI1,R21 ,R 12 ,R22,
13 S CPLX I,R
14 D A T A C P L X  IF (O.O,I .O)/
15 ALAST —99.9
16 C
1’ C
13 PRINT 900
19 900 FORMAT (‘l ,6 X , F ’,13X, R ,16X , $ IGPA ,/ )
20 CA LL INIT S
21 C A L L  SET R K
22 C
23 F R E D  = F L O W
26 NPOINT = 0
25 11 CA LL INT EG
26 NPOINT NPOINT .1
27 F C N P O I N T ) ~~FP EQ
28 kil CCRI I—1 .O
29 k21 a C .R21
30 P12 = Ce l l ?
31 P22 a C*R22—1 .O
32 H a (—R22+CPLX I*R12 )/(—R22—CPLX I*P12)
33 x (N POINT ) = REAL (R)
36 Y¼tI PO IId T ) • A IMAG (R )
35 PRINT 910,FPEQ ,R ,SIGMA C NPOINT )
36 910 FORMAT ( ‘,F7.2,3x,2F 9.3,3x,F1O.3)
37 IP (MP UNCH •C.T. C) PUNCH 103,FREQ,R ,SIGMA (P4POINT )
33 103 FOR MAT (F7.2,3X ,2F10.3, P10.3)
39 C
40 FRE D * FREG •FINC
41 IF (FRE~ •LE. PHI) GO TO 11
42 PRINT 910,A L A S T
43 IF (NPUNCN .61. 0) PUNCH 103,ALAST
44 C
45 C IFC ICALCP .14. 0) 60 TO 75
46 C CALL BGNPL (1)
4 7 C CALL C ROSS
68 C CALL TITLE (’ ‘,1 ,’R E A L ’,4,’!MA G ’,4,S.,8.)
49 C CALL GRA PHC I.,.25, 1.,.?5) V

SO C CALL M APKER (3)
51 C CALL C U R V E ( X ,Y ,NPOINT, 1)
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• 52 C CALL ENDPL (I)
53 C
54 75 IF (IPPLOT .EQ. 0) GO TO 76
55 P R I N T  60
56 60 FORMATC ’I )
57 CALL RPLOTS
58 C
59 76 CONTINUE
60 R E T U R N
61 C
62 END

QPRT ,S FULLWAVE. QUAR TC

I
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M O R F I I T~~F ULLWAV E (1 ) .QUARTC
1 SUB ROUTINE QUARTC (86, FO UR 63,51* 82,FOUR R1,0P4 1 80,0)
2 C FOR MS
3 C
4 COMPLEX FOUR 8 3,51* B2, FOIJP 8 I,ONE 80,4,84 ,
5 S H,I,G,H PRIME .6 PRIME,
6 5 SQ ROOT ,P POS ,P,L06 P,
7 S C UB PTO,CUB RT1,CUB RT2,OM(GAI ,OMEGA2,
S S ROOT P ,ROOT Q ,ROOT P,
9 5 TULV B3,TWLV 62,F ,DFDQ ,D E L  G ,F94
10 CO M PLEX e 1 6 B3,62 ,B1,BC,83 SQ
11 R E A L  NAG PO S , MA G  MEG
12 DIME NSION Q (4),P P1 (2)
13 EQUI VALE N CECP ,P RI)
14 DATA OMEGA1/C—O .5,0.8660254038) ~,OMEGA 2/ (—O .5,—O.8660?54O38)/
15 DATA PRECSN/1 .OE—4/
16 C
17 C V

18 a FO U R ~3/C 4.OaB4)19 82 = S IX  8 2/ (6 J~a P 4 )
20 81 = FOUR el/(4.0ae4)
21 80 = ONE 8 0/ 84
a? c
23 B3 Sti = 6 3 c c ?
24 H 32—83 SO
25 I bU~~4 . 0* 83* B1,3 .O* B2* *2
26 G Dl+03* (—3.Oe82,2.C*83 SO)
27 14 PR IME —1 /12.0
23 6 PRIME • —G **2~ 4.C— H* (N**~~,3.O*14 PRIME )
29 C
30 SQ ROOT = CSQPT(6 PRINE**2,4 •Q*P4 PRIM (** 3)
31 P = (—G PR IM E+S Q R O O T ) e 0 .5
32 NA G P05 = ABS (P RI (1))+ABS (P P1(2))
33 P P05 a P
36 P a (—6 PRIME—SQ ROOT ) .O . 5
35 NAG MEG x ABS (P RI (1))+ABSCP P1(2))
36 IF (PAG P05 .GT. MAG MEG ) P a P P05
37 LOG P a CLOG (P)
38 CUB RIO = CE*PCL06 P/3.0)
39 CUB RTI a OM EGA I*CUB PTO
40 CUB R I? I OMEGAP *CUB RTO
41 C
42 ROOT P • CSQRI (CUB RTO—N PRIME/CUB ITO—N )
63 ROOT 4 • CSQRT (CUB RT I—H PRIME/CUB Rh —N )
44 ROOT R a C S Q R T ( C U B  RT 2— N PRIME/ CU R RT2 —H )
45 C IF (CABS (6) .LT. i.~~E—5O ) GO TO 21 TJN
46 IF (CABS (6) .LT. 1 .01—36 ) 60 TO 21 TJM a
4? SIGN • —ROOT p*ROOT QA ROOT Ra2.O/6
48 IF(SIGN •LT. 0.0) ROOT A • —ROOT P
49 21 4(1) a •ROOT P+ROOT 4+1007 R—~3
50 0(2) • •POOT P—ROOT 0—ROOT R—8 3
51 Q(3) • —ROOT P+ROOT 4—ROOT 1—83
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r

52 ~~ 4 ) = — ROOT P— ROOT Q+POOT P—83
53 C
54 F84 4.0*84
55 T W LV ~3 = 3.CeFOUR 93 V

56 TWIV 82 2.O*SIX $2
57 DO 52 J 1 , 4
58 IT EP 0
59 S i P  = (((p4*QCJ)+FOUR 83)*QCJ )+SIx B?)*O (J)+FOUR B1)*Q(J)+ONE 80
60 DF DQ = ((F84~~Q(J)+T WLV 83)~~Q (J)’TWLv B2)*Q (J)+FOUR 81
61 D E L  ~ — F / D F D Q
62 0(J) = QCJ )+DEL 0
63 I F C C I B S ( D E L  0/0(J)) .LT. PRECSN ) GO TO 52
64 h I P  = IT E R + 1
65 IF (ITEP .GE. 10) 60 TO 90
66 60 TO 51
67 52 CONTINUE
6 3 RETU R N
69 C
70 90 P R I N T 900
71 900 FO RMA TVO ’,Q  FAILS TO CONV ERGE IN QUAR TC ’)
72 STOP

* 73 C
74 END

~PRT,S FULLWAVE. X PER
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MORF ITT*FUL IWAV E (1 ) .XFER
I SUBROUTINE XFE P (A ,9,N)
2 C FO R MS
3 C
6 D IM E N S I ON V  A(1),B (I)
S C
6 C
7 DC 11 Ja l ,N
8 11 8(J) a A ( J )
9 RETURN

10 C
ii E N D

~PRT,S FULLWAVE. R PLOTS

- -- - 

122 

- _ _

— 
-•—- —•



• MORFIIT*FULLWAVE (I).RPLOTS
I SUBR OUTINE RPIOtS

• 2 C
3 CO MMON/RDATA C/X (50),YC5O ),FC5O )
4 CONMON/NRF CON/ MR F
5 DIMENSION ISYND (SO ),XD(50),YD (5O),
6 * LINE (IO1)
7 INTEGER V
8 C

I~~~4’ ~~~~~ ~~~ ~~1#  ~~C’  ~~~~~DATA laYPID, , , 
~ , ~ , * , J , ~ 

, , ~ , , ,, ,. _ _ . . S S S S S S S S S S S S S S S
* A , B , C , D , E , F , G , H , I , J ,

4 4  . S S S S S S S S S S S S S S S S S S S
I, * k , L , N , N , O , P , Q , P , S , T ,

S S S S S S S S S S S S 0 4 5  t~~~~S S - V S S SIc * U .  V - , W , * , Y , 1, ,
~~~~~~, ~ , 4 /

13 DATA IBL A N K/ ’ ‘/
16 DATA V/O174000000000/
IS C
16 X M A X a — l . 0 E 9
17 XMINI+1.0E9

• 18 YMA X _I.019
19 YMINa+1.0E9
20 C
21 00 lu LaI,NR F
22 *D (L )~~* (L)
23 YD (L )~~Y C L )
24 IF (XD(L) .LT. xMIN ) XPIN~ XD (L)• 25 IF (XD (L) .6T. XMAX) X MA X aX DC L )
26 IF (YD (L) .LT. YMIN ) YNIP4 aYDCL )
27 IF (YD (L) .GT. YMAX ) YMA X~~YD (L)
28 10 CONTIN UE
29 C
30 IF (CXMA X— *MIN)/lO.O .61. CYMAx—YMIN )/6 .5) GO TO 100
31 YMESNa (YPAX .YMIN)/52 .O
32 *MES HIYMESH*O .8
33 XNA*’XMlN, (?OO .O .XMESH)
34 60 10 200
35 100 XMESN• (XMA *—XNIN)/100 .O
36 Y ME SN IXNE SH/O. 8
37 yM*XaYMIN, (52.O*YM(SN )
38 200 CONTINUE

• 39 PRINT 30
60 30 FORUAT(’I’,’ PLOT OF P—V ALUES’)
41 YTO P •Y MA * .Y ME $N

• 42 PRINT 31,YTOP
• 63 31 FOIRAT ( ‘,FIO.’ ,IGIV— ’)

44 DO 300 I•1,53• 43 DO 3S0 .1.1.101
• 46 350 LINE(J ) • ISLA NK

4? 00 400 L•1,NR F
4$ ITIST • (YD (L)— ,MIN )IYMESN ,O.S
49 IF ((ITI$T ‘I ) .ME. 53 )  60 TO 400
SO JPOST •

V 51 L INE (JPOST )  • ISYMD( L )

_ _ _  -
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52 400 CONTINUE
53 C
54 300 PRINT 555,V,LINE,V
55 SSS FOR MAT ( ‘,9x , Ai ,1O1AI , Al )
56 Y B O T~ YMIN— YME SH
57 PRINT 32,YeOT
58 32 FOR PAT ( ‘,FIO.6,IOIC’— ’) )
59 PRINT 33 ,XMIN ,XMAX
60 33 FORMAT( ’ ‘,5X,F1O.4,90*,F1O.4)
61 C
62 RETU RN
63 END

~
P RT,S  F L L L W A V E . O V C H K

I
I



‘I

NORF ITT *FULLWAV E (1 ).OVCHK
• 1 SU B ROUTINE O V C H K ( C A L L E R , S T M T )  OMP

2 C ***** THIS SUBROUTINE WILL CALL THE ROUTINE OVUPIFI WHIC H DMP
3 C ~~~~~~~~ C HECKS FOR OVERFLOW AND UNDERFLO W. THE ROUTINE RETURNS AP I DMP
4 C •*~~** INTEGER VALUE WHICH TELLS WHETHER OVERFLOW AND/OR UNDERFLOW DMP
5 C •*e . e  HA V E OCCURRED SINCE THE PROGRAM STARTED OR SINCE THE LAST TINE DUP
6 C •ea~~* ONE OF THE OVE R FLO W/UN DERFL OW CHECKING ROUTINES iAS CALLEb , DPIP
7 C ** e ** W Hi CHEVER HAS BEEN MORE RECENT. THE INTEGER VALUES RETURNED DPIP
B C * e e * e  AND THEIR MEANING S ARE *5 FOLLOWS: DPIP
9 C **e *e  Ia  O V E R F L O W O N L Y  D M P

10 C ~~* e * a  2= N O OVE R F L O W OR UN D F P F L O W O M P
11 C a a* .*  3 U N D E R F L O W  ONLY DMP
12 C e * * * *  4 O V E R F L O W  AND UNDER P L Ow DPIP
13 C e . e . c  THIS SUBROUTINE (OVCHK) W ILL PRINT OUT A MESSAGE STATING DMP
14 C e c e c e  WHETHER OVERFLOW HAS OR HAS NOT OCCURRED. FOR PURPOSES OMP
15 C * e e * e  OF THIS CONVERSION, UNDERF IOW OCCUR RENCE S HAVE BEEN IGNORED OMP
16 C * *e * *  BECA USE THE 1110 TAKE S THE SAM E ACTION (I.E. SETS THE RESULT DMP

• 17 C eea ** TO Z E R O )  IN T H E C A S E  OF UN DERFLO U AS DOES THE 360. DUP
18 C ***** THE SUBROUTINE A L S O  PRINTS OUT TH E NAME OF THE C A L L I N G  D PIP
19 C •~~ e* *  ROUTINE (VARIABLE ‘CALLE R ) A ND THE STATEMENT NUMBER FROM DUP

• 20 C ***** WHICH IT WAS CALLED (VARIABLE ‘STMT’) DPIP
• 21 C H A P A C T E R * 6  C A L L E R  DUP

22 INTE G ER ST MT 0MM
23 CALL OV U N F L ( I O V F L )  DPIP

• 24 IF C IOVF L .10. 1 .OR. IOVF L .10. 4) 60 TO 150 DPIP
25 W R I T E  (6,100) DUP
26 100 F0R~~AT (‘lOVERFLOW HAS NOT OCCURRED ’) DPIP
27 GO 10 250 DMP
23 150 W R ITE (6,200) DPIP
29 200 FORM AT (‘IOV ER PLO W HA S  OC CU R RED ) DMP
30 250 CONTINUE DPIP
31 W R ITE (~~,30O) STMT,CALLEP DMP
32 300 FO RMAT (‘ OVC HK WAS CALLED FROM STATEMENT ‘.15,’ IN SUBROUTINE
33 1 ,46) 0MM
34 RETURN OM P
35 (‘ID 0MM

&FIN
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APPENDIX B

FORTRAN LISTING OF THE “RANDOM” COMPUTER PROGRAM

PROGRAM RANDOM

1. ç PIOSPAM A D D ER R OR
- • 3.•_ ~C I ZVL PROG$~~~~V V S E ~~EI1TES SAUS SVI A~~ JANO ON DATA VALU E S

4. C
5. COMPLEX PA*T$ ,P,IR

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• ESU IVA LENCI (PART (4) PARTS )
• NAN ELI$T /DATUM / IIAN~M ,N IF ,SI6MA
* C

C OUAW.T VAWES
• C
• DATA IRANIMII!

DATA Nl F lZ 0 I  
- DA TL S1SftAJZQ*L.03!

• DATA ALAST /—99.9 1
. C
• RIAD (5 , DATUM )

• .----~~~~~~~~ - - V - • - • - -

. READ 11.IDENT

. 11 FORPIAT(20A4)
• PUNCH 1I,IDINT

• PRINT 1*.DINT
16 F0*MAT ( 1 ,20A4,I)

: - 13 I~iTi~Q ’,ZO*,’IJlPUT DA TA ’/1,IO*,
5N ,1O X , FIEDUENCY ’,8X ,5R’)

• DO 10 Tal Ni?
. READ 12 ~hi1 I),RCI)
• 12 YORNAT (? .Z,3*.iF10.3)

: 
V~~~~ •V~~~~~~

4 ~~ T 8 :~~~~~1~~~ L3.SX,2F1O.3)10 CONTINUE
. C

• V V UA~~~ 5S.fzJAL
*1 55 F9!NAT (F7.0)
i. I~~ P1NAL ,LT. 0.0) 60 TO 565. PRINT S~

- S7 IOIISAT. ( ‘,‘LAST CARD 1$ NOT NEGATIVE ’)fQ. SO TO 5$
C 

56 CONTINU E
•

~

o-

~

2O•D:

~

1 N*~44. PAR?s .p(Ic

U:
)U IIANDN

4$. *IT( •PART (1),SIGN*(I)**
4t. CALL. N DOM URANDM ,X)

- - - V III M 1V

1

ISJJ* *1$

Si. PAPT (2 .PART (2),SI$MA (I)**
20 ILl ~U MT

5~~.
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p

PROGRAM RANDOM (CONT)

• If. 26 PO*MAT (51’,2O X,5$AUSSIAN RANDOM * DATA ’)
.WIRT Cl

V 5$. 27 FgiM~ T(’O’ 34X, 5I’,2X, ’I*ANDM ’,1OX, ’X i E A L ’,1OX ,’IRA NDM ’,
S • *1 x SINkS I)Is •1 IF

~$ ~~~~~~~~~~~~~~~~~~~~~~~C 
;I1~

VI ft ,IDENT
21 FO&M~ TP0’,2OX, ”GAU SS IAN RANDOM A DATA ’)

11: 22 cIL~~ T~
ZO5 5* ,’N’,Sx , ’F* EQ UENCY ’,lOX ,‘R ’,?OX ,’RR ’,ZOX ,’SI G M A ’l)

31 TI1~
L
~~~~~~~i 6~~~~~~~ IO.3,2X

I~

. PUNCH 2 ,FhQII).RR (1 •SIiMA( I)
• 32 ,ORfiAT (r7.2,3X,2F10.3,F1U .3)
* 30 CONTINUE
: C 

PUNCH 32.ALAST
• SI CONTINUE

I. STOP
END

1. SUBROUTINE RANDOM (I* ,X )
2. C THIS ROUTINE IS SPECI FIC TO SYSTEM 1110. IT GENERATES APPROXIMATELY
3. -C S*USSIAM DISTRIBUTED RANDOM FLOATING NUMBERS WITH

• 4. C UNIT STANDARD DEVIATION. (2e.29)/12 NUMBERS WILL BE
* C GENERATED BEFORE SEQUENCE IS REPEATED.
. C INITIAL VALUE OF IX NAY BE ANY INTEGER 0? NINE DIGITS OR LESS.
• C P IS A UN IFORMLY DISTRI BUTED RANDO M VARIABLE WITH VALUES
* C B E T W E E N  0 .0  A N D  1.0.

* C
• C RANDO M GENE RATES A RANDOM NUMBER FROM A SEED AND SIMULATES AN
• C IBM 360 32 BIT WORD GENERAT iON. THE CALLIN G SEQUENCE IS THE
• C SAME AS F91 THE IBM 360 RANDOM SUBROUTINE.

: C ,ATAi4JID,o4~; 
MUST BE A POSITIVE INTEGER.

• IX.IZ*I_1
• ~~~
. 50 11 L 1 , 12
* Ix • Ix • 65339
• C IF (~~~) ~. •, ~• Ifl BITS~ aX ~~~~~~~ •t Q. 0) GO 10 6
• S SITS ( IX. i 4) • lONES
• C I*~~ l x i  2 1 4 7 4 8 3 6 4 7 . 1
• IX. ’ I • 2147483647• : ~ ny;0 it5 1, 4) • 0

• • 7 YIL ~~~iX
• V u S YFL. • •4656613E—9

• 
• S. 11 5 • * • Y R L

I~ TURN
U. (RD

_ _ _  
V 
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APPENDIX C

FORTRAN LISTING OF THE “INVERT” COMPUTER PROGRAM

PROGRAM INVERT

P~O R F IT T * 1 4 V E R T ( 1 ) . P , A I N
I C ?AIN V

2 C PROGRAM “‘I N V E R T ’”
3 C THIS VERSION OF THE IONOSPHERIC PROFILE INVERSION
4 C PRO G RA M W ILL WOR K FOR AN ARBITRARY CHOICE OF FREQUENCIES
5 C A S  LONG A S  THE FOLLO W ING RULE IS APPLIED.  V

6 C
7 C FMAX —F M IN )/D E L F ) .11. 200.

C
9 C

10 COM MON /N R CO M/ N Q
11 L OMPON/PLOT C /IPROF P,IRPLOT
12 CO MM O N/- A PI S C O M / A N S W E R ( 5 1 )
13 C OM ” O N/ NO RG C / N O R G
14 LOMM ON IMIN C/ M IN
15 CO M ?’ON /DOPT C/DOPT
16 COMMON/ROTAT C/ROTAT E
1? C OM ” &N/DE L F C / D E L F  V

18 CO Pt ~O N / D L T A H  C / D E L T A H
19 LO M MO N/ H S C O M / H T S T O P C 2 )
23 C O M M O N / S T O P S  C / S T O P S ( 2 )
21 LO PIM O N/ EXP PI U C / C O E F N U , F X P N U
22 CO f r . ” ON / IPA C O M / I P R N T A

LO MM ON / I PE  C O P ’ / I P R NT E
24 C O M M O N/ A L P H A  C / A L P H * ( 5 1 )
25 C O M M ON /P ES C O M/ ’ I R  ST PS (2 ’5 ,20)

C O MM ON/AL  C OM / A L A M D A
23 CO PIPON/OL COM/D ELTAL

~A M C L I S T / D A T U M /
31
31 1 ND ,
32 5 DOPT,
33 5 ROTATE ,
34 5 DEL F ,
35 5 D E L TA M ,
36 1 HTSTOP ,
37 1 STOPS ,
33 S C O E F N U ,E X PNU,NUFLA G ,
39 S I PR NT A ,
4 3 5 IPRP IT E ,
41 5 ALPHA ,
42 S NR SIPS,
43 5
44 S ALAM DA ,
45 5 D F L T A L
46 1MENSIOPE IBCD (!C )
4? DATA NAM I/’NANE ’/,A DA T / ’ ID*’/,DATZ/’T UM ‘I,
48 5 lEND !’ Ic’I’/.ENDZ!’o ‘/
49 C
53 C
51 MRI’IT 100

-- — 
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52 100
• 53 C

54 R E A D  901 ,IBCD
• 55  P R I N T  9 0 2 , I P C D

56 C
57 CALL D INPUT
58 CALL F W INPT
59 C
60 IFCIPROFP .NE. 1) 60 TO 66
61 C

62 C R E A D  IN A N  O R I G I N A L  P R O FI L E
63 C
64 READ ~O l , I8C D
65 PRINT 902 , IBCD
66 J 1
67 60 R E A D  67, HT D , ELD
68 67 FORMAT (F7.2 ,SX ,1PE9.Z)
69 IF (HTD .LT. Q.C) GO TO ~8
70 A N S W E R ( J )  =
71 J = J+1
72 GO TO 6O
73 Q8 NO RG a J~~1
74 66 CONTINUE
75 C
76 M I N = 10
77 (‘OPT a 1.0

• 78 P,R l
79
80 OEL F 0.1
81 DELTAH a
82 HTSTOP (1) 93.0
83 HTSTOP (2) 50.6
86 STOPS (1) • 1.013
óS S T O P S ( 2) a 3.010
86 COEFNU 1.516111
87 EXPNU = —0.15
88 NU F L A G  0
89 I P R N T A  0
90 IPRNTE • 0
91 ROTATE — 0.0

92 ALA PI DA • 0.0
• 93 DFLT AL • 1.~~/64.U94 C
• 95 READ 901,IBCD

96 PRINT 9O2 , I PC D
97 C
98 LF (IBCD (1) .E0. NAME ) GO TO 90
99 IF (IBCD(1) .NE. NAME) PRINT b O J
100 600 FOR MAT (’O’,’ NO NAMEL IST INPUT .———P ROGR AM STOPS——— ’)
101 GO TO 999
102 90 READ (5,DATUM)
103 P R i N T  601 ,A D A T , D A T 2

129
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104 601 FORMA T (’ ‘,?A6)
105 iF (NUFLAG .10. ~~ GO TO 27
106 COEF NU • 4.’03111

EXP NU a — 0.16 22
108 27 C ONTiNUE
109 PRIN T 602,HTSTCP (1) ,HTSTOP (2),STOPS (1),STO PS(2)
110 ~~~ F O R M A T (  ‘

,
‘ HTST OP ( 1) = ,F8.3 ,  HTSTQ P (~~) a

111 • STOPS (1) a ,1P€10. 1, STOPS ( 2) = ,IPFIO.3)
112 F R I N T  201,M I N ,DOPT , D E L T A H

113 2~~1 FONP A IC ’ ~~ V~IN ,I 5, — DOPT ,F9. 3,
114 S - D E L T A H ,FQ .3)
115 PRINT ~02,RoTATE ,*L AMD A ,DEL 1AL ,IPRNTA ,IPRNTE,NU~ LA G
116 2C2 FORMAT -V - , ROTATE ,F9.3,’ ALAPD A • ‘,F9.3, DEL TAL • — ,

117 S F 9.4, IPR~~TA = ,1 2, IPR’ ITE = ,12, NUFLA G .12)
118 I F ( N U F L A G  .FQ .  1) PPINI 2 0 3 , N U F L A G , C O E F N U , E X P N U
119 2C3 F O RMAT V , NL’ FLAG = ,I?,’ C OEFNU ,IPE13 .3,
120 — E X P ? ~IU ,C PF6. 4 )
121 FR IN T ~04,IF ND, E ’~D2
122 2C4 FORMA T (’ — , 2A4 ,l/ )
123 C V

124 CALL CONTRL V

125 C
126 901 F O R M A T  (2 0*4 )
127 902 FORMAT V ,2 f A 4 )
128 C
129 ~Q9 STOP
130 C
131 tP~D

~s P R T ,S  I P I V E R T . C ON I K L

4
1~~

-- - -~~~ • - • - - - - -• - V _ _- V



.•

• M O R F I T T * I N V E R T ( 1 ) . C O N T R L
1 SUBPOUT INE CONTRL

• 2 C
3 COM M ON/N P C O M / N R
4 COP’*’ON/PLOT C/IPRO FP ,I RPLOT
5 COM M ON/M IN C/ PIIN
6 COMM ON/D OPT C/D OPT
7 LO MMON /NS CO P/hR STPSC2S,20)
8 C O P ’ M O h / N R F  C O M / P I R  F
9 COM MO N/ NRA CO M/ N R A
10 CO MM ON/ALPHA C / A L P H A ( 5 1 )
11 COMNON/DA COM/DA (51)
12 COMMON /AD .IS T C / A D I S T
13 COMM ON /OV PFLO /IOV FLO
14 COMMO N /S CO~’/S
15 cOMMON/AL C OM /ALA PI DA
16 COMMON/SN CO M /SN EX T
17 CO MM ON/D C CO M /DELTAL .
18 L. IMENS ION A 1PHAO (51 ) ,TI~PES H (4),NSO (25,2~’)19 D A T A  THRESN/0.8,1.2,2 .f,4.Q/
20 C

C
• 22 NSE C • 6C * M IN
• 23 FNSEC = NSEC

24 CALL SET CLK
25 C
26 IFI RST = I
2? C
28 C ALL SET UTS
29 CALL INTERP
3rJ C A LL L O G S
31 C
32 PRIhT 1t,1
33 In FORP AT (’O’, E ND OF INI T ILI ZAT ION ’)
34 bR I N T  103
35 103 FORMA T (’l , I N I T I A L  PPOF ILF—— )
36 IFCA LA PD A .EQ. ).C ) GO TO 51
37 PRINT 1U4~~PiR~~&~V A M D A
38 1 )4 FORMA TV ,!X ,’t 0hT I N U ~ W IT H LAM BDA ’,13 , = ,F12.5,1x ,

39 1 ‘(NOT USED UNTIL SFTTLE— DOWN) ’)
40 C
41 15 CALL PRINT ~

• 42 PRINT 105,NP
4 3 105 F O R M A T ( ’ ,~~X , ’F U L L — U * V F  S O L U T I O N S ’,!T)
44 CALL R D A D A  V

45 IF (IOVFLO .NE . u) GO TO 90
• 46 CALL PRNT A S

47 PRINT 1O8,NR ,S
48 108 FO R P A T C ’ 0 ’ ,~~X , S ,11, • ‘,F9 . 3,1X ,’US IP4 6 FULL—WAVE VALUES ’ )
49 C
50 IF ( ! RP L O T  .10. 1) CALL RPLOTS
Si C

131

- 
•- - - —--—- • -•- ~~~~~-

_ _ _



•1

52 20 PRINT 200
53 2flO FORMAT (‘l , SETTLE—D QWN——— )
54 PE R • N P • 1
55 C
56 CALL SOL EQS (0)
57 C
58 R A T I O  a A D I S T /D OPT
59 PRINT 202,NR ,ALAMDA, SNEXT ,A D I S T ,RAT !O,NR
60 202 FORMAT(’ ‘,~~X , SOLVF EQS WI~~H LAM B DA ’,I’, • ‘,F12.5,IX ,
61 S ‘GIVING S PRiME • ‘,F9. 3 ,2X , D PRIME • ‘,F 7 .3 ,2X , ’R A T I O  =
62 5 F8.2,1* ,’A’ID S E T T L E  P R O F I L E ’,13)

63 C A LL P R INT P
64 C
65 IF (RATIO S I T .  THPESH (1 )) D E L T A L  • S Q R T ( 2 . O ) * D E L T A L
66 IF (RATIO .GT. THRE SM (2 ) )  D E L T A L  • DELTAL/2.O
6? C
68 IF ( R A T I O  .LT. T H P E S H (4 )  .OR. IFIRS 1 •NE . 0) 60 TO 40
69 30 CONTINUE
70 00 32 Ja l , NR A
71 12 ALPHA (J ) a A L P H* 0 ( J )
72 ALA PI DA • AL O
73 PRINT 300,NR, A L A N D A ,NR, DELT AL
74 300 F O R M A T  V 1 ’,’BA C K S T E P — — — ,

75 S 15X ,’S*VFD LA PIBDA ,I3,’ = ,F1? .S,  DELT ~. LA MB DA ,13, ’ -,
76 1 F12.5, (NOT USED)’!)
77 PER JH F a (NP A — 1 ) / 2

• 7! DO 39 L 1 ,NR F
19 00 39 JHF a I, N R J H F
80 39 PER STPS (JNF ,L) • NSO (JI4F,L) V

81 CALL  L K C L K S ( S K E Y )
82 !F (FNSEC .LT. SKEY ) GO TO lI)
83 GO TO 15
84 C
85 40 IF (RAT IO .IT. THRESN(3)) GO TO 50
86 PIP NR +1
37 P R I N T  400 ,NR ,A L A N D A ,N R ,DELT AL
8! 400 FOR MAT (’I’,’SAHE LAMBDA——— ’,
89 S 15X , (SA ME ) LAPIB DA ,I3,’ ‘,F12.5,9X,
90 S ‘DELTA LAMBDA ,13,’ • ,F12.5, (NOT USED)’!,19X ,
91 •‘PR EV I O U S  S O L U T I O N  F R O M  SETTLE DO WN IS USED ’)
92 CALL LKCLKS (SKEY )
93 IF(FNSEC •LT. SKEY ) GO TO 70
94 GO TO 6O
95 C
96 SO NR — N R . 1
97 PRINT SO0,P4R ,DELTAL
98 500 FORPIAT( ’l ’,’NEW L A M 8 D A ~~~~~

’,15X ,’DELTA L A M P D A ’ ,IS ,’ a ‘,F12.5)
99 IF IRSTa D

100 C
101 ALO • ALA MD A
102 A LA M DA • A LA M D A 4 D E L T A L
103 C }

132
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104 ci CALL SOL EQS (1)
105 PRINT 504,PIP ,AL AMD A ,ADIST ,SNE XT,NR
1u6 504 FORMA TV ,3X ,’SQLVE EQS WITH LAMBDA ,13, = ,F12.5 ,1X ,
107 S ‘G I V I N G  0 = ‘,r7.3,2 X , L I N rAR S • ,F9.3,1X ,’AP4D PR O FI L E ,13)
108 C
b c  C ALL LKC IKS (SKEY )
110 I F (FNSEC .11. SKEY ) GO 70 70
111 C
112 00 52 J= 1 , NR A
113 52 AL PHA OLJ) = A L P HA ( J )
114 PER J HF = (NR A — 1 ) / 2
115 uO 58 L 1 ,NR F
116 Do ~8 J HF 1,NR J HF
11? 5~ NSO (J HF,L) = PER STPS(JHF ,L)
113 C
119 60 DO 61 J 1 ,NP A
140 ~1 A L P H A C J )  A L P H A ( J ) 4 D A ( J )

• 121 C
122 CALL  PRINT N
123 PRINT 601,PEP

• 124 601 FOR MATV ‘,3X ,’FULL —W AV E SOLUTIONS ,I3)
• 125 C ALL R DRDA

126 LF (IOVF LO .NE. C~) GO TO 90
12? C ALL PRNI PS
128 PRINT 6O2,NP ,S
129 6fl2 FO R MA T V O ’ ,3X , S ’,13, = ,F9.3 .1X ,’USING FULL—WAVE VALUES ’)
130 C
131 IF (IRPLOT •FQ. 1) CALL RPLOTS
132 C
133 60 TO 20
134 C
135 70 A LA M DA AL~136 C A L l  C A R D S
137 STO P
138 C

• 139 96 PRINT 990
• 140 990 FORMAT V0’,’IovFLO F L A G  SET ’)

141 STOP
142 C
143

• G P RT,S  I NV E R T . S E T H T S

S

I
133 
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PORF ITT*INVER T (b).~~E T H T S
1 SUBROUTINE SET PETS
2 C
3 COMM ON/DLTAII CIDELTAH
4 COMMON /HTS COM/HTS (51)
5 COMMON/PES COM/P.TSTOP (2)
6 CO MMON/STOPS C/STOPS (2)
7 COMMON /NRF COPI /PER F
8 CO MM ON/ PE S COM/ PER STPS (25,2C)
0 COMM ON/ALPHA C/A LPHA (51 )

10 CO MM ON/AL  C O M / A L A P I D A
11 CO MM ON/N RA COM /PER A
12 COMM ON/AL IMS C/AM *X,A M IN
13 C
14 DATA EPS/C.OO1/
15 C
16 C
17 A M A X A L O G ( S T O P S ( 1 ) )
18 AMIN ALOG (STOPS (2))
19 C
20 F LO T ~ = (I4 T S T O P ( 1 ) — H T S T O P ( 2 ) ) / ( ? . O * D E L T A H )
21 NP JHF = F LO T E+ 0 .O1
22 SLO P AB S (FLOT E—N R JH F )
23 IF (SLO P .67. 0.02) GC TO 9~
24 C
25 IF (A LA MDA .10. O.C) AL PHA (1) = (*YA X +AM I N )/2 .O
26 HTS (1) = HTSTOP (1)
27 J 1
28 2 1 J • J+ 1
29 H1S (J ) = H T S ( J — 1 ) — D E L T A H
SC I F (A LAM DA .EQ. O.C) AL°H* (J) = ALPHA (1)
31 IF (HTS(J)—0.O1 .GT. HTSTOP (’) ) GO TO 21
32 PE R A J
33 C
34 Xc (~~ a — i . NE .  2*NR JHF ) GO TO 90
35 IF (ALA MDA •NE. 0.0) RETURN
36 C
37 DO ‘1 L 1 , NR F
38 DO ‘1 JH Fa I ,N R JH F
39 ‘1 NP STPS(JHF,L ) • 2
4’D RE TU RN
61 C
42 90 PRINT 900
43 900 FORMAT VO’,’(HTSTOP (1)—HTSTOP (2))/DELT*H MUST BE A M U L T I P L E  OF 2. •
44 10’)
45 STOP
46 C
47 END

• £PRT,S INVERT .CA RD S

IL 
~~V 

~~ 
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NOR FIT T ~~Z N V E R T ( 1 ) . C A R D S
1 SUBROUTINE C A R D S

• 2 C
3 COMMON/ALPHA C / A L P H* ( 5 1 )
4 CO M MON /NP C O M / N R
5 COM M ON/NS t O M / h R  STPS (25 ,20)
6 COMMON/ROTAT C/ROTAT E
7 C O M M O N / A L  C O M / A L A M D A
S COMMON/D I  C O M / D E L T A L
9 CO M MON/NR A COM/ N R A
10 CO MM O N/ N RF C O P / P E R  F
11 C
12 C
13 PRINT 100
14 100 FORM AT (‘l ,’OUTPUT CARDS — — ’)
15 C
16 FRI N T 201,(*LPH* (J),J=1 ,NR A )
1? 201 FOR PAT V ~~ ALPHA = — , 1O(F6.3,’,’) ,/,(’ ,1Ox,1O(F6.3, ,’) ) )

• 18 PUNCH 2 0 2 , ( * L P H A ( J ) ,J = 1 , N R  A )
19 202 F O R M * T (  — AL P HA = — , 1O ( F 6 . 3 , ’,’) ,/ , ( 1O X , 1 O ( F6 . 3 , ’,’)))

C
• 21 PiP JH F = (NP A— 1 )/2
• 22 DO ~1 L 1,N P F

23 PRINT 3Oi,L, (PE P S T P S ( J H F , L ) , J H F  1,NR JHF )
24 ~~~ FORM AT V ~~ N R S T P S ( 1 , ,12 , )  = ,12(I 4,,’),!,(’ ,16X,12C14 , ,

• 5 1)))
26 ti ? U PIC9 302 ,L ,( Nk  S T P S ( J H F ,L ) , JH F  1,NR J H F)
27 302 FORMAT ( ‘ 

~RSTPS (i, ,I2, ) = ‘,12 (1 4,’, ),I, ( 16X,12 (I4, ,’
1 ) ) )

C
30 PR i NT 4 0 b , ROTAT E
31 401 FOR MAT V , ROTATE =
32 PUNCH 402 , ROTATE
33 402 FOR MA T ~~ ROTATE =
36 C
35 PRI NT 50b,A LA Mt~A
36 SM FORMAT V ~~ A LA PI DA • ‘,IP!9.2,’, )
3? PUNCH 5 0 2 ,A l A M D A
38 502 FORMAT V A L A M D A  = ‘,IPE9.2, ’,’)
39 C
40 PRiNT *O1, DFLTAL
4 1 601 F O R M A T  C ’  ~~ D E L T A L  • ‘,F12.5,’,’)
42 PUNCH 602,DFLTAL

• 43 6~’2 FOR ~~AT C ‘ D E L T A L  • ‘,F12.5,’,’)
64 C
45 PRINT 7O1,NP

• 46 7~ 1 FoRMAT ’’ ‘,‘ r~R • ‘.13,’,’)
67 PUNCH 7O2,NP
48 702 FORMA T ( ‘ N P •
49 C

~
O C ROUTINE ADDED TO CHECK FOR OVERFLOW

51 610 CALL OVCKKVCARD S ,61C )
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52 R E T U R N

53 C
54 E N D

~PRT ,S I NV L RT . S O L E ~~S

I
‘I

: 4



r

• PORF ITT*I PEVERT (1 ) .SOLEQS
1 SUBROUTINE SOL E Q S  ( L F L A G )

• 2 C
3 C OP IM ON/DLTA H C / D E L T A H
4 COMMON/ IPA CO P /IPRNTA
S COM MON/ALIMS C/AM AX,AM IN
6 COMMON /ALPHA C/A LPHA (51)
7 COM MON/PETS COM/HTS (51)
B COM MO N /NRA t O M / P E R  A
9 COMM ON /NRF CO M /NR F
10 CO MMON/AL COM /A LAMD A
11 COM MON/RNOR M C / P  NO RM (4 0 )
12 COM MON /ORDA C/DPDA (40,51)
13 C O M M O N/ S  C O M / S
14 COM M ON/DA C O M / D A ( 5 1 )
15 COMMON/SN C O M / S N E X T
16 C O M M O N / A D I S T  C / A D I S T
17 CO MMO N/AU CO PE /ALP UNC (51)
18 CO MMON/ RSN COM /RISLTN (51 )
19 COMMON/TEMP C~~B (132 6),A (2O4O)
20 DIMENS iON P E N (2 ) ,C A P  A ( 5 1 )
21 P1*1*8 B,A ,V (51),AU X (51),DSUM

• 22 DATA EPS/1 .OE— 4 F
23 DATA ALN TE N/2.302585/
24 C
25 C
26 i~~ P = 2~ NR ~
27 IF (AL A MDA do. 0.C •AND. LFL AG •NF. 0) GO TO 12
28 S = 0.0
29 DO 11 I’1,NR P
30 11 ~ 

a S+R NO R M ( I ) ~~*2
31 12 CONTINUE
32 C
33 F A C T R 1  = 1.0
34 IF (ALA MDA .NE. s.C) FACTR 1  = 1 .0ESFDELTA H .*3/ALA ~~D&e*2
35 PENLTY a FACTR I*1.0E2
36 PEPE (1) a 0.0
3? IF (ALP HA (1) .LE. A MAX ) PIPEd ) • PENLTY
38 P F P E C 2 )  a 0.0
39 IF (AL PHA (NR A) .61 . AM IN ) PEN (2) • PENLTY

• 40 ICOU NT • 0
41 C

• 42 20 JJ J • I
• 43 (‘0 23 Ja l, NR A

44 DO 23 J J~~1,J65 osuM • C.O
• 66 IF (ALAMDA •E0. ~.G) GO TO 22

47 DO 21 I1,P4P P
48 21 uSuP • DSUM •DRDA (I,JJ )*DRDA (I,J)

V 49 ‘~ ~ ( J J  J~ • OSU M
SO 23 ~J • JJ J+ 1
51 C 
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52 (‘0 25 J~~1,NR A
53 (‘SUM = 0.0 •

54 IF (A L A M D A  .EO .  0.0) 60 TO 25
55 DO 24 I 1 , N° M
56 74 D S U~ = DSUM+ DRDA (Z,J)~~P NORM (I)
57 25 V ( J )  • — DSU M
58 C
59 b (1) = B (1)+2 .0*FACTRI
60 ~(2) • B (2)— 3.0*FACTRI
61 3(3) • BC3 )46.Q* FACTR 1
62 J J = ~~
63 NRA P2 PER A —?
64 (‘0 27 J=3,N RA M 2
65 c~(J J 2 )  = E (J J—2 )+FACTRI
66 ~ (J J— 1) = P(J J—1 )— 6 .D*FACTR 1
6? ~- ( J  J )  • B(J  J),6 .O . F A C T R 1
6! 27 ~ = J J+J+ 1
69 b(J  j—2) • P (J J — 2 ) . F A C T R I
70 ~ (J J— 1) • PU J — 1 ) - 4 . O * F * C T R I
71 ~ (J J) = p(J J),5 .O*FACTPI
72 J J = J J +N R A
73 ~ C.s ~— 2 ) = PU J— 2 )+FAC TRI
74 o (J J— 1 ) a ~ (J J— 1 ) — 2 . O * F A C T R I
75 ~ (J J)  B(J  J ) 4 F A C T R I
76 C
77 ~(1) = V (I)— FACTR1 .(2.G~ AL PHA ( 1)—3.!’*ALPH I (2),ALPHA(3 ))

V ( i) • V ( 2 ) ~~F A C T R 1 . ( — 3 . ) .A L PH A( 1) ,6 . J * A1Ps 4 A (2 )— L .t * A L P H A ( 3 )
S • * L P P 4 A ( 4 ) )

~~t) P E R A M ? • PER A — 2
81 uO fl j a 3 , P~PA Pc ~
62 ‘8 ~-(J ) a V (J) FACTR1.(A L PHA (J~~2)~~4.0*ALPHA (J—1 )+ 6 .0*AL PHA(J)

S _L .O**LP H* (J,1),AL0HA (J+2))
84 V ( N P  A — i )  a y ( p ~R A—1 )~~F * C T R 1* (4 L p H A ( N R  & — ~~) — 6 . Q * A L P H A ( N R  A — 2)
85 1 •5 .C~~A L p H A ( N R  A— 1 ) — 2 . O * A L P H * ( N R  A ) )
86 V (NP A) • V (NR A )—FA CT P1* CA L PHA (N R A— 2 )—2 .U* *LPHA (IiR i— i )
37 S +ALP I iA ( NR A ) )
8! C
89 t (1) • 8(1).PEN (1)

J J a (PER A .(NR A41))/i
91 8(J  J) • P (J J ) + P E P ( 2 )
92 C
93 V ( 1 )  • V (I)—PEP ,(1)e(ALPHA (b )—AMAX )
96 V ( P E R  A )  a V ( N R  A ) — P F N ( 2 ) * ( A L P H A ( N R  A ) — A M I ’ 4 )
95 C
96 CALL D6 ELS CV,B ,P,R A ,1,EPS,IER,AuX)
97 IF C IER .LT. U) PR IPJ T 903 ,IER
93 9C3 FO R PA T ( ’  ‘,‘FO R DA SO LUTION , lEA • ,13) • -.

~

99 C
100 DO 31 Ja 1 ,NP A
101 31 DA (J ) • V U)
102 C 

-

•

103 Z A G A I N  • 0
I
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• 1(14 IF ( PEN( 1)  .10. 0.0 .OR. ALPHA (i),DA (1) .11. A MAX ) GO To 32
1J5 P 1 P 4 ( i )  =

• 106 L A G A I N  = I
1J7 (

~O 10 33
1~~8 12 iF ( P E N C I) . P E E .  Li .0 .OP. A L P H A ( 1 ) + D A ( 1 )  .GT . A M A X )  GO TO 33
1(19 PEN ( 1)  = P E P E L T Y
110 I A G A I N  = I
111 33 IF (PE~~(2 )  .10. 6.0 •OR. AL PHA(NR A ) + D A ( N R  A )  .GE. A M I N )  60 TO 34
112 P E N ( Z )  =
113 X A G A I N  = I
114 (‘Cl TO 35
11~ 34 IF ( PEN ( 2) • P~~. tV~~.O .OR. A L P HA ( N R  A ) + D A ( N P  A )  .LT. AMIN )  GO TO 35
116 r’F Pj ( 2) = P C N L T Y
117 IA G A I N  = I
118 ~~ IF (IA GAI N .10. L)) GO TO 40
119 I C O UN T = ICCUNI + 1
12C IF (I COUNT .LT. 5) GO TO 26
121 PRINT 305
1 2  ~‘~5 FOR VAT (‘fl’,’IC OUNT TOO LA RG E )

• 123 STOP
124 C

• 125 4(- S N E X T  = 0.C
• 126 A DIST=0 .O

127 AF ( A LA MD A .10. ‘ .L .AND . LFLAG .NE. ~J) PET URN
128 00 46 I 1,NR P

• 12? SUM = 6 .0
130 t 0  4~ J 1,NP A
131 45 (‘SUM = D S U M + D R D A ( I , J ) * D * ( J )
132 KNE XT = A N0R~~(I).D SUP
133 4~ s~~ExT = SNFXT .RNEXT* .2
13’ C
135 SUM SQ • 0.0
136 DO 47 J 1,NR A
137 IF ( A L P HA ( J )  .GT. A P I N .AND. A L P H A ( J )  .LT. AM AX )
133 1 su~ so suM sa+D A J * * ?

47 CONTIN UE
140 A D L S T • SQPT (SUP SQ •DELTAH )/AL~ T E N
141 C
142 IF (IFLAG .NE. ~ ) R E T U A N
143 iF ( A L A N D A  .10. 6.0) GO TO fl

• 144 JJ J • 1
145 DO 52 Jv 1,NR A
146 (‘0 52 JJ•1 ,J
147 (‘SUP • 0.0
143 ~G 51 I.1,hP P
149 51 DSUM • DSUM ,DRDA (I,JJ ).DRDA (I,J)

• 150 u (JJ J) • DSUP
151 52 j J J • JJ J .1 V -

132 C
15 3 c d l )  $ B( 1) . 1.G* F A C T R I
154 • B (2)—2.C’FAC1RI FIr -

155 t (3 )  • B( 3 ) . S . ( * FA C T R I

139



156 j J = o
15? NR A TM ? a PER 1—2
158 DO 5~ J a 3 , M Q & M ~1)9 L (J a — i )  • ~ (J J—2 ). FA C TR1
l 6L) t ( J  J— I )  • ~ (J J—1 )— 4 .~~.FAC ’ Rl
161 ~- ( J  J )  a 

~ (J J ) .6 .L~. F A C T R 1
162 S3 .j j  = j j .j .I
16 ’s c ( J  J 2) c ( J  J 2 ) + F A C T R I
164 c (J J 1 )  • ‘~(J J- 1)~~~.u• FA C TA1
165 b( J  j )  • B ( J  J ) . 5 . C . F A C T P 1
166 J J = J J.h~ *
167 i( J J— ~~) • ~ (J J~~~).F*CTR 1
168 e ( J  J — 1 )  • F ( J  J — 1 ) — 2 . t ~~~A C T R I

~ (J J )  a 8 ( J  J ) * F A C ’ R l
1 7)  C
171 ~ I 1
172 (‘0 5’ Ia l, P~ ~173 ~o Y’ J=l ,N~ A
174 ~(J :) =
175 ~ 7 ~ = J I•1
176 C
177 CALL Dt,ELS ( A , t - ,h~ A ,NR ~ , E D S , I F R , A U X )
17* ~F ( 1F~ .LT.  • ) P k I H T  9’ 5,i~~R

9Y~ F 0 R ~~A T V  ‘,‘~~flH A SOLU TION , IE~ 
‘, l

C
1-~1 (‘0 ‘2 J 1 , P~ A
1e2 DSUW =j I a
1.~4 ~O ~ 1 I’1,N~ P

= D S U M ,A ( J  1)* * ~1E~6 ~ 1 j I = J I~~N~ A
1z~7 ~2 ~LP U N C ( J )  = D S Q K T ( D S U P ) / A L N  T F N

C
1 9  LI) “~6 Jal,N P A
190 ~~ JJ a~~,~~R A
191 D~~UM = u.()
192 ~ I J
193 DO 65 1 1,PEP P
194 (‘SUM = D S U M + A ( J  I ) * D R D A ( I , J J )
195 63 j  I a j  I’N~ A
1i6 64 LAP A (JJ ) • DS U M

19? C
IF CI PPNTA •NF. t~) PRINT 90’,J,HTS (J), (CAP A (JJ ),JJ~~1,NR A )

199 907 F O R P I T (  ‘, C A P  A ,14 ,’ AT ,F 7.2, ’ = ,~~,( 1OX,1O( 1P E11 .2) ) )
2(10 C

• 2U1 SUP NOPE • ~~.()

SUM DEN • C.C’
(‘4) 65 JJa i , NR A

2(14 SUM NUM • SUM P . U M , ( H T S ( J ) — H T S ( J J ) ) * . 2 * A R S ( C A P  A ( J J ) )
205 AS SUM D EPE SUM D E N • A U S ( C A P  * ( j j ) )

66 hESLTN (J) • SQRT (Su~ NOPE/SUM DEN )
PEE TOP Pd
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• 203 C
209 70 DO 71 Ja l, NR A
210 ALP UPdC (J ) = C.O
211 71 k E S L T N ( J )  = O.tj

212 RETURN
213 C
214 END

i~PRT ,S INVE RT . PR INTN



MORF ITT~ IN VI AT 
(1) .PR INTN

1 SUBROU TINE PRINT N
2 C
3 COPPON /NORG C/NOPG
6 COMMON/APES COM /A N SWER (51 )
S COM MON/PLOT C~~~PROF P ,~~RP LOT
6 CO MMON/NRA COM/N A A
7 CO MMON/PETS COM/HTS (5i)
8 COMMON /ALPHA C/ALPHA (51 )
9 COMM ON/AU tOM /ALP UNC (5l)
10 CO MMON /RSN COM/RESLTN(51 )
11 COMMON/DA COM /DA (51 )
12 COMMON/ ALIM S C/AMA * ,A PIN
13 I N T F ~~ER V
14 DI MENSION LINE (’I)
15 C
16 C
17 D A T A  IS Y M O / ’ * / , I S Y M N / ’+ / , I B L A N K/  ‘1,! S Y M S / ’ S /
18 DATA ALN TEN/2.502585/
19 D ATA V/0174000000060/
20 C
21 FM 13H 4. ’I*ALN T FN / 8 O . C
22 C
23 IF (IP RO FP •EQ. 1 .ANO . NRA .NE. NO PG) GO TO 9~ 8
24 PRINT 100,V,V,V ,V,v
25 100 FO R M AT C C’,SX ,’HT ,9x, N’,lS X, A 1, 19( — ), A I ,19( —

26 a A 1 ,19(’— ),  A l ,19(’—’), A l )
27 DO 11 J l,NR A
23 EN a EX P ( A L P HA ( J ) )
29 DO 54. K = 1 ,81

V 30 50 LINE (K) • IBLANK
31 IF (I PROFP .EQ . 0) GO TO 6 0
32 JPOST=ANsw1uJ /cMEsN,1.5
33 I F (JPOST .GE. I .AND. JPOST .LE. 81)
34 *LIN ((JPOST)zjSyPO
35 60 C O N T I N U E
36 J PO S T $ A L P H A ( J ) / F M E S N . l . 5
3? IF (JPOST .61. 1 .APaD . JPOST •LE. 81)
38 *LINE (JPOST)V ISYMN
39 IF CJ .NE. 1) 60 TO 6?
40 JPOSI’A P’AX/FMES I4+1.5
4 1 LT N E ( J P O S T ) ~~ISY ~~S
42 67 IF (J .N1. PER A )  GO TO 11
43 JPOST •A MIN/FMESN,I.5
44 L IN FCJ POST ) ’ ISY MS
45 11 PRINT 1O5,HTS (J),EN,V,LINE,V
46 105 FOR M AT C’ ‘,F7.?,1x,1P19.2,17x , A1, 81A1, Al)
47 60 T0 500
43 C
49 C
SO ENTR Y PRINT P
SI PAINT 2 0 0 ,V , V , V ,V ,V

_ _  

_ _  
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• 52 20(1 FORP~ T C 
_
,5X, HT ,9 x , N , 3x, UNC ,4x , RFS ,Sx , AI, lQV— ’),

53 a A 1 , 1 9 V — ’), A . , l Q ( ) , *1 ,1 9 V — ) ,  A l )
54 (‘0 ‘1 J 1 ,~~R A
55 F’ = EXF’ (ALP HA (J )~~D A (J))
5 6 DO ~ K 1,81
5 ’ 7~ LxNuk )= IRLA NK
53 Ip (IFp O rp .10. 0) GO TO 6 1
59 JPCST =

60 IF (JPOST .61. 1 .AND. JPOST .LE. 81)
61 aL !,~r (JpOST ) • I!YPO
62 61 CClP~T I’~UE
63 JPOS1 (ALPHA (J).DA (J ))/FPESH .1.~
64 IF (JPOS T .61. 1 .AND . JPOST •Lt. 81)

•LI N~
66 I F ( J  .Nf .  1) 60 TI) 6ó
6? J P O S T A P A~~/ F P E S ’ 4 + 1.S

• 68 L I N E ( J P O S T ~~~ISY ~~S
69 68 i r c j  .NE. NP A ) GO TO 21
70 JPOS f :AMIN/FME SH+1 .5
71 L I N C ( J P O S T ) I S Y P S

• 72 21 PR IN T ~‘5,HTS (J),F~~,AL P U P 4 C ( J ) ,R IS LT N (J ) , V , L J N E ,V
73 ~~~ F O P ~~AT V ,F 7 .? , 1 x , 1P E 9 .2,~~pF6. 7,1x ,O P F o . 2 , 4 x , A1 ,A 1 A 1 ,  A l )
74 C

• 75 500 PPI~ . T  5C1,V,V,V, v,V
76 501 F0k M~~T ( ’  ,35X , A 1 , 1 9V — ), A1 ,19(’ — ) ,  A1 ,19 V— ’) , Al ,
77 * 1~~V—~~~, A l )
78 PRINT 502
79 5~ 2 F O R W A T  ( ‘ ,35 X , c , I c .*, l , 19X , 2 , 1 9X , 3 , 1 9Y ,’4’)
8~ C

G O T(’ 8CC’

~ 2 C
83 988 PR INI 987,NR A ,PdO FC
84 98? FORMA TVO ,//, PROG RA N S T O P S * a a , NRA = ‘,iS,’ AND N CIRG a ,15)
65 STOP
66 ~0G C O N T I NU E
8? RET UPEN
68 C
89 END

• ~P R T ,S IN~~ER T . R P L O T S
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M O R F IT T * I NV E R T ( 1) . RPLOTS
1 SUBROUTINE RPLOTS
2 C
3 CO M PO N/ N RF CO P/ NA F
4 COMMON/PD A TA C/A DATA (2,2O)
S COMMON /OSPLA C/A DSPLA (6,20)
6 I N T E G E R  V
7 DIMENSION ISYMD (20),ISYMC (20) ,XD (2U) ,YD (2O),XC (20) ,YC (20) ,
B * LIN~~

(1OI)
9 C
10 DATA lSYMD/ A~~,~ B , C  

_
, D ,

_
E
_
, F , G , H , I

_
,#J ,

11 5 K , L , M , N , O , P , Q , R , S , T 1
12 DATA I s v M c / 1 ,~~2 , 3 ,  

_
4 , 5# ,_ 6_ ,_ 7_ ,_8 ,_9 ,_ 0 ,

13 5 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 0 /
14 D A T A  I B L A P 4 K / ’ ‘1
15 D A T A  V/ 0174000000060/
16 C
17 X M A X —1 .019
18 XM IN .1.OEQ
19 YMA X —1.019
20 YM ZN .1.019
21 C
22 DO It, L 1 ,NA F
23 X D ( L ) = R  D A T A ( 1 , L )
24 YD (L )= R DAT A (2,L )
25 I F (X c ( L )  .LT. X M IN)  X MIN X D ( L )
26 IFCXD (L ) •GT. X PA X) X PA X XD (L)
27 I F (Y ( ’ ( L)  .LT. Y~~IN) Y PINaYD (L )
28 I F ( Y D ( L )  .GT . Y~~A X )  Y P A X a Y D ( L )
29 10 CON T i NUE
30 C
31 DO 2a.. L sl ,NR F
32 XC (L )~~R D S P L .A (l,L)
33 YC (L)~~R D5PLA(2,L)
34 IFCX C (L ) .LT. X !’IN) X P I P 4 RX C ( L )
35 IF (XC (L) .GT. XMAX ) XP’A K~~XC (L)
36 IF (YC (L) .LT. YPIN ) YP’IN’YC (L)
37 IF (YC (L ) •GT. YMAX ) YPAX •YC(L)
3! 20 CON TI NUE
39 C
43 IF ((XPAL XMIN )/lO .O .GT. (YMAK—YMZN )/6 .5) GO TO 10(1
61 YPESH~~(YP’AX—YMIN)/52 .0
42 x P ES H~vsEss .0. e
43 X MA X $XM IN , (lOO .O*X PE SH )
44 60 T0 200
65 100 XP ES h~~(XP A X — XM1 N)/ 1OQ .O
48 YME SN •XME SN /O.P
47 YMAX aYMIN + (52.O*YPESH)
48 200 CONTINUE
49 PRINT 30
50 30 PORM*T (’l’,’ PLO T OF R—V ALU E S ’,SX,  ‘DATA VALUES • ALP’I A M EQ IC ,
51 * SX,’COMPUTED VALUES • NUMPPIC ’)

‘

V 
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• 52 Y T O P : Y M * X + Y M I S H
53 PRINT 31,vTOP
54 31 FO RVAT V ,F1O.4,1C1V— ) )
55 DO 3~ O 1=1 ,53
56 DO 3 0  J= 1 ,lO l
5? 350 LINE (J ) = IBLANK
58 DO 4o0 1=1,NR F
59 171ST • (YD (L )—VM IN )/YMESH+O .5
60 IF (CITE ST +1) •NE . 53) 60 TO 4(~O
6 1 J P O S T  * (XD (L )—XMIN )/XMESH+1.5
62
63 40 0 CONTINUE
64 C
65 DO 411 L I,NRF
66 ITEST (YC (L)—YM!N )/YP’ESH+0 .5
6? IF ((ITEST+I) .NF. 53) GO TO 401

• 68 J P O S T ( X C ( L ) — X M I N ) / X M E S H + 1 . 5
69 LINF (JPOST ) = ISYMC (L )
70 401 CONTINUE
71 C

• 72 300 PRINT 555,v,LINF ,V
73 5 5 5 F O R M A T (  ‘,cX , *1, lO I i l,  A l )
74 YPOT YMIN —Y ME SH

• 75 PR INT 32 , YB OT
76 32 FO RMAT (’ ,F1O. 4,1CIV— ) )
77 PRINT 33,XMI N ,X W A X
78 33 FORMAT V ,5X ,F10.4,9C’X ,FI (j.4)
79 C
80 RET URN
81 END

aPRT ,S INVE RT .DINPUT
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P

5,

MORF 1TT *INVERT (I ) .DIN PUT
1 SUBROUTINE 0 INPUT
2 C
3 cOM~~’N /F COM/F (?C’)
6 COM~~ON /RDATA C/P OA TA (20)
5 COMMO N/SIGMA C/SIGM I (20 )
6 COP~~ON /NRF COM /NA F
7 COMP LEX A DATA ,P
8 DI MEN SION 10(20)
9 C

10 C
11 REA D lO1 ,tD
12 101
13 PR IN T 1C2 ,ID
14 102 EO~~’MT C’ ,20A 6)
15 C
16 L 1
1~ 11 R EAD 1 Li3 ,FR EQ, R ,SJG

103 FOR ?’AT (F7 .2,3x ,2FlC .3, Fl ’
~.~~)

19 PRiNT 1fl6 ,FRE Q,P ,SIG
20 ~C4 FO R M A T  C’ ,F7.2,3X ,2F10.3 ,F10.’)
21 IF (FREG .LT. 0.0) 60 TO I~
22 F ( L )
23 P D~~TA(L ) = R
24 S I G ~~~(L) = SIG
25 L = 1+1
26 G’) T O II

15 N~ c =

28 PF T II kN
4~; c
3-) END

~,PRT ,S I’~~E P T  . I P i T F R P



• POR F ITT* INVERT (l) .INTERP
I SUBROUTINE INTER P
2 C
3 C O M P O N / N R F  C O M / N R  F

• 4 COM PO N /DELF C/DELF
5 CO MMON/F CON/Fl?4., )
6 COMMON/IF COM/INDEX F (2C )
7 COMM ON /DI DA C /DIDR(2Ci5,20)
8 COMMON/TEMP C/AC1LCO ),v (4000)
9 PEAL* e A,V
10 DATA MAXNR/ ?05/
11 C
12 C
13 I N D E X F ( 1) 3
14 DO 11 L 2 , NQ F
15 11 IN DEXF (L ) = 3.S+ (F(L)—F(1 ))/DELF
16 NA EQ = I N D FX F ( N R  F)+2
17 I F ( N R  EQ .67 . M A X N R ) GO TO ~) )

is C
19 C

• 20 A ( 1) = 1.0
21 A (2) = —2.0
22 ~~3) = 1.1)

• 23 A ( 4 )  = —2.0
• 24 A (S) = 5.0

25 M6) = —4.0
26 ~~7) 

a 1.0
27 C
28 6 ( 8 )  a D.C

A ( 9 ) = 0 . 0

30 6 ( 1C )  = 1.0
31 A C l i )  • 0.0
32 A (12) = 0.0
33 C
34 = 15

(‘0 23 L 2,Pa °  F
36 21 I F( K/ 5 . l  .EQ. IND EX F(L)) GO TO ?~
37 ACK— ? ) • 1.0
33 6(K— 1 ) = — 4. 0

39 A(K ) • 6.0
4 0 A ( K + 1 )  • — 6 . 0
4 1 A (~~~2) = 1.11
42 x = K+ 5
4 3 60 TO 21

• 44 C
• 4 5 22 A ( K — 2 )  = 0.0

46 A ( K — I )  = 0.11
47 A lK ) = 1.0
43 A CK41 ) • 0.0
49 A ( K + 2 )  = 0.0
50 23 K K+ 5
51 C

~
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52 A (k 2) =
53 * (K—l ) a —4.0
54 A (K)  • 5.0

55 A (K+ 1 ) = —2.0
56 K = K+4
5? A ( K — 2 )  = 1.0
58 A ( K — l )  = — 2 . 0
59 A ( K )  1.0
60 C
61 K L 1
02 DO ~~ L=1 ,NR F
63 (‘0 31 K l,NR E~~
64 V (KL ) 0.G
65 ~l ~L KL+1
66 C
67 DO 33 L l , NR F
68 KI. = (L — l )* NR  E Q ’ I ND EX F ( L )

69 ‘3 v (KL)a1.O
70 C
71 C A L L  D GE LB  (V,A, N R  F Q , N R  F ,2,2,1.flE—4 ,I ER )

12 PRINT 401,IER
73 401 F O R M A T  (‘l ’,’IN D G E L B ,  IE R  = ,13,/)
74 C
75 KIIPIT = PER EQ—i
76 D O ~2 KxZ,KLIMIT
77 P5L K
78 DO 51 La l,N R F
79 (‘IDA (K ,L) V(KL4I)—V (KL 1)
63 51 KL KL+NR EQ
81 52 PRI NT S01 ,(DIDR ( k ,L),L= l ,P4R F)
82 501 FOR M AT I’
83 R E T UR N
84 C
85 90 PRINT 9(~O
86 90C FORMAT( ’O’,’DELF TOO SM ALL FOR FREQUENCY RANGE L’StD )
3? sTOP
88 C
89

.PNT ,$ I’4v 11T .LOGS

•

‘
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• MO RF ITT *I NVERT (1 ).LOGS
• I SUBROUTIN E LOGS

2 C
• 5 COM M ON/OP HA S C/ D PHASE

4 COMMON/F  C O M / F ( 2 U)
5 CO MM O N/ R DAT A C/P DATA (20)
6 CO M M O N / S I G M A  C/SIGPA (20)
7 C OMM ON /NR F CO P/NP F
3 COMMON /DIDR C/DJDR(205 ,?O)
9 COMMON/IF COM /INDEX F (20 )
10 CO MMON /RD COM /RD(20)
11 CO MM ON/OVSI G C /OV A SIG (20,20)
12 COMMON/TEMP C/A (20,20) ,x (20,20),v(20,20)
13 CO M PLEX R DA TA , RD,OVR SIG,
14 S P SUM ,PA RTS ,R DSPLA (20)
15 LOM PLEX* 1 6 A ,X ,V
16 (‘IMENS ION PART (2),OS PART (2,20,20)
17 tQ UIVAL EN CE (PAPTS, PART ) ,(OV R SIG,OS PART )
18 (A lA P10/57.29578/
1? DATA P1/3.141595/
20 D ATA NOIM/20/
21 C

C
23 ~D (1) = A DAT A (1 )
24 6 DSPLA C1 ) P DA TA (1 )
25 PREVP = 0.0

• 26 Na ?
27 DO 28 LL 2,NR F
23 21 K K,t
29  

~ SUM = 0.0
3) DO 22 L l ,NP F
31 22 PE SUM = A SUM4DIDR (K,L )*R D*TACL)
32 P A R T S  = C L O G ( R  SUP)
33 PHASE a PARI (2 )

V 36 24 IF (PHASE—P PEVP .LT. RI) GO TO 25
V 35 P H A S E  = PHA SE—2. ,~~P1

36 10 TO 24
3? 25 IF ( P I 4 A S E — P R EV P  .GT. — P T )  GO TO 26
38 PHASE = P H A S E 4 ~~.U~ PI

26 P R EV P  PHA 5 ~~ V fIF(K •EQ . 3) DP}TASE —
• 41 fF (K .NE. INDEXF (LL )) GO TO 21

42 P A R T ( 2 )  • PHAS E
43 KD (LL ) • PA R TS
44 P A R T ( 1) • EXP (PART (i))
45 P A R T (2 )  • P A RT (2 ) *R T D

46 28 S DSPLA (LL ) a PART S
• 4? C

48 A ( 1, 1)  • 1.11
49 00 51 L•2,NR F
50 51 A ( L , 1)  • 0..

• 51 DO 53 LL~ 2,NR F
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F

52 ~ SUM • 0.0
53 K = I N D E X F C L L )
54 CO 52 L2 1,NR F
55 52 6 SUM A SUM,DIDR (K ,L)*R D ATA (1)
56 i,O 53 Lal,NP F
57 53 A (L,LL ) • DIDR (K ,L)/R SUM
5! C
59 DO 55 La I,NR F
60 (0 55 LL•l,NR F
61 ‘5 V (L,LL) = 0.0
62 DO 56 L l , NP F
63 56 ~ C L , L )  a 1.O / S I G PA ( L )
06 C
o5 CALL CLINI C CA ,V ,X,NR F,NDIM ,O,E RP)
66 RRINT 601),EPR
6? 6CC F0R~~AT C’D’,’C L I N E G E R R  = ,F 7.3 ,/l)
68 C
69 DO 58 L’2,P4P F
70 CALL CLINEQ(A, V (1,L),X(l ,L),NR F ,NDIM , 1 ,EOR)
71 58 PR INT 600,LRR
72 C
73 DO ~ 1 L 1 , N P F
74 DO ‘-1 LL I,NR F
75 61 (ivk S1G (L,LL) = X (LL,L )
76 C
77 DO 63 L 1 , NR F
78 PRIN T oC3,(OS PART (l,L,LL ),LL•1,NP F )
79 PRIN T 663,(OS PART (?,L,LL ),LL 1,NR F)
60 603 FOR MA T (‘ ‘,i0(IPE12 .2))
81 63 PRINT o C4
82 604 FORMAT (‘0’)
83 C

PR INT 700
85 7~ U FOR MAT (‘l’, D ATA VALUES—— ’)
86 PRINT 701
87 7”i FOR MAT (‘Q ,3K,’FRE Q ,6X,’R!(R)’,3X,’IM (R) ‘,2X,’M AG (DQDF)’,1*,’A (D
88 S K D F ) ,9X , ’ R c ( G ) ’,4X, IM(G) )
89 DO 71 L•I,N R F
90 71 PRINT 7C3,F(L),R OATA (L) ,R DSPLA (t),RD (L)
91 703 FORM AT C ’  ‘,F7.2 ,3x ,Z F B ,3 , 3X ,2F8 .S ,F14 .5 , F9. S)
92 RET URN
93 C
94 C ND

PRT ,S J N V E R T . R D R D A
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• M 0RFITT~~INVERT (1 ) .RDRDA
I SUBROUTINE P DA DA

• 2 C
3 COMMON /DE IF
4 COMMON /S COP/S OMMON/ROTAT C!ROTAT?t

6 COMMON /IPE _________  

____

7 COMNON /NS CON/ PER S1P5 25,20T
8 COMMON / HTS COM~ HTS(51)
9 COMMON/ NRA COP/NA A
10 COM MON/F CO~~/F(2 u)
11 COMMON/S IGMA C/SIGMA (20)
12 COMMON/NRF COMIN R F

13 C O MM O N/ 0 IDR C / D I D R ( 2 C 5 , 2 0 )
14 COMM O N / I F  C O M / I N D E X F ( 2 0 )
15 COMMON /RD COM /RD(20 )
16 COMMON /OVSIG C /OVA 516(20,20)
17 COMM ON /FR~~Q NR /LFPE Q

18 COMMON /FAQ COP/FRED
19 COMMON /INTECR/R11 ,R21 ,P12,R22,IR OMIT (24)

20 ~0M N0N/TEMP C/DR LIST (4,51 ),ER LIST(4,25)
21 CO MM ON/OVRFLO /IOV FLO
22 COMMO N/RNORM C/P P,opM (20)
23 COM M ON /O RDA C/DRDA(2O,5l)
24 COMMON /DSPLI C/A DSPLA (3,~~O)

• 25 COMMON/OR coM/L’p (20),N sT~ ps (2~:-)
26 DI MENSION PART (2),U LEVEL (25)
2? COMPLEX
28 1 PD,
29 S OVA SIG,
30 S R l 1 ,R21 ,R1Z, R22,
31 S DR LIST,E R LIST,
32 S P N O R M ,DRDA ,

33 S P DSPLA,

34 S CPLX X, PARTS ,
35 S R P4UM ,RDEN ,R (20),
36 S U R N UM ,URDEN, UR CPLX,
37 S D P N U P,DRDEN ,DRIV ,
33 1 R SUI~,R N E W (20),DRDA SV (20)
39 tQU IVA L ENC E (PARTS, PART )

• 40 DATA UFRCTN/O.3/
41 DATA CPLX I/CC.0,1.O)/

• 62 DATA P1/3 .141593/
45 DATA RTO/57.29578/
44 C
45 C

• 66 NA J I4 F • (NP A—t )/2
4? C
48 DO 12 J~~1,NR A
49 00 12 LL.t ,P4R F
50 12 DR DA CLL ,J ) • 0.0
SI C

- - 151



52 DO 49 Lal,NR F
53 F RE Q • F(L)
54 21 PRINT 201,FPEO
55 201 FOR MAT C’ ‘,F7.2)
56 L E R E D = I V

5? CALL INT EG
58 IF (IO V FLO .NE. 0) RETURN
59 C
60 A N U M  =

ol A DE N = —R22— CPLX I*R12
62 5(L) = RNUM IRD EN
63 DSPLA (1,L ) R(L)
64 C
65 SUM = 0.0
66 00 31 Ja I ,NR JHF
67 URNUM = — ER LISTC4,J ).CPLX IaER L!ST (3,J)
63 DA DEN = —E R LIST (4,J)—CPLX 1 1 R  L Isr (1 ,J)
69 OR CPLX • CURNUM~~(PN UM/RDEN ).URDEN )/RD~~
70 PARTS = UP CPL X
71 0 LEVEL (J ) a PARTC1)..2,PART (2)**2
72 ~~~ SUM = SUM+U LEVFL (J )
73 ~sQ = SUM 

- V V

74 taR (L ) = SQRr (SLJM )
75 C
76 LSQ MAX = (UFRCTNaSIGMA (L ))a*2
7? iF (USC .LT. 050 MAX ) GO TO 40
78 C
79 0 MA X  = 1.Q~~9
80 U NEXT •

81 34 SUM = .1.0
82 bO 35 J l,NP J14 F
83 U TEMP = U LEVEL(J)
86 IF (U TEMP*l .01 .17. U MAX .AND . U TEMP .G’r . U NEX T )
85 1 U NEXT • U TEMP
86 iF CU TEMP .GT. U MAX) U TEMP • U MAX
87 35 SUP = SUM+U TEMP
88 IF (SUM .LT. USC MAX ) GO TO 36
89 0 MAX • U NEXT
90 o NEXT • 0.0
91 DO TO 34
92 C
93 3o ~o 3? J•1,PdR JHF

I F  (U LEVEL (J)~ O.99 .67. U M A X )  PEP STPS (J ,L ) • 2a NR ST P S(J , L )  V
95 37 CONTIN UE
96 C
9? ~0 TO 21
98 C
99 40 ,, STE PS (L ) • C

100 DO 41 Ja1,NR JHF
101 41 N STE PS (L ) • N STE PS (L )+NR STPS (J ,L )
102 o O 42 J•1,NP A

J 103 O R PdUM • —DR LI ST (4,J)+CPLX I *DR LIST (3,J)

1 
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104 DRDEN a —DR LIST (4,J)— CPLX I~~DR LIST (3,J)• 105 DPIV = (DRN UM— (RNUM /Rb€N )*DRDEN )/RDEN
106 iF (L .EC. 1) DRDA (1 ,J) • D R I V
10? DO 42 L 1 2 ,NR F
108 • K = INOEXF(LL)
109 42 DRDA (LL,J) = DPDA(LL,J)+DIDR(K ,L)’DPIV
110 49 C O N T I N UE
111 C
112 6 DSPLA (2,1) = R (1)
113 K DSPLA (3,1) = R (1)
114 K NEW (1 ) = P (I)—Rb (1)
115 PRVEVP — (DPHA SE-ROTATE) /RTD
116 Na?

117 00 69 LL=2 ,NR F
118 61 K K+i
119 P SUM 0.0
120 DO 62 L•1,NR F
121 62 R SUM = R SUM+DIDP (K ,L)*R (L)
122 PARTS = CLOG (R SUM)

• 123 PHASE = PAPT (2)
124 64 IF (PHASE— PREVP .LT. P1) GO 10 65
125 PHASE PHAS E .2 .C * P I

- 126 60 TO 64
• 127 65 IF (PHASE—PREVP .61. —P 1) GO TO 66

128 PHASE = PHASE+2.C*PI
129 ~O TO 65• 130 66 P R EV P  = P HA S E

• 131 IF(K •EQ. 3) ROTAT E - (DPBASE_PREVP)*RTD
132 IF (K .NE. 1NDEXF(LL) ) GO TO 61
133 C

• 134 PART (2) = PHASE
135 6 Nf W (LL) • PARTS—RD (LL )
136 DO 68 J 1,NP A
13? 68 DRDA (LL,J ) • DRDA (LL,J)/R SUM
138 P bSPLA (3,LL ) = PARTS
139 PAPT (1) • EXP (PART (1))/C2.O*DELF )
140 PAPT (2) a PART (2 )aRTD
161 6 DSPLA (2,LL ) a PARTS
142 69 CONTINUE
163 C
144 00 72 L a l ,NQ F

- 145 K SUM • C.O
V 146 DO 71 LL•1, N R  F

• 147 71 ft SUM • R SUM+OVR SI6 (L,LL)~~R NE W (LL)
• 168 72 k NORM CL ) • A SUM

149 C
ISO DO 75 J•1,NP A

• 151 00 73 LL 1,NR F
152 73 DA DA SV (LL) • DaDA (LL,J)

V 153 DO 75 L .1,NR F
156 ft SUM • 0.0
155 00 74 (L*1 , P4R P

153
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156 74 A SUM • P SIJM 4OVR SIG (L,LL)~~DRDA SV (LL)
IS? 75 DRDA( L ,J ) • A SUM
158 C
159 S—Gp O
160 DO 81 L •1,NR F
161 81 S • S + C A B S C R  NORM (L))~~~?162 RETURN
163 C
164 ~N D

~P R T ,S IN VERT .P PN TR S
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M O R F 1 T T * I t ~~E R T ( 1 ) . p R N T R S
1 S~’EROLj T IP~E P A N T  A S
2 C
3 CO MMOPi /DSPLA C/~ DSPLA (6,2C)
4 COMMON/F COM/F (20)
5 COMMON /UP C0M/UP(g~C),h STEPS (20)
6 COMM O~’s/~~RF CO P/MR F
7 C
S C
9 PR INT 1(~C10 1’~.. FO RMA T  C u ,3x , FSI Q , 6 X  ,ThE (R)’,3x , IM (p) , 2X, MA G (DRDF ) ,1X, A (D

11 SA DF ) ,9X , RE (G) ,4X, IM (6) ,1?x, A K ERR ,3X, A K STE PS’)
12 DO 11 L= i ,NR F
13 11 PR IN1 1C1 ,FC L ),(R DSPLI(K,L) ,KaI,6),UR(L),N ST1PS(L)
14 101 FOR M A T  ( ,F7.? ,3X ,~~F8.3,3X ,2F3.3,F14.~~,F9.5,1OX,F~~.3,7X,14 )
15 R E T U R N

• 16 C
17 E~ID

• .PRT ,S INV~~RT. FWINPT
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M O R F I T T e I P E V E R T ( 1) . F W I N P T
I SUBROUTINE EW INPI
2 C
3 COMMON/PLOT C/ IPRO FP ,IRPLOT
4 COM MON/THETA C/THETA
S COMM (JN /FLD COP/AZ TP ,CODIP ,MA G FL D
6 COM~~UN /IPRNT C /T PR INT
7 REAL MA G ELD
8 C
9 NA MELIS T /FULLWV /TH ETA ,AZ IM ,CODIP , MA GF L D ,IPRINT,
10 * IP~~0FP,IRPLOT
11 DATA WA V /’W A V E ’/
12 DATA ADA T/ &DA / ,&AT2/’TUP ‘/,IEND/ ’ &EN /,END2/ ’D
13 D A T A  FUL 1I FULL ’/ ,FUL2/ WAV /,FUL3/ E I N / ,FUL4/’ PLjT /
14 C
15 I PPO FP= 1
16 IRP L(JT 1
17 T H E T A = 22 .0

18 A ZI W •
10 COD1~
20 P A G F L D  5.3E—5
21 1PP It~T z
22 C
23 P~~A D 12, CBD
24 12 F0R~~AT (1A4 )
25 IF ( CR0 .NE. WAVE ) PRINT 14
26 14 FOR~~AT( !’, FULLWV NA PEL IST IS AB SENT.——P RO GPA M STOPS—— .’)
27 I FC d ID .NE. WAVE ) 60 TO 099
28 PR I N1 10,F ULI ,FUL2, F UL3 ,FUI4
29 10 F0R~~AT (’ ‘,4A4/)
30 I F( CBD .E~~. WAVE ) PSINT 1 3 , w A V E
31 13 F O R M A T (  ,A 4 )
32 PFAD (5 ,FuLLWV )
33 PRI N T 16 ,AOAT ,0A12
34 16 FCIRPAT (’ ,2A 6)
35 PRIN T 11 ,THITA ,AZIM ,CObIP ,PAGFLD ,IPRLNT ,I PROFP ,IRPLOT

V 
36 11 F O K P A T (  ‘

,
‘ THETA • ‘,F8.3,’ DEGREES ’,’ AZ IPI =

37 * ‘ Dt6K EE S ’, C O D I P • ‘,FP.3 ,’ DEG R EES ’,
V 38 a — ~~~~~~ a ,1~~I1G .3, l IPPINT • ‘,12,’ IPROEP ‘.12,

39 a - I SPL OT • ‘,I~~)
40 P R I N T 1~~,I~~~D ,fPED~
41 1? FORMA T (’ ‘,2A4 ,/)

V 42 C
43 CAL L IN IT I
44 RFTUPN
45 C V 4 •

46 999 STOP
4? C
43 END

6PIT ,S INV ~~RT .INTlL
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• PORF ITT *INVERT (1).INTEG
1 SUBRoUTINE INTEG

• 2 C
3 COMMON /M S COM /NP STPS (25 ,2&)
4 COMMUPE /DL TAH C/ DEL TAH
S CO MMON /HTS COP/HTS (51)
6 COMMON /NRA COP/PER A
7 COMPON /IPRNT C/ IPRIN T
8 COM M ON/FRE D N R / L F R E Q
9 COMM ON/J AY COP/JAY
10 COM PON /TE~ P C/D R L1ST (8,51),ER LJS TC8 ,25),
11 $ A STOR (32,49),
12 S R0C56 ) ,HDE LRO (56),DELQI (56),DELR2 (5F ),
13 S XO (8),HDELXO( 8),DEL X1 (8),DEL X2 (8),
14 S R S A V F ( 5 6 ) ,
15 5 ERROR (8 ),
16 S A TEMP (32),A PROD (32),
17 S TEMPV (8)
18 COMPUN/!NTEGR/R (56)
19 COMMON/DR DN C/DPOH(56)
20 COMMON /X COM/X(’)
21 COM WD N/ OX DH C/DXDH (8 )
a COMM ON/EM COLL/ KT
23 COrPo N /WN COM/ WI VE NA
24 C O M P O N /O V R F L O / I O V F L O

• 25 COM~~ON / I E W  C O M / I E W
DATA DHM IN/O .flh /

27 DATA RTOL/C.03/
28 C
29 C
30 IOV FL O a

31 C A LL I N J T  S
32 J A Y  • I
33 MT a NTS (1)
36 CALL CO EF FS
35 CA LL IPiITL I
36 CALL SET P DR
37 C
33 M R  E9 • 56~ 2Oa Irw
39 N6Pd P • ~—2 *IEw• 40 N25P441 = 4 1 — 1 6 a I EW
41 N18N32 a 32=14a !Ew

• 42 C
• 43 IF ( IPRINT •NE. 0) PRINT QO~64 IF (ZPRINT .ME. U) PRINT 9C2 ,HT,(R (j),1•1,N 6NM )

45 C
66 PERA M 1  • MR A— I
67 PE P iMP = (PER A— 1 )/2
48 DO 69 J 2,NRAM1, 2
49 ~M1 • J—I
50 JH F a J / 2
SI J A Y  • JM1
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52 CALL X FER (R,R SAVE ,NR ED)
53 C ALL X FER (R, X ,N6N8)
54 MT = HT S ( J M I )
55 31 NS = MR STPS (JHF,LFREQ )
56 DE L H = —2 .O*DELTAH/FLOAT (NS) •

57 DH = DELH*WAVE NR/2.O
58 HON O.5*DH
59 1DM 2.0*DH
60 C
61 NS OV R 2 = P 4 S / 2
62 NSOVR4 = P4S/4
63 DO 49 K 1,NSOVRZ
64 CA L L  A D E R IV
65 C A L L  X D E R I V

IF (IOVFLO .ME. 0) GO TO 60
6? C
68 DO 32 1 1,NR EQ
69 R0(I) = P C I )
70 HDELPO (I ) = DRDH (I)*HDH
71 32 P C I ) = R 0 ( I ) 4 H D E L R Q ( I )
72 C
73 DO 33 I=1,N6NB
74 XO (I) = XCI )
75 H D E LX O ( I )  = D X D H ( I ) * D H
76 33 X C I )  = X O C I ) + H D E L X O (I )
77 C
78 NT = HT,0.5*DFLN
79 CALL COEFFS V

80 C A L L  A D E R I V
81 IF (IOVFLO .ME. 0) GO TO 60
82 C
83 00 3~, I•l,NR EQ
34 DELR1 (I) a D R D M ( I ) * D H
85 34 R( I)  • PO ( I ) + O . 5 * D E L R I ( I )
86 C
87 C A L L  P D E R I V
88 IF ( I O V F L O  .NE. 0) GO TO 60
89 C
90 DO 15 1 1,NR EQ
91 DELR~~(I) • ORDN (1)*DH
92 35 PCI ) • RO (I)+DELR2 (I)
93 C
94 MT • HT+0 .S a DELH
95 CALL COUPS
96 CALL A DERIV
97 CALL I DEftly
98 IF CIOVFLO •NE. 0) 60 TO 60
99 C

100 DO ~6 I’l,NR EQ V

101 NDELR3 • DRDH (I)*NDH 
V

102 DELR 4 • (NDELRO (I).DELRI (I).DELR2CI).HDELR3)/3.0
103 36 PCI ) • R0( I)$ 0 E 1R4 

V
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V 104 C
• 105 DO 3? I=1, N6N8

106 DELX 1 (X ) • DXDH (I)*TDH
107 3? XCI ) = XO (I).O .5aDELXICI)
108 C
109 IF (MS .ME. 2) 60 10 40
110 IF CJM1 .GT. 1) CALL XFER (R(N6N8+1),A STOR (1,JM1— 1),N18N 32)
111 C ALL XFER (R (N25N41) ,DR LIST (1,JMI),N6N8)
112 CALL SET P DR
113 JAY = J
114 C
115 40 CALL P DERIV
116 C A L L  I D E R I V
117 IF (JOV FLO .ME. 0) GO TO 60
118 C
119 DO 4~ I 1 , NR EQ
120 P0(I) = R (I)
121 HDELKO (I) = DRDH (I)*HDM
122 42 PCI ) = RO(i ).HDELR )CI)
123 C

• 124 DO 4~ DI,N6N8
125 DEL X~~(l) = DXDH (I)*TDH
126 43 XCI ) • X O ( I ) + D E L X 2 ( I )

• 127 C
128 HI a HT ,f l . 5* DELM
129 CALL COEFFS
130 CALL R DE RIV
131 IF (IOVFLO .ME. 0) GO TO 60
132 C
133 DO 44 I 1,NR EQ
134 DELP1 (I) • DRDH (I)*DH
135 44 PC I )  a RO (I) ,O .5*DELR 1 (I)
136 C
137 C ALL R DER IV
138 IF C IOVF LO .NE. 0) GO TO 60
139 C
143 DO 45 I 1,NR EQ
161 DFLP~~(I) • DRDH (I)’DH
142 45 P CI ) • RO (I)+DELRZ (I)
143 C
144 MT • HT+0.5*DELH

• 145 IALL C O E F F S
166 CALL P DE ft ly
147 CALL X DER IV• 148 IF (IOVFLO .ME. 0) 60 TO 60

• 149 C
ISO DO 6o I•1,NR EQ

• 1SI HDI LR3 • D R D H( 1) * H D N
152 DELN4 • CHDELPO (I)+DELRI (I),DELR2 (1).HDELR3)/3.0
153 66 PCI) • R0 (I)’DELR4
154 C
155 DO 61 I*1,N6N8

159
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156 MDELX 3 a DXDH (I)aCM V

157 DELX ~ C H D E L X U C I )+DELX1 (I).DELX2 (I)+HDELX3);3.0
156 47 XC I ) = X O C I ) +D E L X 4
159 C
160 IF (~ •NE. NSOVR 4 ) GO TO 49
161 I F  (jMl .61. 1) CALL X FE R (R(N6N8+1) ,A STOR (1,JM1—1 ), N18rg32)
162 CA LL XFEP (R (PE2cN41) ,DP LIS T(1 ,JMl ) ,N6NQ )
163 CA LL S E T  P DR
164 J A Y  J
165 49 CONTINUE
166 C
167 IF ( 1PRINT .ME. 0) PRI NT  900
163 IF ( I P R I NT  .ME. 0) PRINT 901 , (X ( J) ,I 1,N6 PE8)
169 IF (IPRINT .ME. 0) PRINT ~~~~~~~~~~~~~~~~~~~~~~~~
170 C
171 DO ¶ 1  l 1, t’16N~172 E~~R O K ( I )  R ( I ) — X C I )
173 IF (ABS (E R RO R C I )) .GT. A TOL ) GO TO 61
17 6 51 C O N T I N U E
175 60 Tu 65
176 C
177 60 IF (IPPINT .ME. 0)  PR INT  000
178 IF (IPRINT .ME. ~) PRINT 9~-? ,HT, (R(I) ,I= 1 ,N6N~~)
179 61 IF (IPRIN T .NE. C)  P R I NT  610
180 6~’O F O R ’A T  C ‘,‘OV PFLO )
181 I F  (A~7S (DCLH/2.0) •LT. DHMIN ) RETU RN
1 V ~~2 I O V F L O
1b3 CALL X F F R  (ft SAVE ,R ,N R ED)
184 CALL XFFR (R ,X ,N6’Th)
185 MR S 1 P S ( J H F , L F R E Q )  • 2 •NR S T P S ( J H F , L F R E Q )
186 MT = HT SCJM1 )
187 J A Y  = j M l

188 C A L L  C O E F F S
189 GO IQ 31
19’) C
191 65 C A L L  X FER C E RR OR ,E R LIST (1,JHF),N6NE )
192 IF (J .GT. 1) CA LL X FER (R(N6N8.I),A STOR (1,J—1 ) ,N1PN32)
193 CALL X FFR (R (N2CN41) ,DR LIST (1,J),N6NE )
194 CALL SET P DR
195 69 CONTINUE
196 C
19? J a N RAM I
198 C ALL XF ER (PCN2~~N4I),oR LIST (1 ,J +1),P46N’)
199 C
200 a • i— i
201 C AL L I FERCA STOR (1,J),A PROD,N1~~N32)
202 J WF = MR iMP— IV 203 C
204 72 CAL L MUL TV CCA PROD ,DR LIST (I,J),TE MPV)
2135 C AL L XF ER (TEM PV ,DR LISTC I,J ),N6P48)
206 IF Ci .ME. J HF* ?)  Gfl TO 73
207 CALL PULTVC (A PAOD, ER LIST (1,JHF),TEMPV )

LI~~ 
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208 CALL XFE R (TE MPV,ER LIST (1,JHF),N6N8)
209 J HF = JHF— 1
2 10 73 =
211 IF (J .LE. 0) GO TO 74
212 CALL MULT (A PPOD,A STOR (1,J),A TEMP)
213 C ALL X FE R(A TEMP ,* PROD ,M18M32 )
214 GO TO 72
215 74 C ON T I N U E
216 I F (IEW •EQ. 0 RETURN
217 C
218 IF C lEW •NE . 1) 60 TO 85
219 DO 82 I1 1,4
220 I = 9—lI
221 R( I )  R ( l — 2 )
222 C
223 DO 81 J 1,NR A

• 224 81 DR LIST (I,J) = DR LIST (I—2,J)
225 C
226 DO 8 J 1,NR JHF

• 227 82 ER L1STC I,J ) a ER L ISTC I—2,J )
228 RETU WN
229 C
230 85 R (7) = — (R (1)+R (3).1.O)

• 231 R (8) = — (R (2)4R (4))
232 R (5) = R (2)—R (4)
233 R(6) = R(3)—R (1)
234 C
235 DO 26 J 1,NR A
236 DR LI S 1(~~,J) = —( DR LIST (1,J)+DR LISTC3 ,J))
237 DR L1ST(8,J) = —( DR LIST (2,J)+DR LIST (4,J))
238 DR L I S T C 5 , J )  • D R  L I S T (2 ,J )—DR LIST (4,J)
239 26 DR LIST(6,J) • DR LIST (3 ,J )—DR LIST (1,J)
240 C
241 DO ?7 J’l,P.R JHF
242 ER L1ST (7,J) • — (FR LIST (I ,J)+EP LIST (3,J))
243 (R LIST (8,J) • — (ER LIST (2,J)+ER LISTC6,J))
244 ER LIST (5,J) • FR LIST (2,J )—ER LIST (4,J)
245 87 ED L’ST (6,J) • ER LIST (3,J)—E P LIST (1,J)
246 RET URN
247 C

• 243 900 FORMAT (‘C’)
• 249 901 FORM AT (‘ ,IO X , 4 ( 2 x , 2 F 9 . 5 ) )

250 902 FOR MAT C’ ‘,F1O.2,4 (2X ,2F9.5))
251 C
252 END

8PPT,S INVERT.ENN U
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MORF ITT*I NVERT (I).ENNU
I SUBROUTINE EN NI’
2 C
3 COM MON/ DLTA I4 C /DELTAH
6 COMMON/JAY COM/J
5 CO M POM /HTS COM /HTSC 51 )
6 COMMON/A LPHA C /ALP HA (5l )
7 C OIAMUN /EXP NU C /COE FNU ,EXPNU
3 COMMON /EN COLL/HT,EN ,NU
9 COMMoN /W COM/WT , w B
10 REA L Nb
11 C
12 C
13 W I = (HT—HTS (J41))/DELTAH
14 W~ = ( H T S ( J ) — H T ) / D E L T A H
15 EN EX P ( W T * A L P MA ( J ) , h B * A L P H A ( J + 1 ) )
16 Nb = COEFNU *EX P(EXPNUaHI )
17 R E T U R N
1S C
19 END •

~PRT,S INVL RT .IN ITL I

•

S
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• PORF IIT *INVERT CI ) .INI TL I
1 SUBROUTINE IN 1TLI
2 C
3 COPMON/I PRNT C /IPRI N T
4 COMMON/CS COM /C,S,CS D
5 COMMON /P COM /P1l ,M~~2,P33,M21,M31 ,M 2 3
6 COMMU N/ INTEGR/R 11 ,R12,R22,ZR SKIP (26) ,DPI1, DRI2 ,DR22
7 C O M P L E X
8 $ M11,M22,M33,M?I ,M31, M23,
9 S R 11 ,R 12,R22,
10 S DRII,DRI2,0R22 ,
11 S 34,82,BC,HALF B2,°OOT,Q (i),
12 S D11,D12,D13,D31,D32,D33 ,
13 S DEN,P (2),T (2),FACTOR ,
14 S DB 4,DR2,DBO ,00(2),
15 S DDI1,00I2,0013 ,DD31,DD32,0033,
16 S DDEN, DP(2),DTC2)
17 C
18 C
19 e~ a 1.0.M33
20 e2 = _ C C S Q ~ M 3 3 ) a ( 1 . 0 + M 1 1 ) — P 3 l a * 2 — ( 1 . C a + M ! 3 ) * ( C S Q 4 M 2 2 ) + M 2 3 * a 2
21 80 = (1.O.M11 ) a ( C S C + M 2 2 ) a ( C S Q + M 3 3 )  — 2 .0aM21 * M31* M2 3

• 22 S _ ( 1 . O . M I 1 ) a P2 3 a * 2 + ( C S Q + M~~2 ) a M 3 1 * * 2 + ( C S Q + M 3 3 ) a M 2 1 * * 2
• 23 C

24 H A L F  B2 = B2 /2 . t~
• 25 R O O T  = CSQRT(HALF b 2 a a 2 — e 4 * B ~~)26 DCI ) CSQRT ((—H ALF £~2.R0OI)/~ 4)

27 0(2) = C S Q R T C C — M A L F  82—PO0T)/R4)
28 C
29 IF (IPRINT .ME. 0) PRINT 20” ,Q(1),d (2)
30 200 FO RMAT (0 ,0 = ,2(2X ,2E 13.4),/)
31 C
32 DO !1 K l,2
33 D l i  = 1.O+M11~~QCK )**2
34 DI? • — P21
35 013 —M 31+Q(K )aS
36 031 = M31+Q(k)aS
37 D~~2 a P23
38 033 = CSo+M33
39 DE N D 1 1*D 33~~D 13 *D31

• 40 P(Y) • C—D12aD33+Di’3*D32)/DFN
41 9 T(K) = Q (K )*P (K)— S* (—D11 *D32+Dl’*D31)/DEM
42 C• 43 084 a 

~ 33
44 D82 = —M3 3* (1 .O+M11)— (CSQ+M33)*M11—2 .O*M31ea2
43 S
46 OPC = M11* (C$Q+M22)* (CSQ,M33),CI .O+ PI11)*M22 *CCSQ+M3 !)
47 $ .(1.C,.M11)a (CSQ+M22 )*P33— 6.O*P21*M31aM23
48 S — (2.O,3.C.M11)*M23**2
49 1 •(2.Oe CSQ+3 .0*M22)eM3l*a2
50 S .(2.0*CSQ,3.O.M33).M21**2

V 

51 C

V~~ 

___________ V 
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h i ~~ 1 ,2
53 DOCk ) = — ( C D 8 6 . 0 ( K ) * * 2 , D 8 2 ) * Q ( K ) * * ~~.DP O)
54 £ /C (4,~’aB 4.Q(K)*a2,2.Q*B2)*Q (K))
55 0011 = P11—2 .0*C (K )~ DG (v )
56 DM2 = — P21
57 oo1~ 

a — M 31+DO CK )*S
53 D03 M 31+DQ (K )~~S
59 003? P’23

= P33
61 DDE ’. DD11*D33+D11 *DD3~~—D D13*D31—D1 3 *DD3 1
62 D~’(K) = ~DDE P.*P (K )/DEN
c.3 • ( D01 2*D~~3 D l  2*b Di3+DD1 3*D32+Dl3*0032) /DEN

41 DIC k ) = DQ(K)*PCK)+Q (K)*DP (K)
65 —S * (— t’D1i*D32—Di1*00 3’+DD12*031,D12*0031
66 —C—D1 1*D3 ’+DI2*031) .DDEN /DEN )/DEN
67 C
63 0~ N (T(1)*C,P(1))a(C+Q(2))— (T (?)aC,P(2))a (C4G(l))
69 FAC T t~R = 2.0/DEN

R11 = ( C * ( T ( I ) — T ( 2 ) ) + T ( l ) * O C ~~)~~T ( 2~) a Q C 1 ) ) * F A C T O R
71 R?~ = (Ca (TC1)_T (2)),P (1)_P (2)).FACTOR - V

1? ~~~ (Q (2)— C (1 ))aFA C TOR
7! C
7 4 D D E ~• = ( D T ( 1) a C 4 D P ( 1 ) ) a ( C , c ( 2 ) ) , C T ( l ) * C , P ( 1 ) ) * O Q ( ? )
75 — c DT ?)*c,oPc ! *cc+oci — (T 2 *c,P(2~~ aDoc l
76 D A l i  = — R 1i*DDEN /DEN
77 5 + (C*CDT(1)-DT(2))
73 5 •DTC1)*G(2)+T(I)*DQ(2)_DT(2)*0 (l)_T (2)*DQ (i))*FACIOR
79 DP2’ =

• 80 1 ,(C* (DT(1)—DT (2))+DP (I)—OP (?))*FACTOR
DP1~ = —R12 *DD EN /DEN

62 5 +(DQC ’)—D Q (l) )*FACTOR
83 C
4 Al l C*R11—l . (~
85 P22 a CaRZ2— 1.0

P12 • C a R 1~87 C
88 DRil = C *D kll
89 0 R 2 2  • C * D R 2 2  V

90 D R 1 2  • C * D R 1 2
9 1 R(TUa ~N

END

1PRT,S INV ER T.CO EFF S 
V
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MO RFITT * IM VER T (I) .COE FFS
1 SUB ROUTINE CO E C F S
2 C

• 3 CO MMON/TH ETA C/ THETA
4 COMMON/ PLO COP/A Z IM ,CODIP, MA G FLD
5 COMMvN /PRQ COM /FRE~
6 COM MON/EN COLL/HT,EN ,COLL
7 COMMON /WN COP/WAVE MR
8 CO MMON/CS COM /C,S,CSQ
9 COMMON /P Cop /M 11 ,M22 ,r33 ,M2 1,M31,M23
10 COMMON/SD COM/D IIA,S11 B ,O11B ,S21 ,D21 ,S22,D~ 2
11 COMMCIN /DSD CO M/DD11A ,DS11P ,DD118 ,DS21,0021,0S2�,002?
12 COM M ON/ IEW CO M /TEW
13 COM PLEX
16 $ M 11,M22 ,rv33 ,M 21, M31 ,M~~3,
15 5 D1IA ,S11E,D11B ,S21,D21 ,S 2 2 , 0 2?,
16 S DD 11A ,DS11B, 0011B,DS21,0021,DS22,D022,
17 i U,USQ ,D,IUD,
18 S M23D,M 31b,

• 19 $ M2 3 2 3 D , P’3131D, M2331 D,
20 S T14 OV C, T32 OVC,C 141,T1I,13? ,T34 nyC ,
21 S DTI4OC ,D1320C,DCT41,DT1i,DT31,0T340C

• 22 REAL  PAGFLD ,
• 23 S M Y , NY , ! U O  P A T ,

24 S MSQVSQ ,MS QYSQ,M ’4YS~
25 DI MENSION U PAR TS (~~),USO PRT (2),D PART$ (~~),IUD PRT(2)
26 EQUIV ALENCE (0,1’ PARTS) ,(USQ,USQ PRT),(D,D PARTS) , (IUD,IUO PAT)
2? D ATA P1/3.14159’/
28 DATA RTD/57.29573/
29 DA T A  COUP X/3.182357E3/
30 DA TA CO E FF Y/1.’58796E11/
31 DATA VEL LT/2.907928c5/
32 C
33 C
34 C A LL EN N b
35 C
36 X • COEF EN*EN
37 1 • COLL*OV OMGA
38 U P*ATS (l) a
39 U PARTS (2) • —z
40 USQ P R T C I) •
41 USO PRT (2) • — 1— 2
42 0 = — X / ( U * ( U S Q — Y S Q ) )

• 63 IF (A ~ S (D PA RI SC I) ) .LT. 1 .OE—30 .A ND.
46 S ABS (D PARTS (2)) .LT. l.QE—3t)) 0 = 0.13
45 IUD PRTCI) • 1*0 PARTS (1)—O PARTS (2)
46 IUO PRT (2J • 0 PAPTS (1).Z *D PA R I S (2 )

5 
4? MIt • 050.0
43 P?2 M11—M SQYSC *D
49 M33 • Mtl—N SOYSO*b

V 50 P21 • NY*IUD
51 P31 • —MY*IUD
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52 P2 3 a —~ NYS Q~~0
53 C V

54 0 =
55 M?3r = v ?3eD
56 M~~lD • ~ 3j * D
5? 114 uV C • OVP C—SS Q OVC *D
58 M23t~D = Pj3~~~2 3D
59 T’2 UVC = (CSQ,M2~~_P2!23D)*OVR C
6’) P31 310 a M31.~~31D

CT61 = C .(1.0+’114M3131D)
62 111 = —s*~~3 1D

M ? 3 ’ l D  =

64 T’I = P 2 3 3 1 D— M 2 1
65 T’4 OV C = S OVA c~~M ?3D
66 C

011* a T11.T11
S11~ T 14 O V C + C T ’ 1

= 114 OVC— CT41
7’.) SPI = T34 OVC+T ’ l
7 1 DPi 134 OVC—T ’l
72 S?2 = C,T~~ OVC
73 0 ? ?  = C— IS? OVC
74 C
75 DT1~ 0C = —SSQ OV C .O* CD—1 .’i)
76 DT !20C = (M22—M23flDe (D,1.’)))aOVR C
77 O CT 4 1 C* (Y~~1,P7131D * (D ,1 .0))

DII I a T11*D
79 0131 a M2 3 3 1 D * ( D4 l . O ) ~~M2I

D1340C T34 0VC~ D
dl C

D D I I A  = 0111+0111
V DS11~ = DT14OC+DCT4 1

84 DD 1t t~ • DT 14 O C — D C T 4 I
85 D S 2 1 - t~T3 4OC.DT31
66 002 ’  a D T 3 4 O C — D T 3 1
87 0C22 DT 3~ OC
63 0 0 4 2  = — D T 3 2 O C
89 RET’JNN
‘~O C
91 C
92 EN TRY INIT T
93 IEW a 1
94 DIR CS P = SIN (CODIP/RTD)*SIM (AZIP!/RTD)
95 DIR CS N = —COS (COOIP/PTD)
96 C • COS (TME TA/RTD )
9? S ~IN (T HETA/ RTD )
98 OVA C • 1.0/C
99 CSQ • C *e 2

100 S OVH C • S / C
lvi SSQ vVC = S* .2 / C
102 R E T U~ M

V - - 1u3 C
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104 C
105 E NT RY I N I T S
1136 OMEG A = 2.CePI*FREQ*1000.O
1U7 W A V E  MR = O M E G A / V E L  CT
1138 CO E F EN COUP X*1 .0E06/OPEGA**2
109 OV OMGA = 1.0/OMEGA
110 Y = —CO E FF Y*M A GFLD /OM EGA
111 YSQ =

112 MY = DIR CS M*Y
113 N Y DIR CS M* Y
114 MSQY SQ DIR CS M **p *y5Q
115 NS QY ~ Q a D I R  CS N *~ 2 *Y S O
116 MN YS~ = DI R CS ~~ DlR CS N~~YSQ
117 RETURN
11! C
119 END

~PRT ,S INVER T.D I F F~ Q
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P0RFITT~ I~.VE RT (l ).DIFFEQ
1 SUBROUTINE 01FF EO
2 C
3 COP’uN /SD COM /DI1A,S IIB,0118 ,S21 ,D21 ,S22,D22
4 COMV(jN/DSD COP/DO 11* ,0S118,00118 ,0S21,0021,0S22,0022
S COMMON /N COP/WT,h8
6 C~ MM uN/IN TEGR /R (36 )
1 COMMCP,/DRDH C/DPDH (36)
S CflMP 1~N /X CO P/X (6)
9 COMMUN/DX DH C/DX DMC6 )

13 CO MP’(,Pi/OA DLR C/P11,R12,P22,P(3,3) ,DR(6),
11 1 DER (3),PDER (3,3),00ER (6)
12 COPWO~~/O V R FLO/ IOVFL O
13 COM PLEX
14 S DI1A ,S1IE,Di1B, S21 ,D21 ,S22,022,
15 t DD11A ,DS118,00I16,DS21 ,DD21,DS22,00’2,
16 1 R11, R12 , A 2 c , P ,D R ,
1? 5 DER ,P D E P ,00ER ,
1! ¶ r1l, BI2 ,~~22,P12P1? ,Cl2 ,
19 S. DB11 ,D B 2 ~!,DP12,DC12,
20 S X11 ,X 1?,X2 1,X2~~,
21 1 Ot1,G 12,C~2l,G22,G23,632,G33,
22 S DTEMP (3)
23 D 1 V F ~~~ION ft W TRX (3~),DERIV (t6)
24 EQUI~ AL FP.CE (Rll ,R MTRX ), (DER,DERIV )
25 C
26 C
2? EP~TPV ft D l R IV
28 C ALL XF E R (R,R ~TRx ,36 )
29 IX FL ”G =

30 C
31 20 00 21 I l ,6
32 IF (ABS (R MTRX (I)) .GT. 9.0) 60 TO OL.
33 21 C ON TI N UE
34 C
35 eli = R ll a (D 11A— D 11R )
36 912 • R 1 2 * DZ 1
37 e?2 R22’022
38 R1~ R12 = Rl2*R1?
39 CI2 • R12.S21
40 C
61 oFR (i )• (R11 .e12.e12—Si1 ~~— s11p).R1 1.R12A12*022 .C12,C12—DIIA—DII B
42 D F R C ~~)’ ell.812•P?2 —Slle—S22).R12 .(R11.D21+S21).CR22.1.O)
43 DIA ( ~ )s  (812 ,812 .B22— S2 2~~S 2 2 ) * R ? 2 . R 1 2 P 1 2 e ( D 1  1A— D118)+8 12.812 .D22
44 IF (IX PLAG .ME. 0) 60 TO 60
65 C
46 Xli • —S1 1~ +811+R12
41 X 12  • S21 ,R11* D21+ R12a022
48 X ? 1  • D21.R 12* (D11* D 118) .A 22 * D?t
49 ii?? a —s22.R12.P22
S O C
51 611 • xil .*11
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• 52 612 • X1 2+X1 2
53 621 z2 1
54 622 = X ll+X 22
55 623 = xl?
56 612 = X .l+ X21
57 633 = x22+x22
58 C
59 Dfl 31 L l ,3
60 POER (1,L ) = 611* P( 1,L)+612 * PC2 ,L)
61 PDER (2,L) a G?1*P (1,L)+G?2aP(2,L)+623*P (3,L)
62 31 PDEP (3,1) = G32*P(2,L)+G33*P (3,L)
63 C
64 DPil = Rll * (DD 1IA—D DIIB )
65 D922 = R22*DD22
66 Del? = P12~~D D 2 1
67 OC1? = R 12 * DS2 I
68 C
69 DTEPP (1) =
70 S +R I2R1?*DD22+DC12 ,DCl2—DD11A— DOI1B
71 DTE MP(2) = (DBII,D812+D822—DS119—DS22 )*R12

• 72 S •CRl1 .DD2 1+DS21 )*CR22+l .t~
73 DTEMP(3) (DB12+DB12 .Dp2?—Ds22~~Ds22)*R?2
74 S +R12R12* (DD11A—D D11B )+D812+D912+D02’

• 75 C
76 D O E R ( 1 )  D T E M P ( l ) * W T  +G 11* DR (  1) +G12* OR (  2)
77 DOE P(4)a DTEMP (I)*wB +Gi1*D P ( 4)+Gl’*D R ( 5)
72 DDE R (2)= DTEMPC2 )*NT •G?1*DRC 1)+G22*DR ( 2)+G23~~DR ( 3)
79 DDER (5) DTE MP (?)*NB +G21*DR ( 4),G2?*DR ( 5).G’3*DR ( 6)
60 DDEP(3) DTEM PC3)*NT +G3?*DRC 2)+G ’73

~~DR ( 3)
81 DDE P(6) DTEMP (’)*WB +~~3~~*DRC 5).633*DR( 6)
82 C
83 C (A , Ie B)/ l  = B—l* A
84 DO 41 I 1,35,2
85 DPD H (I) DERIVC I ,1 )
86 41 DRDM( I+1) = —DE PIv (I)
87 R E T UR N
88 C
89 C
90 ENTRY X DER IV
91 CALL X FE R (X,R •TRX ,~.)
92 IXFLAG I
93 60 Tv 20
94 C
95 60 00 61 1’1,5,2

• 6 DXDH (I) • DERIV (I+i)
• 97 61 DXDH (I+1) • —DE RIV (I )

98 R E T URN
99 C

100 C
101 ENTRY SET P DR
102 CALL X F E R  (R ,R M T RX ,J6)
103 DO 7~ L.I,3
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104 DO 71 I l,S
1135 71 P( I,L)  a 0.0
106 72 PCL,L ) = 1.0
1137 C
108 00 74 1=1,3
109 DRC I ) DR (I+3)
110 74 D R C I + 3 )  =

lii CALL X F FR CR MTRX,R,36)
112 WI = 1.0

113 W~ = 0.1’
114 R E T U R N
115 C
116 90 IOV FLO = I
117 RET URN
118 C
119 END
lZ C
121
122

~P R T ,S INVERT. PTXFC T

_  - -  -~~~~~~~~~~~~~~~~ V- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~



POR F ITT * INVE RTC 1) •MTXFCT
1 SUBROUTINE MIX FCT
2 C
3 DI MENSION A (1),9C1 )
6 COMPLEX C (3,3),D(3,3),E(3,3),
S $ F(3,3),G(3),H (3),StJM
6 C
7 C
8 ENT RY X FER (A,B,N )
9 DO l~ Ja l ,N
10 11 8(J) = A(J)
11 RET UR N
12 C
13 C
14 ENTRY MULT (C,D,E)
15 DO 2~ J=1,3
16 DO 2~ J J = t , 3
17 SUM = 0.0
18 DO 21 JJJ 1,3
19 21 SUM • S U M + C ( J , J J J ) ~~D( Jj J , J J )
20 22 E (J,JJ) = SUM
21 R E T U R N
22 C
23 C
24 ENT RY MULTVC (F,G,H)
25 DO 32 J 1,3
26 SUM = 0.0
2? 00 31 JJ=l, 3
28 31 SUM = SUM~~F (J,JJ )~~G (JJ )
29 32 $(J) = SUP
30 RFTtTh N
31 C
32 E ND

aPRT,S INVEPT.OGELb
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MORFZTT*P.VERT (I) .DGELB
I SUBROUTINE DGELP (R ,A,M,N,M UD,MLD ,EPS, IER ) DELB
2 C D E L B3 C . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . D F LB
4 C D F L B
5 C SUBRO UTINE DGEL~ 

V D E L 8
6 C DELB
7 C PURPOSE DELB
S C TO SOLVE A SYST EM OF SIMULTANEOUS LINEAR EQUATIONS WITH A OELB
9 C COEFFICIENT M AT R IX OF BAND STRUCTURE. DELB

13 C D E LB
11 C tThA GE DELB
12 C C ALL DGEL D (R ,& ,P,N,M UD,MLD,EPS,IE D ) DEL9
13 C D E L B
14 C DtSCPIPT ION OF PARAMETERS DEIB
15 C — DOU&LE PREC ISION P BY N RIGHT HAND SIDF MATRIX DELB
16 C C DE STRC V Y E D ) . ON RETURN P CONTAINS THE SOLUTION DELD
17 C OF THE EQUATIONS.
13 C A — DOU~’LE PRECISION P bY M COEFFICIENT MATR IX WITH DFLB
19 C PAN D STRUCTURE (DESTROYED ). DELB
2~ C P — THE NUM BER OF EQUATIONS IN THE SYSTEM . DEIB
21 C N — THE NUMBER OF RIGHT HAND SIDE VECTORS. DEIB
22 C M I D  — THE NUM BE R OF UPPER COD IAGON A L S (THAT MEANS DELB
23 C C ODI A GONALS ABOVE MA IN DIAGONAL ). DELB
24 C PLO — THE NUM BER OF LOWER COD IAGO NA LS (THAT M EA N~ D E L B
~5 C C O D I A G O N A L S  B E L O W MAIN DIAGONAL). DELB
26 C EPS — SINGLE PRECISION INPUT CONSTANT WHICH IS USED AS DEIB
27 C P E L A T I V E  T O L E R A N C E  F O R  T E S T  ON L O S S  O F D E I B
28 C S I G N I F I C A N C E .  DELB
29 C lE k — °ESULTING ERROR P A R A M E T E R  CODED AS FOLLOW S DEIB
3’) C 1FR 0 — NO ERROR , DELB
31 C IE ka.1 — NO At SULT ~3EC AUS E OF WRONG INPUT PARA PE— DELB
32 C TERS M ,MUD ,MLD OR BECAUSE OF PIVOT FLEMENTD ELB
33 C AT ANY ELI~~INAT 10N STEP EQUAL TO 0, DELB
34 C IER K — hA RM ING DU~ TO POSSIBLE LOSS OF SIGN IF I— DELB
35 C C A N C E  I N D I C A T E D  AT EL IM INAT ION STEP x+I, DFLB
36 C W N E R ~ PIVOT ELE MENT WAS LESS THAN OR DELB
37 C EQUAL TO THE INTERNAL TOLERANCE EPS TIMES DELO
35 C ABSOLUTELY GREATEST ELEM ENT OF MATRIX A. DELB
39 C DELS
43 C ~ c~~A R k S  D E L B
41 C SAN D M A T R I X  A IS ASSUMED TO 3E STORED RONWI SE IN THE FIRST DELB
42 C ME SUCCESSIVE STORAGE LOCATIONS OF TOT ALLY NEEDED MA DELB
43 C STORAGE LOCATIO N S , WHERE DELO
44 C MA M*MC—ML a (ML+1)/2 AND ME=MA—Mu* (Mu .1)/2 WITH DELB
45 C MC M INC ’,i.MUD+MLD ), ML= M C— 1—MLD , MU*MC—1—M UD . DFLB
46 C NIGHT HAND SiDE MATRIX A IS ASSUMED TO PE STORED COLUMNWI SE DFLB
47 C IN N*M SUCCES SiVE STORAGE LOCA TIONS. ON RETURN SOLUTION DELB
48 C M A T R I X  P IS STORED COLUMNWI SE TOO. DFLB
69 C INPUT PA RA METERS P, MUD, PLO SHOULD SATISFY THE FOLLOWING DELB
50 C RESTRICTIONS TMUD NOT LESS THAN ZERO D EL B
51 C PLO NOT LESS THA N ZERO DEL8
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5? C MUD4MLD NOT GREATER THAN 2*M—2 . DEL8
53 C NO ACTION BESIDES ERROR MESSAGE IER=—l TAKES PLACE IF THESE DELB
54 C RF ST R I C T I~~NS A R E  NOT SATISFIED. DELB

• 55 C THE PROCEDURE GIVES RESULTS IF THE R E S T R I C T I O N S ON I N P UT D E L S
56 C PARA M ET E RS A RE SATISFIED AND IF PIVOT ELEMENTS AT ALL DELB
57 C E L I M i N A T I O N S T E P S  A R E  D I F F E R E N T  F R OM ~. HO W E V E R  WA R N I N G D E L B
58 C X ER=K — IF GIVEN — IN D ICATES POSSIBLE LOSS OF SIGNIFICANCE. D E L B
59 C I N C A SE O F A W E L L  S C A L E D  M A T R I X A AN D APP R O PR I A T E  T O L E R A N C E  D E L B
60 C E~~S, IER a K MAY BE INTERPR ETED THAT MATRIX A HAS THE RA NK K. DELB
61 C MO W A R N I N G  IS GIVEN IF M ATRIX A HA S NO LOWER COD IAGON A L. DELB
62 C DEL8
63 C S~ThROUTINE S AN D  FUNCT iO N SUB PRO 6PA M S REI.UIRED DELB
64 C NONE DFLB
e 5  C D E L B
66 C ~ tTHOC DELB
67 C SOLUTION IS DONE RY M~ A N S OF GAUSS ELIMINATION WITH DELS
63 C COLUMN P I V O T I N G  O N L Y ,  IN O R D E R  TO P R E S E RV E  BAND S T R U C T U R E  DELB
69 C IN REMAINI N G COEFFIC I ENT MATRICES. DELB
70 ~ DELS
71 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . . . . . . . . . . . . . . . . . .DE LB
72 C D E L B
73 C DELB
74 C DELB

• 75 D IM EN S ION R (l),A (l) DELB
76 DOUBLE PRECISION F, A ,f-LV , TB,TOL DELB
77 C D E L B

• 78 C T E S T  ON W RO N G INPUT PARA PE T FA S DELB
79 IF (MLD )47,i,l DELB

1 I F (MuD)47 ,2 ,2  
V D E L B

81 2 MC I,MLD+MUD DELB
82 IF (MC+1—M—M )3,3,67 DELB

V 83 C D E L S
84 C PREPARE INTEGER PA RAM ETERS D E L 9
65 C ~C P.UMBER OF COLUM NS IN M A T R I X  A bELB
66 C P NUMBER OF ZEROS TO BE INSERTED IN FIRST ROW OF MATRIX A DELS
~7 C VL•NL~M8ER OF M ISSING ELEMENTS IN L*ST ROW OF MA TRIX A DELB

~8 C PR INDEX OF CAST RON IN MATRIX A wITH PC ELEMENTS DELB
39 C PI TOTAL NUMB ER OF ZEROS TO BE INSERTED IN MATRIX A OELB
9C C rA=TOTA L NUM BER OF STOPA ~ E LOC ATIONS NECESSARY FOR MATRIX A D E L S
91 C NN NUMBER OF ELE MENTS IN M A T R I X  P DELB
92 3 IF (WC ~~M)5 ,5,4 DELB

• 93 4 PC• P D E L B
94 5 PU WC— M U D—l  DELB
95 MLaMC~ MLD .1 D E L B
96 P’R*’— I’L
97 M7 (pU* (MIJ,1))/? DELB
98 MA ’M .MC— (MLa (ML4l))/2 DELD
99 NM N*M DELS

100 C D F L B
Iul C MOVE ELEMENTS B ACK W ARD AND SEARCH FOR ABSOLUTELY GREATEST ELEMENT DELB
102 C (NOT NECESSARY IN CASE OF A MATR IX WITHOUT LOWER COD IAGONA LS ) DELB
1u3 IFR’ .~ DELB
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104 PIV~~,.D1’ DEUB
105 I FCM LD )14 ,14,6 DELB
106 6 J J = V A  D E L O
lu? J W A _ M Z DELB
108 KST J DELB
1139 DO Q K 1 , K ST D E L 8
110 TP= A (J) DELO
111 A (JJ)=Te OELB
112 T~~~DA f S ( T R )  D ELB
113 I F( T t P I V ) ~~,8, 7 DECO
116 7 P!V~~T9 DELB
115 3 J= J~~ D E C O
116 9 JJ :JJ~~1 D E C O
11’ C DECO
h R  C I N S E R T  Z E R O S  IN F I R S T  MU R O W S  ( N O T  N E C E S S A R Y  IN C A S E  MZ = O )  DEC O
119 IF (~~Z)14 ,14,IO DECO
120 IC JJ = 1  DECO
121 Jal4.Z DECO
122 I C= I ’ M u D  DELS
123 DO 1~ I~~~ ,MU DEIB
124 D(~ 1,. K l ,MC DELO

A ( J J ) =L . D G  DECO
126 I F ( V — I C ) 1 I ,11,l2 D EC O
12? 11 A C J J ) A (J ) DELO

J J + 1 DE I B
129 12 ~~~~~~~ D E L B
130 13 IC IC+1 DELS
i~~i c D E L B
132 C G F N ~~I A T E  T E S T  V A L U E  FO P S I N G U L A R I T Y  DE C O
133 16 TOL ~~~P S * P I V  DELB
136 C D E C O
13 5 C D E C O
t3o C S T A R T  D F C O ~~P O S IT I O N  COOP DELB
137 K ST 1 D E L B
138 IDS T:MC DELO
139 1C C— 1 DECO
14C DO ~ Kal ,M DFLB
141 ic (K— M R— ? )16 ,IE ,15 DELO
142 15 I D S T = ! D S T — 1  DECO
143 16 I D I D S T  DECO
144 ~L R a k ,M L D  DECO
145 IF (ILR_ M) 1~~,1R ,i7 DELS
146 1? ILR M DELO
14? 1~ I I K ST DECO
14~ C D E LB
149 C P I V O T  S E A R C H  IN FIRST COLUMN (ROW INDEXES FP O V I— K UP TO I ILA ) DECO
15’) P I V =~..D C DEC O
151 00 2~ 1 k,ILR DECO
152 T~~~flaRS (A (II)) DECO
153 IF (T t~—PIV )2O,2C,19 DECO

19 P IV TO DECO
155 J •I  DE CO
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156 JJ =1I DELB
• 15? 20 IF (I— Hk)~~2,22,21 DE CO

158 21 ID ID—1 DELO
159 ‘2 II II+I D DELS
leO C DELS
lol C TEST ON SINGULARITY DELB
162 IF (P1V )4’,47,23 DEL8
163 23 IF (IcR )’~~,24,26 DELB
164 ‘4 I F ( r 1 V — T O L ) 2 5 , 2 ~~,�t DELB
165 25 IE R=K ~~1 D E C O
166 ?6 P I V = I . D ~~/ A ( J J )  DEL O
167 C D F L B
1e~ C PIVOT ROW RED U CT IO’. AND POR IN TERCHANGE IN PIGHT HAND SIDF P DECO
169 I D = J — K  DELB
1?’) DO 2~ I=K ,~~~,M DELB
171 11 1 + I D  DELB
172 TB PIV*R(II) DELB
17 3 R (II )=R (I ) DELB
176 27 P ( I ) Th DELB
175 C DELB
176 C P T V C I  ~OI R E D U C T I O N  AND RO W I N T E R C HA N G E  1P4 C O E F F I C I E N T  M A T R I X  A O~~LB
177 I I = K S T  DE LO
173 J J J + I C  DECO
1F~ DO ?~ I= J J , J  DEL O
183 T P = P I V * A ( I )  DECO
Iii A (I ) h (I l )  DELO

• 1~~2 A (II)aTP DECO
1~~3 2~ I la Ti- s i DECO
l~~4 C D E L O
1~~5 C E L E M E N T  P E D U C T I O N  DEIB
1~~6 I F ( v — I L P ) 2 1 ,34 ,14 V D E L O
1~~1 ?~ IC K S T  DECO

f lak - s i D E L O
169 M U K ~,T+1 DELB

M7 KS T , I C  DEIP
1,1 DO ‘ Ia II ,1LR DELB
1~~’ C D E C O
1ø ~ C P. M A T R I X  A D E L O

I D I ~~•MC DELS
1~~S JJ I — M R — 1  DECO

I c ( J J ) 3 1 ,3~~~3O DELB
1. ’ ‘C ID’I~~—J J DECO
I.’ ‘1 P!v — t (ID )

j
~~I~~~1 DECO

- .  ‘
~~ j J M~ j , P ! Z  DECO

- e * (j—1 )SA(J ),PIV .A (JJ ) DFC9
‘‘ j ’~~~~ D E C O

I afj— 1 )sL.Dj DELB
-• D E CO

II ‘A ’ I ! i  N DECO
- • D E L B

‘ ‘3 ~~~~~~~~~~~~~ D E CO
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2u8 R (JJ ) R(JJ )+PIV*R (J ) DELO
2 4J9 ~3 J=j .p DEC O
210 34 K S T ,~S T + P C  DECB
211 IF (I CR—MR )36,35,35 DECO
212 35 IC a I C ~~1 D ECO
213 36 1D k— MR DECO
214 I F( I D)3 ° ,38, 3? DECO
215 37 KST aK ST_ ID DELB
216 38 CONT iNUE DECO
217 C (ND OF DECOMPOSITION LOOP DELO
218 C D E L B
21 9 C D E C O
220 C PICK SUBSTITUTION DELB
~21 IF (M C_1)4~~,46,3O DECO
222 39 1Ca2 DECO
223 KST NA +M L_ M C+2 DECO
224 I I~~~ DE CO
225 04’ 4 I=2,M DELB
226 KSTaKST~ M C D E C O
2 2 7  flaII~~1 D E C O
223 Ja II~~MR DECO
229 I F ( J ) L 1, L1,4 0  D E C O
23Q 40 KSTa~ ST,J DECB
231 41 DO 43 JaII,NM, M DEC O
232 TB= R (J ) DECO
233 M7’K~~T+ IC— ~ D E C O
234 I D J  DE CO
235 DO 4~ JJ KST, P Z DECO
236 1D 1(+ 1 DECO
237 42 TO TD—A (JJ )*R (ID ) DECO
238 43 R ( J ) :T e  DECO
239 IF (IC— PC )4 4 ,65,45 DECO
240 46 ICaIC .1 DECO
241 45 CONTINUE DECO
242 46 RET U R N  DECO
243 C D E L B
244 C DE CO
245 C E R ROK RETURN DECO
246 £7 I E R — 1 DE C O
247 RET UWN DECO
248 END

iPRT ,S INVER T. DC ’ ELS
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M OR F ITT *INVE RT (1 ) .DGELS
1 SUBROUTINE DGELS (P ,A ,P,N,EPS,1ER ,AIJX ) DELS
2 C D E C S
3 C . . . . . . . . • . . . . . . . • . • . . •. . . . . • . . . . • • • . . . . . •1 ~ ~ ~ ~ • • • • . • • . . .. . . . .. .. . •DE CS

• 4 C DECS
5 C SUBRO UTINE DGELS DELS
6 C D E L S
7 C PU RP O SE D E L S
S C TO SOLVE A SYSTEM OF SIMULTA NEOUS LINEAR EQUATIONS WITH DELS
9 C S YMM E T R I C  C O E F F I C I E N T  MA T R I X  UPPE R T R I A N G U L A R P A R T  OF W H IC H D E L S
10 C IS ASSUMED TO BE STORED COCUMNWI SE . DELS
11 C DELS
12 C USAGE 0(15
13 C CALL DGELS (R .A ,V,N,EPS,IER,A UX ) DELS
14 C D E L S
15 C DE S C R I PTI ON OF P A R AM E T E R S  D E L S
16 C P — DOUBLE PRECISION M UY N RIGHT HAND SIDE MATRIX DECS
17 C (DESTROYED ). ON RET URN P CONTAINS THE SOLUTION OF DELS
18 C THE EQ UAT ION S. DELS
19 C A — UP P E R  T R I A N G U L A R P AR T OF THE S Y M M E T R I C  D O U B L E  D E L S
20 C PRECISIO N P BY H COEF F ICIENT MATRIX. (DESTROYED ) DECS
21 C H — THE NUM BER OF EQUATIONS IN THE SYSTEM . DELS
22 C N — THE NU M BER OF RIGHT HAND SIDE VECTORS. DELS
23 C E F S — S I N G L E  PR E C I S I O N  I N P UT C O N S T A N T  WH I C H i S U S E D  AS D E C S

V 
24 C RELATIVE TOLERANCE FOR TEST ON LOSS OF DELS
25 C S I G N I F I C A N C E .  DELS
26 C IER — PESULT ING ER ROR PARA M ETER CODED AS FOLLOWS DECS
27 C IERaO — NO ERROR , DELS
23 C IE R — 1 — NO RESULT BECAUSE OF P LESS THAN I OR DECS
29 C P I V O T E L E M E N T  AT A NY E L I M I N A T I O N  S T E P  D E L S
30 C EQU AL TO 0, DECS
31 C !ER=K — WAR N IN G DUE TO POSSIBLE LOSS OF SIGNIF I— DELS
32 C CA P- s CE IN DICATED AT ELIM INATION STEP K+1, DECS
33 C WHERE PIVOT ELEM ENT WAS LESS THAN OP DELS
34 C EQ u AL TO THE INTERNAL TOLERANCE (PS TIMES DELS
35 C A BSOL U TELY GREATEST MA IN DIAGONAL DECS
36 C ELEM ENT OF MATRIX A. DELS
3? C AUX — DO UB L E  P R E C I S I O N  AU X I L I A R Y  S T O R A G E  A R R A Y D E L S
38 C WIT H DIMENSION H—i. DELS
3? C D E C S
40 C R E M ARKS DECS
41 C UPPER TRIA NGULAR PART OF MATRIX A IS ASSUMED TO BE STORED DECS

• 42 C CO LUM NWI SE IN M * ( M , 1) F 2  SUCCESSIVE STORAGE LOCATIONS, RIGHT DELS
43 C HAND SIDE MATRIX P COLU MNWI SE iN N*M SUCCESSIVE STORAGE DECS
64 C LOCATiONS. ON RETURN SOLUTION MATRIX P 15 STORED COCUMNW ISE DELS
45 C TOO. DELS
46 C THE PROCEDURE GIVES RESULTS IF THE NUMBER OF EQUATIONS H IS DFCS
47 C GREATER THAN 0 AND PIVOT (CEMENTS AT ALL EL !MINATI ON STEPS D!LS
48 C A RE D IFFE P ENT FROM 0. HOWEVER WARNING IER K — IF GIVEN — DELS
49 C INDICATES POSSIBLE LOSS OF SIGN IFICANCE. IN CASE OF A WELL DELS
50 C SCALED MATR IX A AND A PPDO °R IA TE TOLERANCE EPS, 1ER K MAY BE DELS
51 C INTERPRETED THAT MATRIX A HAS THE RANK K. NO WARNING IS DELS

V _  _ _



52 C G IVEN IN C A S E  Hal . DELS
53 C ERROR PARAMETER IER~~~f DOES NOT NECESSARILY MEAN THAT DELS
54 C MATRIX A IS SINGULAR , AS ONLY MAIN DIAGONAL ELEMENTS DELS
55 C A RE USED IS PIVOT ELEMENTS. POSSI~~LY SUBROUTINE DGECG (WH ICHDELS
56 C WO RKS W ITH TOTAL PIVOTING ) WOULD PE ABLE TO FIND A SOLUTION.DELS
57 C D E L S
58 C S U BROUTINES A ND FUNCTION SUBPROGRAMS REQUIRED bELS
59 C NONE DECS
60 C bELS
61 C M t THOD DECS
62 C SOLUTION IS DONE BY MEANS OF GAUSS—EL iMINATION WiTH DECS
63 C PIVOTiNG IN MAI N DIAGONAL , IN OR DER TO PRESERVE DELS
64 C SYMMETRY IN REMAINING COEFFICIENT MAT RICES. DECS
65 C D E C So6 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0 (CS
67 C D E L S
o8 C D E L S
69 C D E C S
70 DI MENSI ON A (1),P(1),A UX (1) DELS
71 DO UBLE PRECISION R ,A,AUX, PIV ,T8,TOL,PIVI DECS
72 I F(~~)24,24,1 DECS
73 C V 

- V D E L S
74 C SEAR(. H FOR GR EATEST MA i N DIAGONAL ELEM ENT DELS
75 1 IE FaU DECS V

76 PIV L .DO DECS
77 L 0  D E C S
78 DrI ‘ K~~1,M DELS
79 La L+ K DELS
SO T9=Di~I3S (A (L)) DELS
dl jF(Te~—P lV )3 ,3,2 DECS
87 2 PTV TB DELS
83 1 L D E L S
84 D E LS

3 CON T I P I U E DELS
86 T O C a t P S * P IV  DELS
37 C M A I N  DIAGONAL ELE M ENT A (I)=A(J,J) IS FIRST PIVOT ELEMENT. DELS
88 C P1W CONTAI N S THE A BSOLUTE VALUE OF A (I). DELS
89 C D E L S
90 c DECS
91 C STA RT ELIM INAT ION LOOP DELS
92 CST L DELS
93 NMM N* M DECS
94 LEND M—1 DELS
9 5 DO 1~ kzl ,M D E L S
96 C D E LS
97 C TEST Oh USEFULNESS OF SYPME’RIC AC~ O R I T NM DELS
98 I F ( P I V ) 2 4 ,24 ,4 D E C S 

V

99 4 IF( I~~R) 7 ,5,7 DE C S
100 5 I c ( P 1V — T O L ) 6 ,6,7 DELS
101 6 IER K— t DELS
102 7 CT J—K DELS
103 LST CST4K OtIS

4 178

- V V V . LVL - - V~~~~~~~

; 

- V~~_  

~~~~~~~~~~~~~~~~ 

~

:

VV



104 C DELS
• 105 C PI VOT ROW RED UCTION AND ROW IN TERCHANGE IN RIGHT HAND SIDE P DELS

136 PIVI=I .D0/A(I) DELS
• 107 bO P L K ,NM ,M DECS

103 LLaL+LT DECS
109 TB=P Iv i.R (LL) DECS
110 R (LC)=R(L) DECS
111 8 R (L)aTB OILS
112 C D E L S
113 C IS ELI MINATION TER M INATED DELS
114 Ir (K_M )C ,19 ,19 DELS
115 C D ECS
116 C ROW AND COLUMN INTERC HA N GE AND PIVOT ROW REDUCT ION IN MATRIX A. DELS
117 C ELEM EN TS OF PIVOT COLUMN AR E SAVED IN AUXILIARY VECTOR MiX. DECS
113 9 LD LST+(CT .(K+J_1))/2 DECS
119 L L a L O ILS

La L S T  DECS
121 DO 14 1 I K ,LE ND DECS
122 C L4II DELS

• 123 L L L L+1 DECS
124 IF (L— LR )12 ,1O ,11 DECS
125 10 A ( L L ) = A ( L S T )  DELS
126 TP=A DELS

• 12? GO Tu 13 OILS
128 11 LL L+L T OILS
129 • 12 T9=A (LL ) DELS
130 * (LL) A(L ) DELS
131 13 A L JX (II )a TB OILS
132 14 A (L )aPIV IaTB DELS
133 C OILS
134 C SAVE COLUMN IN TERCHANGE IN 1OR ~ A T I O~I DELS
135 A (LST )~~LT DELS
136 C DECS
13? C E L E V~ NT REDUCTI ON AND SEARCH FOR NEXT PIVOT DELS
138 PIV U .DO DEIS
139 CCST LST OILS
140 LT~~C DELS
141 DO l~. IIaK ,CE ND OILS
142 PTV I~~~AU X (II) 611$
143 LC :LCST OILS
144 LT LT+1 DILS

• 145 00 1~ CCD aII ,LEH D OILS
166 L C~~CL+LCD OILS

• 147 L’CL+LT OILS
• 148 15 A ( C ) A ( C ) + P I V I * I ( L L )  OILS

149 LL S T * C C S T + i I  OILS V

150 LQ’CLST+LT DELS
• 151 TBSD ARS (A (LR)) DELS

152 IF (T b—PXV )17,1? ,16 ~~~~153 16 P I V~~TB OI LS V

154 I’CP OILS
155 J~~II’1 DELS

179

±- _ r  ~ 
—— ——-———

~~~~~ 
— - --



156 17 DO lo L P K ,N P1,M OILS
157 L C L R+LT DECS
158 18 R (LL )=R (LL )+PIV I*R (CR ) OILS
159 C EN D O F EL IMINATION LOOP OILS
160 C OILS
161 C OILS
1o2 C BA C K SUBSTITUTION AND BACK INTERCHANGE OILS
163 19 IF (LcP~D)24,23,2C OILS
164 20 11aM DELS
165 DO 2~ I 2 , M D E L S
166 L S T a L S T — I I  OILS
167 h a Il—i DELS
163 LaA (LST)4 .SDO OILS
l6~ DO ‘.. J II,NM ,M OILS
17’~ TPzR (J) OILS
171 LL J DICS
172 K :LST OILS
173 DO �1 LT hI, LEND OILS
174 LL :LL+1 OILS
175 K K+LT OILS
176 21 TP=Tb~~A (K )*R (CL ) OILS
1?? KaJ+L OILS
178 R (J)~~P(K ) OILS
179 22 P (X )=TB OILS
160 23 RETURN OILS

• 181 C OILS
162 C OILS
153 C E R RO R RETURN OILS
184 24 IFR= — 1 OILS
185 PITUNN OILS
186 E N D

~PRT,S INVER T.CC INEO

_ _ _ _ _  
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PORF ITT *INV ERT (1) .CLIPvEG
I SUB RO UTINE CL IN EQ (A, B, X , N, 00000
2 S N DIM , IFL A G, ERR) 00000
3 C 00000
4 C CLI N E~ USES L U  DECOMPOSITION TO 00000
5 C FI ND ThE TR IA N G U L A R  ?‘AT~~ICES 1, U 000CC
6 C SUC H THAT L * a 

~~, C AND U AR C 00000
7 C STORED IN A. THIS FURM IS USED WITH 00000
3 C B A CK— SOB STI TUT ION TO FIND THE SOCN 00000
0 C X OF A * X a C * U * ~ 

a 9• 00000
10 C N IS T r4E NUMb ER OF EQUATI ON S AND 00001
11 C N DI P IS T H E DI M E N S I O N  O F A L L  A R R A Y S 00001
12 C I•. T~~ PA°A Y~~T LR 1I~~T.  00001
13 C 00001
14 C IF IF IA G a 

~~ L, U, A N D X ARE 0000 1
15 C C O M P U T E D .  0000 1
16 C IF I F L A G  IS N O N — Z E R O ,  IT IS A S S U M E D  00001
1? C THAT I. AND U HAVE BEEN COMPUTED IN  00001
18 C A PREVIOUS CALL A’~D A PE STILL STORED 00001
19 C IP. A. THUS ONLY X IS CGM DUTFD . 00001

• 2~ C ERR IS T HE E ST I M A T F U  RE~ ~I V E  00002
21 C ERROR uF THE SOLUTION V iC ’ Z~ -. 00002

00002
23 COM P~~(X*~~~ A , A, X , T 00002

• 24 C INTF UE R *2 IROW TJMO2
25 I NT !GER .4 IROW TJMO2
26 DIP~~~SION A (N DIP , N DIM ), 00002
2 7 1 £ i ( -~ DIN ), XC ’i DIM ) 00002

DIM F~~SION IPOh (50), a (c3) 00002
29 DATA EPS /1.01—1 5/ 00002
3D C 00002
31 C 00003
3 2 IF ( t . .G T .5 J )  GO TO 9CO 00003
33 IF (IFLAG.NE .0) GO TO 600 00003
34 DO ~~~ J a 1, P. 00003
35 0(I) a ~.O 00003
36 D~ ~-~ O J a 1 ,N  00003
37 00 z C O A B S  (A ( I , J ) )  00003
36 t~6G IF (~~(1).LT.Q9) 0(1) a 00 00003
39 II (~~(I).EQ.C.U) GO TO 901 00003
43 oSC CONT INUE 00003
41 fOR ~ ‘S 00004
62 PPIV a 00004
4 3 DO I L V C  

~ 
a 1,N 00004

44 ICC h ROi (i) ‘ 1 00004
45 C 00004
66 On !uC C a 1,N 00004
47 P I V O T  ~ t .j  00004
48 K • I. — 1 00004
49 DO ~4& I L,N 00004
50 I~ 

(~~.CT.1) GO TO 23i~ 00004
St 00 2~ C J a 1,K 00005
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52 220 A (I,L) = A (I,L) — A(J ,L) * * ( I ,J) 0000
53 230 F CD ABS (A(I,E)) / Q (I) 0000
54 IF (PIVOT.GT.F) 00 TO 240 0000

— 55 P I V OT a F 0000
56 NPIV OT 0000 V

57 240 CONT INUE 0000
53 IF (PIVOT .EQ .0. 0) GO TO 9(1 0000
59 IF (PPIV.LE.PIVOT ) ~o 10 250 0000
6-) ERR EPR * PPIV / PIVOT 0000
61 IF (E RR .GE .1.O) GO TO 901 0000

~2 250 PPIV a PIVOT 0000
63 IF (~~PIVOT.E0.C) GO TO 280 0000
64 0(NPIVOT ) a Q (L) 0000
65 J = Z R O W ( L )  0000
66 I POW (L) = IROW (NP IVOT ) 0000
6? IQOW (N PIVOT ) a J 0000
68 DO 2~ C I l,N 0000
69 T = A ( L , I )  0000
70 A (L,1) a A(N PIVOT ,1) 0000
71 A (N PIVOT,I ) I 0000
72 260 CO N TI NU E 0000
73 ~~~ IF (L.EQ .N ) GO TO 5~~C 0000
74 T = (1.000,0.000) / A (L,L) 0000
75 K a 1 + 1 0000
76 P a L — I  0000
77 DO 6,0 a K,N 0000
78 I F (P..LT.1) GO TO 4CC 0000
79 DO ~5C J 1,M 0000
80 350 A (L,1) a ~~L,I) — A (L,J) * A (J ,I) 0000
61 400 A (L,I) a T * A(t,h ) 0000
82 45C CO NTINU E 0000
83 50W CO N TI NU E 0000
84 I F (ERR .GT.1 .OE—5 ) PRINT 098, ~R R 0000
b5 C 0000
86 C 0000
87 6~ 0 DO 6~ C ~ 

a 2,N 0000
68 62U XCI ) a (-).ODO,C.ODC~) 0000
89 .1 = IROW (i ) 0000
90 X (1) • 8(J) / A (1 ,1) 0000
9 1 DO ‘10 1 2,N 0000
92 j  IROW (I) 0000
93 K x I — 1  0000
94 DO ESO C • 1,K 0000
95 650 XI I )  z X C I )  • A (I,L) * X C I )  0000
96 X C I) • (8(J) — XC I)) / A (I,I) 0000 •
97 100 CONTIN UE 0000
98 K~~~~N — 1  0000 V

99 DO P~~u I • 1,K 0000
100 J ’ N — I  0000
101 M s J + 1  0001
1u2 DO ~LO L • M,N 0001
103 X (J) • X (J) — x ( C )  • A (J,L) 0001 •V -

1~ 
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1U 4 F~0O CO NTINUE 0001
luS RF TU~ N 0001
1C~6 C 0001
1)7 900 PRINT 999 0001
1J~ ERR = 1.0 0001
luO RETURN 0001
113 901 PRI N T 991 0001
111 E RR = 1.J 0001
112 PFTU.~N 0001
113 997 FORM A T V1 ER RO R IN CLIN EQ , MATRIX IS S INGULA R ) 0001
114 998 FOR~~AT ( CAUT ION— , 0001
115 S — C LI P. EQ HAS DECOMPOSED AN ILL—CONDITIONED M A T R IX . ’,!, 0001
116 5 - R LSULTS WILL HAVE RELATIVE ERROR = ,E11.2) 0001
11? 999 FOR MA T (‘lERROR IN CL IN EQ , MATRIX SIZE GRE A T E R THAN 51/) 0001
118 E ND 0001

• ~PRT ,S I~~V E RT .OVC HK
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M OR F ITT * 1NVER T (1) .OVCHK
I SUB PUUT IN E OV C H K (C A C L E R ,STPT ) OMP V

2 C * * * ‘ *  THIS SUBROUTINE WILL CALL THE ROUTINE OVUN FL WHICH DM P
3 C * * a * *  C HEC K S FOR O V FR FL O~ AND U N DERFLO ~~. THE ROUTINE RETURNS AN OMP
4 C ~~**~~ * IN T E G E R  VALUE W HI CH TELLS WHETHER OVERFLOW AND/OR UNDERFLOW DM P
5 C * * * * *  H A V E  OCCURRED SINCE THE PROGRAM STARTED OR SINCE THE LAST TIME DMP
6 C * * * * *  ON~ OF THE O V E RFLO W/LJN DER FLOW CHt C KING ROUTINES WA S CALLED, DMP
7 C ***** wHICHEVER HAS BEEN PORE RECENT . THE INTEGER VALUES RETURNED DMP
8 C * * * * *  AND TH EIR M EAN INGS ARE AS FOLLOWS: DMP
9 C • * * * *  la  OVERFLOW ONLY DM P

1 i  C ***** 2a  NO OV E PE LOW CR UND E RFL OW DMP
11 C * * * * *  3a  U N D E R F L O W  ONLY DM P
12 C 4 OVE R FLCW AND UND ENF LOW OMP
13 C ~~*~~~~ * THIS SUBROUTINE (OVCHP ) W ILL PRINT OUT A MESSAGE STATING DM P
14 C •** ~~~ hH~~THEP OVERFLOW HAS OR HAS NOT OCCURRED. FOR PURPOSES DMP
15 C **~~ a*  O F THIS CONVERSI ON , UNDERFLOW O C C U R R E N C E S  HAVE BEEN IGNORED DMP
16 C * * * * *  B E C A U S E  THE 111 ( TAKES THE SAME ACTION ( I . E .  SETS T HE RESULT DMP
17 C ~~a *** TC ZERO) IN T’~E C A S E  OF UND ER FLO ø AS DOES THE 360. DMP
18 C ~~~~~~~~ THi SUPROUTIN F ALSO PRINTS OUT THE NA ME OF THE CALLING O M P
19 C ***** R O I J T I I ~E (VARIABLE ‘CALL ER ) AND THE STA1E~~ENT NUMBER FROM DM P
20 C * * * * *  W H ICH IT WAS CALLED (VARIABLE ‘srMT ) OMP
21 C HARA CTFR * 6 CALLER DMP
22 I N T F O ( R  STMT DMP
23 C AL L OV IINF L (IOV FL ) OM P
24 IF (IOVFL .10. ~ • C R .  IOVFL .10. 4) 60 TO 150 DMP
25 UPITI (~~,10O ) DMP
26 iCC F0R ~~1~T V1OV ER FLO w HAS NOT OCC URRED ’) OMP
2 ’ 00 T O ~50 OMP
28 15C bRI T~ (6,200) DMP
2~ .~O0 FO R’AT C’lOV E RFLO W H A S  OCCURRED ’) DMP
30 250 CO N T iNUE DMP
31 WRITE (~~,3~~O) ST MT ,CALLE R DMP
32 3Cu FOR ’AT C’ OVCH K ~AS CALLED FROM STAT EM ENT ‘,1c ,’ IN SUBROUTINE DMP
33 1 ,A6) DMP
34 PET1Ii ~N DMP
35 EN D DMP

~FIN
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