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Mode Coupling in a Range Dependent
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G. L. Zarur

V Versar Inc., Springfield VA 22151 V

A. Nagi and H. ~berall

Department of Physics. Catholic University , Washington , D.C. 20064*
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Abstract

~ ierce’s adiabatic normal—mode theory of sound prop~.gatiOfl in

a range dependent ocean duct is extended to the case of a sound

channel with less than gradual range dependence. A computational

method is devised to solve the ensuing coupled range equations

by diagonalization . This is applied to a channel with arbitrary

(numerically givan) range dependence, by dividing it into ranc~e

segments with constant properties each. The local depth func-

tions are taken as the Airy function solutions in a piece—wise

linearized stratified medium with arbitrary sound velocity pro-

file. The method is applied to some simple as well as to

realistic cases of range dependent sound channels, and the de-

pendence of the mode coupling effects on the degree of range

dependence is determined.

* Suppor ted by Code 8120, Naval Research Labora tory , Washington ,D.C.

20375

— 1-’

L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



F~ r — - - •——— -  

— 2—

Introduction

Normal mode theory of underwater sound propagation can , in its

original form1, be applied only to situations where both the ocean

floor and the sound velocity profile do not depend on the horizontal

coordinate (range coordinate), so that the wave equation may be

separated into modal range functions and depth functions. In a

realistic ocean, this is very rarely the case, but an approximate

method has been developed by Pierce
2 

in which gradually range

dependent environments can be handled to first approximation. This

“adiabatic” approximation , based on the Born—Oppenheimer method Of

molecular physics, utilizes a modal expansion in which the depth

functions are taken as the “local” modes of a locally stratified

ocean which depend parametrically on range. Insertion into the

wave equation then leads to a set of coupled equations for the

range functions, but these become uncoupled if in the adiabatic

approximation, the coupling terms are neglected. The adiabatic

method has been applied in our previous work to a wedge—shaped

continental shelf with constant sound velocity3, to a sound channel

with parabolic profile that opens up linearly in range4, and to

sound channels with arbitrary (but gradual) dependence of the ocean

floor and of the sound speed profile (which may depend arbitrarily

on depth also) on the range5.

No energy transfer between modes takes place in the adiabatic

approximation. If the mode coupling terms are not neglected, the

range equations are coupled and energy flows between the modes. 

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



_ _  V V V -~~~~~~

-J —3—

This has been discussed on the basis of coupled power equations

by McDaniel6, and was considered by her in a calculation of sta-

tistical mode conversion effects as caused by a rough ocean floor7~

For the deterministic case, the mode coupling problem has been solved

in our earlier work8 on the sound channel with a range dependent par-

abolic velocity profile, by using diagonalization techniques for the

decoupling of t.~e range equations.

In the present work, similar techniques are used for the more

general case where the profile depends arbitrarily on both depth and

range, and the ocean floor on range. This is achieved by dividing the

ocean into norizontal layers as well as range segments. Linearization

is employed in the depth layers, and has been applied also to the

range dependent quantities in the range segments in our earlier work5

on the adiabatic case. The present paper, however, employs the

approximation of range segment—wise constancy of the depth functions

and their eigenvalues as well, as of the coupling terms, in order not

to encumber the more involved decoupling problem even further. A

different approach to the mode coupling problem based on the •sl~~,

1, 9 . . 1.0method , i.s due to Kanab3.s

Pierce’s method will be implemented for the coupled—mode prob-

lem of an arbitrarily range dependent sound channel in the following,

and applied to simple as well as to realistic cases in order to

determine the dependence of the mode coupling effects on the degree

of range dependence.

- -- ~~~~~~~~~~~~~~~~~~~~ ~ V ~~~~~~~~~ ~~~~~~ - ~~~~~~~~~~~~~ 1
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I. Local Eigenxnodes of the Wave Equation

We seek a solution for the time harmonic pressure field

p (r) of a point source, located at the position in an inhomo—

geneous ocean of density ~ (r) and propagation constant

W /C (4~) , as determined by the wave equation

ç,( V [~~~(fl7p(fl~~t~kL (fl p (fl=~ ~ (7-~~). (la)

Adopting a cylindrical coordinate system with the z—axis pointing

vertically downward, we shall assume the sound speed c ( r )  to

depend arbitr~irily on both the depth z, and on the horizontal

range coordinate (x, y). If the medium (which includes the

ocean bottom) is layered, the boundaries of the .Eth layer

z — z~~ (~
) may also depend on while the ocean surface a = z~

is flat. Densities ~4~
(z) are taken constant within each layer:

they were chosen equal to in each water layer but could be

set equal to a different constant in each bottom layer. Defining

a velocity potential ~ (r) such that

- ~~ (~;‘),
V r (i~~) _ p(~ ) ‘

~~# (ib)

(~ being the particle velocity), one has in each layer a

Helmholtz equation

V V~~~~~) + (Ic)

Following Pierce2 , we attempt a solution in the form of a quasi—

~eparated normal—mode sum

¶ .

IlL V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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-4 c.”,’, -
~~ .-, (2) V

in which the “ local depth functions~ ~~~~~~~~ satisfy at each

range point (considered as a parameter) the depth equations

pertaining to a stratified medium, 
V

2- -~~

-4 -,

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

(z , ’) t~L~~~(~~, t f )  = 0. (3)

The eigenvalues k~ (~ ) of the local modes enter through the local

vertical wave number

K~(~~) =[k~~~, -k~~~~~~
’
~ (4)

of the nth mode. They are determined by the boundary conditions

satisfied by the local depth functions as used in Eq. (2).

f~ 
.u~ (

~j  / 

_

~~
) (5)

at the boundary between layers ,e and £+l (~~~ (~~) being the

boundary as approached from the Ath layer, and Z,~~ (k’) as

approached from theA÷lst layer), corresponding to continuity of

pressure and normal particle velocity. Inserting Eq. (2) into

Eq. (ic) and using the ortho9onality of the depth functions which

follows from Eqs. (5), 

V V~~V~~~~~~~~~~~~~~~~~~~~~
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/ [?~ ‘?~ ~ ~~ (~~~~~I ~
) ~~ (

~, ~ ) d ~ 
- (6)

we obtain, following our earlier derivation5, the coupled system

of (partial differential) range equations

[v~÷ k ~~~~~~~~ ) = 
V

(7)

i— 2~~~ [ v ’ ~~~~j .M ’ C) -~~~~~~~(~~) 11”

i~ which the coupling coefficients

00
-4 

—3t i’ ~~~~~~~ 
= f E c  (z)/p 1  ~~ e)~

7ç L t ( ~~~~~)
(8ã)

qM~~ ~~~ I d~

couple the nth and the mth modes. We here used the notation

(d/~ x, ~/ay,0), and took the source position as r = (z ,
0 0

-9

0 ). The derivation of Eq. (7), due to our use of Eqs.(5),

holds also for the present case where sloping layer boundaries are

admitted. However, Eqs. (5) will guarantee the boundary conditions

of the total acous tic field ,

-, 

~~
(t

~~
) V(

~
- 

~),1f~t (9)

V 
~~~~~~~~~~~~~~~~~~~~~ 

itt -i )

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



to be approximately satisfied only for gradually sloping boundaries

and/or small relative density differences between layers~~ i.e.,

[ F4÷i f~) /p, ] -La i~o ~~~ (10)

(where ~ is the angle between the boundary normal and the z—axis) ,

as can easily be shown. This wtll be assumed in the following.

Note, however, tha t no restrictions are imposed on the range gra-

dient of the velocity profile.

The coupling terms of Eqs. (8) may be recast in a simpler

form
3 
which shows their origin from the range dependence of the

sound velocity profile and of the boundaries , re~ pectively. by

employing partial intergration and using Eq. (3), with the following

results. For the coupling terms which are small of f i r st order

in the range dependence, one has

(
~~) V -~~~~ (

~~
) ~ ~~~~~~~~~~~ (

~~
) (~n~~~~~t ) (h a) V

-.4 F -3Ni (
~~) ~~~~~~ (i’ ) (lib )

wi th the volum e contribution

M~ ~~ / {k~ 
(~~) - k~ ~~ 

(~~~~ ) (12a)

_ _ _ _ _  - ~~~~--~~~~~~~~~~~~~~~~~
_  _ I

~~~~V~~ VV ~~ V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~ (
~~4

) = j E ~~~ / u ~~ ,~ ) {~ kL(~,~~)}

and the surface con tributions

c (f ’) M~~ 
(
~‘)/ [L (~~~~~~~~~~~~~~~~~~~~~~~~~~~~ )}

,

-4 L
/1 (~~) =21 (~. /~w){c ~tJ /~ - ~ ~~~ VLL /‘~

] 
~~~ 

(13b)

where I. is the number of layers, and 
V

-4

( z , ~~) = ~_3~~~~~ (~Z:, p ) 
~ (13c)

further ,

1 4 . - ,V 
V I.,

~~~~~~~~ (~~~~~~ ) - f ~?— ~f~c ~~ 
(~
j 

~
) ~~~~~~~ (h3d) V

~1~~~i 
V

For the second—order coupling coefficients, we shall only quote

the resul ts for the volume con tribution s:

!‘1,.,~
” t~ ’)  = N ” (~‘)+Vç -ML (p) , (14a)

j  
= E ~~ ~~

). 
~~ 

(p ) . ( 14b )

The surface contributions are absent if the boundaries are flat. 
V
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In our previous work on mode propagation in a range
3—5 ,8dependent environment • two important special cases were

considered in which range dependence occurs either in the

Cartesian x—direction only (x—case) , or in the i—direction of

cylindrical coordinates only ( ~ —case). For suff icient  distances

from the source, the results of these two assumptions were shown

to coincide4. We shall here restrict ourselves to the c —case

only, so tha t ~~~ ~~~
, (~~) , and in troduce the new range

function f ( ~ ) via
n

(15)
~~~~~~~~ =~~~~

Inserting in Eq. (7) leads to the coupled

system of ordinary d i f f erential equations

~~~
“ 

(~~~~~~~~~
-

~~ 
(2~~~~~~~~~~~~~~~~~~~~~~~

÷ k~~~c~ ~~~~~~~ (iC a) 
V

= ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V where M’ ( ) is defined similarly to N ’ in Eqs. (hl)—(l3)

but with replaced by d/d~ , and where the further coupling

terms are

V = M~~~ 
(
~~ -~~~~ ML (v).

V Note that as shown before4 , the term (2~~ )
2 

~ in Eq. (l6a) is

V 

negligible for distances from the source in excess of ‘-‘ 1 1cm , for

frequencies up to several Hz. Similarly, the second term in Eq. (16b)

is negligible as compared with the second—last term in Eq. (16a)

-——-- -

~ 
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in an even wider reg ion . We write Eq. (16a) in matrix notat ion as

(16c) 
V

2where f ( ~’) .  is a column vector with elements ~~~~~~ and k a
2 -, V

diagonal matrix with diagonal elements k,~ (c) ; u is the column

vector of the source, with components

(16d)

Our goal will be to devise a transformation which uncouples

the system of Eq. (16c) , at least in an approximate manner. This

will be accomplished by f i rst dividing our range in to a fin it e

number of inter als with constant vertical boundaries, across V

wh ich ç(z )~~ and ?~/~~ have to be continous. In the approximation

of Eq. ( 10), this is shown by integrating over z and using ortho—

normality of U ,  to lead to continuity of 
~n 

and df~/dp. i.e. to

~P j -t-~~ I, —
1)1, ‘~~ .‘ 

— 
~~ ~~~~ 1 (17)

Ed f / d ?] ~~ ~~~ (p) / 4 ] -
£

where is the outer boundary of the ~~ range interval,

coinciding with the inner boundary ç~~ 
of the Ltj s~t range. (tj

interval..



In our earlier study of the “adiabatic’ solution of Eq. ~~7)

where the coupling terms were neglected, we approximated the quan-

tity k~ ç) 1’ .E /L:s,
2 in each range by the linear expressions

(r D , joined continuously at each segment boundary where the

actual values were adopted, except in the f i rs t  (source) interval

and in the last one (reaching to infinity), where the constant

2 2 . 2values k~ (o) and k~ (~~~~~) ,  respectively, were adopted for 1c
~~L

This leads to Airy function solutions in the general intervals,

and to Hankel func tions H0
(
~
) in the two extreme intervals, which

become trigonometric solutions if the term i/4j
2 
is neglected.

This procedure would also be possible in the present case; the

coupling terms would then have the form, e.g.,

V ~~~ 

(18)

with 1~~,,~,depending on only through t~~ and~~~ , since k2 (z ,?)

V is also being approximated by linear expressions C(z)pD(z)  in

order to represent the experimental range (and depth) dependent

V sound speed profi le  which is given to us only at a f inite number

V of range points (chosen as our range interval boundaries) .  We

shall, however, for reasons of greater simplicity approximate

in each range interval the eigenvalues k 2
(ç) and depth functions

and hence also the coupling terms , by their values at

V the midpoints of each range interval, insuring accuracy by

introducing a finer subdivision into range intervals if necessary.
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We are then able to uncouple Eq. (16c) by matrix transformations

involving constant transformation matrices in each range interval .

Following our previous approach 8 used in the treatment of mode

coupling for a range dependent parabolic profile, we first set

V ‘
~~ 

(
~~) = 

E C c)  (19)

which, with a constant matrix $
h

i
, leads to

+ ~~~~ 
- 

~~~~~~~~~~ r (20)

where we neglected l/4c~
2
, and called

K~~
) 3~ k~~~) ~~

~1 = .S~ 
-- “ M’ 3 (2 ib)

~~~~~~~~~~~~~~~ 
ç4-i~~ / c~Y v  — -~~ ~~~ •

~‘:1. 
‘ (21c)

V The matrix will be so chosen that X is diagonal, with dia-

gonal matrix elements that will be called • (This is possible
V with a constant matrix S1 since as mentioned above, M’ is taken
V constant in each range segment). Next, the derivative terms
V 1 which now multiply the diagonal matrix VA , may be elim-

inated by standard methods. We make the transformation

(2 2a)

where ~5 is taken to be a diagonal matrix with elements C .
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V 

Substituting Eq. (22a) into Eq. (20) and equating the coefficients

of to zero, we find V

- An? (22b)

constant factors in Eq. (22b) may all be chosen equal to unity.

V The transformed range equations are still coupled (although V V

without first derivatives), and have the form

d / d ~~~~~~~+ ( K L + W) ~ ~s;1 u. 
(

V

23)

V 

The source term is unaffected by the transformation of Eq. (22a)

since U contains a delta function in and 
~ 

c) is 
V

V 

the identity matrix. The elements of the non—diagonal matrices

“2K and W are given by
I-k -,’V Q  (24a)

~~~~~~~~ 
f l 3n.

= ~~(-L-~~
)
~ ~~

In the spirit of our approximation procedure , these will again

be replaced by their values at the midpoints of the 9-intervals,

rendering the expression

V 
T — ÷ W — A ~ 

(25)

a constant matrix . The ensuing equation

V 

V d~~~/d~~~~÷T ~~~= ~~~~~ U (26)

can be decoup led with one final transformation:

‘-I (27)

— ~~~~~~~ V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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where S2 
is chosen such that V

~~~ T5~ ~~ A (28)

is a diagonal matrix with elements . This has finally brought

us to the uncoupled system of linear equations with constant coeffi—

V cients .., .~~~~~ —4

~j~
-p /cLc~ + AP tJ (29

where the new source term is

Lj~ U (29b)

Its general solution is in the source—free region: V

N
P ~ (c~ cos~1~~~ ~ J3~ ~~~~~~c~?) ,  

(30a)

where N is the total number of modes, V

4- (30b)

are the basis vectors with components

(30c)

V and are 2N arbitrary coefficients. If we call the overall

transformation matrix

U = 3_ 5
~ ,

our original range functions of Eq. (15) are obtained as

V = 
(31b ) 

V~~~V 1 ~~1
_ _ _ _ _  

V
VV ~~~~~~~~~~~~ VVV ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~~~~~~~~~~~
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with components

~~~~~~~ U~ (~~ C3S
~~~~~~~~~~~~? ~ ~~~~~~~ (31c )

The ~~~~~~~~~~ function of Eq. (29a) which describes the behavior of

the solution at the source can be obtained from Eq. (31c) in the

3—5well—known way, see below.

As the last step, we shall have to carry out a matching of

the range functions and their derivatives at the range interval

boundaries, see Eq. (17). In the 1st interval. which reaches out

to infini ty, we assume no range dependence so that k~~(~ )~~constant

~ 
), and have the solution5

(~f )4 (ç~) A~ ç H~, (k~~~~) (32 a)

(no mode coupling takes place here), comprising only outgoing waves

with undetermined modal amplitudes A~ . In the general (ith) interval,

we adopt Eq. (31c) with superscripts i on f~~ , U~)~ ~ and
V 

; in matrix notation, this gives

V I -a

~~ ~?) J~ (f) ,

where is a column vector with components

CO5
7

~~~~~~ +/ 3. clfl.V VC1 4 ~~~~ (32c)

V V V V ~~~~~~~ - — V



— ~~~~~~~~~~~~~~~~~~ V

-16—

Introducing the diagon~1 matrix A with diagonal elements A~ . V

and the vector H(?) with components H~ (S .) = ~‘
111H t 4

~ ( k ~~ c o ç ) ,

Eq. (32a) reads in matrix fo rm

~t’
(
~~) =A H (p ) .  (32 d)

If we designate the last range interval before the infinite interval

by i=M, the matching conditions are (at the boundary ç=ç~) :

UM ~~M 
~~~ = A (33)

U~
’ “( r, 1)~=A H ’ ~~~~~~~~~~~~~~~~

We introduce the two—component vectors (2D space)

-
~ M 

-, V 

/ ~
~ j~~

i ) , H, 
~~~~~~~~~~ ( H e’ (f,~,)) 

(34a)

and the 2 x 2 matr ix

t-1 / ~~5 ‘h Pu S
V (34b )

~1— 
~~~ ~ M C~~~ Co 5 j

~ f’
iM

with inverse

?-1 cIt~ ( 
~ — ~y

M
~ / j

#1

\ ~~~~~~~~~~~ caS-~~
’1
ç~ / .

1 ,/ (34c)

Then, Eqs. ( 33) are solved by

=t (u~ A)~1, (~~~~ P~~~ i 
~~ (

~~~) .  
(35a )

_ _  _ _ _  

V V V V  V 
V V
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The notation may be further compacted by intooducing hypervectors
4-a

CC / H ç ~~ whose components (each corresponding to a mode)

V are the 2-component vectors ~~~~~~~~~~ H~ (ç~,,1) , respectively, as well
as diagonal hypermatrices ~~~

‘ whose diagonal elements are the

2 x 2 matriceS (so that the elements of the diagonal hyper— V

matrix are the 2 x 2 matrices ‘

~~ 

_1
)• Eq. (35a) then reads

~~~~~~ (~~~~~ M ) U ~~~A H (cM), (35b )

where the previous mode-space matrices and A are understood

~s being diagonal in 2D space.

Applying Eq. (17) for the match between intervals i and i+1,

we have

U’ ~~~

‘ (~‘z~ — 
V

V 

U~ ~3’~ 
/ (V t ) = U~

+t 
~ 

(F
~
) 

(36)

which , in our hyperspace, is solved by

~~~ (~f~-S~z)
1 
~~~ U’~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (37)

Finally, we match at the boundary between invervals i=l (source

V interval) and i=2 . In the former, there is no coupling, and the
V 

solution is5

V 

4? (
~ \ = A’;’ ~~~ {c~~ u7~(yoiç~ ~ J3~ H0’ 

~ (k, to) ~ 
) 
~ (38)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _
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where ~~~~ are/~~ own amplitude factors which we again arrange in

a diagonal matrix Introducing

(qi ~ 
~. iJ2. 

~~~ ( ~~~~ (39a )

and forming the known matrix

~ ~ f (&) ~ 
j , ti-)

, r-i 1, ~f’
j
~
j i-fj , (ç,~ (39b)

p \~ 
14

f t
~~
l 

~~ 
I-I j~~~

’ (~’L )

we obtain from Eqs. ( 17): V

U2. ~T ’ ~~ c~t~~ , (40)

where hypermatrix notation was introduced as before. In this way,

all coefficients and have been determined; they are

in the ith interval:

(~?~f” )~~ ~~~ u~’~ Le~
V
~~

’.ri
. ~~~~~~ (r V ~~~~~~~~~,~~~~~~~,Li

i u.~ui~z
4. ~~ .

(41a)

and in the source interval:

At°
~~ 

1= 7~ U2 ~~ ’2 ,c’L . ~~~~~~~~~~ 
LJ

~~ 
U3 

~~~~~

• ~~~~~~~~~~~~~~~ ~~~~~~~
MI i ~~~~~~~~~~~~~~~~~~~ /~~~~

M)
~~~~~~ L/~ AH p,4). 

V

(4lb)

These expressions still contain the unknown coefficients A
(0) and A,
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but as was shown earlier,
5 
matching to the source leads to

itt11, 
______

- 
(42)

so that in principle, the remaining unknowns A~ (the outgoing

mode amplitudes at inf in ity) can be determined by the require-

ment that Eqs. (41b) and (42) be sattsfied. The implementation

of this prescription , however , requires an iterative approach

which will be described below. V

III. Numerical Results and Discussion

The above procedure wil l now be applied to the calculation

of transmission loss in some examples of channels with simple 
V

and also with realistic velocity profiles. In order to be able

to handle the latter case, we shall use the previously employed 
V

method5 for calculating local depth function s t4 (z .ç) and their

eigenvalues k ( ~,) in a numerically given profile, which consists

in dividing the ocean into (horizontally bounded) depth segments or

layers, in each of which k2 (z , ~~) is approximated linearly, so that

the depth functions are given by Airy functions. The layer below

the (locally f l a t)  ocean floo r is simply modeled as a liquid

with constant bottom density c-a ~ and with a ~ — independent local

sound velocity iC
5 (ç)  , which reaches down to z ~4 . The eigen— V

values k (ç) are then obtain ed by satisfying the boundary condittons

of a pressure release surface at the ocean surface z=z~ , i.e.,

~~~~~~~~~~~~~~~ —
_

~

V_

~

V

~

V_

~

V V  —-~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -“-— - - -_ -  ~~~~ V
_ - — - -~~~~~~~~~~~~ — -~~~~~-
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~ (o~~ ) =0, and of an exponetially decaying solution in the

bottom layer. Further details are given in Reference 5.

- 

V 

-

~ii

—

~

— -

~

- ~~~~~~-~~~~~~~- -— - —
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The following computer program is based on the foregoing

theory; it computes range functions and solves the coupled-

mode program of sound propagation in a range dependent ocean.

The main program GPC (pp. 24 - 32) computes the propa-
gation loss as a function of range and depth. It calls all the V

subroutines; it calculates the range functions, it calcula tes

the coefficients of the linear combinations of the range func-

tions in all the range segments. 
-

The subroutine NAGL (p.33) interfaces the range function 
-

and depth function programs; it calls the depth function program V

Lt 
V

which is described in Volume I of this report.

The subroutine FORM (pp.34—37) calculates the U’s and

the q-eigenvalues

The subroutine COEF1 (pp.38—40~ calculates the mode coef-

ficients in the source segment and in the infinite segment by

ma tching directly (since all the internal boundary conditions are

here lumped together into one matrix) V

The subroutine HMDIAG (p.41) diagonalizes an antihermitean

matrix (by relating it to the diagonalization of a Hermitean one) 
V 

-

The subroutine MXEL (p.42) computes integrals S u~u~z dz
containing Airy functions 

V

The subroutine HANK (p.43) calls the Hankel function

subroutine

_ _ _  -
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The subroutine HANGL (p.43) computes the Hankel functions

of argument X

The subroutine DAIRY (p.44—SO) is the same as in the

depth function program (Vol. I of this report)

The subroutine PLT (p.5l—52) is a plot routine to plot

the propagathn loss

The last page (p.53) tells what has to be loaded into

the range, depth, and plotting programs.

III- - -
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TV  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V I
i~~~rc

• LU(-t.’tUN /i’CPTU/ XI4-~(j59*),IUO(15)
CWThO N /F ORM C/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V

• 1~ X NAG (4 ) V • V

DIMh ~. N S I ( J N  X hT( - ; , - -

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V -
2A ( .L5) ,A 0c 1~~), - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • - V

3QS~ 2,1~~) ,~. 15) ,I O 1JT( 15) ,~3(3O) , X KNT (  15) .N lOI N 4>
COtIF’LEX u,u .a,,,,i,~~UM,E(E,V ,t IUfI,~~,A 0 ,~~LF,BET ,US,UI~~.QS,SU12, I

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V

DIM E fl3i~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V

- DOUBLE ~ V .
~~~~~~1~~~~ ON XN.~I3,U0D,UF~ZI,Xt I4tI

• EYE=( (,,j.) V 

V ’ ~~~~

I P1=3.14j~,9 -

TYPE .‘.~o-.1 720 FOR~~.r ’ TYPE 0 FOR NO COUPLING , 1 FOR COUPLING’)
• A CC EtV T 2,ICOUP

TYP E 1
• V 1 FOrdlAT(’ INPUT NWIBER OF MOL1ES, LAYERS, AND SEGMENTS’)

Acczp r 2,NM,NL~ NS
- TYPE 2,NM NL,NS

- • — FORMAT (5G) . V •NLM NL— 1 - V V

NLF NL+1
• NSM NS-1 V

NSP NS+1
TYPE 460

V 
- 460 FORHAT (’ INPUT NUIVIDER OF MODES FOR EACH PROFILE’)

- ACCEF T 2,(NMODE (I),1 1,NSP) - 
V

TYPE 2,(NNODE(I),~~~1,NSP
)

TYPE 6 - - . -

6 FOR1-1~ TC ’ INPUT FREQUENCY’) V

ACCEPT ,F -

• • -  TYPE 2,F S
F 2.*PI*F 

V

TYPE 700 - -

-S 700 FORMAT (’ INPUT CONVERGENCE CRITER- ON’) V 5
ACCEf’T 2,FRAC
TYPE 2,FRAC V 

V 
-

T Y P E 3  
V

V : 1  3 FORMAT (’ INPUT SEGMENT POSITIONS’) - V

X (1) 2000. .
_~ 

e X(2)=20000. 
V

- X (3)-~40000. V
V TYPE 2,(X(I),1 1,NS)

• -~ e i ACCEPT 2,(X (I)r1 1.NS) 
V

U X NAG ( 1)~’0.
- 1 DC 200 I~~1,NS 

V

e 200- X NAG ( I+ 1)~~X ( I)
V TYP E 4 V

4 FOFMAT (’ INPUT SOURCE DEPTI-I, R~ C~ IV~R D:PTH, NL-1. PROFILE’ .
• 1’ LIE. PTHS, NSVI 1 L-OTTOiI LIEPTIIS’)

• ACCEPT 2,ZS,Z~~,(ZcI),I~ 2,NL),(ZD(I),I—1,tISP)
TYPE 2,ZS,ZR,(Z(I),I=2,NL),CZElCI),I~~1,N~P

’
~

2(1)~=0. - 

V

DO 101 IZS=J.NL -

IF(ZS.LT.Z (IZSF1)) GO TO 0
101 CON t INUE V V

$ TYPE 5 V 
- -

5 FOR ItVt(’ INPUT SOUND SPEELi PROFILE FOR E.~CH SEGMENT’)
DO 002 IS~ 1,N~ F 

- 0

802 Xt~(1,IS) 1520. V 
V

XKC2 , 1) 1515.
X K(2 , 2) 1514.5
Xt< ( 2 .3) -= 1~~10 

•• V - 

—- - -  - t
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• V - ~~~~~~~~~~~~~~~~~~~~~~~ _X l-(C2 ,4 )= 15Q5 .  V V _

• 
- b XK (3 1)=1490. 

- 
V~ _____

X KC3,2)=1490 . V~) - -

V XK(3,3)=1490.
XK(3,4)=1490 . •X K(4 ,1)=1540. •V X K ( 4 ,2 ) :1540.

- • XK(4,3)=1540. - C -

- XK (4 .4)=1540. • :‘
DO 100 IS-~1,NSP

V • C ACCEPT 2~ (XK(IL,IS).IL 1,NLF)
V TYPE 2, (XK (IL ,IS) ,IL=1,NL P)

DO 100 IL=1,HLP
• 

V X k( IL, IS)=CF/XK( IL,IS))**2 V S
100 CONTINUE

V TYPE 7 V

• 
- 7 FORMATC’ INPUT RELATIVE DENSITIES FOR EACH LAYER’)

DO 803 IL 1,NLP
- 803 DEN(IL)=1. -

• V TYPE 2.(DENCIL).IL=1,NLP) V

C ACCEPT 2,(DEN (IL),IL—1,NLP)
TYPE 4O - 

V

- 5 V 40 FORMAT (’ TYPE NUMBER OF MODES TO BE OUTPUT )
V ACCEPT 2,NOu r

V TYPE 2.NOUT V V

5 NOUT2=2*NOUT
IF(NOUT.ELI.0) GO TO 41
IF(NOUT.E01.NM) GO TO 43 .

- • TYPE 42 • V

42 FORMAT (’ TYPE WHICH MODES ARE TO BE OUTPUT’)
ACCEPT 2.(IOUT(I)~~I=1,NOUT) 

V

0 1  60 T0 41 9)
- T 43 DO 44 I= 1,NM

• 44 IOUT(I)=I - -

~~o l  C V • - 9)
C DETERMINE DEPTH FUN CTIONS V

I C • •
C, 41 CALL NAGL (NM,NLP,NSP,NHODE,Z,ZB,X k.XLN,U0,UR,ZS,XKND ,UOD,URD ) - 9)

C -
j C FORM PRODUCT O~ MATRICES ON F~~G~ 44 ...U2* H2CX 1)*H2I cV~2)*U2I*U3~~...¶ Q V

I C - FOR USE IN CCUN~ CTING souRc: INTZ~~V~ L W ITH INrINITE INTERVAL.
C SIZE OF MATRIX IS NOW ThICE T1~E UMDER OF MODES TO ~LLO W FOR

I C INGOINO Aflt’ OUTGOING SOLUTIENS. •~~RIX U IS r’IA9O~!AL IN THE 2
5 - C SOLUTIONS. MATRIX SCRIPT-C 12 t t ~~CO~1AL IN RODE NUi~~ER. V

- NH2 2*NM V

• DC 106 I=2,NM2 5 V

JM’~I1
V DO 107 .J=1,JM• • - V 

AIi(I,J)=O. V • -

107 AM(J , I)=0.
106 AM(I,I)=1. V V

o : 
~‘j1

( 1,1)=1. •
C TYP E 201 ,(C IC I,J) ,J_ 1,N~l2),I~~1, ,9. )

- 201 FORMAT (’ 201 AM’/(12G)) V

5 V DC 108 IS=2,NS
V IStI I0_ 1 -

ISTEM-~IS
CI~LL FCr (IETEM,U,UI,O,IEOt~’P,P!M”~~~ -

C rYI Z 6 2 1 , ( C ( I ) , I = 1 ,N M )
621 FO~~IAT C ’  621 G’/60 )

• DC 113 I~r1,NM 
-

4 DC 1IU J-1,~:M
__ LC I2~ I,I,J )VV L ’ ( I , J )

tic ~Vh~~V : ’•::-:N,:,, .))  - -%J I . ( I , J )
. • DO ~ t9 X~ j,NM - - 

V

V • V 

• 
- V~~~~~•

L _ _ _ _  - ~~
V
~~~~~~~~~~~~_~~~~~~V~~~~~~~~~~~ V V V V V V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V
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V

119 O S C I S t i~ I)”C)(I) . -•
C

V C MULTIPLY FROM RIo:IT BY U -

C V 
V 

V

• DO 109 £~ 1.NM2 •DO 109 K-~i,NM
DO 109 J=1, V -
3UMV ~0.

DO 110 L~ 1.NM
110 SUMV 2Lfl1fAH~~I,2~~(L_ 1 +J)xu(L ,I\ ) V

109 DU~i- : r ,2*cI~--fl+J =suM
C Tyr E 222 ,((DUMCI,J) ,J=1,NM2) ,I=1,NM2>
222 FORNA r (’ 2:2 DUM’/(12G~~ - V

4 C  V 

V V V~~~~~~~~~~~ 
V

- C MULTIPLY FROM RIGHT BY SCRIPT—C EVOLUATEEP •~T LEFT OF - SEGMENT

• • • DO 111 L~=1,NM2 
-

DO 111 1 1,NM
I1=2*(I— 1)

V C1=CCOS (OCI)*XCISM)) V
- S1-=CSIN (C (I) *XCI3M )) V

AMCL .I1+fl=r’L’f-l’L,I1+1 *C1—DIJMCL,I1+2)*Q(1 ?sj
• 111 AM (L,I1+2)~~DUM (L,I1+1)*S1+E’Uil(L,I1+2)*Q(I)*c1C TYPE 223 , ((AM ( I,J),J=1,NM2),I=1,NM2 )

V 223 FORHATC’ 223 AM’/(120)) V

• - C
C MULTIPLY FROM RIGHT BY SCRIPT—C •INVERSE EVA LUATED AT RIGHT OF

V SEGMENT - 
- 

V

:
~~~~~ c - I

DO 112 L=1,N 12
• rio 112 I=1.NM V0 • I1=2*(I—1) 

V

C1=CCOS (O (I)*XEIS)) V
- 

S1-~CSIN(OCI)*X (1S)) V V1 • ~jUM (L,I1+1)= 4(L,I1+1)~XC1+AM (L,I1+2)~c5j •

112 IIUM~ L,I1+2)-~(—AH (L,I1+1 :S1fAM (L,I1i-2)*C1)/fl (r) -

C TYF-E 224~ ((DUM (I,J),J=1,~’U-~2),I=1,N~i2)- 0 224 FOR1-IAT(’ 224 t!L’tf’/(120)) 
V

C - V • • 
- 

V

c 
V 

MULTIPLY FROM RIGHT DY U INVERSE - 4
• C -

DC 113 I=1,NM2
00 113 K~ 1,NM

• tIC 113 J=1,2 - - -

SUPI. V0 .
DO 114 L~ 1.Nt1 V

I • 114 SUM— S i+t’IJ~I(I,2~~ L—1)+J)*UICL,i ) V

113 A M ( I ,2 t ( K_ 1)~~J)~~~JM - V

C TYPE 225,(C(~, (I,J),j—1,NN2 ).I=1,Nt12)
• P :25 FC~:.1~ T(’ 225 AM’/(120))

100 C~ NTI.1UE -

S C- NULTIPLY FROM LErT DY SCRIPT— ti INVERSE 4)

- C
X2=SQRTCX (1>) V • -

• • DO itS 1 1,NM 0
I1=2* (t—1)

V RHO’SO~ T(X~N(I,1))*~< (1) V

• CALL tV 4I~~~~~~ C RHO ,Hi • I4~ P,H2, H2N 0 -
C TYPE 243,I,r ;~~.H1 ,Hir ,i-!2,:i:~

V XI~TEI~- --RUO/X (1) V -

r A1=A ’~1~1 
- - 

V

A2~ X2:~H~ • V

• VX ; -~T t ~X 2 V~~: rH1 t / ~:. ~:-: ‘ -

— 
*•*,;.TE uV :. ;~ .. );I’.~~~~~2/ (V. V ,~~

* *~=A1*M-A2*A3 
- 

- - 
V • V~ V 

V V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~VV±±~~~~~~I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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V 

7fiQ~i coPy Ftn~usu~ TO DDQ ~~~~~~~~~— 
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• . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ —
TEll—Al

• A 1—A4/A5 -

A2~ —~t2/A5 -

- V •
E~O 115 L=1,Ni12

4 - Du~ (I1+1.L)-A1*Ar 1(I141,L)-fA2TAMcI1+2,L)
115 DUM(It+2 ,L)=A3*~ i1( I1f 1,L)+A4 :tcAMC1l+2 ,L)

C TY P E 226p(CDUi1(I,J),J~ 1pNf l2),I-=1,NM2) 
- 

V 
-

226 FORMAT (’  226 E’ UM’/ C12 G))  - . 
1:

V 

~~ C -C MULTIPLY FROM RIGHT BY H V -

C -

XNS~ SQRT (X (NS)) -
ZiG 116 J~ 1 ,NM
J1=24c(J-1)
RHC=SQRT (XKN(J,NSP) )1~X (NS)- CALL HANK (sHO,H1.HiP~ H2.~l:r~)C - TYPE 243.J,RH3.H1~ H1F~ E42~ H~ P
XKTEM=F~HO/X (NS) 

~~~~~ V 
V 5

• rio iio I’1,NM2
V 

116 AMCI,J)-=DWI (I,J1+1)*XNS*H1+DLJM (I,J1+2)*CXKTEM*XNS*H1F+H1/ (2.*
1XNS)) - S

- C TYPE 227,C (t~MCI,J )~ J-~1,NM).I 1~ NM2) 
V

227 FOR iIATC’ 227 AM’/(60)) -

~~ C V 
V 9

C FORM MATRIX TO BE USED IN DETERMINING COEFFICIENTS IN SOURCE
C SEGMENT

‘a ’  C V V .

DO 117 I~~1,WM V

117 VU )=U0CI):icDEN (IZ~~)/(4.*CYE)
- 

~~ 
C TYPE 22S-,(V (I),I-~ 1,~~M ) V 5
228 FORMAT (’ 228 V ’/ (6 5 ) )

-
• C
~ ~~ C FIND COEFFICIENTS FOR SOURCE INTERVAL

- C • 
V

- - CALL CO EF1(NM,AM ,V ,A ,A 0~ ALF~ B T ,FRAC) V

• C -

C DETERMIi-IE COEFFICIENTS FOR CTH ER INTERVALS USING RELATION ON
V V 

c •  PAGE 44 V V

~~ C . 
- - 

V t

V DO 120 I=2,NM2
J M= I— 1 .

I • DO 121 J=1,JM
A M ( I ,j ) ’~0.

121 A,1CJ .I)rO ,

• 1iO A It ( I ,t )~~1. • 
- I

V AMCI. 1) 1. -

• V C Ty~-E 2~
;o,c( 1(T,J),J .~ 1 ,NN2 ).IV ~ 1,Nt .12)

V 240- FORMA TY 240 A M ’ / C t 2 0 ) )  - •
• - C -

I C MULTIPLY FROM RIGHT DY SC RIPT -C INVERSE EVALUATED ~T DOUNDA~ ? OF
- j V 

IPWI NITE SEGMENT

- DO 122 L~-1,NM2
• DO 122 I~ V 1 , N M

• V I1=2t (!-1~
• Cl-CC (OS(NSt1,I)~:X ( NS) )

• s1 c z z N ~as(r l2 ;~, I ) 4 ~< c N S ) )  -

L’~ r:(L~ 1U )  
-(.~~~ ,T~~I-u~~rt+~t (L,XL+2) ;1

122 LIITh L,Iif2)~~( (L,I1+ i~~~’ +AM (~ ,h142)*r1’’r~2 (USM•I)• 
~ C T~ fL. 2-~1,C(L’L:l (1,J),J 

L,1M1),1 1 ,NM1)
•V •~~~~ F V U . T ( #  241 L LIi-: ’/ (~~-’ f l )  V

•i~
;_ i ; i - i:~- ir ~wt ~— r ~~

- -
~~ B~’ U XNVr~ sE 

VVVV -~~~~ ~V V~ ~~~~~~~~~~~~~
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8- 

- 

~iizs

UO i~~ 3 I --L,NM2 -

t’O 12~ K~~1, i -4i1 • 4
DO 123 J-~1,2 -

SUM ~ 0. 
-

DO 124 L-’l.NM -

- 124 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

123 AuiC I ,2-~ G~ - L )~~J )-~5UM
• - C TYPE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 9
24 2 FOF ~ :AT~~’ 42 A~1’/ ( 12 C) ~C

C MULTIF-~ y FROM RI Ot- I T D Y H EVI~LUAT EL’ AT BOU~-lDARY OF INFINITE V

C - bc uh~ i-: T - r
I C 

V - -

• xNa_ RV r C X ( N 3 , ,  
-

Di3 ::~, J~ 1,N M V -

J1—2:~CJ —1 )
• RHO—~ Or~T (Xt~N (J,i-1SP))*X (NS) 

- 9
- - CALL I-tf~N~<(RHO,H1 ,II1P.H2 .H2P )
- - C TYP E 243,J,RHo,u1.Hir~l t 2~t-~2P 

V

• • 
- 243 EOi~MP.T(’ 243 J,RHO,H1?H1F,H2,!-12P’/ lOG) - 9
• xã~TEk-1:RHO/X(N3) V

DO 125 I=1,N IV I2 
• V

• 115 EiUi (I,J)~~AM (I,j1fi)*X ~~~~ tt1VhIM (I ,J1 .f2 )*<X (TEt1E<NS~~H1r+H1/(2.*Xu2)) V 9
- C TYPE 24 4 ,C ( D U M- I ,J ) ,J~ 1,NM),I 1,N?!2) -

V 244 FORMAT (’ 244 DW’i ’/ (60))
- S C  V S

C MULTIPLY FROM RI3HT BY COE~ F I C I E NTC FO R I N F I N I T E SE StI ENT TO DEF INE V

- - C COEFFICIENTS FOR LAST FINIT SESMEN t 
V

.1 •  c •
-~ IsO 126 I=~1;NN

‘I 
I1~ 2*( I—1) - •

• 3’JM=O. - t
V SUt12— ’O . -

r iO ~27 J~ 1 NM -

- SUM CUM ~i (I1-i-1 ,~!)~~A (J) - - 
.

127 SU~-I2 UM2+tlUH(I14 ,J)* I(J)  V -

• - A ~j ( i 1+ 1~~1 ) - ~ S’J~ - 
V

• AM ~~I 1+ 2 , 1) ~=~2L~~2 - 5
• V ALF t~~-I)”)UM

126 BET (NSyI)~~~UM2
~. C TYF 2Vi ,~~A~1(I,1),I 1,NN2) 5

V ~~~ FC~~~iT (’ 245 AM’/120)C T~ F~ 246,CALF (NS,I)aI~~1~ NM)V e ~~~ ~~~ -tAT(’ 246 •‘4LF ’/~6) 0
I - C TYPE 247 ,( 1 T ( N 3 , I ) , 1 1,N M )
• 24 7 FGRMAIC’ 2-47 r~ET ’/6E) - -

‘ C  C
C FIND CO~ FFICIt- NT~ Cr CTI~~R OME~’!TC DY M~ TCt - !I!!D V

V
~Y~~~~T IALLY. .

USE RELATION IN IiI ~iDLE r rV~~
-
~~: 43 - 

-

C C V

V NS2-~NS-2 
-

IF(V NS2,LT.1) CO TO 20 -

I ~~~~~~~- IS~ NS
V DO 128 IS2-1aU~ 2 - 

V

• V IS-~IS—1
* ISM-~-- IS-1

C
C MULTIr-LY FrOM L~ rT BY 1T •- r~ r: rHzvIc~JC CEOME~:T EVALUA1~~T

~ C AT LC UN~~i iY  DETWEE U CUR;~:N~ ~~~~~~~~ ~rCMcNrS
C -

L~O 1~~9 I - - L , N Na 11 2tU— 1)/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
V - 

L U V ~ 11 f - - ) V~~~ :~~ I I ~. • +S1*AM(Ii +2,~~
) 

—

• 42Q DUM(Zj l2.i )~ QS ( 1S ,X ) l ( —Si 4AM (Z141,1)+C1*AM (I142, 1)) 
V
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— • 
- ~~XS NQE IS REST QUALITY PRA~Cflc4RLEV • 

- 
- 

V - 

JT~OM ()ClP~J7.a I-s1E~L 7OD~Q _—

- C lIFE 240, UU i 1 C I , 1 ) , IV V 1 , N M 2 )  • 
V

240 FUK~- 1 A r c ’  2-16 Z’Uti’/ 126 ) 
V - _ 

V

C MULTIPLY FROM LEFT BY U FOR PREVIOUS SEGMEN r
‘ -c 

-

- DC 130 I—1.NM -

I1=2* (I— 1)
DO 130 J=1~ 2

4 £U~~ 0. V

L’S 131 K=1,NM
- 

131 =SUN~ US(I3,I,I<)*ti~j MC2* ( K—1)f J , 1) V

130 AM(I1i-~~v 1)~~SUM
C TYPE 249, ($iM( I,1)~ I~~i ,tH1~~

)
249 FORMA IC’ 249 A M’/ 126) - -

C -

C MULTIPLY FROM LEFT Li? !J INVERSE FOR CURRENT St:’~ iEi1T -

~• C
DC 132 I=L~ NM
11=2* C I—i)
DC 132 J=1,2

- SUM=0.
V £10 133 t (=1,MM

- 133 SUM~ SU UIS (ISM,I,t<)*~ M (2:~(K—1)+J,1) 9
132 DUt-iU1+J~ 1)-=SUM

C TYPE 250~ CDU;1(I~~l)~~I— 1,Nt12)
250 FORI-b~jTC’ 250 DUM’/120) 

V 9
C
C OBTAIN CO~~ FICENTS FOR CURRENT SEGMENT BY MULTIPLYING FROM

~~ C LEFT B’~ SCRIPT—C INVERSE FOR Cur~RENT- SEGMENT t:VALUATEI’ AT
C RIGHT CF SEGMENT -

• C
• DC 134 I~-t,NMIi=2*(I— 1) V

C1=C CO O ( 2 2 CIS M~~J)~~~ X U S ) )

S1=C3IN(GS~ IEM.I)~~X~ I9i) V

I SUN=C1~ z ’ L 1CI1+ i .1)—s 1~ r’uM -~I1l-2.1) /cS(IsM,I)
- SUH2 S1~<DU;1(I1+1,1)+C1.t~t~L’M(I1+2,1)/Q9(ISM,I) -

• AMCI1+1,1~~~2Uii V 
V

AM(I 1+2 ,1)— ’SUM2
• A LFCI3,I~~- SUH - - -

• 134 D T ~ IS~ I)=~ UM2 V 5
C TYPE 251,(At1~~Vr Y 1 )PI=1?UM2) - V

251 F3RMAT C’ 221 AM’/12G)

~ 5 C TYPE 252 ,(~~LF(IS,I)’ I i,NM)
- 232 FOR~t~iT C~ 222 A LF’/6G) V

- C - TV?: 253 ,(BETCIS.I>, I 1,NM)
253 FCR ;-it~T(’ 23 DET’/60) V .

128 co~4rINuE
• C
• C RECOMPUTE COEFFICIEnTS IN SOURCE SEC~ CMT -

• C
C TYP E 620,COS (1,I),I=1,NM)

• 620 F QIV-IATC’ ~.20 OS’/oG)- • V

• - DO ~00 I:1,NM -

Il~ 2:~CI— 1)
V 5 C CCO3 (CSC1,I)~:XC1)) V 

V

S1=CSIN (CZX 1,I)*X(1))
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• 600 Dtj M( I1+2 ,1)—fl3 1, I ) * C — S 1 - ~~~~~~~~~~~~~~~~~~~~~~~~~~ —~

L
- 601 FUki-tss~~( 

‘ 6~ 1 IiUM ’/12’3 )
10 602 I-1 ,Yt l - V

11 -2~~C I _ ’ )  - -

- • ,  
- - -

~~~ ~ -V -
SUPI~ o•
DO 603 t<~1,1dP~ -- - -I, - 

V

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



- THIS P~@E IS BEST QUALITY PEACflCAt~LE
605 uUn - -

~~uM,’V”’1,r.N,*x:Iu(1~~:•1~(•~ -- - t % l J , 1 )  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• 602 At-I ’L1lJ ~ !)-SUM

C TYiE 6 0 - 1 , C A M (V t~ 1)~~I~~1aNM 2)
• - 604 FQFMAT (’ 604 AM’/12C)

* V 
X2—CORTCX (1))

- IsO 605 I~ 1,NM -

I1 2*CI~ !) - -

V r~Fto-~scRT (xi !(I,~ ’)*x (i) 
~ a -  - -

CALL HAt I (R!~~ ,I-~1 ‘H1F,H2,~-t 2 P)
V X~ TEui ‘RHO/X C i )

A1~~~C~ 
-ill V

A 3-’XKTF~-~ 2~ t~~r-ft!1~’e2.*x:)V A4_ TE:i~ X2*?1YflVt2/(2.:~X2) 
-

TEll— Al
- I. -

V A3 —A3 /A 5  • V

- - 015 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V 
V

— C TYP 606,(~~~~~ I , 1) , I -~1,1I92) •

606 FORIIATC’ 606 LiU~-~’,’12t3 )
C • V V 

-

- C INPUT RANGES 1eN D DEPTHS FOR FINDING PROP L’OCS
- V

- 20 TYPE 21
2 1 FCR~~ T C ’  INPUT 0 FOR RANGE VA RIATION , 1 FOR DEPTH 1J~ RIAT IO1-4’) -

ACCEPT 2vIRZ
- 

- 

- IF(IRZ.ES.1) 00 TO 2 V

TYPE 2Z
- 23 FORMAT ’ INITIAL R~ NGE, FINAL RANGE, ’, -

1’ STEP SIZE’)

• ACCEP T 2~ r~I,R2,rR
R1~ R1:-~1000.

V R2~ R~~ tO00. V - -

EIR~ tlRiC10~ 0. ‘- 
- 5

• - R1~VR1—D F : 
-

- 
V

9-~ 
?IR-= (R 2-R)/DR+.01 - - - 5
NZ~’i

- DZ~0. -

• G0T0 24 -

22 TYPE ~‘5 -
25 FORMATC’ INPUT RANGE, INITIAL DEPTH, FINAL DEPTH, STEP SI ZE ’)

9 ACCEPT 2 ,R ,Z 1,2 2 ,D Z  5
Z1 Z I—E ’ Z
NZ= (Z2--Zi)/DZI- .C1 -

• N R I  - 5
- 11R-0•
- 24 DO 135 IR~ l,~lR -

• 1~-
_
~-t- t’R 9

V - -

CC 13’- IS~ t’Nc
IF(R.LT X (IG~

) GO TO 825 - 
/ 

-

- 136 C~.:ITINUE
C

-
• C (~At4GE IS IN x~’r:~~:T~ 

f ’ ~~~iT .
‘•

I S--MOP -

• ZB1-- CEPr (ZDCt)~ V -

ZL’-l -3nr:T~ Zt (N ~ P )  ) 
-

110 13’ I-’~1,NM
R I I ~~ ~~~~~~~~~~~~~~~~~~~~~~
CALL I4Al~Jk (RHO ,I4f ~ H1P, U 2 , W 1?) V V - - - V

4
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- - V V - - ~~V V  
-~~~~~~~~~~~~ ~~~

- 
~~~~~~~~~~~~~~~~~~

- 

- -~~ ~ - ~~~~ 
_ _
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V
~~~V•~~ _~ • ~~~V V VV ~4~~•~ V

137 rR(I) - - . I)::IIL/ tV ~ - 
•~~~~~ V

SUiI=0. - - 
~~~~-

E’C 750 1-~~’ 
-

- 750 SUti~ st lfflRCI )*uR (I,~~ r) *- SUii- -5UM/Z~ N -

-l G0 T0 26
622 IF(I6.Echi) C!) TO _7

C - S
C RANGE IS NOT IN EITHER SOURCE OR INFINITE SEGMENT
C

• ISMrIt3_ 1 0
- X2 =3CRT ( R) •

• rIO 136 I~
- l’NM - S 

-

~oui~~. - -
113 139

• Gr aS( IC~~ J~ *R V 
- S V

- 139 SUM =SL’IHLIS(ISM,I,J)~X (ALF (IS,J)*CCOSCQR)-FDETCIS,J)*C9IN(QR) )/X2- 138 FR(I)-SUN/Zt:i

• G0T0 26 V - S
- C

C RANGE IS IN SOURCE S~ CMENT
$ 5 C S

27 ~B1= !ORTCZBC i))
DO 140 I~~1iNM

- 9 RH3- saRT CxN?: - I , 1) ) * r ~ V

CALL ~~~NKCRH0~~lV1~~,~~ 1PpH2,!V. J2P) -

140 FR (I)=A0 (I)*(ALF(1~~I)~~-I 1+PET (1~~I)*H2)/ZD1 
-

~~. C
• C OUTPUT MODE INFORMATION
• C - . -

9 26 IFCNOUT.EO.0) CO TO 45 -

J=1 - -

DC 150 I-1,NM V - V V

5 IFCI .UE.IOUTCJr CO TO i~50 - 
- 9

I1=2* ( J— 1)  . - -

- G ( I 1 + 1) - C ~~B S C F R ( I ) )  - V

I 5 G( I1+2)=CLOGCFRU)/OC I1+1))/ EYE* 180,/P I S
- 

V IF(J.EG.NO LT ) CO TO -46
j =J+1 -

~ • 150 CONTINUE - 9
- 46 WRITE (23,47) ROUT,(G(I),I=1,NOUT2) V

47 EGI(tIAT(F10.3,1P6E1O.3/(1OX,1P6E1O.3)) -

~~. C - p

C CONFUTE PROP LOSS
C - - - 

V

• V 4~ IFCIS.ECt NSF) CO TO 751
ISP-IS-~1

• SUM~ 0.
- - zLi1=sar~T ( iB(Is)) - • V

• - ZB2=SORT (ZC(ISP)) -
V DO 142 I~ 1,NM - • SI 142 SUM SUM~ Ft~(I)*(UR (I,IS)/ZD1+F~ACtW ’ - - •~ ~- -

~~Li2—UR (I,Is /zB1~~
751 TL-—20. LOG1OC4.*F *CABS (SL’tl))

I F I I R L .E U . 1  00 TO -~~~ - S
IF (;LUT,NE.1..DR.RO1IT. .1O..~’~~•~ 

• V . .~~,J~R.RouT .~lE.5o.,ar j.ouT
CC i -  - - -

e TY F E 2?,RCUT,TL -

- 29 FoF~hA-rcr1:.s,F1o.2) 
-

1~ 34 CC~;T INLtC
U~ 1TE (P ,7?9 ) r-C lT ,T L

- ci io ::5r V 
~~~~~~~~~~ .TI .

• W~ I~~ (~.2,2~
) ZD,1’L - 

V  

-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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THIS n~z is n!s~ QUALITY PBLCtZAL8~4
lRog COPIF~~2US1~~~ ~O DRQ _ —~ -:

£J~ CUN lL’~ JL - - - -  ______ - - -— - -
T-~— t .
WRIT E ~22 ,29 ) I
TYPE 30 -

30 ~~~~~~ ~~
‘ INPUT 0 FOR NEW RANCE CR EE~ TH~ I FOR END’) V

ACCEPT 2,I ND 
-

IF(ICNt’.EC.O) CO TO 0 V 
- -

STOP
END

V 

5 %

‘

-

V 
V - 

•
~~~

— -:

- 
V - -

- ‘
S 

-

- 
‘ 

V

- 5 ,  

- -

- 

V

- - 1tASL V V -

•‘~- (; r r ~-~. : i ’. r : : - t , j :~. :‘ ‘Jc1 - ,Nnt’:-~ 
,_— .z’- 

.____ _ 
— ~~~~~~~ 
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V V ~~~V 
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- 

- THISPAG!ISV BES~~Q 1 T Y T
~~~~~~• c_ - 

- - iao~i co~x z N1s1i~~ i’D w,e 
~~~~~~~~~~~~

- • 1’! NACL 
- - V - - -

V SuDROUTINC G L i ~ NLr- ,Nsp,NMoL ,z,zr4,x;~,V ~: 1s,uos,u:~5,zs,xI\j-I-.uo,

t i i~~ sION ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~DI •-4~ IOi’~ XNNS (15,4),UOS (15),USS(1Z,4)tI1JUZ~LL PREC IS ION U0.v L~~, xi- N
DO io~

- • IM~-Ni~ODECIOP )
IF(IM.Et1.0> 00 TO 500
IF~ V rSP. EO. l) r ~E;t ’C25 ,1) ( uoCI) , I =l,IM)

1 FOR1-iAICLOCL’ )
C IF (ISF.EO. 1)TYrE 237r (Ij0(I)tI—1,IM)

237 FC~ t-iAT( ’ 237 U-0’/C36)) -

(~EAD(27,i)~ LR (I,ISP),I~~1,IM) 
-

C TY FE 2~ l3 ,(UR(I,I~3F) , I=1, IM)
238 FORft’,T ( ’  253 UR’/ 36)

R t I c 2 a , 1 ) C X ( ~N V : I , I E p ) , I V ~ i , I M >
DO 101 I~~l~~IH

101 X N (I,I2i-)=Xi-~NCI ,IGP):~*2
C TYPE 239,CXNN (I,ISP),I~~1,!M)
239 FORIATC’ 239 XKN’/30) V

IF(ZS.CT.0..OR.ISP.NE.1) GO TO 100

• DO 302 I~ V 1 , I M  0’
V 302 U0(I)~~UR( I,l) V

- GO TO 100 -

300 It1~ i’!i- !ODE( 1) 
V

NMOT’E C lEr--) -NMOLIE( 1)
tiC 301 I l ~~Ii1 - 

-

4 UR (I,ISF )~~URCI ,1) 
V -

301 XKNCI,ISP) XKN (I,1) V

100 CONTINUE V

• EtC 110 ISF~’1~ NSP •
‘a 

IM=Nt-IOLIE(ISP) -

DO 110 I~~1 ,IM
• UOS (I)=UNI) 5

- 
URS (I,ISp)~~UR(I,ISF:.> -

110 XKNS(I,ISP) XNN(IrISP)
- - RETURN -

END 
- 

-

- V 

S

• -

I .

• - - 

- 
I :

VV 

V~~~~~~~~~~~~~~ VV~ V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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V 

- -

- mISpA~~i~~~~TQuAL!TYmCr1~~~~ ~~~~~~~~~~~~~~~~~

FROM C*~FI Z~~US}~~ i’D D13j~ ~~~~~~~~~~~~~
TY FR\RV C 

V

V 
-

•TTY FORM

I .TY FORM
SUBROUTINE FORM (IS,U,UI,O,ICOUP,Ul-tOT~C)
COMMON /DEFTH/ XKN (15,4), 

V 
V -

O 1U0(15) V

COMMON /FOR~iC/ X (3),ZC4),Z11C4),NM,NL,NLM,NLP,XK(4,4),DCN (4)
1,XNAI3(4) V

DI M E N SION AC (3),ST(15),CT (15),C(15)1Z),’J(15,15),EIUM(15,15), - I) ~~ -

- 1S(15~ 15),SIC15~ 15)~ CIG(15),U (15,15) •UI(t5~ 15)aO (i5) ,EIIIAT(15,15),2E iAT (120 ,DVECC1S,15 i ,DEIG(15),Ul< (15),WIVS2(1450),SIG(j5,15),t 4 V 
3XMXEL(15,15),NilOD:(4 - 0)

COMPLEX SUN,C,V ,E’UN,S’SI,EIG,U,UI,Q,EIHAT ,EIIAT ,DVEC ,SIG
DOUILE Fr~ECISXO~ X.~AO -

: - —
C COMPUTES U~ S*S IGMMS1 AND ITS INVERSE AND THE LIGEUVALUES C OF

P C FINAL TRAN3FO~11AT-ION - V

$ MATSIZ 1S ~)• NP=Nfl*(Ntl+l)/2 -

NQ=3~cNM - -

NWk2=2*NMI’CNMF1)
ISM=IS— 1
ISP-~’IS+1 

V 

-
-, C 

• • - 
s _ i

C LINEARIZE KN**2 IN RANGE t 1-
C V

• DO 100 I—1,NH V ~~

STCI)= (XI<N (IIISP)—-XKN (I,IS))/(XCIS)—X (ISM ) ) 1 1,
100 CT (I)=XMN (I,IS)—ST (I)-*X (ISM) -

V C TYPE 202yC3T (I),I~ lpNH ) ‘
202 FORMAT (’ 202- ST’/38)

C TYPE 203,(CTCI),r=l,NM) -

• 203 FORtIAT(’ 203 CT’/3G) V 
- V

C 
V •

C LINEARIZE X**2 IN DEPTH AND RANGE - -

• C -
V 

- - 
V #) 4 -

DO 101 IL=l,NLM -

- 101 AC (IL)= (XK~ IL+1,ISP)—X l~(-IL,ISP)— (XK (IL+1,IS)—XK (IL,IS) >)/
• - 

1CCX (IS)-X (ISM))4 (Z(IL+1)—ZCIL))) 5)
-AC (NL)= ((Xk(NLP,ISP)—Xt-~(NL,ISP))/(ZB(ISP)---Z(NL))V 1—CXN (NL~~ IS)—XK’NL,IS))/-CZB(IS)—Z (NL)))/(X (I3)—X (ISM))

• - C • TYPE 204,CAC (I)rI~~1,NL ) 5)

204 FORMAT C ’ 404 AC’/3G) 
V

C V -

• C FORM MATRIX C ON PAGE 37 - -

C • 
-

CALL MXL:L(NMC,DE,Is,xNAO,\MXr1L,:0) 
V 

-$ C- TYPE 205, XMx:L (I~
j),j

~1 ,MN ) ,I~1,iG1 )
205 FOI~MATC ’ 205 X L ’/ (30) )

DO 104 1=2,1-mI 
-

• IM=I-1 -

DO 102 J~ 1,IM
C (I,J)-=—xMXEL (I,J)/(CSTCI)--ST (J))*CX (IS)+X (ISM))/2.+CT (I)—CTCJn

• - 102 CCJ,I)~ —C (I,J) 
- 1~)

104 C(I,I)—0. - -
CU,1)=0.

• C TYPE 206,C (C(T,J>,J~ i,Ni1 ).t—~L,NM )206 FORMATC’ 206 C’/C6~~~) - 
V

V - - -

• C FORM MATRIX V 011 PACE 36 3
- - C 

-

DO 105 I~~1,NM 
-

• -DC 105 J-1,I V

SUM—’O. 
_____ 

- - - --  V
- -

• 

V 

-

L
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V - 
V 

~~ 
_
~

i -
110 107 1<~ 1 ,NM

-- C (
~ j IF<K.EC).I.OR.t(.EO.J) GO TO 10? 

V

- 
SUM=S’JMfC (I,N)*C (j-~,J) 

- 
- 

-

107 CON T 1N U~
SUM-~-SuM - 0

• IFCI.EQ.J GO TO 2
V (IaJ) - -C (I,J)*(ST(I)--ST(J))/((ST(I)—ST(J) ) * ( X ( I S ) + X ( I S 1 - j ) ) / 2.

1+CT (I)—CTCJ))-FSUM
V (J,I)*~-~C (J,I)*(ST(J)_ST (I))/CcST(J)_ST (I))*(XCIS)•fx(IsH)),~

#. V

1+CT (J,—OT (I))+SUj!
GO TO 1OS

2 VCI’I)=SUM
105 CONTINUE - -

IF(ICOUF.Ct1.1) GO TO 802 -

DC 803 I~ 1,iU1
DO 804 J 1,NM V

U(I,J)=0.
V U(J,I)=0. V

- U I C I , J ) ; : 0 .  V

804 UI(J,I)-0. V

UCI,I)= l.
- UI(I,I)-=1.

C (I)=S5RT XKN (I,IS)+XKN (taISP))/~~.)803 CONTINUE
I C TYPE S05,((u (I,J),J=1,NM),I=1,NM )

805 FORI-IAT (’ 305 U’/(60)) - -
V C TYF E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

806 FORMAT (’ 806 UI’/(6G))

“ C C TYPE 807, (Q(I),I-=l,NM )
- 807 FORMIC’ 007 O’/6~~)

- ~ : RETURN
802 CONTINUE - V

C TYPE 207~ (CV (I,J).J=1~ N11)~~I~ 1,NM) • 
-

207 FORMIC’ 207 V ’/ ( 6 0 ))  -

L 
‘ V~~~ C V 

V

- 
C DIAGCNALIZE C.
C C IS ANTISY~ METRIC CANTIHERMITIAN)...EIGE1~VALUES ARE IMAGINARY

- ‘
~~~~ 

• V - 

V

CALL H11rIAG (NM ,Np,NQ,c,EIG,8,sI,IIMAT,EMAT,IIVCC,DEW,wK)

- 
C TYPE- 208,((S(I~ J),J-~1,1-lM)~~I=1.NM)
208 FCt*1AT(’ 203 S’/(6G))

C TYPE 209,CCSICI,J)~~J=1,NN),I=1,NM ) 
-

209 FCRMAT(’ 209 SI’/ (60))
C - TYPE 210,(EIG (I)~~I~~l.NM)
210 FORNATC’ 210 EIG’/66)

- c :
- - C DEFINE DIAGONAL MATRIX SIGMA - - 

-

- C V -

DO 100 I~~1,NM
SIG(I,I)~ C X r ~~~EIG(I)~~(XCIS)+XCISM))/2.) - 

- - -

I F C I . E O . 1)  GO TO 103
111=1--i

- 
DC 300 J— 1~~I-tI 

V

- SIGCI,J)-’0.
300 3IG(J,I)-~-O. V

106 CONTI1-~I’C - 
V - 

-
V C TYPE 11,((SIC(I,J),J~ 1,NM),I~ 1,NM)

211 FORMAT (’ 211 SI G ’/ ( 6 0 ) )
-

•
% C V

C FORM MATRIX V fN V

C - a

DO 109 I~~l,NM - -

1~~9 • J ( r ~~~) —~,1 ( ~ , I )  I (XI- ~NCI , IS)  F X ! N ( I . ! ! ~~
) ) / 2.

C 
• TYPE212,(CV( L,J)~~ I 1, il ), r V t ,1IPI) •

~*2 FO*MAT (‘ 24~ Vu

/ V

- ---V-V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- THIS PA~~ IS B!ST QtYAXitI’Y PR4~~ CABLZ
- C FORM MATRIX V+K ) *3 

- - 7~~OI 00I’I ~~~~ISl~~ 70 ~~Q
C 4 -

DO 110 I=1,NM
r iO 110 J=1,NM V

S SUi1:~0. I -

• V (10 lii K=1~ NM V

-1 111 SUj’1—SUM-fV (I,N)*ScI (,J) 
-

• 110 t’UM(I~ J)~~3UMC TYPE 213,((D 1(I,J),J~ 1,NM),I=1,NM)
213 FORMAl C’ 213 DVi,’/(65)) - -

0 C
C FORM MATRIX I (CALL IT V TO SAVE SPACE) ON F-AGE 38 -

C - 
- V

V DO 114 I = 1v i ~H
LiD 112 J=1~ NiI
SUt~=0.C DC 113 K=1,NM

113 SUH~ SUM-fS I( I ,K):~t!~j M(t (,J)
112 V (I,J)~ SU?!*CEXP((EIG (I)—EIG (J))*(X (IS)+X(ISM))/2.)
114 V (I,I)-’-V (I,1)—EIG (I)**2 -

a c rypE 214,(CV (I,J),J 1,NM),I~~1,NM) 
- - - -:

• 214 FORMAT(’ 214 V’/(66))
C C -

C DIAGONALIZE TCCELLED V IN CODE) -

C 
V

• CALL EIGCC (V,NM,MATSI-Z,2,Q,U,MATSIZ,WK2,IER) V

C TYPE 882V, (O( I) , I= 1,N14) -

888 FORMT (’ 883 Q’/6C) - 
-

I
. C DO 450 I=1,NM 

V

450 QCI)~~CSO !~T(O(I)) -

V C TYPE 215,(O(I),I~ 1~ NM) 
V

-I C 215 FORMAT (’ 215 O’/6G) V

C TYP E 416, C ( UCI~ J) ,-J=1,1-IM) ,I=1,NM )
-- 216 FORMAT (’ 216 U’/(66))

~~~S C  H
- C THE FOLLOWING CARD IS TEMPORARY TO CHECN PERFORMANCE OF EIOCC -

S 
- C V -

~

4 TYFE 400,WN2(1) -

IF(WK2(1).GT.1.> TYPE 400,UK2 (1)
V 400 FORMIC’ EIGCC PERFCRMANCE= ’,IPE1O.3) - 

• 
-

~ s~~~C - -
~~~~

C FIND INVERSE OF U
I C

I DC 410 I=1,MM 
V

I DO 410 J=1,NM -

410 V (i,J)=%J (I,J) 
-

S CALL L~QT2C (V,N~1,MATSIZ,t:tRf,1,MATSIZ,1,Wt(2,IER ) -

V IF IES.NE.129) GO TO 412
TYPE 411 -

1 
4 11-FO~ t iAT ( ’  U IS SINGULAR’) -

• 
- STOF V V

~ 412 IF(IER.CQ.~~3O) TYPE 413 -
- S - 

413 FO~ MAT (’ zT:r~~TIoN rAILEr’ TO IMPROVE U INVERSE, MATRIX IS’,
1’ TOO ILL CONDITIONEEI ’)

- DO 414 IM-1,MM 
- -

$ S - 110 415 JM-:1,NM S
415 t’Lfll (JMa1 )~ C. -

V 
- DUM (IM,i)~~1. - 

-

4 - CALL LEOT2CCv,NM~ MATSIZ,DU 1,1,MATSIZ~ 2,WK2~ IER) 
0

£FCIZR .NE .1 ? )  -GO TO 416
TYF E 411 V

5 -  STOP - 0
416 IF(IER.EQ.130) TYPE 413 - 

—
V 110 417 JM -rl ,Url

417 u: (Jh,I!-s)---Lth-1(JM ,i) G
414 00 1 IMLI- 

-
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—

FROM ~~~Y ~LQ~USI~~~ TO D~Q ~~~~~~~~~~
—

V 
- - 

— - -~~ - - --— - - 
- 

- - V - _ _~~~~~~ V~ - 
-

~~~~~

- - C TYPE 217,CCUICI,J),J=1,flh),I~~1,NM) 
V

217 FO~ HAT (’ 217 UI’/(6G)) 
- 

- -

C ‘ C
C FORM M~\TRIX SIOMA~S1

DO 115 I=1 *tf l f  -

- 
DO 115 Jr l,NM

115 E’UN (I,~~) ’~SIG (I,I)*1j(I,J) -

S TY PE 2 18 ,C(DUM(I~ J)aJ=1,NM), I=1pNM) I
218 FORMAT (’ 218 rIutI’/(63))

C
C FORM MATRIX U~ S*SIQNA*S1V - V

DO 117 I’l,NM -

DC 117 -J 1,NM - -

SUM- 0. —

DC 118 N-~1,NMC 118 SU 1-~SU!i+S(I,K)*DUM(K,J)
117 U (I,J)~~SUil

C TYPE 219,(CU (I,J),J=1,NM),I=1,NM )
219 FORMIC’ 219 U’/(60)) - 

- 1
C
C FORM MATRIX Si INVERSE*SIGMA INVERSE

~- r ~ c V

•D0 119
DO 119 J 1,NM

119 LI’JM (I,J)=UI(I,J)/SIS (J,J) 
-

C TYPE 220,(CDUM (I,J),J=1,NM),I=1,NM )
220 FORI -IA YC’ 220 DUM’/C6C~’~ 

V

- -

C FORM MATRIX UI INVERSE=SI INVERSE*SICIIA INVERSE*S INVERSE
C V

DO 120 I=1,NM
DO 120 J 1,NM V - -

- SUM O. -

DO 121 K 1,NM V 
• -

121 SU1-1=SUM+EIU:1(I,N)*SI(K,J) - V

120 UI(I,J)-=SUM - - 
V 

V

C TYPE 22 1,C(UICI ,J ’ ,J=1,NM),I=1,NM ) V

22-1 FCRIIAT ( ’ 221 UI’/ (6G))
V RETURN S

END -

V 

- - -  
D

-~~~~~~~~~~ 

V - 

• - 
V 

- 

-

-

-

- 

•

- 

-- - VV±L± ~~~~~~
V
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• i’HIS PACX IS 
• A ITTP~~~flC~~

l
~
I

- - 
V 

- 

- 

V 

~~~~ ~op~ Fifl~ ISL~ED TO DDO _~~~~~~~ 
-

- 
TY COEF 1 V -

5 SUBROUTINE COEF1 (NM,AM,V,A,AO,ALF,DCT,FRAC )
- DIMENSION AMC 3O,30),VC1S),A (15),A0 (15),ALF (3,15),E4ET (3,1Z),

V 1C(15a15)’V1(1S),V2 (15)sV3(15) -

$ COMPLEX AM,V,A,A0,ALF,BET,C.SUII,SUM2 
- 

—

C -

C ROUTINL: COMPUTES COEFFICIENTS IN INFINITE Alit’ SOURCE SEGMENTS BY
C C MATCHING, USING AN ITERATIVE APF RCACH.

C
NC 1O
TYPE 911

- 911 FORMAT (’ INPUT MAXIMUM NUHOER OF ITERATIONS’)
ACCEF-T 912,NC

C 912 FORMAT (6 - S
C - •

C FOR MODES WHICH DO NOT PROPAGATE AT SOURCE ’ V 0.
C - C SET V~ .O0001:l~3M~ LLEST NONZERO V FOR ITERATION PROCESS. S

C
- IJ II IN=CABS (VCI ))
C DO 100 I:s2,NM VV 

VT=CA~ SCV (I))
• IFCVT .LT.VMIN .Al”LI.VT.GT.G.) VHIN~ VT
C 100 CONTINUE

VMIN=VMIH*1 .E—5
£10 101 I=1,NM V

C - 
IF (VC!).E0.(0.,O.)) V (I)=VMIN/ (0.ri.)
V1(i)-REAL~V (I))V 
V2 (I)~ AIMAG(VCI))

C V3CI)—FRAC*CAIiS (VCI))
V 101 CONTINUE

- C TYPE 229,(V (I),I-~1,NM )C 229 FORMIC’ 229 V’/6s)
C TYPE 230,CVI (I),I=1,NM)

- I 230 FQRMAT (’ 230 Vt’/33)
~~ C - 

C TYPE 23i,(V2 (I),I=1,NM ) - 

• 
3

— 
231 FORMAT (’ 231 V2’/36) -

C TYPE 232 ,CV 3( I) , I~~1,N1-~
) - - V

232- FORMIC’ 232 V3’/3G) - 3
V • - - 

- 

-

• C COMBISIE ELEMENTS OF AM FOR USE IN ECUATION 4 OF PACE NAGL .4
C. C 3

- DC 102 I=1,NM
p • Ii=2*(I— 1) - -

C. DC 102 J=i,NM -

- 102 C~ I~ J)=AM(I1+ 1,J)—AM (I1+2,J)
V C TYPE 233~~(CC (I,J)~~J= i,Ni1),I=1,NM)I £ 233 FORMAT (’ 233 C’/(óG)) -)

- C DEFINE A FOR ZEROT1I ORDER (PAGE NAGL.5) V

f (  c
110 103 1=1,1111 V

103 A (I)-~V (I)/C (I,I) 
- - -t C TYPE 234v (A (I)~~I-1~ NM ) 3 )

234 FCkMT (’ 234 A’/60)
C V

S - C IC=ITERATION COUNTER 
- 3 I

- C
IC=1 -

S GO TO SO
C -

C DEFI11~ A FUR IC—T il ITERATIOM V 
- 

-
V V 5

4 LID 1O-~ I’~1,NM • V

SLTh -O. -o DO iC-a JV l , N l 1

- 
. C J ,EQ ,r ) GO TO 1-

~~~
’ 

V V V -~~~~~~~~~ - — 

-~~~~-- -~~~~~~
-— 

~~~~~~~~~~~~~~~~~~~~~~
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-
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- - - - V - - , - - - - ~~~~~~~~~~~~~~~ ~ PY ~~~IISflED Tq~~g - —

SUN ~3UM - I - C ( I , J ) *A ( J )
105 CONTINU E

( 104 A CI ) =CV CI )— StJ I l ) / C ( I , I )
V C  

-

C THE FOLLOWING CARL’ IS TEMPORARY TO TEST ITERATION PROCEDURE ‘

C
- 5O IW=Q -

DC 106 I=1,NM
V SUM-=0. -

DO 107 J=1,NM
107 S U M = - S U M + C (I a J ) *A ( J )

X1=REAL(SUI-i ) -

X2 =AIIIAG(SUM) -
(
~ C S

C THE FOLLOWING 2 CARDS SHOULD BE INCLUDED WHEN ITEERATION TEST
C IS CQMFLETELI

( *
~

- 

~~

C IF(A I iS CX 1 —V 1( I) ) .GT .V 3 ( I ) )  GO TO 1
C IF(A BS (X2 —V2 ( I) ) .GT .V3 ( I) )  GO TO 1
C I
C THE FOLLL~WIN6 3 CARt’S ARE TEMPORARY TO TEST ITERATION PROCEDUREC

- 
- — IF(ABS(X t—V 1( I) ) i3 1 .V 3( I) )  IW=1 V -

- I F (A B S CX 2 —V 2 ( I ) ) . G T . V 3 ( I ) )  IW :1 V 
- 

-

C TYPE 875, IC,I,A (I),X1,X2~ V1(I),V2CI)
875 FORI-IAT (213,1P2E1S.7/6X,1P4E15.7) I
106 CONTINU E 

-

c
— C THE FOL LOWING CARD SHOULD BE INCLU DED WHEN ITE RA T ION TEST IS - I

• C COMPLETED
- C
, .

~ C OC T0 2 V

c
- • C THE FOLLOWING CARD IS TEMPORARY TO TEST ITERATION PROCEDURE
:,

— c
V - IF(IW.EO.0) GO TO 2 V

1 IF(IC.EQ.NC) GO TO 3 - - -

- - C - -
C START NEW ITERATION - 

-

C - V

- IC IC+i
OC T0 4  -

C -
- — C MAXIMUM NUMBER OF ITERATIONS REACHED WITHOUT CONVERGING

C
3 TYPE S 

‘ V .  -,S FORMAT (//’ A NOT LU,-NERCEEI. SliM, V= ’) V

- - DO 109 I=1,NM -

SUII=0.
110 110 J=i,NM - 

-
1IO SUM-=SUM+C (I,J)*A (J) - j

- TYPE 375,I,IC,A (I),SU~1,V (I) -

-~~~~ 109 CON TINU E 
- 

—

TYPE 600
oOO FORMAT (’ TYrE,..— 1 sTor-’/ - V

1’ 0 USE LAST VALUES FOR COEFFICIENTS’/
2’ N ITERATE N MORE TIMES’)

ACC EPT 601,NC 
S

601 F~R1ir,T U)
IF(NC) -602,2,603

602 STO P -

603 1C- 1 -

00 10 4

C - l - :T ~lr~ c’~~~~~~~’:r~ v fl~ q ~F ii (01-: ‘~~~ -~~ l~~~ FROM PIC— TH !T[:RATION ‘C DEFIp~ AO ,A,JI IV I V I ~~~~ f IA i~~~ 1 t~~tt~~ c’ 1i .  
V
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A .
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~~~~~~
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2 110 l i i  I~-1,NMe I1=2*U—1) -

SUM 0. - THIS PAGE IS BEST QU!
- 

M 2 ,  FRoM~~~~~~~~ 1SkE~~ TOD~q ~~~~~~ —

SUM’ SUM-tAl-i~ I1 ~1,J)*A (J)
c 112 SUi2~ SUtl -fAt ~i- I1+ 2 ,J ) *A (J )  )

V S=SQRT (CCAL ’ SuH **2-fCcAr’SCSUM2 **2)
- A 0 ( I ) -~S -

C ALFC1,I)”SUt-f/S
111 BET-1 ,I)~~SUN ~ /S

C TYPE 690,(A0(I),I=1.NM )
- C 690 FORMAT (’ 690 i -O ’/6 G)  

V -

C - TYPE 233~~(ALF (1vJ),I~ 1,Nt1)
235 FCRMAT (’ 235 ALF’/6G) -

- 

C C TYPE 23 CDEr (1,I),I~ 1,NM) 
)

236 FORMIC’ 236 DET’/60) -

RE T URN -

C SHE’ 3

c .  

-

F 
- c  - 

-

o 
-

o 
- 

- - 

- V

i c V
• 3

- 3
- 

- 3

c - - 

- -  
3

c H-  
- 

V 
- •

c -

-

C V 3

C 
- 3

V 

V

•

— 
- 

- — - ~ ‘. ~ ‘‘

— ~~~~~ V V ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 
_j 
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V
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* 
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- 

7 X M~~FY tL~~~SJf~~TODDC ........-

- 

- 
TY I h~DI AG -

SUBROUTINE f4M11IAG (N,Nr,NO,CMAT,CEI3pCVECvCVECC~DMAT’EMAT~ DVEC~C 1I’EIG~Wk)
• I COMPLEX CiIAT,CEIG,CVEC,CVECC,EYE -

- 
COMPLEX DMAT,EMAT,DV~ C 

- 
-

DIHEti~ IOti CMAT C11~,lE).CVEC (15,15).CVECCC1S,15),CEIGC15)
- DIMEN SIO N L ’MAT (N~ N),EMtiT (NP),DVEC (N’N),E’EIG(U),Wt< (NQ)r c

C MUST DIVIDE BY EYE DECAUSE MATRIX IS A NTISYMMETRIC.
C THIS HAI~ES MAT~:IX HERNITIAN UHICH CA N BE E A E I L Y
C D IA GONA LL~ED. ORIG INAL MATRIX HAS EIGENVALUES WITH SAME MACIIITUL’E
C AS THE HEi~H I T I A N  M A 1 R I X  t~UT ITS EIGENVALUES ARE PURELY IMAGINARY. -;
C THE EIGENVECtQ~ S I:RL THE SAME.

‘~‘~~~ C - 
S.,

- EYE= (O.,1.) V -
- DO 150 I~~1,N—• DO 150 J-1 1 ,H

150 DMATCI,J) --C,’-IAT (I,J)/EYE
CALL VCVTCH (D;1AT,NPN~ EMAT)

- CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C
C MUST MULTIPLY BY EYE BECAUSE ANTISYMMETRIC MATRIX HAS IMAGINARY
C EIGEN VALUES
C

110 151 I~~1,H
CEICCI)=EIEIGCI)*EYE 

V 

-

- 110 151 J L , N  V

CVEC (I,J)=EIVEC (I,J) - -e 151 CVECC (J,I)=CCNJT3 (CVEC (I,J)) -

RETURN
EMIl

L _ ;  • - I-

p

1
r - 

V

- 
V

— — - P
V -

-

-
- I ’4 _ .  

- 

-

‘ V
.

-

•

1~~~~~~~~~ 
-

p. V 
-

C L

p 
V

- 
I 

, _  ~~~~~~
- . 
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FRIW4 COP! FI.JRN.IS}~~ TO D~ VC ~~~~~~~~
- - - • - -— V*~~ V~~~• ~~~~~~~~~~ - -- - -

rY MXLL
~ 00050 SUBROUTINE i1~EL(~~ OI:lE,NPRS,t’,OXEL,OZB)

- 00100 IMPLICIT E’OU~L~ PRECISION (A--II -F- —Z)
00200 DIMENSION X (1~~,-),A (15,4),D(15,4),U(15,4),UP (1S,4).UINT(

t 15) - - 
-

00250 DIMEN~ ICN 11(4) ~SL (4)’AL (4)rS (t5,15),OXEL (15~ 1S) ,OZBC4),NhOL’E(4) 
- -

t 00250 
- 

M~ PIiWDE (flPR S} NC—i ) -
00350 DO 36 NC~ 1,200360 I’D 35 Nr~~1 ,NPRs+Nc~ 1 -

C 00300 DO 30 J— 1,M -

~~~

00400 REAE’121,40) NB
00500 110 30 I~~i ,NB -

(. 00600 30 REALiC21,10) X (J,I)~ A (J~ I),B(J,I),U(J~ I),LJP(J,I) - - )
00700 10 FO~-~MA T (~~t’)OOdOO 40 FO RNAT( I~~

)
C 00900 C TYF E ~c-,((U (J,I),I 1,4),J 1,M) - 3

01000 80 FO~~~~T(4D16 .7)
01100 C TYPE 8~)1 -~(UP(J,I),I=1~ 4)~~J=1,M)

- - ( 01200 35 CONTINUE
01300 IF(NC,EQ.2) GO TO 39
01400 R E ADC 2 1~ 40) Mill 

-

& ( DO 31 I~~1,NB1 )
• 01600 31 REAB (~ -~,i0) C1,AL (I)’C2~C3~ C4 -

01700 DO 38 ~L-=2,NB 
V

C - 01600 38 SL(KL)=CAL (KL)**3—A(1,i<L)**3)/ - )
- 01900 1 (E’C NPRS+ l)— E*( NFRS)) -

- 02000 39 CON T INU E V 
-

- C 02100 CLOSE(UNIT~ 21> V ).

4 02600 DO 100 J=2,M V

I - 02700 110 100 K=1,J—1 -
- 

~~ 02800 IF(NC.EtI.1) SCJ ,N)-=0 . - 3- -
-

- , 02900 V DO 110 I=2,NB V 
V

-l - 03000 BE’=(B(J~ I>— ? (X ~ I) )*A(J , I)**2
C V 03100 BS~~- (J~ I)4B(l~~I) 

)
• 03200 V=A(J ,I)* (&S+2.*X (J , I)  )*U(J ,t)*U(K,I)+2.*UP(J~ I)*(JP(K,I) -

I - 03300 W-~(BE’*X (J,I)--2.*A (J,I)/BEi)*CUP(J,I)*U(K,I)—U(J,I)*UP(K,I
C )) - - 3

- 
03400. - Y~ A (J,I)~~(BS+2.*X (J,I~ 1))*U(J,I_ 1)*U (K,I_1)+V

- 03500 1 2,*UP (J,I—1)*UPCl~,I—1)* (ACJ,I—1)/A (J,I))~ *2C - 03600 - Z= (X (J,I—1)*BEi—2,~cA(J,I)/BD)*(UP (J,I—1)*U (l~,I—1)— 3
- 03700 - 1 U (J,I—1)*UP (N,I—1))*A<J~ I---1)/A (J~ I)

03800 S(~j,N)=5(J,K)+(V+W—Y-Z)/BD/~L’*SL(I)/2./(OZB(NPRS+NC--1))*
‘ C ~ *2 • 3

• - 03850 QXEL (J,K)=S (J,K)
03860 105 FORMAT (214’E’)

C- 03870 110 CONTINUE 
- 3

03900 100 C O N T I N U E 
-

- 03950 36 CONTINUE - -
C - V 

04000 CONTINUE 
V 

- 3
I 02~ 00 RETURN - V

- 02600 - END - V

- -‘
~~~~ 

V - )

C - )

C -

- 
- - V 

- 

- S

0~
- - - - • . . -  ,- - V,__

~~ 
-

_ _ _ _ _ _ _ _ _ _ _ _ _ _  -V -
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FROM COPY FJ~~ISH~) TO DDC V

-~~~ - 
TY HANK -

SUBROUTINE HANK(!~HO.H1 ,H1P,H2~ H2p) -

V 
COMPLEX H1,H1P,H2,H7p
CALL HANLO(R-l-iO,p41,H1p,H2,H~ p)

- RETURN
END 

- -  --- --------- - --- V - -V - V

1 Y -

00100 SUBROUTINE HANLG(X ,H1,H1P,H2 ,H2P)
OO~ 00 REAL J0,J1

— 
00300 DOUBLE PRECISIGN PI,Z,A,P,O,R,S,X 

V

00400 COMPLEX H1,H1F-~
-d2,I:2P V -

00500 PI=3.1415?~65359
00600 Z=9*X
00700 Z1=DSC~RT(2/PI/X)
00800 A=X—PI/4

- 
00900 P=1---4.5/Z**2+9*25*49/24./Z~ K4
01000 O~—1/Z+9*25~’6./Z**3- 01100 R~ 1+7.5/Z **2 -

01200 S~ 3/Z—9*35/6. /Z k*3
( 

- 
01300 Jo=Z1*SNOL F’*r,COSCA)—O.*ElSIN~

A))
01400 Y0~zI*SNGL (P~ t!SIN (A)+0~cDC0S (A)) 

- -  
-

V 01500 H1=J0+ (0.,1.)*Y0
- ( 01600 50 FCRMAT (2G)

01700 V J0 —Z1IK (R*DSINCA )+34~ElCOS (A))
- 01800 Y0=Z1*(R*LICOS (A)- S’IE’SIN(A))

- 
( 01900 H1p=J0-f(O.,1.)*Y0 -

~~~

02000 H2=CONJG (H1)
• - 02100 H2P~COMJG (H1P)02200 RETURN

02300 END V

V 

- -  

V 3

- ‘ p
-

V 

- . - 
-~~~~~~~~~~~~~~

- 

V~ 
V 

-

- - - 

)

~~~C~~ V 
- 

-

- 

3
V

- 

- 

3

- 

- 

V 
- 

- 

- 

3
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- THIS PAGE IS BESTQUALtTY?RLCflCA~LI
FROM COP! 1WWIS1~~~ TO DDC ~~~~~~ -.--

- - V -V .- V 
V.

- - - -

TY DAIRY
• : 00010 SUBROUTINE DAIRY (DX,AI~ AIF-~ BI,BIP)
( 26230

00020 IMPLICIT DOUBLE PSEEISION (A—H,O—Z) -
• 00030 C FOR DOUBLE PRECISIO~I ARGIJ1I UTS, THIS ROUTINE CALCULATES THE A

IRY 26240
- 00040 C FUNCTION AI (X) ANtI ITS DERiVATIVE AIF(X). IT ALSO FINDS9 26250 -

00050 C THE OTHER REAL LINEARLY INDEPENDENT SOLUTION BI (X) AND
- 26260

9 00060 C ITS DERIVATIVE BIP(X).
26270 -

00070 C THE DEFINITIONS AND NORMALIZATIONS ARE AS IN NBS HANDBOOK -

9 26280
00080 C - OF MATHEMATICAL FUNCTIOF-JS,P.446

26290
9 00090 C THE METhODS USED ARE POW ER SERIES EXPANSION FOR SMALL X V

- 26300
00100 C AND GAUSSIAN INTEGRATION FOR LARGE X -

9 26310 - 
-00110 DIMENSION X (16),W (l6)~ XSQ(1o) 

V

26320
r 00120 C DOUDLE PRECISION DX ,AI,AIP,BI,BIF V 0

26330 -

00130 C DOUBLE PRECISION XS ~XCUBE,AISUM,AIPSUM26340 - 0
00140 C DOUBLE PRECISION E’FPDFP,EIG,DGP - V

• 26350 V V

C 00150 C DOUBLE PRECISION FJM2,FJM1,FJ,FJP1,FJP2,FACTOR 0
26360 V

00160 C ~:OUBLE PRECISION C1~ C2~ ROOT 3 - 
-

• C , 26370 -

00170 C DOUBLE PRECISION DZETA~ DAR3~r’ROOTX - 
V

- 26380
00180 C DOUBLE PRECISION ROOT4X~S,CO,RATIO,EFAC,ZETASQ :

V 26390 .-
00190 C DOUBLE PRECI~ IGN SUMR~ SUI1I,SUMRP,SUMIP,TERMR ,TERMI 

- -

c

V 

26400 V 0
V - 00200 C DOUBLE PRECISION PZERO~ DA.t’B,DEN,ONE - -

26410 V

C 00~210 C - DOUBLE PRECISIU! X~W ’X S Q -
- ‘ 26420 -

00220 C DOUBLE PRECISION RSO~ TEMP, RTPI,RTPI2
• 26430

00230 C DOUBLE PRECISION TERMAPTERHB
26440

~ 00240 LOGICAL NEEE~~I 
-

26450 • 
-

00250 DATA DZ -RO,UilZ /0,ODO,1.OEiO/
- 

- 26460 -

- - 00260 DATA ROOT3,1.73:CSn130755S3077D0, -
26470 -

‘ 00270 DATA C1,C2 /,35’—~-~ 2O0538 7S17tI0, .258919403792307110,’
26480

00280 DATA RTPI /.2O20~~~~ 177387CLE~’/ 
-

26490 —

00290 - DATA RTpI2/.5~ 41g9~jG3~ 4;7562T:0/
26500 -

‘ 00300 C POSITIONS AND W EIGHTS F~3R u).-TEr~t1 SUM FOR AIRY FUNCTIONS 
S.

26510
00310 DATA U( fl / 3.154~~-~~~62~64787D--t4/

~~ 26520 
- S.

• 00320 DATA W ( 2) / 6.6394::- 
~‘ 4921D--11/ V

26530 
- S.

— 
, 003.~0 DA TA U C  3) / 1.;:T03 .,~~ 

: V
~~~~~~~~~ 9E’ V i’/

26 ,4’) -

- -. 7V_ 
- - - 

V 
_______ - V - 

~~~~~~~~~~~~~ -~~~~~~~~--_ - - - --- -V 
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~~~~~~ 
~~~~~~~~~~~~~~ ~~~~~~~~

DATA W ( 4 ) / 1.3;-j ~~ 92~~~~~~~~1~~ ’.-06/
-‘ 26550

00350 DATA W ( 5~ / 41435096663?204350D 05/
26560 -

~ 00360 DATA UC 6) / -7.1555010917718255E’—04/
- 26570

- 
- 

- 00370 DATA W 7)/ 6.480956S103335331E’-03/
26580

- 00380 DATA W ( g> / 3.6440415875773282D—02/
26590 - - 

V

00390 DATA I.( 9) / 1.4399792415590?99D—01/
- 26600

00400 DATA w 1 0) / G.1231141336261436D-01/
- 26610 0

00410 DATA XC 1) / 1.4003081072180944t’+01/
26620 -

00420 DATA X ( 2) / 1.021483547919733111+01/
26630

I 00430 DATA XC 3) / 7.4416018450450930t’+00/
26640

00440 DATA XC 4) / 5.307094306178192711+00/
26650

00450 DATA XC 5) / 3.6340135029132462t’+00/
I 26660 -

• 

V 
00460 DATA XC 6) / 2.3310652303052450tI-fOO/

- 26670
~~0470 

- DATA X ( 7) / 1.3447970824609268t1+00/
- 26680
• 

~ 00480 DATA XC 8) / 6.4188358369567296D—01/
- 26690

00490 DATA XC 9) / 2.0100345998121046D—01/
26700

00500 DATA X ( rO ) / 8.0594359172052833t’—03/
26710 

-

00510 DATA X SQ C 1) /0.19633317245562170D 03/
26720 V - V

00520 DATA XSQ( ~) /O.10434388535311650D 03/ 
V

(g :  26730 - - 
-

- 00530 DATA XSQ( 3) /0.553774~ 802O178170D 02/ -

- 26740 -(g 00540 
- 

DATA X6O ( 4) /0.2016524997466899011 02/
- 26750 -V 00550 DATA XSQ( 5) /0.13206054139355600D 02/

• ( 26760
• : 00560 DATA XSO( 6) /0.54330651079380440D 01/

• 
- 26770

: ( 00570 DATA XSQ C 7) /0.10034791929954200D 01/
V 26780 - -
• 00580 DATA XSQ( 8) /0 .4120209533788369011 00/

26790 V

00590 DATA XSO ( 9) /0.40402390924418070E’—01/
26800 V

• 
(, 00600 DATA XSOC1O) /0.64954507303538390D—04/ 

V

• - - 26310 - 
-

00610 C POSITIONS AND WEIGHTS FOR 4-TERM SUM FOR AIRY FUNCTIONS
( g -  26820 -

- 00620 E’ATA WU1) / 4.7763903057577263D—05/
- 26830 -

- 00630 DATA WC 12)  / 4.9914306432910959t’—03/ V

26840
00640 - DATA WCI3 )  / 8.6t6?846~’?3340312D—0V

26850 - 

- 
-

00650 DATA W C1 4 )  / 9.0079095845981102D-01/
26860. V V

‘ ~ 00660 DATA X c i i )  / 3.9198329554455091D+00/
-

- 26i3Z0 
- - 

- -~~~

- - 
- 

_____________
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~
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L __ 
_ _ _



_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 

THIS PAGE IS BEST QUALITY P~LC2X~AM~
- - - FROM ~~~ X F~~~IIS~~~ TO DD.C ~~~~~

- 00670 DATA XC12) 1.691561900402350411+00/ 
- - --V

26880
- 00680 DATA XC 13) / 5.027553246726301OEIV~oi/

26890 -

• - 00690 DATA XC14) / i.9247060562015692[,-02/ - 0 -
- 26700

00700 DATA XSOC11 ) /O.1G36SO9O398596670Ei 02/
26910 

V

00710 DATA XSOC12) /O.2D6l3O16631634~ 1oD 01/ -
26920

• 00720 DATA XSQ(13) /O.252762916486681000 00/
26930

00730 DATA XS Q( 14 ) /0.37O449340277O998Qt~--O3 /
• 26940 -~~~~~~~

00740 C POSITIONS ANt’ WEIGHTS FOR 2—TERM ~UM FOR AIRY FUNCTIONS26953
° 00750 DATA UC1S) / 9,63O72805957736o4!~i---o1/

26960
- 00760 DATA W (16) / 3.1927194042263958D—02/
C 26973

00770 DATA XC1S) / 3.6800601866153044D--02/
- 26980

007B0 DATA XC1 6) / 1.0592469382112376D--00/
26990

00790 DATA XSQ(15) /0.135428-42977111070r1--02/
• V 27000

00800 DATA- XSQ (16) /o.1l22004a761098810ri 01/
27010

• 00810 IF(L’X.LT.—5.0tI0) GO TO 100 S

27020
00820 MEEDB 1= . FAtrSE~• 27030
00830 IF(DX.GT,3.7tt0) GO TO 200 V

27040 - 
V

S 00840 C THIS ROUTE FOR SMALLX, USING POWER SERIES. - 
V

- 27050 -

00850 C INITIALIZE - 
V

- 27060 
- - 

S

- 00860 10 - 

- XS = DX*DX - V 

-27070 -

* 00870 - XCUDE = XS *t’X 
- -

• 27080 -

00880 XS = XS *0.5110
S 27090 

V

00890 D F = C i
27100 ,- -

00900 DFF = C1*XS
V 27110 V
00910 DO = C2*EIX

27120 - -

00920 DGP = C2 
V -

27130 - 
-

~ 00930 - A ISUM DF — DO
- 27140 -

00740 AIPSUM = tIER — DSP
• - 27150

00950 BI = D F + DG
27160

00960 DIP = tIER + E iGP -

27170 - -

00970 - FJII2=—2.Ot0 V 

-S 271U0 V

00990 20 rJM2~ rJM:~ 3.oDo
- 

-
27190 —

~ 0-~?-i0 rJM~ =rJN:~-l o iE 
-

• ~ .‘2O0 -

- ~~~~~~~~ - - ~~V V ~~~ V - — VV ~~~~  - - • V  - - - -~~~

V . 

-

- V - -V V • V .~ VV
~~~~

V V V
~

V
~~~

V V V 
VV

V- -V .. --- V- --
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jlOOQ FJ -FJM1+ONE 

- .- -  --
27210 C

01010 FJP1=FJ+ONE - 
V 

-
~

27220
( 01020 FJP2=FJP1+ONE

27230 •

01030 RATIO = XCUBE/FJ( 27240
4 01040 ElF = DF*RATIO/FJM1

27250( 01050 EIFP = DFP*RATIO/FJP2 - 0
27260

• 01060 - 
DO = DG*RATIO/FJP1( 27270 -

01070 IIGF = DOP*RATIO/FJM2
27280( 01080 HI = BI + (DF+t!G)
27290

01090 HIP = DIP + (DFP+DGP)
-( 27300

01100 IFCNEEDBI) GO TO 80 -

27310 V

( 01110 AISUM = AISUM + CDF—DG )
27320 . V - 

-
- 

- 
01120 AIPSUM = AIPSUM + (DFP—EIGP )

27330
• 01130 C CONVERGENCE TEST

27340( 01140 80 IF(DABS (I’F).GT.1.0D—16) GO TO 20 
-

27350
01150 C CONVERGENCE. COMPUTE FUNCTIONS

C 27360 -

- 
01160 99 HI ROOTZ*BI V 

V

27370
C 01170 BIF = ROOT3*BIP

27380
- 01180 C THIS RETURNS IF X~ IS BETWEEN 3.7 AND 8.0, SINCE IN SUCH CASES 

-

MORE 27390 -

- 01190. C ACCURATE VALUES OF AI AND AlP HAVE ALREA DY BEEN FOUND BY GAUS
- SIAN 27400 - V

0~~00 C INT EGRATION 
- 

-

- .27410
01210 / IFCMEEE’BI)RETURN

27420 -
~~

01220 Al AISUM -

A 27430
01230 AIR = AIPSUM

• 27440 - V —

01240 - RETURN -

- 27450
01250 C GAUSSIAN INTEGRATION FOR LARGE NEGATIVE X

- 27460 - 
-

It. 01260 100 DROOTX = DSDRT C —DX ) - 
-

27470 V -

01270 ROOT4X = EuSORT C DROOTX)
I. 1 27480 -

01280 DZCTA = — .6666666666666667*t’X*DROOTX
27490

C 01290 DABS = DZETA — .7853931633974483
- 27500 V

01300 - SUMR = DZERO - -

27510 - V

01310 SUMI = DZERO -

) 27520
( 01320 SUMRP = DZERO

27530 _____ 
- 

- 
V

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —V V - -  - 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 
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V

v1~ J0 SUMIF E’ZEJ~O

~ e 
27540 - 

0
01340 C TEST TO SEC HOW MA NY TERMS AR E NEE DED IN GAU~ 3IAN INTEGRATION( - 27550

e 01350 • IF( DX.LT. (—2 C0.D0) )  GO TO 140
27560

- ; 01360 IFCEIX .LT. (—15.D0)) GO TO 130 V

27570 
-

- 01370 C THIS CASZ FOR DX BETWEEN — 5.0 AND —1 5.0
V 27580
- 

01380 LIMLO=1
27590

01390 LI1-IHI=1O
27600

01400 - GO TO 149 
- -

27610
- 01410 C THIS CASE FOR DX BETWEEN — 15,0 AND —200 .

27620
01420 130 LIMLO= 11

27630
01430 LIMHI 14 - 

V

27640
- 01440 60 TO 149 V

27650
01450 C THIS CASE FOR DX .LT .—200.

27660
01460 140 LIM LQ=15

27670 V 
V

01470 LIMHI 16
- 27680

01480 149 ZETA SO-= IIZETA**2
- 27690 •

01490 DO 150 t~=LIMLO.LtMHI
27700

01500 T ERMR=W (N)/ ((Z ETA SO#X SOUO)**2 ) V

- 
V 

27710 - 
-

01510 SUMR = SUMR + TERj IR:
27720 - 

- - SI
V V 01520 TERMR=TERMR*X (K)

- 27730
01530 - SUMI=SUMI+TERMR

- ?  - 27740 V

• 01540 TERMR=TERMR*XCK)

•1 
27750

01550 - SUMRP-=SUMRP-fTERMR
27760

~ 01560 150 sUMIp~ sunIr-fTERMr~*xcK) 
V -

- - 27770

01570 SU~iR~’ C~~U~1r ETAS-~-fC U~1RI’ ) ‘~ZETA3Q
27780 -

01580 TEMP-~SUMl~YZETASc~27790
-
~~~ 01590 SUMI= TEMP+SUMIP *DZETA

27800
- 

01600 SUNRP:-SIJNr~r-kDZETA 
V

H 27810
01610 - SUMIrV =SLJMIP_TEMP -

27320
~ 01620 C FORM A I R Y  FUNCTIONS

27030 -

- 01630 196 S = DSIN(EIA RG) -
27040 

—

01640 CO = DCQC(EIARG ) V

27050
0A650 RATIO = RTPI2/ROOT4X

27060 - 

V V  
- -  -

-

L ~~~~~~~~~~~--- V V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• - - - 

FROM (X)P~ FU~~Isgjw TO DRC ~~~~~~~~
Al = Rr~T IO* (CO 3U~ f . + ~3461JNI) -

27870
01670 HI RATIO* (CO*Su~1I - ~*SUMR )27880 -

-
- 01680 SUMRP=SUMRPfSUjIRP 

-
• 27890 -

- 01690 RATIO — ,25D0/II X
(. - :27900 )

01700 FACTOR = -RTPI2*R0014x
27910

01710 AIR = RATIO*AI — DROOTX*BI + FAcToR*(co*suI-IRF-+s*SUHIr- ) )
27920

01720 HIP = RATIO*BI -f IIROOTX*AI ~f FACTOR*CCO*SUMIP—S*SUMRP)
1 27930 )

- 01730 RETURN -

27?40 V -

- 01740 C GAUSSIAN INTEGRATION FOR LARGE POSITIVE X - V)

279~001750 200 DROOTX EISQRT CDX )
1~. - 27960

01760 DZETA = ,6666666666666667*t’X*EIROOTX
27970

- 
-~~. 01770 EFAC = t ’EX P(—t ’ZETA ) )

27930
-

- 01780 ROOT4X t ISQRT( DRCOTX )
• (.. : 27990 V V )

01790 Al = DZER()
28000

• C 01800 HI = DZERO - 
- 

- 
)

28010
01810 AlP = DZERO

- 
(- -~ 28020

01820 HIP = E’ZERD -
28030 -

- C 01330 IFCDX .LT.8.ODO ) NEEt’BI~~.TRUE. - - )
28040 -

01840 C TEST TO SEE HOW MANY TERMS ARE NEEDED IN GAUSSIAN INT EG RATION V

28050 
- V )

01850 IF(DX.GT.15.0DO) GO TO 230
- 28060 - - -

( 01860 C THIS CASE FOR DX BETWEEN 3.7 AND 15.
28070 - -

01870 
- LIMLO=1
28080 

V - )
V 01880 LIMHI=~ O -

- - 20090 V

C 01890 00 TO 249 )
- 28100
- 01900 C THIS CASE FOR DX GREATE R THAN 15. V 

-

V 28110 - 
)

• 01910 230 LI~~~G~~ 1
28120

- 
( - 01920 LIML•{ =14 - )

-~~~~ - 
20130

• : 01930 249 [‘0 250 K=LIMLO,LIMHI
I ( - 28140 - 

- )
V 01940 VA=DZET.~+X (K)- - 28150( 01950 TERMA = W C K ) / D A  

- )
28160

01960 Al -= Al + TERMA V

- 20170 -
01970 AIP AIP+TERMA*X (IO/DA V 

V

D 28180 -

( oi~~oo I r cN E ~ r~:~r )  GO TO 25-3 - 
-

- 
— 

28190 
- 

V 
- 

- 

-V~~~~~~- - - -~~~~~~~-~~~~~~~ - ~~~ -V--V-~~~~~ - - -- -- -----~~~~ _ _ _ _
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FROM COPY P1JR~US~~D 1’O D~~VQ ~~~~~~— —

- 
- - 

01990 
- 

EIB-:LIZE TA- .X CN ) 
V 

- 

- - -

• 28200 -

• 02000 TERME W (~~) /DEC - -

- 28210 -
~ 02010 • DI = HI + TERMB

20220
02020 B1F~~DtP+TERMB*X (K)/EtB

28230 - 
-

02030 250 CON TINUE
28240

~ 02040 C FORM FUNCTIONS
- 28250.

02050 FACTOR-~RTPI*EIZETA/ROOT4X 
- -

29260 -

02060 RATIO = 0. 51’0/[’X V

28270

~ 02070 AI~ AI~ EFAC*FACTOR V

28280
02080 AIP=— (DROOTX +RAT IO ) *A I+RTP I*ROOT4X~ EFAC*AIP V

28290 -

02090 C THIS IS SATISFIED ONLY FOR X BETWEEN 3.7 AND 3.0 IN THESE CA
SES 28300

- 

~ 02100 C THE HI ANtI BIF- ABOUT TO BE COMPUTED ARE NOT SUFFICIENTLY ACCU -

RATE. 20310
02110 C THUS RE T URN TO FCWER SERIES FOR [41 AND HIP.

• 20320
• 02120 IF(NEEEIE4I) GO TO 10 V

28330 V - 
V

021~ 0 FACTOR-=FACTOR+FACTOR
- 28340 -

- 
02140 - DI~ BI~ FAC~ OR/ E F A C  V

• 28350 - 
-

02150 DIP= (r’ROOTX—F :ATIO ) *BI—RTPI2~ ROOT4X*BIPi’EFAC
28360 - -

02160 RETURN 
-

28370 - 
- 

- -

- 02170 END - 
V

28380 - 

-
~~~~~~~

II -

V V

- 
-

~

I - - V

-.4
I - - I

‘

c

S 
- 

- 
- 

- 
V - — — -  —

~~~ 
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- 

- 

- 

- - -
~~~~ FROM COPY ~~~~~~~~ ?OD~Q~~~~~~—

r~ PLI -

~~ . DIMENSION Y(150),IX (0/1000),IY(0/1000)
- 

TYF-E 100 -

- 
- 100 FORtIAT (’ F-LOT TYPE =—1 ...NO MORE PLOTS’/

114X, ’O...T RANSMISS ION LCSS’/ -

212X, ’N,I...N=MOEIE NUM~.E~~, I=Q MAGNITU DE) OR 1(F~- 1ASE) ’)
1 TYF E 101

101 FQRHAT (’ ENT ER NUMBER OF i-IOLIES ON TAPE, PLOT TYPE ’ )
ACCCF T 102,NM,IPL,IMP

102 FORNAT ( IOG)
NM-’2*NM

- IF(IPL.EQ. —1 ) STOP
TYPE 300( 

- 300 FCRMAT (’ TYPE TAPE NUMBER’) -

- ACCEPT 301,NT
- 301 FO~ ,i~tT~ 5) 

- -
1
. - IN=2* (IPL—1)+IMP+1

TYPE 103
103 FORM~ T ( ’  ENTER 0 FOR LINE, 1 FOR FOINTS’)

ACCEPT 102,ILF T V -~~- TYPE 104
• • 104 FOR~AT( ’ INPUT NTOT,NMIN,NMAX ,XHIN,XIIAX,YMIN,YMAX,NX ,NY’)

- 
ACCEPT 1O2,NTOT,NMIN,NNAX,XMIN,XMAX,YNIN,Y~ AX,HX,NY
IF(IPL.NE.O) GO TO 500

- YTEM- YMIN -

YMIN=—YMAX -)
YMAX=—YTEM - 

-

500 CONTINUE - 
-

V DX 9999./N < - - )
• 

- E’Y=9999./NY
TYPE 130

• ~ 
- 130 FORMAT (’ PLTP’) •
- DO 10 I=O’NX

- IY(I) 0 -

(V IX (I)- tiX*I )
10 TYPE 3c~,IX(I),IY (I) 

-

• 30 FORMAT (2113) -

(. DO 11 I=0,NY 
V -)

- IX (I)=0 - -

IY(I)~ E’Y*I -

11 T YPE 30,IX(I),IY (I) V

- - 
- TYPE 70 -

- 70 FORMAT (’ FLTT’) - -
REWINEI NT )

- DX 9999./CXMAX—XMIN) 
V

DY 9999,/ (YMAX—YMIN)I ‘ IF(IPL.I-JE .0) GO TO 200 )
DO 12 I=1,r4HIN

- 
REAL’ (NT,105) X,Y(1) - 

-

- 
- 105 FDRMAT (F13.5~F15.6) V 

)

- IX(I)~ DX* CX---XMIN )
Y(1) ---Y (1)

C. 12 IY(1)~~tlY~~(Y ( 1 ) — Y M IN) -
• GO TO 2O1- 

200 DO 202 I=1~ NM I N( - READ (NT.203 ) X~~ Y (J),J=1,NM) 
V )

- 203 FORMAT (FL0.3,1F’6EIO.Z/(1OXrIP6ELO.3)) 
V

Ix(I)-~L’X-t (X-—Xi1IN)( 202 IY (I)-~L’Y*(Y (IN)--YNIU) 
)

201 TYPE 133
TY P E 30,IXC,D1IN),IY(NMIH~-

, 

C TYP E 70 - 
)

- IFCIPL .Nt .0) GO TO 204
3 - LIU 13 I~ NIiINI- tp iV1A X - 

- 

-

( REAL’ (tjT~ l-3j) XvY (1) ir )

—— .~:<~ 1 ) - i <~ - ; :-~- 1 .U I)  
- 

- 

- 

*

- -  - - - - -  - 

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
-

V -  - 
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- FROM COPY I ILSk1~V TO DDQ ~~~~~-

- Y ( 1) . : — Y C 1 )
f) 13 IYCI ) - DY* (Y ( 1)—YM IN) 15

V 
00 T0 205

- 204 [tQ 2~ 6 I NMIfI-fI,NMAX -

I C’ READ (NT,203) X~~(Y ~ J),J=1,NM )
IX(I)-~t ’X * (X—X MIN~ 

V 
- - -

- 206 IY (I) t’Y*(Y (IN)—YMIN) -

C - 205 IF(ILPT.EO.1) GO TO 222
TYPE 60

60 FORMA TC ’  PLTL’)
C -  (30 T0 223

222 TYPE 1~~ 
-

- 223 CONTINUE 
- -

r - DC 14 I=NMIN~ NMAX
14 TYPE 30,IX (l),IYCI)

TYF’E 70 -

60 10 1 -

- END V

- 

-

,-
• - I

- 

- 

V

- - -

V 
. 

-

~~~~~~

r - V

r 
•

I t-

- 
-

r 
- 

- -
~I 
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TRIS PAGE IS B~S 41JALXTY PB&~Ct1CABLZ 1
V 

V~~~~~~~ •f ~~~ FRQ~ COI~Y ~ Q ..~~~~~
—

LX ZAR25,EIAIRY,SELA1JT ,PARAM,S~ RV ,SCRD,SINCOS 
V -.

- 

- 

—
~~

V •TO RUN RANGE PROGRAM:
- ‘TO? 

- 
- 

V 
V

- 
•LOAD/F10 GPC.NAGLVFORM,COEF1, 1E,IAG,MXEL,HA~~~,

IVi I-INLG,LIAIRY,S-TA:IMSL/LIB,
- sTA :n-ISL,LrB,STA:IMsL,LIB,s-rA:IMSL,LIB

- - 

r~4~~ 
‘
~~~

‘
~~~ 

-

-C -

- •TO RUN PLOT PROGRAM : -- 
- ?TO?

.LOAD/F10 PLT~

,

~~~~~~~ I’~~

r 
-

C 
- 

- - 
)

- 

V 

- 

)
- 

V 
)

V - V

•, (‘
• - )a -

• 
% •~ 

- - )

- )

I I 
- 

- )

V 

- 
)

V 

- 

- 
- 

-
-

4 I

H
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