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Introduction

Normal mode theory of underwater sound propagation can, in its
original forml, be applied only to situations where both the ocean
fioor 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. 1In a

realistic ocean, this is very rarely the case, but an approximate
method has been developed by PierCe2 in which gradually range
| dependent environments can be handled to first approximation. This
"adigbatic" approkimation, based on the Born-Oppenheimer method of
molecular physics, utilizes a modal expansion in which the depth
functions are taken as the "local” nodes 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 ranges.

No energy transfer between modes takes place‘in the adiabatic
approximation. 1If the m&de coupling terms are not neglected, the

range equations are coupled and energy flows between the modes.
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This has been discussed on the basis of coupled power equations
by McDaniels, 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 prcblem has been solved
in our earlier works on the sound channel with a range dependent par-
abolic velocity profile, by using diagonaliiation techniqdes for the
decoupling of tie range equations,

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

gencral 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 horizontal 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 papver, however, employs the
approximation of range segment-wise constancy of the depth functioms
and tneir 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 "slab
method“g, is due to Kanabislo. |

Pierce's method will be implemented for the coupled-modes prob-
lem of an arbitrarily range dependent sound chanrnel 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,
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I. Local Eigenmodes of the Wave Eaguation

We seek a solution for the time harmonic pressure field
P (.:) of a point source, located at the position ?o in an inhomo-
geneous ocean of density Q (.;) and propagation constant '
k) =w /< () ,» as determined by the wave equation

?(;*)57".[9'* () 339(:)1}- k* () p(F)= JIF-7 ). (1a)

Adopting a cylindrical coordinate system with the z-axis pointing

vertically downward, we shall assume the sound speed c(—;) to
depend arbitrarily 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 Zth layer
Z = zfé {é”) may also depend on 3 while the ocean surface z = z
is flat. Densities @(z) are taken constant within each layer:;
they were chosen equal to @w in each v)éter layer but could be
set equal to a different constant in each bottom layer. Defining
a velccity potential (p G:)) such that
T )=~ 9P (7,
p(<)= p(7)2¢(7) /3t

(1b)
(;’ being the particle velocity), one has in each layér a
Helmholtz equation
2 - - - - Y -
Vi (7) + k (2,F)P(7) =T (7-32). (1)

Following Piercez, we attempt a solution in the form of a quasi-

separated normal-mode sum




(2)

q)(;:) by Z__\Vﬂ(-é)’“n(*,éh

in which the "local depth functions” . ('L,é’) satisfy at each
.’
range point ? (considered as a parameter) the depth equations

pertaining to a stratified medium,

2w (2,3) %
2z* e K

~
ol
-

(l'—é) W (2 (3)

The eigenvalues kn(é’) of the local modes enter through the local

vertical wave number

05 ,
Km(%,$) .-.[k?‘(z,'é) - k. (g)XiL (4)

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

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

+ > 3 >
f% At (2/11 /?) = Fpeg iy SRy, A -

| Qi /02] o [ 94, /22 ]2_

£+4 ’

at the boundary between layers € and £+1 (2.+ (i:") being the
boundary as approached from the,[th layer, and Z -4 \g) as
approached from the/€+1st layer), corresponding to continuity of
pressure and normal particle velocity. 1Inserting Eq.(2) into
Eg. (lc) and using the orthogonality of the depth functions which

follows from Eqs. (5),
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nwvwm ?

é[g(z)/?w]un(z',?)u..m (Z,F}C‘Z:J (6)

we obtain, following our earlier derivations, the coupled system

of (partial differential) range equations

[v?z+ k: ‘§)]YW ‘f—”) = X(e:*)[g(za)/ew].uﬂ(zg, o) o

-2} [%ewm @} H., @) el

in which the coupling coefficients

M ¢) =/[€(2)/€w]u-.l<?-,?)i7f u, (z,8)dz
My 25

(8a)

7 i oy o> 2 -
M. @)= L[gorz)/(aw]u“tep)Vf Un (z,p)d2 (g,

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

—

VY = (3/2 x, 2/2y,0), and took the source position as ?o = (z ,

o

?o = 0 ). The derivation of Eq. (7), due to our use of Egs.(5),
holds also for the present case where sloping layer boundaries are
admitted. However, Egs. (5) will guarantee the boundary conditions

of the total acoustic field,

| F.C ¢ (“(zlfrg) = )O[f:{ 7< mi)(?_jti ,F) .
[9¢, (€) /9%]2; - [95/, (£4) /Qn]

(9)

Z£v* 1 b
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to be approximately satisfied only for gradually sloping boundaries

and/or small relative density differences between layers:,l1 i.e.,

[(pbi—ﬂ)/ﬁ,ﬂ]{ana &1 (10)

(where X is the angle between the boundary normal and the z-axis),
as can easily be shown. This will be assumed in the following.
Note, however, that no restrictions are imposed on the range gra-
dient of the velocity profile.

The coupling terms of Egs. (8) may be recast in a simpler
form3 which shows their origin from the range dependence of the
sound velocity profile and of the boundaries, res pectively, by
employing partial intergration and using Eg. (3), with the following
results. For the coupling terms which are small of first order

in the range dependence, one has

-
¢ - - 2 -
nm (e) = /C'n.‘m (f) + /C'nyf) (? ) (m=+m) (11a)
M 2 )
o e (s -
nr (e) T ’th (e ) (11b)

with the volume contribution

E‘nm(?) o Finm {é') /[k:\. (6) S L*:, (6)1, (ra+w) (12a)

VTR




Mm'm. (?) = L_[?(Z)/P"’]u" (Z’-é)[v? kL(",t-;)]u-m (z,p)4z,

and the surface contributions

Cmfi) (é’) = M (s) 61)/[,<m (P)"' " ((0 )] (-n.,x-n)
- L 5 (¢)
(s) 2 ¢
M'nm (F) =Z ()(',;L /F\ﬂ/)[ /92 - L/' 9“ /(72] =)
L:1
where L is the number of layers, and
-2 —
Loz, 81 (z,7)
further,
L Zf(—o)
(s) ., 5 < 2 PP . ©
& f =:"Zf>L_ /f%v)[Xlﬁl Z,0) ‘z:z.
A=1 : 25 ()

(12b)

(13a)

(13b)

(13c)

(134)

For the second-order coupling‘coefficients, we shall only gquote

the results for the volume contributions:

Mo 181 = N__ @+ M2 13,

n =3
N,.G) = - Z/C () Ty () -

f-f“h-m/

(14a)

(14b)

The surface contributions are absent if the boundaries are flat.

. S

A ———ermmA A
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IX. Solution of the Coupled Range Equations

In our previous work on mode propagation in a range

dependent environment3-5'8

. two important special cases were
considered in which range dependence occurs either in the
Cartesian x-direction only (x-case), or in the g?-direction of
cylindrical coordinates only ( Q -case). For sufficient distances
from the source, the results of these two assumptions were shown
to coincide4. We shall here restrict ourselves to the ¢ —case

only, so that «kn(g)g Y () 5 and introduce the new range

function fn ( Q ) via

Yoig) =97 faip)- -

Inserting in Eq. (7) leads to the coupled

system of ordinary differential equations

n !

w )+ (1@'1,{1* \<:(§) L = (16a)

- [pearpw] (2w o) ) untee, ) - Z;Mn/m f;-;%mim

-—>
where M _ ( §>) is defined similarly to M i in Egs. (11)-(13)

-

but with V% replaced by d/dg , and where the further coupling

terms are

; - " e /
\/'Y\M \?) o Mm.m (?) Q M‘nm (?). (16b) |

Note that as shown before4, the term (2(? )-2 fn in Eq. (l6a) is
negligible for distances from the source in excess of ~1 km, for
frequencies up to several Hz. Similarly, the second term in Eq. (16b)

is negligible as compared with the second-last term in Eq. (l6a)




-10~ 3

in an even wider region. We write Eqg. (l6a) in matrix notation as

[o7de™+ er*+ Kip)figr-U-2mM" -V § (16¢)

-
where f(? ). is a column vector with elements ﬁmj9), and k2(9) a

4 -
diagonal matrix with diagonal elements kﬂf(?); U is the column

vector of the source, with components
2 sa\-4
Uﬂ=[_§*(zo)/?w](2ng/ ) J{f) M, (2o,0). (164)

Our goal will be to devise a transformation which uncouples
the system of Eq. (l6c), at least in an approximate manner. This
will be accomplished by first dividing our range 9 into a finite

number of inter als with constant vertical boundaries, across .

which Q(z)¢ and 3¢/29 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 £ and af /dp, i.e. to

T T P T Ty U ry T

fu (67 = {a97)) (17)

[dfn‘ﬁ’)/d?]?(t % l.-dfn (P)/de]l’_

£+4
where fﬁ* is the outer boundary of the ({A range interval,
4 coinciding with the inner boundary sz. of the (+41 st range
4t

interval.
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In our earlier study5 of the "adiabatic"solution‘of Eq. (17)
where the coupling terms were neglected, we approximated the quan-
tity kg:\?)+,1/!:?2 in each range by the linear expressions
C;grl) . joined continuously at each segment boundary where the
actual values were adopted, except in the first (source) interval
and in the last one (reaching to infinit?), where the constant
values knz(o) and knz(oO), respectively, were adopted for kmf(?)'
This leads to Airy function solutions in the general intervals,

(1)

and to Hankel functions Ho in the two extreme intervals, which
. ; ; 2 2
become trigonometric solutions if the term 1/49 is neglected.

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

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

Cm‘m(?) o ,vl"‘m/[(cfm.wc—n) ? * DM B D"\-} J L5

with qutdepending on F only through uh'and4ﬁn, since kz(z,?)
is also being approximated by linear expressions C(z)?+D(z) in
order to represent the experimental range (and depth) dependent
sound speed profile which is given to us only at a finite number
of range points (chosen as our range interval boundaries). We
shall, however, for reasons of greater simplicify approximate

in each range interval the eigenvalues knz(g) and depth functions
A;h(z,?), and hence also the coupling terms, by their values at

the midpoints of each range interval, insuring accuracy by

introducing a finer subdivision into range intervals if necessary.




We are then able to uncouple Eq. (l6¢c) by matrix transformations

involving constant transformation matrices in each range interval,

Following our previous approach8 used in the treatment of mode

coupling for a range dependent parabolic profile, we first set

ff(e) =5, r (¢) (19)

which, with a constant matrix Sl' leads to
7 o — X ->
f i el o

where we neglected 1/4@2, and called

(20)

KZ (?) . Sti—at L'L(Q) S\:L (21a)
/fl 541 -1 M/ 81 (21b)
W Bl (21c)

‘he matrix Sl will be so chosen that ;\ is diagonal, with dia-

i

gonal matrix elements that will be called l” « (This is possible
(3

with a constant matrix 31 since as mentioned above, M' is taken

constant in eacn range segment), MNext, the derivative terms
-—

[T " which now multiply the diagonal matrix A_ ¢ may be elim-
inated by standard metihods. We make the transformation
%

F =y

(22a)

where O is taken to be a diagonal matrix with elements O_'n, .




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

/
of 3Cn. to zero, we find
T
6. = _L A (22b)

constant factors in Eq. (22b) may all be chosen equal to unity.
The transformed range quations are still coupled (although
without first derivatives), and have the form
d"?/’f z-lla-r(RL-a-\:;)ﬂ-———SdU ~
L 0 J J i . )
The source term is unaffected by the transfermation of Eq. (22a)
since-t-l) contains a delta function in @ , and < (?=°) is

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

~2 = :
K and W are given by

s ’\'n’/\m

< e’ 4 B (24a)
~ '\—“"/\M, .
\TTARETE L A

In the spirit of our approximation procedure, these will again
be replaced by their values at the midpoints of the p—intervals,

rendering the expression

~’ Pad
2 2L 25
T =K 2w =X g
a constant matrix. The ensuing equation
& fae® TH= 51 U
Fog e g o i

can be decoupled with one final transformation:

you 5, P o

|
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where S_ is chosen such that

2
s a1

n

(28)

is a diagonal matrix with elements /\qb . This has finally brought

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

cients i - — -
d*P /de*+ AP =U ™,
where the new source term is
- % 4
* -
= Sk TR
Its general solution is in the source-free region:
N
£=1

where N is the total number of modes,

fZ'{ e /\1/1 5

4
-
7ti are the basis wectors with components
n& = ;;nu ]

]? = }E:: i%i (CX2 CUSﬁlig\*'laf 561‘7[‘?)7

(29

(29b)

(30a)

(30b)

(30c)

and Q&,/3L are 2N arbitrary coefficients. If we call the overall

transformation matrix
4—'
=5 &3

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

f=UP,

(31a)

(31b)




with components

f,“ () =-;\; Um-m,. (..., s 4. O + I’bm Su‘n.c;,.‘ 9) (31c)

The Green’s function of Eq. (29a) which describes the behavior of
the solution at the source can be obtained from Eq. (31lc) in the
well-knowvm way, B3 see below,

As the last step, we shall have to carry out a matching of
the range functions and their derivatives at thé range interval
boundaries, see Egq. (17). 1In the last interval which reaches out
‘to infinity, we assume no range dependence so that kp (9) =constant
=kp( o ), and have the vsolutions

=)
fo ) = A, 0" H (kyeig) s
(no mode coupling takes place here), comprising only outgoing waves

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

p*
we adopt Eq. (31lc) with superscripts i on f_ | U'nm = F),,,,_ and

/(Z.m ; in matrix notation, this gives

f‘(?)'—‘ Vi & (@), (32b)

where °(§>) is a column vector with components

p)
< o "3 A £ <
2} (? ) 0(7,' cos?g P -+ [5‘)’ SIn 4} s f) . (32¢)




Sap

Introducing the diagonal matrix A with diagonal elements AP.
b x 12 ¢y 14)
and the vector H(¢) with components HP (9)=¢ H, (’(P(co)?)’

Eq. (32a) reads in matrix form

fw(?) B! ﬁ o (32a)

If we designate the last range interval before the infinite interval

by i=M, the matching conditions are (at the boundary 0=py) :

UM SM (en\ = A ﬁ (Pm) X331
UM B‘MI(‘:M) A A’_’_"/ (Pm)

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

M
= m o{i' . 25 ' H/J (?M)
C ia N H, ) = (342)
? ﬁ\ ? M H /
and the 2 x 2 matrix
M
45 Jy Sing,”
M 3 oM
fi LT s : (34b)

g iler oM M
‘i-‘ Slnii ?M LZ.; C,os‘/?"PI\"

with inverse

M RN M
( PM?H )-i 5 COS?.? ?I"l SIn?, o /?ﬁ
V) 2 M M/ 34
Then, Egs. (33) are solved by
(35a)

&-’;\ =§ (Um’iA)

Mpa\-1 o
3p (fip ) HP (@m) .
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The notation may be further compacted by intooducing hypervectors
&~
“> M ;
ol . }{(9,1) whose components (each corresponding to a mode)
—
ot
4

as diagonal hypermatrices c whose diagonal elements are the

are the 2-component vectors - f{z(em) ., respectively, as well

2 x 2 matrices tzl (so that the elements of the diagonal hyper-

P

matrix Zf'- are the 2 x 2 matrices ii; -l). Eg. (35a) then reads
2 M g s“\?N- =1, -4 A T_‘i :
o= (T R T fo 1 (35b)

-4
where the previous mode-space matrices lJF\ and A are understood
as being diagonal in 2D space.
Applying Eqg. (17) for the match between intervals i and i+l,
we have
. -9- —-—
< & “+14 e
U d ()= U Dt
.- : el (36)
)4 5” ’ 1+4 «td )
U (¢:) = U J (p:)

which, in our hyperspace, is solved by

—~

Finally, we match at the boundary between invervals i=1 (source
interval) and i=2. 1In the former, there is no coupling, and the

solution is5

' ) 442 ) 1 %
£V =AY ¢ [t Hy (i) + B Ha™ (ko) (s




=) 8=

un
where A(;) are/Enown amplitude factors which we again arrange in

(@)

a diagonal matrix A" '. Introducing

(1,2) b i 14,2)
Hy" gy = ¢ HW (kyot0) (392)

and forming the known matrix

Rl T RN Sl
P 1 p ?i.
76[—’ - (1) l(“’ i330)
Hp (p1) LP (fu1)

we obtain from Eqs. (17):

P = 0

Aw) prEE 76'1 U',_Z.OZ'PL ;'Za. (40)

’

where hypermatrix notation was introduced as before. 1In this way,
all coefficients o{‘i{ and Fx{ have been determined; they are
in the ith interval:

K e (BF)* U UTt Borter, (Bten) Tt )Ty

t1

o~ e . i <>
f( 2,?«.01”. (fl"\ﬂw)—iu’;iA H (?M)’ (41a)
and in the source interval:
A("") gz 1_ fj[é'i U2 gl,ﬂ' (xgl,?z)’i Ul" U? g'&,Pa___
e (Bt YR U UM E s (B0 ) UL A H (pa).

(41b)

(o)

These expressions still contain the unknown coefficients A and A,

.I---Il-llln-l---iu-I---------—--I-hh--nﬁ-un-ﬁm- " ot




. 5 ‘
but as was shown earlier, matching to the source leads to

b , ’ (42)
T TR S e

so that in principle, the remaining unknowns AP (the outgoing
mode amplitudes at infinity) can be determined by the require-
ment that Egs. (41b) and (42) be satisfied. The implementation
of this prescription, however, requires an iterative approach
which will be described below.

III. Numerical Results and Discussion

The above procedure will now be applied to the calculation
of transmission loss in some examples of channels with simple
and also with realistic velocity profiles. 1In order to be able
to handle the iatter case, we shall use the previously employed
method5 for calculating local depth functions t@n(z,?) and their
eigenvalues kqf(Q) in a humerically given profile, which consists
in dividing the ocean into (horizontally bounded) depth segments or
layers, in each of which kz(z,?) is approximated linearly, so that
the depth functions are given by Airy functions. The layer below
the (locally flat) ocean floor is simply modeled as a liquid
with constant bottom density §¥B , and with a Zz-independent local
souhd velocity .&%3(9) . which reaches down to z = 2© . The eigen-

values k73(q) are then obtained by satisfying the boundary conditions

of a pressure release surface at the ocean surface z=2zg, 1.€.,
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Ly (()'Es ) =0, and of an exponetially decaying solution in the

? bottom layer. Further details are given in Reference 5.

=




e
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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
subroutines; it calculates the range functions, it calculates
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
which is desctribed in Volume I of this report.

The subroutine FORM (pp.34-37) calculates the U's and

the g-eigenvalues

The subroutine COEFl (pp.38-40) calculates the mode coef-

ficients in the source segment and in the infinite segment by
matching directly (since all the internal boundary conditions are

here lumped together into one matrix)

The subroutine HMDIAG (p.4l) diagonalizes an antihermitean

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

The subroutine MXEL (p.42) computes integrals.funumz dz
containing Airy functions

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

subroutine




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

of argument X

The subroutine DAIRY (p.44-50) is the same as in the

depth function program (Vol. I of this report)

The subroutine PLT (p.51-52) is a plot routine to plot

the propagation loss

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

the range, depth, and plotting programs.




THIS PAGE IS BEST
' QUALITY PRACTICABLE
FROM COPY FURNISHED 008

gy - - . . R 2 - . el b~ - - o A et e

TY GFC 56 F il
® COMMON ZLEFTH/ Xi : 1
i 100(15) AR 422 : . i
! COMNON /FORMC/ (=, ,2(4) 1 25C4) oNM/NLoNLM,NLP 7 XK(474) »DENC4) s
; 19 XNAG(4) 4
| DIMENSION XKT(:,, .c1524)7 ; ' y
1UC15/15) yUIC1,,45),4¢15) 781505300 1V(15),Tli1(30,30) » > 1
2A(15)9A0(15),. ., (3,252 *BET(3,15),US(2,15,15),UIS(2,15,13)» * ® 1
30S(2515) yFR( 25t 152 1 IOUTI15) »G(30) » XKNT (15) s NMOLT( 4) 3 :
COMFLEX UsUZ.@,rt?SUMPETE»Vy DUy Ay A0 ALF »EET»US,UIS,QS»SUM2y ' !
IFRYUNICLySt yHLoHLIFPH2YHIF 201y A25A3 57445 TEM: QR
i DIMENGICH yobid5) rURD(1554) s XKND(15s4) 2 -
i . DOURLE .. cIS5L0N XNAGsUOD» URD» XKND . ;
- EYE=(Gus1.) : :
! FI=3.14159
! TYFE 720
9 720 FORHAT(’ TYPE O FOR NO COUFLINGs» 1 FOR COUFLING’)
¢ ACCEi'T 2+ICOUP
! TYFE 1
, 1 FOGRMATC(’ INFUT NUMBER OF MODES» LAYERS» AWND SEGMENTS’) ;
H ACCEFT 2sNMsNLINS : .
: " TYPE 2sNMsNLINS
’ 2 FORMAT(SG)

® ¢
e

®

o
[
i NLM=NL~1
: NLF=NL+1
o ‘NSM=NS~-1
e
e

® ¢ 6 0 ©

NSP=N5+1
TYFE 460
4460 FORMAT(’ INPUT NUMEER OF MODES FOR EACH FRCFILE’)
: ACCEFT 2, (NMODE(I}yI=1,NSF)
! TYPE 2y (NMODE(I)»J=1»NSF)

A

TYFE 6 .
6 FORMAT(’ INPUT FREQUENCY’)

; ACCEFT 2+F
- . TYFE 2»F

= F=2.XPIXF .

. TYFE 700 ;

700 FORMAT(’ INFUT CONVERGENCE CRITERICON’)
ACCEFT 2yFRAC :
TYFE 2sFRAC
TYFE '3 .

3 FORMAT(’ INFUT SEGMENT FOSITIONS’)
X(1)=2000. s
X(2)=20000.

X(3)=40000.

TYFE 25(X(I)sI=1,NS)
: ACCEFT 29(X(I)»I=1sNS)
; i XNAG(1)=0.
I : D0 200 I=1sMS
200. XNAG(I+1)=X(I)
. ' TYFE 3 :

i 4 FORMAT(’ INFUT SOURCE DEFTIly RECEIVCR 'DIFTH» NL-1, PROFILE’,
« € . 1/ DiLFTHSs N311 LOTTOM DEFTHS’) ®
ACCEFT 2+ZS9sZR» (Z(I)9I=2sNL) 9 (ZR(I} s I=1,HSF)
I TYFE 2y2SyZRs(ZCI) 9 I=29yNL) » (ZH(I)» I=1s/NGFD
' 4 2(1)=0, , ' ®
DO 101 IZS=1sNL g
IF(ZS.LT.Z2(IZ5+1)) GO TO 8
101 CONTINUE : i -
8 TYFE 5 - . ; g
g FORMAT(’ INFUT SOUMD SFEED FROFILE FOR EACH SEGMENT’)
: (4 DO 802 IS5=1sNSF !
| 802 XK(1+,18)=1520, ‘ ‘ :
% XK(2,1)=1515,
& XKC292)=1514.5
' XK(2»3)=1510.

.

& @ @

" o0 6
9
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XK(353)=14%0. r
XK(3,4)=1490.
XK(4,1)=1540.,
XK(4,2)=21540.
XK(4,3)=1540.
XK(4+4)=1540,
DO 100 IS=1,NSF
ACCEFT 2, (XK(IL,»IS)»IL=1,NLF)
TYFE 2» (XKC(ILsIS)sIL=1,NLF)
DO 100 IL=1,NLP

- XKCILsIS)=(F/XK(ILsIS))%%x2

100

803

40

42

43
44

41

CONTINUE
TYFE 7
FORMAT(’ INFUT RELATIVE DENSITIES FOR EACH LAYER’)
DO 803 IL=1,NLP
DEN(IL)=1. ‘
TYFE 25 (DENCIL) »IL=1,NLF)
ACCEFT 2, (DENCIL)sIL=1sNLF)
TYPE 40
FORMAT(’ TYFE NUMBER OF MODES TO BE OUTFUT*)
ACCEPT 2,NOUT
TYPE 2,NOUT
NOUT2=2kNCUT
IF (NOUT.EQ.0) GO TO 41
IF(NOUT.EQ.NM) GO TO 43 e
TYPE 42 '
FORMAT(’ TYFE WHICH MODES ARE TO EBE OUTFUT’)
ACCEFT 2, (IOUT(I)»I=1sNOUT)
GO TO 41
[0 44 I=1,NM  °
I0UT(I)=I '

DETERMINE DEFTH FUNCTIONS

\ * .
CALL NAGL (NM»NLF yNSF yNMODE»Z 7 ZBr XK+ XKNsUO»UR» ZSy XKNI'» UODI» URTI)

FORM FROLUCT O MATRICES ON FAGE 49,. U2XH2(X1)XHRI (M2)%U2IXUTH,. e

. FOR USE IN CONNEZCTING SOQURCE INTERVAL WITH INFCINITE INTERVAL.

107
106

116

SIZE OF MATRIX IS NOW TUWICE THC RUMBER OF MOI'ES TO ALLOU FOR
INGOING AnDll QUTGOING SOLUTICHS, NTRIX U IS NIAGOIMAL IN THE 2
SOLUTIONS. MATRIX SCRIFT-C IS UIAGINAL IN MODE NUI‘RER.

NM2=2%NM
DO 106 I=2,NM2
JM=I-1 '
D0 107 J=1,JM
AM(I»J)=0.
AM(Jr1)=0.
AM(I,I)=1,
Al(1s1)=1, )
TYFE 201 CCAMCTpJ) s Jml s HHD) p Tu10 ')
FORMAT(’ 201 AM’/(12G))
DO 108 IS=2,NS -

ISM-16-1 :
ISTEM=IS e
CALL FORMCIETEM U UT»Qy ICOURNMTTT)

TYIME 8219 (GCI)yI=1,NM)
FORMAT ¢/ &21 G’/66)
DO 113 I=1,NH
DO 118 J=1,KM
LSLIGHTpd)- UCTsd)
ULSlITiieIe) -UILT» )

DO 549 I=4,NmM

¥ THIS PAGE IS BEST QUALITY PRACTICABLE
XK€2,4)=1505. FROM COPY FURNLSHED i

XK(391)=1490. PI0 DO e
XK(3,2)=1490. ? ~D

o © ¢0)

S © 6 © 6 % 0 ¢
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; THIS PAGE Is BEST QUALITY PRACTICABLE ;
4 FROM COPY Pl ED 70 DDg s &
- e — DR e DT —— 2. P . o ‘v b
QSCISH»I)=0CI). T e M s 3
MULTIPLY FROM RIGHT BY U »
D0 109 L=1,NM2 : . . -
DO 109 K=1,NM
DO 109 J=1,2
3UM=0., a
DO 110 L=1,NM
SUM-SUMFAM T » 2% (L-1)+J) KUCL s K)
DUM{ L 24CK~1)+0)=5UN €
TYPE 2225 ((DUNM(I»Jd) s J=1,NM2) y I=1,NM2)
FORIMAT(’ 222 DUM’/(12G))
MULTIFLY FROM RIGHT BY SCRIFT-C EVALUATED AT LEFT: OF - SEGMENT X q
DO 111 L=1,NM2 . )
DO 111 I=1,NM !
I11=2%(I-1) !
C1=CCOS(O(IIXX(ISM)) [ :
S1=CSINCO(IYKX(IZM)) : |
AMCLy T141)=DUMCLy I11)4C1-DUM{L» I142)%Q(I)¥51 ‘ :
AMCL» I142)=DUMCLy T141)%S14+DUMCLy T142)XQCI)*C1 % )
TYFE 2235 ((AMC(IyJ) s J=1oNi2) » I=1 s NM2) ; :
FORMAT(’ 223 AM‘/(12G)) : i
. <
MULTIFLY FROM RIGHT RY SCRIFT-C INVERSE EVALUATED AT RIGHT OF i
SEGMENT - '
9

DO 112 L=1,NM2 o

D0 1i2 I=1,NM

I1=2%(I-1) e

C1=CCOS(R(IIKX{IS)H)

S1=CSIN(Q(IIKX{IS))

UUMCL  T14+1)=AM (L s T1+1)KC1+AMCL » T142) %51

DUMSL, I142)=(~AMCLs IT1+10 451 +AM(L,I1+2)%XC1) /ACT)
TYFE 224, (CDUMCI»J) yJ=1yNM2) » I=1,NiH2)

FORMAT(’ 224 DUM’/(126))

MULTIFLY FROM RIGHT DY U INVERSE

DO 113 I=1,NM2
N0 113 K=1,yNi4
00 113 J=1,2
SUM=0.
00 114 L=1.N4
SUM=SUMATUM (T y 2X (=13 +I)¥UT(L/1D)
AMCIy 24 (K~-1)+J =81

TYFE 225, (AT » ) o J=1pNH2) o« T=1 9 NMD)
FCRHAT(? 22T AM//7(126G))

CONTIRUE

MULTIFLY FROM LETT BY SCRIFT-II INVERSE

X2=0QRT(X(1))

L0 113 I=1,MM

I1=2%(I-1)
RHO=CART(XNNCI» 1) )%X(1)

CALL HANK(RHCsH1 «MiFyH2HHIF)
TYFE 2435 I,RNHSHLsHIP MO UET
ARTEN =RIHO/X (1)

Al=X2 Vi

(=X .
AS=XRTEMIK2RH LM AL /(2,00 -
A/ TOHEXTKIRT 2/ (2,00
AS=A13A4-A23A3

L Y

O

L}

B e
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' THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED T0DDG ____—

Lt

iy .

TEN=A1 B
Al=A4/45
A4=TEN/AT
A2=-22/A5
A3=-AT/AS
LC 115 L=1,NM2
DUMCI1+1,L)=A1XAM(T141,L)+ADXAMCT1+2,L)

115 DUMCI242,L)=A3¥AM(IL1+1oL)+AGKANCTI+2sL)

TYFE 2289 CCOUICI»0) p J=19NM2) p I=1,NM2)
224 FORMAT(’ 226 DUM’/(12G))

MULTIFLY FROM RIGHT RY H

ANS=SQRT (X (NS)Y) .
UG 118 J:=1sNM ‘
J1=2k(J-1)

RHO=EQRT CXKMN Iy NSF) YXX(NS)
CALL HANK(RHO,H1sH1FyH2,HIF)
€. TYFE 243»JsRHIsH1yHIF»H2,HIF
XKTEM=RHO/X (NS) e
00 116 I=1yNM2
116 AM{Is ) =DUM Ty J1H1)AXNSKHI+DUM (I J21+2IKCXKTEMRXNSKHIFHH1/ (2, %
1XNS)) .
TYFE 227y (C(AMCTI2J)5J=21sNM) s I=1,NM2)
227 FORMAT(’ 227 AM’/{4G))

s

FORM MATRIX TO EE USED IN DETERMINING COEFFICIENTS IN SOURCE
SEGMENT

DO 117 I=1,NN
117 UCI)=UO(IIXLEN(IZE)/ (4,.XLYE)
TYFE 223, {V(I)»I=1,NM)
228 FORMAT(’ 228 V' /456G
FIiD COEFFICIENTS FOR SOURCE INTERVAL
\
. CALL COEFL1(NM»&OMsV,A»A0ALFyBETFRAC)

DETERMINE COEFFICIENTS FCR- CTHER INTERVALS USING RELATiON o
. FAGE 44 i '

OonooOoc o000 o

0O 120 I=2,yNM2
Jid=I-1 "
00 121 U=1,JM
AMCIyS)=0,
1 AMd(d-1)=0,
20 AIKITY=1,
AM(is1) =1,
TYZE 2402 ((AMCT ) o t=1 o NHE) v I =19 HNMR)
240 FORMATS Y 240 AM’/(L2G))

MULTIFLY FROM RIGHT DY SCRIFT-T INVERSE EVALUATED AT ROUNDARY OF
INFINITE SEGMENT

ocoo0 o

DO 122 L=1,NM2
DO 122 I=1+NM
I1=2¢(1-1}
C1-CCN3(AS (NS IIEXINS))
S1-CIINCAS NS IIAXING))
DiFCE s T2+ L) =Adcly TLHI YO 1HAM(L) TL42) 451
122 DUMCLIL#2)=C-Ni(L T2 1310 4AM(L)T142) %01 "ASCNSH . T)
TVFE 2410 CCDUMCL ) v d 19i'M2))T=1,NM2)
241 FOLLLATC?, 241 LU Z0L263)

.r BY U INVERSE

Cc
C
c WU_T T VRO RIS
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; FROM AGE IS BEST QUALITY PRACTICABLE
CoEX 10 DD -
g i
. . o e T %, ~ Y A e
DO 123 I-<LlsMM2
L0 123 K=1,il .
- D0 123 J=1,2 »
SUM=0, ; ’ :
e DO 124 Li=1,NM ®
124 SUMSSUMHDNEICT 2 24 ¢ -1) F ) HUTS I NOMeL ") 3
. 123 ANCI24(K-1)+) =5UM i
@ = TYFE 242, (AMCT,J) 5 J=1,0i47) , 1= 2o NID) @
e 242 FORMAT(’ 242 AM7/€126)) i
’ 1
. C MULTIFLY FROM RIGHT kY H EVALUATED AT BOUMDARY OF INFINITE N P
€ SEGMENT '
. € :
@ XH3<SORT X (NG ©
i DC 125 J=1sMM
i J1=2:(d=1)
& RHO=SQRT (XKNCJ s NSF) Y (NS) ©
el CALL EANK(RHOsH1,H1R H2,H2F) ;
_ - TYFE 2439 JrRHOrHL s HAM 12 H2P 3
, @ 243 FORMAT(’ 243 JsRHO,H1:HiFsH2,H2P//10G) Q
; XRTEM=RHO/X(NS)
: DO 125 I=1,Ni2 :
. @ 125 DUMCI»J)=AMCI»J1FL)AXNSKHLHAM (T » J142) K (XKTEMKXNSSHIFHHL/ (20 KX1S)) @
' - TYFE 244, ((LUM{IId) 7 Je1yNM) »I=1yNN2) :
: r 244 FORMAT(/ 244 DUM’/(66))
S 4 &
H o MULTIFLY FROM RIGHT RY COEFFICIENTS FOR INFINITE SEGMENT TO DEFINE
: SN CCEFFICIENTS FOR LAST FINITI SEGUENT ;
; LO 124 I=1,NM
3 I1=2%(I-1) . . :
o SUif=0, : [
: ' SUM2=0.
; 00 127 J=1:HM , :
e SUM=SUMITLCI1IHE ) D RACY) ; ' . e
127 SUM2=CSUM2LDUMITI4Zy 3 KACD) :
; CANCILE1e 1) =8UN ;
« 9 AM{TL+291)=EUN2 )
1 £ ALF (NS, I)=3UM
H 125 BET(NS,I)=CUM2
.. c TYFZ 2455 (AM(Is1)»I=1,NH2) (.
: D45 FCRNHAT(’ 245 AM’/120)
be TYFE 2467 (ALF (NS, I)»I=1,NM)
A 236 FOIMAT(Y 248 ALF’/e8) e
‘ i TYFE 2475 (RET(NG, 1) rI-1,NM)
' 247 FORMAT(’ 247 LET’/4C)
1 € c f
L FIND COSFFICIENTS OF OTIGR SEGMEMTS BY MATCHING STOUSNTIALLY ...
3 . € USE RELATION IN MIDDLE OF MAZT 43 - ' »
€ C o,
! : NE2=1§-2
: IF(NS2.LT.1) GO T3 20
| § & I1S=NS -,
| i ] DO 128 IS2+1,NG2 ) :
‘ . 15=15-1 ]
i ) €@ ISM=16-1 ®,
| c ‘
t AR MULTIFLY FPOM LTFT BY SoRITT © FON PROVICUS SESMENT CUALUATED
g e - AT LOUNDARY BETWEEN CURRINT ‘N0 FRIVICUS CCCMENTS -
4 A c ‘ ’
; LO L1272 I=isNi
| e IL-2(I-1) v -
/ C1+CoCa(asIIS, IY%ACIE))
$1:C3LIKE31T3, DY 2NLTTY)
| L C DUITAEI ALY DL AM Iy Y 4SI9AM(T142,1) -
% 429 DUM(IL42/,4)=QS(TS,I)) (-SI1FAM(I441,4)+Ci%AM(1142,1)) e
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' w2 ‘ : FROM COPY FURNISHED T0DDG _____—
TYFE 2482 (LUMACI 1) 2 I-19NMD) T t = -

- 248 FORMAT(’ 248 DUM’/126)

o]

MULTIFLY FROM LEFT EBY U FOR PREVIOUS SEGMENT

e
r;nn

D0 13C I=1sNH : , v
. I1=2%(I-1) 3

- 00 130 J=1,2 @
\ EUN=0.

[0 131 K=1,NM

- 131 SUM=SUMIUCS(IGyIyRIXDUM(DIK(K~-1)+Js1) =Y

130 AM(Il1+2v1)=5UM
TYFE 249, (AM(I»1)2I=1,11i42)

249 FORMATC(’ 2649 AM’//12G) -~

MULTIFLY FROM LEFT DY 4 INVERSE FOR CURRENT SCOMENT

oo o0

4

DO 132 I=lsiNH
I1=2%(I-1)
D0 132 J=i,2
SUM=0.
DO 133 K=1,NM
3 SUM=SUMHUTS(ISMy I K)%aAM2K(R-13+051)
2 DUNLIL+I»1)=8UH
TYFE 230y (DUMCI»1)»I=1yNM2)
250 FORMAT(’ 28C DnuM’/126)

(
e ©

OBTAIN COZFFICENTS FOR CURRENT SEGMENT BY MULTIFLYING FROM
LEFT EY SCRIFT-C INYERSE FOR CURTIENT SEGHENT DVALUATED AT : (V)
RIGHT OF SEGMENT ¢

oo 0O

DO 134 I=1,NM

I1=2%(I-1) e

C1=CCAS(ATUIBM» IIXXCIG))

S1=C3IMN(RS{IZM» I)X(I))
SUN=CL14DUI(I141,1) -1 nUMITIL+2,1) /GS(ISH,I)
SUM2:=514DUA(TI1+L 1) +CIATUMCILI+2,2) /QS(ISMYI)
AMCIL+1,17=30UH

AMCIL142, 12 =8UMR2

ALF (IS, I)=5UN

PET{IC.I)=0UMR :
c TYFE 251, (AM{TI»1)»I=1,NM2) .
FORMAT(” 231 AM’/1206)

c TYFE 202, (AIFC(IS»I) 9 I=1,NM)

FORMAT( 202 ALF’/66)

TYFPZ 203y (BET(IS-I)sI=1sNM)

FCRI4AT(” 203 RET’/66G)

CONTINUE
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e & ¢ ¢
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RECOMFUTE COCFFICIENTS IN CCQURCE SECMENT.

coco

TYFE 6205¢QSC1sI)pI=1,NM)
FORMAT(? 620 QS‘/46G)
0 400 I=1,NM

I1=2%¢I-1)

s1=CCOBCRS(L, IIUXC1))
S1=CSIN(CS(1yI)¥X(1))

DUMCILSL, 1) =01kAM(I142 9 1) #CLHAMCTIED, 1)
600 DUMCI14221) =N, II¥(-C1¥ NI 4 o L) CINAMCIL!D51)) * ~ '
| C TYFE EOLriDUMCIn1)oI=l, NI0) |
| . 801 FURHAT( 481 DUM’/125)
‘ IO 602 I=1sNM . : -

11 2K¢1-1) : :

I 6T JulyR : . ’

i suM=o. : -

po 60'? K=1,NM ) = !
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED T0DDG .____—

$ G033 SUM-TUMILT Ly ToRNIXDUMIDX(R -1 +dr1)
* - 02 AMIIL14Yy L) -8UM -
c TYFE 604 (AM(T 1) v I=1 e HMD)
- 604 FOENAT(’ 404 AM’/120)
- X2=ZART(X(1)) -
: BO 405 I=19NM . L
I1=2%(I-1) . ‘
- REO=SQRTIXRNMOT» 23 )¥X (1) -
CALL HAMKAIRUO HIyHIP N2, M2F) .
A ' XKTEN=RHO/X (1)
3 A2=XTRHD
AJ=XRTEMEXDEMP 1L /02,4 X2)
i ! HA-KARTEALXOKHITHH2/ (2 4R2) v
AT=A1RNI-A2KAT
TE”J:II
- Al=043/00 a
A4G=TEM/AT
f12=-A2/A5
o . A3=-A3/48 o
. TUMCIL+191)= (ﬁ**ﬁn(IIFI’I)* 2KAMCIL42,1)),/,50(T)
60US DUNCILHZs L) =CA3IAMIT 141, 1) FAAKAMCTILH2,1))/700¢T)
- Cc TYPE 606 (TUMCI 1) 9 I=1yNM2) @
&046 FORMATC(Y 406 D”"'I&b)
Cc
- C INFUT RANCES AND DREFTHS FOR FINDING FROP LISS -
f c

: 20 TYFE 21
on 21 FCRMAT(’ INPUT © FCR RANGE VARIATION, 1 FOR DEFTH YARIATIOM’)
ACCEFT 2sIRZ '
, IF(IRZ.EQ.1) GO TO 22
S - TYPE 232
' 23 FORMAT!{’ INITIAL RAMGE, FINAL RANGE,’
1’ STEF SIZE’)
ACCEFT 2,R1sR2,LR
R1=R1%1000.
R2=R2Kk1000,
DR=0R%1000.
Ri=R1i-DF
R=R1
=(R2-R)/IR+.01
© 0Z=0. -
GO TO 24
22 TYFE 05 -
25 FORMAT(’ INFUT RANGEs INITIAL DEFTHs, FINAL DEFTH, STEP SIZE’)
ACCEFT 2yRsZ1922,02
Z1=Z1-02Z
NZ=(Z2-Z1)/0Z+.01
NR=1
0R=0,
24 r'0 135 IR=1,MR
[fERrE 3 (I
RAUT0/1009,
LG 134 IS=1+N%
IF(R.LT.NXC(ISY) GO TO 925 . “
134 CINTIMUE

¢

< e

2 ¢ 06 @ O o ¢ o ¢

RANGE IS IN IMFZIMITTT SLOITNY

onn

15-NSP
ZB1-SCRT(ZR(LYY

ZLN-500TLZE (NE))

D3 137 I=1,NH

FHD SORTOXKICT  NOM) Y 4R

CALL HANK (RMO, H:.H1P,RZ.R21) 1

"

® o 06 6 06 0 06 0 0 0 ¢
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140

150
46
47

4
i

29

1234
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- 34 - THIS PAGE IS BEST QUALITY mcnm
0000

FROM COPY FURNXSHED
FRCIY=ACIINNIL/ZEY s : s ey = 5
SU=0, :
LG 750 T=1.MM :
SUM=SUHIRR CT)¥URC Ty NCP) .
SUM--SUM/ZTN
GO TO 24

IF(IS.ER.1) GO TO 27
RANGE IS MOT IN EITHER SOURCE OR INFINITE SLOMENT
ISM=18-1

- X2=3GRT(R)

ZB1=CSART(ZR(1))

D3 139 I+1-NM

SUM=2

00 1392 J=1,MM

CR=QELICM» D XR

SUM= SUn%U“(ISﬁrI!J)k(ALF(IooJ)*CCOS(QP)}dCT(IavJ)*C”It(QR))/XZ
FR(I)=EUN/Z

GO TO 26

RANGE IS IN SOURCE SEOMENT

ZB1=SQRT(IR(1))
DO 140 I=1;MM
RHO=SGRT(XKM(T 1) I %R
CALL HANKC(RMO s HL 1Py H2 s H2F)
FREI)=A0(IIXCALF (L I)HHL4BET (L » 1) XK2) /201
uUTﬁUT NOLDE INFORMATION Y
IF(NOUT.EG.O) GO TO 439
J=1 .
OC 150 I=1,NM
IFCILMNELIOUTCYY? GO TO %50
I1=2%(¢(J-1)
G(I1+1)=CARS(FR(I))
GCIL1+2)=CLOG(FR{(I} /F(11+1))/EYE3180 /FI
IF(JJEG.NCUT) CO TO 446
J=Jdtl
CO'v'hUn r
WRITE (23,47) ROUT(G(I)»I=1,NOUT2)
FGHMAT(FI +Z91FS8E10,3/7(10Xy1F46Z10.3))

COour UTE “ROP 1.05S

IFC(IS.EQ.NS7) GO TO 751

ISH=I5+1

FRAC= (F=XNAG(15)) / (XNAGCISF) ~YNAG(ISY?

SUi4=0.

ZB1=SART(ZEK(IS))

ZE2=SORT(ZL(ISF})

DO 142 I=1,NM o
SUN-SUALFICIIR(URCIy IS) /ZRIAFRACYLUT Te 17T Y *TRO-UR( Ty IS) /ZE1) )
TL==20,4#ALOC10(¢4 . &P IKCAES(CSUIT))

IF(IRZ.LQ.1) GO TC 2€ e
IF(LCUT.P'E.l..OF\'.F.OUT.NC.; ..C’:’--':o:” o '~:;0'PR.ROUT.”E.SO..or:.ROUT
1oNE.754 sORGROUTSHEL 100, ) GT T2 =

TYFC 27yROUTPTL

FORMAT(MLZ.T/FL10.2)

COLTINUD

WRITE (222,799 ICUT.TL

ul"lu..(r.....uFl PERYR
‘.I|J T0 '.:S
TR YL T yTH

WRITE (22,29) ZD,TL . -
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' THIS PAGE IS BEST QUALITY PRACTICABLE ’
FROM COPY FURNISHED 70 DDG o
430 CunNtlNuL 7 T e e ——t- o

WRITE £22,29) T
TYFE 30

< - 30 FORNAT(® INFUT O FOR NEW RANGE OR LEPTHs 1 FOR END’) g
ACCEFT 2,ITHD : o

\ B T"“Lo - icte - - X ,.,,ﬁ

) i
IF(IEND.EQ.0) GO TO 20 1
[ 4 STOF ; 3
END T -
L « F
| Y -
(3 « 1
N - ‘
. % 3
1
=
[§ TR S
3
. 1
S el %
Q : : \.\ '
:'.;
8 : N 3
; . , 3
) . :
H
: {
5 . N ;
L} N ;
3
Y - g
3
5
. 1
S LY b
% j i
] . ) 1
i
1 . 1

.
-

= 17 HACL

r
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| THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TODDC —ceaer”

7Y NAGL
SUBROUTINE NAGL (MMsNLTyNSP s NMODE + 20 ZHs X » 315148 » UOS » URS » 26 » XKil = UO»
1uk)
DINENSIGN Z(4) rZECA) yXK(474) s XKNC1T om e i A
DIRENSION XKNS(15»4),U0S(15) sURB (150 4) 0« 137 rUR(LT242 /NHODE C4)
DOUGLE FRECISICN UdsURsAKN
UG 100 1SF=1,NSF
IM=KiODL IS
IF(IN.EQ.0) GO TO 300
IFCISFLEQ.1IREAD(2S,1) CUOCT) s I=1,IM)
1 FORMAT(L0CD)
IFCISF,EQ. D TYFE 237, (UOCI) »I=1,IM)
237 FORHAT(’ 237 UD’/(36))
READ(27¢1) (URCI»ISF) »I=1,IM)
TYFE 258y (URCI»ISF) »I=1,IM)
238 FORIIAT(’ 228 UR’/36)
READ(2851) (XKN{IyISF) yI=1, M)
DO 101 I=1,IM
101 XKN(I»IGF)=XEN(IsISF) k2
TYFE 2395 (XXN(I,ISP),I=1,TH)
239 FORMAT(/ 239 XKil’'/30) '
IF(ZS.GT+0..0R,ISF.NE.1) GO TO 100
D0 302 I=1,IM
302 UOCI)=UR(Is1)  *
GO TQ 100
300 IM=NHOLE(L)
NMODE ( ISF) =NMODE (1)
L0 301 I=1,IH
URCI,ISF)=UR(Is1)
301 XKN(IsISF)=XKN(Is1)
100 CONTINLE
L0 110 ISP=1,NSF
IH=NMOTE ¢ I5F)
DO 110 I=1,IM
VoS (I>=uc(1)
URS(I,ISF)=URCIISE)
110 XKNS(I»ISF)=XKN(IsISF) \
RETURN
END

-~

' 4

)

.

e

-
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: e THIS PACE IS BEST QUALITY PRACTICABIZ .., ... |
| FROM COPY FURMISHED 7O DDC e
TY FR\R\"C
¢ : . n
y «TTY FORM
(] «TY FORM .

SUERQUTINE FORM(IS,UsUIyQysICQUFsNIiQDE)
COMMON /DEFTH/ XKNC1S14)» : AE
[] 1U0(15) ’
COMMON /FDRMC/ X{(3)rZ(4)sZEHC4) sNMaHLyNLM/NLF /XK (4r4) s DENC4)
1sXNAG(4)
0 DIMENSION AC(3)»STC(15)»CT(1S)»C(15,15) yU(1T,15) s IIUMC15,15) ’)
1S€15515)»SI(1S515)»EIG(15) s UC1Sv15) s UT (1T, 1T) 9 QL15) yDIMATC15913) y
A 2EMAT(120) »DVE (14;14)vDLIG(xu)th(?5);wh2(*490):SIU(;J:15)1 :
¢ . 3XMXEL (155 15) > HHODECA) ’)

COMFLEX SUM»CyVyIUM»SH»SIVEIGYUsUI>QyIMATSERAT»ODVEC,SIG
DOUDRLE FRECISIOi XMAG ;

RN R e T e ks

B b L Lottt

Sk il

L )
e i ed b A RN I e 0 B etk

bl e ah SN/ @8l TN S

e

aooo0

COMFUTES U=S¥SIGMAXS: AND ITS INVERSE AND THE EIGENVALUES Q OF

FINAL TRANSFORMATION . ;

¢ MATSIZ=15

. NP=NME (Ni+1) /2
NQ=3%NM ;

% NWK2=2%NHK (NMF1) s
ISM=1G-1 ,

ISF=IS+1

)

LINEARIZE KNx%2 IN RANGE

oan

¢ DO 100 I=1,NM s
| STCI)=C(XKN(I,ISFI~XKNC(I»IS))/(X(IS)-X(ISM)) f
100 CTCID=XKNCISIS)-ST(IIAX(ISM) :

TYPE 2025 (3T(I)sI=1sNM) L
202 FORMAT(’ 202. ST’/30)

TYPE 203»(CT(I)sI=1sNM) : / '
203 FORMAT(’ 203 CT’/3G) . ' L)

LINEARIZE Xx%2 IN DEFTH AND RANCE

+ . astind

oo 0O 0

”)
DO 101 IL=1,NLM *
: 101 ACCIL)=(XK{IL41»ISFY=XKCIL»ISP)=(XK(IL+1sI5)=XK(ILs18)))/
¢ 1C(XCIS)-X(ISMI I ¥ (Z(IL+1)~ZCIL))) o)
: ACCNL) = C (XN CNLF s I8F ) =XKCNLs IEF) ) /CZRCISFI~Z(NL))
1-(XK(NLPyIS)-XK(NL»IS))/LZB(IG)~Z(NL) ))/(X(IS)~XCISM))
e« TYPE 204,CACCIdrI=1sNL) .)
204 FORMAT(’ 204 AC’/3G6)

it &Pl g b i A

FORM MATRIX C ON PAGE 37 3
CALL MXEL (NMODE s ISy XNAG» XMXEL » 21 :
TYFE 205, CCXHATL (o) v d= Lo ieih) » T2 o 1) : e
205 FORMAT(’ 205 XMACL//¢36))
DO 104 I=2,HM
¢ IM=I-1
DO 102 J=1,IM
CCIsJy==XMXEL(I+J)/C(STCII-ST(UIIKCXCIDIFXIIBH) ) /2,4CT(1)=CTCU))
® 102 C(JeI)==C(Isd)
104 C(I,I1)=0, :
Cl151)=0,
TYFE 2089 (CC(TsJ)rJ=1sNM) s T=1sNM)
206 FORMAT(’ 206 C’/{6G))

L
0O 000 O

il ages boots o

(.
o
Q O O ¥

®
aooo

FORM MATRIX V -ON PACE 35

e ) 0O 105 I=1,NM
[ ] D0 103 J=1,1

suM=0, : s e
ERTEN———— - ,

o )

&




mIS?Lgmtm 700G e

! : . : w1} mwf e e v oy g - o e . -

N o : - et e e o e A\ o e j
, DO 107 K=1,NM
i IF(K.EQ.I.0R.K.EQ.J) GO TQ 107
SUM=SUIN FC (T sK)XC (K r )
; 107 CONTINUZ :
fie | SUM=- SUM
4 IF(I.EQ.J) GO TO 2
UCT»J)==C(I,J)K{STCI)=ET(J))/((STCII-ST(JIIIK(XCIS)+XCISH)) /2.
: 1+CT(I)-CT(J) ) +SUM
VI 1I==CCJr IIK(ST(II-STCIN) /((STCII=STCI IR (XCISI+XCISM) ), 2, : :
1+CT(J7-CT(1) ) +SUi :
3 GO TO 105
V(IsI)=SUM
CONTINUE
- IF(ICOUF.EQ.1) GO TO 8¢2
DO 803 I=1,NM
DO 804 J=1,NM
; UCIrd)=0.
UCdsI)=0.
UICI,J):=0.
804 UI(J,I)=0.
-7y ULI,Iy=1.
: UICI,I)=1,
r QCI)=CART ( (XKN{IsIS)+XKNCI,ISP))/24)
¥ ; 803 CONTINUE
. - TYFE 803» ((UCT»J)»J=1sNM) s T=1,NM) :
o 805 FORMAT(’ 805 U’/(40)) : . s}
r ©C TYFE €0&2{(UI(IsJd)sd=1sNM)»I=1,NNM)
! 806 FORMAT(’ 804 UI‘/(4G))
' TYFE 807, (QCI)yI=1sNM) , 3
; : 807 FORMAT(’ 807 Q‘/45) .
| ST RETURN f
e 802 CONTINUE ' : : :
TYPE 207 (CUCTyJ) s J=1,NM) » I=1,NM) : : ‘ :
207 FORMAT(’ 207 V’/(4G)) : '
AN .

o v

N

ar

Y I N 3 I+ )

()
(o]

DIAGCHNALIZE C.
C IS ANTISYMMETRIC (ANTIHERMITIAN)...EIGENVALUES ARE IMAGIMARY

CALL HMOIAG(NMsNFsNQ»CyEIG»SySI»IMATIEMAT,I'WLC)DEIGYWK)
TYFPE- 2085 {{(S(I,J)»I=1sNM)»I=1,NM) :
208 FURMAT(” 208 8’/(66)) : i
TYFE 209 ((SICIyJ)r»J=1,NM)yI=1yNM) 3
207 FORMAT(? 209 SI’/(46G))
© TYFE 2105(EIGCI)»I=1,NM) 3
210 FORMAT(’ 210 EIG'/4G)

DEFINE DIAGONAL MATRIX SIGMA ‘ i

o0 0 O 0O oo O

5 DO 108 I=14NM 5
ﬁ SIG(Is1)=COXM{~EIG(II¥F(XCISIHX(ISM))I/20) R b
IF(I.EQ.1) GO TO 108 |
IM=I-1

, ' L0 300 J=1,IN . i
; : S5IG(I,J)=0. ' : |
. 300 31G(J,I)=0. . F L

. 108 CONTIMUE .

{

|

| c TYFE 2115 C(SIGCTIrd) rd=1sNM)»I=1sNM)

; 4 211 FORMAT(’ 211 SIG’/(4G))

| - c
|
b c FORM MATRIX UK :
b c
t s DO 109 I=1,NM : .

o 195 VLI D=UCTs I EGKRNCT I6) BXN (T 1Er)) /2,

v TYRE 242, ((V(iy0)s.t et g T LyrM)

' 242 FORMAT (’ 242 v/ (6G))
¢

"
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THIS PAGE IS BEST QUALITY PRACTICABLE -

FORM MATRIX (VHN)XS FROM COPY FURNISHED 70 DDC

aocao

DO 110 I=1,NM :
00 110 J=1,NM : ¥
| 6 SUH=0. ¢ : : ?*
4 [0 111 K=1,NM :
1 111 SUM=SUMV (T K)XS(K»d)

'Y 110 DUMCI,J)=5U0N . *

TYFE 2135 ((OUMCI»J) s J=1+sNM) s I=1sNMH)

213 FORMAT (‘ 213 QUM’/(4G))

000 o
]

FORM MATRIX T (CALL IT V TO SAVE SFACE) ON FAGE 38

¢ DO 114 I=1,NH
DO 112 J=1,Mif
; SUN=0.
Y e D0 113 K=1,NM
; 113 SUM=SUMEST (I¢KIERUM(Ky D)
112 UCI»J)=SUMKCEXP((EIGCII-EIG(J)IKRCXIISIHXCISM) I/2,)
c 114 UCI»I0=U(I,1)-EIG(II%¥2 :
TVYFE 214, C(V(I,J)vd=1,NM)»I=1sNM)

214 FURMAT(’ 214 V//($5))

e 9

3

LIAGONALIZE T(CALLED V IN CODLZ)

CALL EIGCC(VyNMIsMATSIZy2sQyUsMATSIZ WK2»IER)
. TYFE 8885 (Q(I)sI=1,Ni)
| 888 FORMAT(’ 888 Q’/60)
R > 00 450 I=1,NM
‘ 450 Q(I)=CSART(RCIN .
TYFE 215,Q(¢I)»Is1yNM)
215 FORMAT(” 215 Q’/606)
TYFE 216y ((U(I2J) »J=1sNM) y I=1sNM)
216 FORMAT(’ 214 U’/C&6))

0 OO0 O

(o]

THE FOLLOWING CARD IS TEMFORARY TO CHECK FERFORMANCE OF EIGCC

oo o o0

TYFE 400s,WR2(1)
IFCWK2¢1).,GT.1.) TYFE 400,WK2(1)
400 FORMAT(’ EIGCC FERFORMANCE=’,1FE10.3) ’ =

. - .

e & 0

FIND INVERSE OF U

IR, estn e o
()]
000

' DO 410 I=1,NM
i D0 410 J=1sNM
‘ 410 VI, DD=ULI,N)
CALL LEQT2C(Y»NMIMATSIZ,»[UM»1yMATSIZ» 15 WK2r IER)
IF(IER.NE.129) GO TO 412
TYFE 411
411 - FORMAT(’ U IS SINGULAR’) 2
: STGF - ‘ :
i 412 IF(IER.EQ.130) TYPE 413 » :
413 FURMAT(’ ITIRATION FAILED TO IMFRCVE U INVERSE., MATRIX IS’
1/ TOO ILL CONDITIONEG’)
D0 414 IM=1,NM
DO 415 JM=1,NM
415 DUMCIM1)=0.
DUMCIM 1) =1, :
CALL LEQT2C(YyNMyMATSIZ UMy 12 MATSIZr29WK2» IER) )
IFCIER.NE.127) -GO TO 416
TYFE 411 : .
STOFP [« ]
L+ ]

D e e o e e o
b 0 Y H 9 9 ® 9 9 e

LY

®

418 IF(IER.EQ.130) TYFE 413 : . i
DO 417 JM=1,MM

417 UTCJIH IM) - DU CIMs 1)

414 COUTINUE ¥ i =L s 5 - ek . i -
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(o]

o0

non 0

o0 o0

o000 o

217

115

218

119

"N
w
(=]

121
120

-37-

—t g e, iy - ——

TYFE “171((UI(I J‘rJ‘-rNﬁ)'I -1 »NM)
FORMAT(’ 217 UI’/(6G))

FORM MATRIX SIGMAXS1
DO 1135 I=1,Ni
DO 115 J=1,NM
LUMCI» )=SIGC(I»I)kU(I»J)
TYFE 218, ((DUM(I,J)»J= erM);I‘ivNM)
FORMAT(’ 218 DUM‘/(4G))

FORM MATRIX U=SkSIGMAXS1

0O 117 I=1,N4

0O 117 J=1,NM

SUM=0. ©

DO 118 K=1,NM
SUM=SUMHS (T yRIXDUM(KyJ)

UCIyJ)=5SUM

TYPE 219, (CUCI»J) s J=1»Ni) » I=1,NM)
FORMAT(’ 219 U’/(4G))

FORM MATRIX S1 INVERSEXSIGit{A INVERSE

-DO 119 I=1,NM

0 117 J=1,NM
DUM(I» 2=UI(I,J)/SIGCdrd)

TYFE 220y ((DUMCIrJ)rJ=1,NM)»I=1,NM)
FORMAT(’ 220 DUM /(&GN

THIS PAGE IS BEST QUALITY PRACTICABLE

e Fd - o~ e

FROM COPY FURNISHED TODDC _ o

o by e -

-

fOﬁM MATRIX UI INYERSE=S1 INVERSEXSIGMA INVERSEXS iNUERSE

DO 120 I=1sNM

DO 120 J=i,nNM

SUM=0.

DO 121 K=1,Nn

SUN= 5UH+DU1(I:N)*SI(K;J)

UICIyJ)=SUM &
TYFE 2215 C(UICI»J) s J=1sNM)»I=1sNM)
FORMAT(’ 221 UI‘/(6G))

RETURN

END
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‘ NHISFn&EISBESTQMIDITYPBAQTICABBI

_ i g " FROM COPY FURNISHED TODDC ——r =
. TY COEF1 : = s -
. @ SUBRCUTINE COEF1(NM»AMsVrArA0sALF yEETsFRAC) e !
: DIMENSION AH(40:¢0)rU(lJ)rﬁ(lu)rAO(lu)vALF(3114)'FET(3114)7 P
- 1C(15,15)»V1C15) sU2(15) sU3(15) 8
¢ COMFLEX AMsVrA»AOsALFIBET»C»SUM,SUMD  ° ) : L I
i c ' 4
c RCUTINE COMPUTES COEFFICIENTS IN INFIMITE AND SOURCE SEGMENTS RBY b3
i e c MATCHING» USING AN ITERATIVE APFRCACH. e |
c -
NC=10 §
¢ TYFE 911 )
; 911 FORMAT(’ INFUT MAXIMUM NUMGER OF ITERATIONS’)
ACCEFT 912,NC
(o] 912 FORMAT(G? . ®
c .
c FOR MOLES WHICH D2 HOT PROFAGATE AT SOURCEs V=0,
C C SET V=.00001%3XALLEST NONZERD V FOR ITERATION FROCESS. ® !
e 1

£ UMIN=CAES(V(1)) B
C DO 100 I=2,NM L ?
UT=CABS(Y(I))
. IF(UT.LT.UMIN.ANDLVUT.GT.0.) UMIN=VT
C 100 CONTINUE L 4
UMIN=VHIN%1,E~5
DO 101 I=1,NM

3 @ IFCUCI)EQ.C0.70.)) VCI)=UMIN/(O.r14s) ?
¢ Vi¢I)=REAL{V(I)) .
V2(I)=AIMAG(V(I)) .
‘ C V3 (I)=FRACKCARS(V(I)) L |
' 101 CONTINUE ]

TYPE 2295 (V(I)yI=1yNM)
229 FORMAT(’ 229 VU’/&B) v ¥
TYFE 230, (V1(I),I=1,NM) _ . 4
230 FORMATC¢’ 230 V1‘/36)
TYFE 231,(V2(¢I)sI=1yNM)
231 FORMAT(’ 231 V2‘/3G)
TYFE 232, (VU3(I}yI=1,NM)
232.FORMAT(’ 232 V3’/36)

(2}

@

e
O

2 ® .

COMBINE ELEMENTS OF AM FOR USE IN EQUATION 4 OF FAGE NAGL.4

0ceo 0 0 0 o0
O 9

D0 102 I=1,NM
I1=2x%(I-1)
DO 102 J=1,NM
102 CeI» ) =AM(I1+1, D) ~AMCI1+2,0)
TYFE 233+ ((C(IyJ)rJ=1sNM)»I=1sNM)
233 FORMAT(’ 233 C‘/(46)) D |

o (i
o

e o

DEFINE A FOR ZEROTH ORDER (FAGE NAGL.3)

e et
ﬁ

o0 0O

DO 102 I=1,Ni1
103 ACI)=V(I)/C(I»1) ; . ;

TYFE 234y (ACI) »I=1,NM) 2 b I
234 FCRMAT( 234 A /60)

IC=ITECRATION COUNTER ‘ ' 2

o000 0

IC=1 : _ :
GO TO0 so "

LEFINE A FOR IC~-TH ITERATION

con

4 0O 105 I=1,NM _ . " ! i
SUM=0. . B
LO iCh J 1sNM Q,

I (J)EQ,I) GO TO 17+ .
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THIS PAGE IS BEST QUALITY PRACTICABLE
e e . TROM COPY EURNISHED T0DDG ____

-

SUM=SUMIC (L D) ¥A (D)

105 CONTINUE , g r

104 ACI)=(V(I)-SUM)/C(I,I)
THE FOLLOWING CARD IS TEHPORARY'TO TEST ITERATION FROCEDURE
30 IW=0

DO 106 I=1,NM . »

SUM=0Q.
[0 107 J=1,NM

107 SUM=SUM+C(I»J)%kA(D) i

X1=REZAHL(SUM)
X2=AIMAG(SUM)

THE FOLLOWING 2 CARDS SHOULD BC INCLUDED' WHEN ITEERATION TEST
13 COMFLETED

IF(ABS(X1-V1(I)).GT.VY3(I)) GO TO 1
IF(ARS(X2-V2(1)).6T.V3(I)) GO TO 1

THE FOLLCGWING 3 CARDS ARE TEMPORARY TO TEST ITERATION FROCEDURE

IF (ABS(X1-V1(I))1GT. U3(I)) IU=1 _ : : -

IF(ABS(X2-V2(I)).GT.V3(I)) IW=1

TYPE 87S5,ICsIsACI)»X19X25V1(I)»V2(I)
875 FORMAT(2I3,1F2E1C.7/6X,1F4E15.7) A
106 CONTINUE

THE FOLLOWING CARD SHOULD BE INCLUDED WHEN ITERATION TEST IS ; “
COMPLETED

GO T0 2 E 5 2D
THE FOLLOWING CARD IS TEMFORARY TO TEST ITCRATION FROCEDURE

Cd

IF(IW.EQ.0) GO TO 2 .
1 IFC(IC.EQ.NC) GO TO 3

'START NEW ITERATION

' IC=IC+1
GO TO 4

QYW

MAXIMUM NUMEER OF ITERATIONS REACHED WITHOUT CONVERGING

TYPE S
FORMAT(//* A NOT CONVERGED. SUMy V=)
DO 109 I=1,NM :
SUM=0.
D0 110 J=1,NM
110 ‘SUM=SUM+C (I, JIXACI)

TYPE 875y I»ICsACT)SUHV(I)
109 CONTINUZ

TYFE 600
600 FORMAT(’ TYFE...~1 STOF’/ g

0 USE LAST VALUES FOR COEFFICIENTS’/

2 N ITERATE N MORE TIMES’)

ACCEFT 601,NC
601 FORHAT (L)

IF(NC) 602929403
602 STOF -
603 1C-=1 ' -
CO TO 4 ‘

U
L

g O

0

HSTNG COMNDERGED U5 e OF A OR VALUTS FROM NC-TH ITERATION)
PEFINE AO, AN ot v i Ty T 00 S0 T LTenvalL : :

(U]

ey v




- . —

LX)

00 111 I=1,NM
I1=2%¢I-1)

SuM=0. .

SuM2=0,

DO 112 J=1,MNM
SUM=SUM+AM(TI1 1, J)%ACY)
SUM2=SUMZ+aMIII4+2, D ¥AC)

S=SQRT((CALRS (SUM) ) X¥2+ (CARS (SUMR) ) %k 2)

AO(I)=3
ALF (1, I)=8UM/8
EET{1,I)=5WN2/8

TYFE 420 (A0(I)»I=1 NM)
FORMAT(’ 4720 AQ‘/606)

TYFE 235y (ALF(191) 9 I=1,NM)
FORMAT(’ 225 ALF’/66)

TYFE 2342 (RET(1,I)»I=1sNM)
FCRMAT(’ 226 LBET’/&G)
RETURN y
END

vy PRI L L s L ] |
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TY 1iDIAG : :
" SUEROUTING HMRIAG(N»NF»NQ»CMAT,CEICS)CVEC,CVECTC» DIMAT »EMAT » DVEC ®
¢ i LDEIGUK) T :
' i- COMIFLEX CMAT»CEIG»CVEC)CVECC,EYE
e COMIPLEX DMATsEMAT»DVEC * : ’ >
: DIMENEION CHAT(1G,15)»CYEC(L15,15) sCVECC(15»13)»CEIG(LS)
M § DIHENEION DMAT(NsN) yEMAT(NE) yDVECCNIN) »DEIG (N s WK (NQ) o
e
¢! e MUST DIVIDE BY EYE GECAUSE MATRIX IS ANTISYIHMETRIC.
o e THIS MAKRES MATRIX HERMITIAN WHICH CAN EE EASILY :
i C DIAGONALIZED. ORIGINAL MATRIX HAS EIGEMVALUES WITH SAME MAGNITUDE -
c AS THE HERMITIAN M&TRIX DUT ITS EIGENVALUES ARE FURELY IMAGINARY.
c THE EIGENVECTCRS ARE THE SAME.
e ! c -
. EYE=(0.ss1.) e
: DO 150 I=1,N 5
- 00 150 J=1:N o
150 DMAT(I»J)=IMATC(I»J)/EYE
CALL YCVTCH(OHATsNsNsEMAT)
3 & © CALL EIGCH(EMATs»Ns1»IEIGyIVECsNsWKy IER) -
‘ c
i c MUST MULTIFLY RY EYE RECAUSE ANTISYMMETRIC MATRIX HAS IMAGINARY
~ c EIGENVALUES =
c
. 00 151 I=1,N , 3
LA CEIG(I)=DEIG(IJXEYE . = ;
& [0 151 J=1,N {
: CVEC(IsJ)=DVEC(IsD) ; ) . :
i € 151 CVECC(JsI)=CONJG(CVEC(I»J)) i e
RETURN 3
; ENI: g
. & F > &3
- !

caus'vead®

e s

B @ADL o BT eb b i

e e e e e

?
!
}
{
f
}
lf. 92
.’
f




S T

ry MxecL
'Y 00050
: 00100
00200
¢ 15)
00250
MODE(4)
(3 00250

& i 00350

00360
C 00300
00400
00500
C 00600 30
00700 10
00300 40
C 00900 C
01000 80
01100 C
-C 01200 35
01300
01400
R & 01500
; 01600 31
1 01700

1 € 7 01800 38

01900
02000 39
: € 02100
f 2600
- 02700
C 02800
3t 02500
o © 03000
C . 03100
p © 03200
' - 03300
C )
" 03400.
, . 03500
i € . 03600
i © 03700
} i 03800
e C 0 %2°
: . 03850
! 03840 105
C . 03870 110
: © 03900 100
P T 03950 36
© Q4000
- . 02500
! 02600 °

0N

6 6 ¢ A o

R RNE

- 442 - . THIS PAGE IS BEST QUALITY PRACTICABLE
' FROM COPY FURNLSHED TODD0

- — . B -

SURROUTINE MYEL (NHODEsNFRS» Dy OXEL »OZE)
IMPLICIT pount: FRECISION (A~H-F-2Z)
DIMENSION X(1573)9AC1594)yB(15,4)»U(15,4)»UP(15,4) »yUINT(

DIMENGICN D(Q)sgL(4)rAL(4);S(14;1u)rOXEL(lSrIJ)'OZP(4)vN

M=NMIDE (NFRSH+NC-1)
D0 35 NC=1,2
00 35 NP=1,NFRS+NC-1
D0 30 J-=LsM
READ(21,40) NE
0 35 I=1,NR
READR(21,10) X(JvI)vA(JvI)vB(J'I)vU(JrI):U}(JrI)
FORMAT (S0
FORMAT(IA)
TYFE 8Cs((UCJyI)»I=1+4)rJ=1sM)
FURMAT(AD16.7)
TYFE 80 ((UF(JI»I)»I=1,4)»Jd=1M)
CONTINUE
IF(NC.EQR.2) GO TO 39
READ(21,40) NR1
DD 31 I=:1sNE1
READC(SLy10) C1sAL(I) C2,C3,C4
DO 38 KL=2sNE
SLAKL) = (AL (KL)%%3~-A(1sKL)*%3)/
(DINFRSHLI-D(NFRE) )
CONTINUE
CLOSE(UNIT=21)
DO 100 J=2+M
00 100 K=1,J-1
IF(NC.EQ.1) S(JyK)=0.
DO 110 I=2,NRE
BD=(B(J;I)-B(N11))*A(JvI)**Z
BS=B(Jy IHECK, I)
V=A(Jr IIK{ESH2. XLy I)IXRUCIy D) RUCKy II42 o XUF (I TIKUF (K2 I)
W=(BIKXC(IsI)=2%A(Js I)/EINDXK(UF(Jy IDRKUCKy I)-UCJr» I XUP (Ko I

Y=A(Js IDH(BS+2. XX (Jy I-1)DXUCJI» I-1)XULK,I-1) ¢+
2.XUF (I I-1)XUP (K I-1)XCACU» I-1) /ACI s I) ) N%2
Z=(X(Jy I-1IXBO-2 ATy I) /B ¥ (UP (I IT-1)KU(K» I-1)~
UGy I-1)XUF(Ky I-1))kACI» I-1)/A0Ur )
S(JrRI=S5(JsKI+{(V+W~Y~Z) /BI/EDKSL(I) /24 /(OZE(NFRS+NC-1) ) X
OXEL (JyK)=S(JsK)

FORMAT(2I4+D)

CONTINUZ

CONTINUE

CONTINUL

CONTINUE

RETURNM

END

w

w
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' FROM COPY FURNISHED TO DDC 1
o _ . ; : SR A iy B J
©  TY HANK . ' 1
: SUBRQUYTTHE HANK (RHOsH1yH1P yH2Y H2F ) . i
A% COMFLEX H1,HIF s H2,H2P
¢ CALL HANLO(RHOsH1sHLF 3 H2yHZF) X s '
RETURN |
: END 1
«<
. 5 3
{
|
e i - —, —— e 3 . A, . ——— - ——— s B e e et
1Y HANLG !
e 00100 SUEROUTINE HANLG (X s H1oHIF s H2 o H2F) s
00200 REAL JO»J1
© 00300 DOUBLE FRECISICN FI»ZsAsPsQsRsSrX
¢ 00400 COMPLEX H1,H1F,H2sH2F : ¢ . o
00500 FI=3.14157365359
00600 Z=9%X
¢ 00700 Z1=DSQRT(2/FI/X) )
00800 A=X-F1/4
00500 P=1-4,5/ZkK249K25X49 /24, /2% X4 9
¢ . 01000 Q=-1/Z+9%25/6 . /Z¥¥3 %
© 01100 R=147.5/2k%2
01200 §=3/Z-9%35/6 . /LKK3 . |
¢ 01300 JO=Z1¥SNGL (FANCOS () ~QXDSINGA) ) s |
01400 YO=Z1KSNGL (FXDSINCAY +24DCOSCA)) whie b |
01500 H1=JO+(0.r1.)%Y0 3
C 01600 50 FORMAT (2G) >
01700 - JO==Z1X(RXDSINCA)+3KDCOS(A))
-~ 01800 YO=Z1X (R¥LCOS(A)~S2DSINCA))
C 01900 H1P=JO+(0.s1.)%Y0Q ~
02000 H2=CONJG(H1)
© 02100 H2P=CONJG (H1F) 2
C 02200 RETURN 2
02300 END : :
C .-
C. °
(A . o
c 2
; \
5 C .
E | | .
! ! ;
| P ¢ .
| E
| e ]
| S = :
| L -
L '
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i ol . -~ - .
TY DAIRY
® . 00010 SUBROUTINE DAIRY(DX»AIsAIF,EI,BIF) ” |
; 26230
i 00020 IMFLICIT DOUELE PRECISION (A-H,0-Z) ,
@ ' 00030 C FOR DOUELE FRECISION ARGUMINTSs THIS ROUTINE CALCULATES THE A “
©  IRY 26240
; 00040 C FUNCTION AI(X) AND ITS DERIVATIVE AIF(X). IT ALSO FINDS
e 26250 g ”)
, 00050 C THE OTHER REAL LINEARLY INDEFENDENT SOLUTION BICX) AND
; 26260 :
€ . 00060 C ITS DERIVATIVE EBIF(X). ‘o J
: 26270 .
' 00070 C THE DEFINITIONS AND NORMALIZATIONS ARE AS IN NBS HANDBOOK
e 26230 : )
I ;. 00080 €  OF MATHEMATICAL FUNCTICHSsF.446
¢ 26290
€@ 00090 C THE METHODS USED ARE FOWER SERIES EXFANSION FOR SMALL X )
- 26300
' 00100 € AND GAUSSIAN INTESRATION FOR LARGE X . :
€ 25310 : . 9
' 00110 _DIMENSION X(16) W(18)»XSR(18) :
I 26320
€ 00120 C DOURLE FRECISION DX»AI»AIF,»EBI,RIF 4
T 26330 :
00130 C LOUELE FRECISION XS »XCURE,AISUMsAIFPSUM
- 14 26340 [«
00140 C DOUELE FRECISION DF»IFP,0G,DGF
) 26350 :
€ 00150 C DCUELE FPRECISION FJUM2,FJM1yFJsFJIF1sFJIF2sFACTOR 0
26360 .
¢ 00160 C DOUBLE PRECISION C1,C2,R00T3
. 26370 o)
00170 C DOUBLE FRECISION DZETA»IARG»IROOTX
: 26380
® | 00180 C DCUBLE FRECISION ROOT4X»S»COsRATIOrEFACsZETASR @
: 26390 .
1 00190 C DOUBLE PRECISIGM SUMR»SUMI»SUMRF »SUMIF s TERMR s TERMI o
e 26400 . o)
: 00200 C DCUBLE FRECISION DZERO»DA,DE,DEN,ONE : . :
26410 : :
€ 00210 C DOUBLE PRECISIGN X»WsXSQ o,
¢ 26420
v 00220 C DOUBLE PRECISION RSQ»TEMFs  RTFISRTPIZ
4 ° 26430 4
. 00230 C DOUBLE FRECISION TERMA» TERMRE ;
H 26440 _
Yy £ 00240 LOGICAL NEEDTI : -
. ; 26450 . ]
. 00250 DATA DZIRO,0ONT 70,00091.,000/
c . 26460 : 5
. 00260 DATA ROOT3/1.7328350807548387700/
: : 25470 .
3 A 00270 DATA C1,C2 /.35002005388761710, +25881940379280700/ e
. 26480
00280 DATA RTPI /.28205 3721773378100/
{ ® 26490 s
| 00250 - DATA RTPIZ/.554189%035477542507
7 24500 :
{ e 00300 C TrOSITIGNS AND WEIGHTS FOR 10-TERM SUM FOR AIRY FUNCTICHS »
! 26510
00310 DATA WC 1) /7 3.1540717752054978720- 14/
' p ® 26520 y i
| : 00320 DATA WC 2) /7 6.639470 71203349210-11/ : B
? t 26530 _ 2
, & 0030 DATA MC 3) 7 1.70830 T aUHi5669T 63/

26549 : .

avd G T AN




Y ‘a ¢

-~

(o

'e

20340
00350
003460
00370
00380
00390
00400
00410
00420
00430
00440
00450

00460

£0470

00480
00470

00500 °

00510
00520
003530
00540
00550
00560
00570

Q0S99
€0600
00610
00620
00630
00640
00650
Q0660

FOSITIONS AND WEIGHTS FOR

L IR R R TR T T R G T T O

T 1.3Y175923704 50815006/
4,43509444372843500-05/
7.15550109177182550-04/
6.48095541033353810-03/
3.64404158757732820-02/
1.43997924185909790-01/
8.12311413352614850-01/
1.409308107218096411701/
1.02148354791973310+01/
7.44160184504509300+00/
5.30709430617819270400/
3.63401350291324520400/
2.331065230305245001400/
1.34479708246092681:+00/
6.41838583595572940-01/
2,01003459981210450-01/

8.05943591720528330~-03/

1) /0.158633317248E552170D 03/

DATA W( 4)
26550
DATA W( 5)
26560
DATA W( &)
26570
DATA W( 7)
26580
DATA W( 8)
26590
raTa u¢ 9)
26600
DATA W(10)
26610
DATA XC 1)
26620
DATA X( 2)
26630
DATA X( 3)
26640
DATA X( 4)
26650
DATA X( S)
26660
DATA X( &)
26670
DATA XC 7)
26680
DATA X( 8)
26690
DATA X¢ 9)
26700
DATA X(10)
26710
DATA XSQ(
26720
DATA XSQ( 2)
26730
DATA XSQ( 3)
26740
DATA X5Q( 4)
. 26750
DATA XSQ( 5)
26760
DATA XSQ( &)
26770
DATA X3Q¢ 7)
26780
DATA XSQ( 8)
26790
DATA XSQC 9)
26800
DATA XSQ(10)
26310
26820
DATA W(11)
- 26830
DATA W(12)
26840
© DATA W(13)
"26850
DATA W(14)
26860
DATA X(11)
26870

/0.104343885353116500 03/

/0.553774380201781700 02/

/70,2316524997446589900 02/

/0,132040541393538000 02/

/0,543336510793804400 01/

/70.,180847919299542000 01/

/0.41202095387883490D 00/

/70.,404023909244180700~-017/

/70,547545073035383900-04/

/

/
/
/
’

A-TCRM SUM FOR
4.7763903057577263D-05/
4.99143064329109590-03/
8.61678469938403120-02/
9.08790958459811020-01/

3.,91933295544550710+00/

- o

AIRY FUNCTIONS

i T

44,,._-qgu---u!u-null!!'!l!ll!l!'l"""""""""""""""“‘“”“““ﬁ""'-.-"'-ll‘
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00670 TTDATA X(12) /  1.69156190043235040400/

 © 26880
. .00680 DATA X(13) / 5.027553244724630180-01/
\ 26890 . .
® . 00570 DATA X(14) 7 1.9247050%5620154920-02/ :
; 26700
00700 DATA XSQ(11) /0.1534650903985944700 02/
€ 26910
00710 DATA XSQ(12) /0.286138146631634510D0 01/ -
2692
© 00720 DATA XSQ(13) /0.2527629164846581800 00/
26930
00730 DATA XSQR(14) /0.370449340277899300--01/
e 26940
00740 C FOSITIONS AND WEIGHTS FOR 2-TERM SUM FOR AIRY FUNCTIGNS
26550
e 00750 DATA W(1S) / 9.68072805957734040-01/
26960
s 00740 JATA W(18) 7/ 3.19271940422639580-02
U 26972
. 00770 DATA X(15) / 3.68005018661530445--02/
. 26980
> 00780 DATA X(14) 7/ 1.059244693821123750400/
26990
00790 DATA XSQ(15) /0.135428429771110700-02/
, - © 27000
E. 00800 DATA XSQ(14) /0.112200407610988100 01/
27010
L 00810 IF(DX.LT.~5.000) GO TO 100
27020
" 00820 NEEDBI=,FALSE.
g 27030
00830 IF(DX.GT.3.700) GO TO 200
27040 :
g 00840 C THIS ROUTE FOR SMALLX, USING FOWER SERIES. -
’ 27050 \
1 00850 C INITIALIZE
; ® : 27060 )
f 008460° 10 . XS = DX¥DX
27070
- 00870 © XCUBE = XS XIX
’ 5 27080
00880 XS = XS %0.5D0
. = 270990
I 00890 DF = C1
27100
- 00900 DFF = C1%XS
> 27110
00910 DG = C2%DX
- 27120
00920 DGF = C2 :
g 27130 ' .
- 00930 : AISUM = DF - DG
27140
00740 AIFSUM = DFF - DGFP
- ® ’ 27150
, 00950 Bl = DOF + DG
27160
J - 00940 KIF = DFF + LGP
! 27170 .
‘; 00970 © FJM2=-2,000
‘ - 27130
) 00980 20  FJM2=FJM2$3.0D0° .
“ 27190
f CI7%0 FIM1=rJi24 0
. Q27260
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01000 FJ=FJi11+ONE HED 10 DDG-—r
e 27210 <
; 01010 FJF1=FJ+ONE
£ 27220 K
¢ 01020 FJFP2=F JP1+0NE ] o 3
: 27230 . =
01030 RATIO = XCUEE/FJ 5
, . 27240 9 |
| 4 01040 DF = DFXRATIO/FJIM1 . >
; : 27250 h
C 01050 IFP = DFFXRATIO/FJF2 © | .
27260 C
. 01060 " DG = DGXRATIO/FJF1 :
C 27270 o
01070 IGF = DGFXRATIO/FJiH2
27280
C 01080 Bl = EI + (DF+LG) 2
: 27290
01090 BIF = RIF + (DFFP4DGP)
€ 27300 2
01100 IF(NEEDEI) GO TO 80 . id
27310 - -
C 01110 AISUM = AISUM + (DF-DG) 3
27320 .
. 01120 AIFSUM = AIFSUM + (DFP-DGF) b
L PR 27330 2}
. 01130 C CONVERGENCE TEST . S
27340 :
- 01140 80 IF(DARS(DF) .GT.1.00-14) GO TO 20 ; _ B
27350 &
¢ 01150 C CONVERGENCE. COMFUTE FUNCTIONS ) i
- K 27360 : R ¥
A 01160 99 BI = ROOTSXEI : -
: 27370 3
C 01170 BIF = ROOT3%RIF o F
. : 27380 5
) 01180 C THIS RETURNS IF X IS BETWEEN 3.7 AND 8,0, SINCE IN SUCH CASES . .
C MORE 27390 : 2}
. 01190, C ACCURATE VALUES OF AI AND AIF HAVE ALREADY EEEN FOUND BY GAUS o
. ¢ SIAN 27400 , : ‘ ;;
C ' 01200 C INTEGRATION : : RN
. 27410 . b
. 01210 IF(NEEDBI)RETURN i
R s 27420 S
s 01220 Al = AISUM i e
A 27430 :
1 o 01230 AIF = AIFSUM
27440
4 01240 -~ RETURN
“ 27450
& 01250 C GAUSSIAN INTEGRATION FOR LARGE NEGATIVE X
) 27460 :
M Tt 01260 100 DROOTX = DOSQART(-DX)
i - 27470 :
: © 01270 ROOT4X = DNSQRT(DROOTX)
f € 27480 ¢
{ : 01280 DZCTA = -.6664866666666657%DXXDROOTX
: 27490
| C 01290 DARG = DZETA - .7853931633974483
g : 27500
; 01300 . SUMR = DZERO
€ 27510
01310 SUMI = DZERO
, ) 27520 v
[ 01320 SUMRF = DZERD
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FROM COPY FURNISHED JODDG

QL3330 SUMIF = DZERO
I 27540 :
p - , 01340 ¢ 1531070 SEE HOW MANY TERMS ARE NEEDLCD IN GAUSSIAN INTECRATION
ad dd
- ¢1350 , IF(DX.LT.(-200.00)) GO TO 140 ‘
‘ 27540
4 ' 01360 IF(DX.LT.(~15.00)) GI TO 130
L - 27570 :
- © 01370 C THIS CASE FOR DX RETWEEN -5.0 AND -15.0
- 27580
& 01380 . LIMLO=1
27590
01390 LIMHI=10
o~ 27500
01400 - GO TO 149 °
27610
“~ 01410 C THIS CASE FOR IX RETWEEN -15.0 AND -200.
27620 ‘
01420 130  LIMLO=11
i 27630
: 01430 LIMHI=14
27640
o= 01440 GO TO 149
X5 27650
01450 C THIS CASE FOR DX.LT.-200.
- 27460
4 2 01460 140  LIMLO=15
: 27670
T o 01470 LIMHI=16
27480 :
L 01480 149  ZETASQ=DZETA%X2
: o : 27490 =
| 01490 00 150 K=LIMLOsLIMHI
: 27700
gt by 01500 TERMR=W(K)/ ( (ZETASQ+XSRIK) Ikk2)
: = 27710 < S N
| : 01510 SUMR = SUMK + TERMR -
i i 27720 : .
i 01520 TERMR=TERMR¥X (K)
: 27730
& 01530 . SUMI=SUMI+TERMR
| 43 : 27740 ,
| - 01540 TERMR=TERMRXX (K)
N I 27750
v 01550 : SUMRP=5UMRF+TERMR
2 27760
o 01560 150  SUMIF=SUMIF+TERMRXX(K)
. - 27770
. 01570 SUNR= (SUMIKZETASQLSUNRD) ¥ZETASQ
" 27780 :
01580 TEMF=SUMIXZETASQ
’ 27790 :
an 01590 SUMI=(TEMF4+SUMIPIRDZETA
27800
01600 SUMRF=SUMRF4DZETA
e 27810
ki 01610 . SUMII'=SUMIF-TEMP
i 27320
& = 0162 C FORH AIRY FUNCTIONS
i 27830
| - 01630 196 S = DSIN(DARG)
| L 27840
| 01640 €O = DCOS(UARG) - v
| . TR 27850
| ) YA RATIO = RTPI2/R0O0TAX
- 270860 i o —a
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© el

w1650
01670
01680
01690
01700
01710
01720
01730
01740
01750
01760

01770

01780
01790
01800
01810
01820
01830

01840
01850
01860
01870
01880
01890
01900
01910
01920
01930

01940

019350
017460
01970

01780

T

Al = RATIOK(COXSUIR + GASUMI)
27870

BI
27880

SUMRF'=SUMRF +SUMRF
27890

RATIO = -,25D0/DX
27900

FACTOR = -RTPI2XROOTAX
27910

AIFP
27920

FIF
27930

RETURN
27740

RATIOX(COXSUMI -~ S¥SUMR)

THIS PAGE IS BEST QUALITY PRACTICABLE
rnnucOPxFummasgggyonmﬂ ——

RATIOKAI - DROOTX*HI + FACTORX(COXSUiRF+SXSUMIT)

RATIOKRI + DROOTXXAI + FACTCRX¥(COXSUMIF-SXSUNMRF)

c GAUSSIAN INTEGRATION FOR LARGE FOSITIVE X

27930
200 LIRQOTX = DSQRT(DX)
279460

DZETA = 166666666466646567FDXKIR0O0OTX

27970

EFAC = DEXF(-DZETA)
27980

ROOT4AX = NSQRT(ORCOTX)
27990

= DZERD

>
-
I

oo
Lo ]
]

DZERD

>
—
o

]

DZERO

L
-
»
"

IZERO
28020 :

IF(OX.,LT.€.000) MEEDERI=.TRUE.
28040

C TEST TO SEE HOW MANY TERMS ARE NEEDED IN GAUSSIAN INTEGRATION

28050
IF(DX.GT.15.000) GC TO 230
28060 :

C THIS CASE FOR DX BETWEEN 3.7 AND 13,

128070 :
LIMLO=1
28080
LIMHI=20
28090
GO TO 249
28100
C THIS CASE FCR DX GREATER THAM 15,
28110
230 LIMLO=11
28120
LIMHI=13
29130
249 DO 250 K=LIMLOsLIMHI
28140
DA=DZETA+X(K)
28150
TERMA = W(K)/DA
28160
Al = AT + TERMA
28170
ATP=ATF+TERMAXX (K) /IA
28180 ;
IF(NCEDZT) GO TO 259
23170
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01990
02000
02010

02030
02040
02050
02060
02070
02080
02090
SES

02100
RATE.

02110°

02120
02130

02140 .

02150
021460
02170
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DE-DZETA-X(K)
28200
TERME = W(K)/DR
28210 ’
, BI = BI + TERME
28220
BIF=UIF+TERMEXX(K) /DB
28230
0  CONTINUE
28240
FORM FUNCTIONS
28250,
FACTOR=RTFIADZETA/ROOTAX
28260
RATIO = 0.25D0/DX
28270
AI=ATXEFACXFACTOR
28280
AIF=-(DROOTX+RATIO) ¥AT+RTFIKROOTAXKEFACKAIF
28290 :
THIS IS SATISFIED ONLY FOR X BETWEEN 3.7 AND 8.0 1IN THESE CA
28300
THE BEI AND BIF ABOUT TO BE COMPUTED ARE NOT SUFFICIENTLY ACCU
28310
THUS RETURN TO FOWER SERIES FOR EI AND RIF.
28320
IF(NEEDEI) GO TO 10
28330
FACTOR=FACTOR+FACTOR
28340 .
FI=BIXFACTOR/EFAC
28320 -
BIF=(DROOTX-RATIO)XBI-RTFI2XROOTAXKEIF/EFAC
28360 ar
RETURN : ; : -
28370 : '
END
28380
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LT

DIMENSION Y(150),IX€0/1000),1Y(0/1000)
TYFE 100 .~

FORMAT(’ FLOT TYFE=-1...NO MORE FLOTS’/
114X» 0.+ . TRANEMISSION LCSS/ .
212Xy ‘N2 o N=MODE NUMZERs I=Q(MAGNITUDE) OR ! (FHASE)
TYFE 101

FORMAT(’ ENTER NUMEER OF MOLES ON TAFEs FLOT TYFE’)
ACCERT 102,NM» IFL» IMF

FORMAT(10G)

NM=2X%NM

IF(IFL.EQ.-1) STOF

TYFE 300

FCRMAT(’ TYFE TAFE NUMRER’)

ACCEFT 301,NT

FORIATG)

IN=2%(IFL-1)+IMF+1

TYFE 103

FORMAT(’ ENTER O FOR LINEs 1 FOR FOINTS’)
ACCEFT 1029 ILFT -

TYFE 104

I) *

FORMAT(’ INFUT NTOTsNMINsNMAXs XHINXMAXy YHIN» YMAX NX2NY )

ACCEFT 102yNTOTyNMINs NMAX s XMINy XHAX» YMIN» YMAX s NXsNY
IF(IFL.NE.O) GO TO S00
YTEM=YMIN

YMIN=-YMAX

YMAX=-YTEM

CONTINUE

DX=9999./NX

DY=9999./NY

TYFE 130

FORMAT(” PLTF’) .

DO 10 I=0sNX

IY(I)=0

IXCI)=DLXXI

TYFE 30,IX(I),IY(I)
FORMAT(2I1) s
DO 11 I=0sNY

. IX(I)=C

11
70

IYC(I)=DYXI

TYFE 30sIXC(I)»IY(I)

TYFE 70 ' *
FORMAT(’ FLTT’)

REWIND NT

. DX=9997 ./ (XMAX-XMIN)

DY=999%./(YMAX~-YMIN)
IF(IFL.NE.O) GO TO 209

DO 12 I=1yNMINM

READ (NT»103) X»Y(1)
FORMAT(F13.5,F15.6)
IX(I)=DX¥(X--XMIN)

Y(1)=-Y(1) :
IYC1)=DYE(Y(1)-YMIN)

GO TO 201

00 202 I=1,NMIN

READ (NT»203) Xs(Y(J)rJ=1,NM)
FORMAT(F10.3,1F6EL10.3/(10Xr LFSEL0.3))
IXCL)=DX¥ CC=KHIND
IYCD)=DYXCYCIN)-YHIN)

TYFE 130

TYFE 30 IXCHMIND » IY (NMIED
TYFE 70

IFC(IFL.NC.O) GO TO 204

DO 13 I=NHINHLyNMAX y

REAL (NT»100) XY (1)

_AXGL) G XX ATND

vy " U g SO Bt w0

PR TR D

L a i PP AN WY, VA @ R g




9

‘N 8 B % 8 &

Adnme.

L6 — . e vy B nimi e el

13

Y¢1).=-Y(1)
IY(D)=DYX(Y(1)-YMIN)
GO TO 205

[0 206 I=NMIN+1,NMAX
READ (NT»203) Xy (YIJ)yJ=1,NM)
IXCI)=DXk(X-XMIN?
IYCI)=DY#C(YCIN)-YMIN)
IF(ILFT.EQ.1) GO TO 222

TYFE &0

FORMAT(’ FLTL‘)

GO TO 223

TYFE 130

CCNTINUE

DC 14 I=NMINsNMAX

TYFE 30,IX(I)»IY(I)

TYFE 70
GO TO 1
END
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ROGRAM.
21 g R BEpTY B FROM COPY FURNLSHED 70 DOG e 1
+EX ZARQS-DAIRY:SELQUTanRAHrSERUvSERD!SINCOé y 3
: f‘l" Y 3 = . 3
nﬁ:‘* ; \/J}‘L 26, b
' > tﬂ,lbllq
e )

.TO RUN RANGE FROGRAM: .
7707 . : A )

+LOAD/F10 GFCsNAGLyFORMyCOEFLyHMITIAG»MXEL y HANK » 4 ANLG» DNIRY » STAS IMSL/LIBY
STAIIMSL/LIBySTAIIMSL/LIRySTASIMSL/LIB Y

z\.l\‘llvlls |

(I 2227 : "

e
.TO RUN ®LOT PROGRAM? ; ‘
?T0?
+.LOAD/F10 PLT ,w.‘s

o




