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ABSTRACT

The range dependent boundary condition imposed by a rough ice

surface serves to couple the normal modes of an underwater a-

coustic field. Beginning with the parabolic wave equation , the

solution is expanded in terms of normal -mode depth functions

modulated by random amplitudes. A system of master equations

for the quantities can (r)an*(r)> is derived, where the a~(r)

are the normal mode amplitudes, and the brackets indicate an en-

semble average . The master equation s determine the mean power

in each mode as a function of ran ge , describ ing the transfer of

energy between modes. Explicit relations for the coupling coef-

ficients are obtained in terms of the spectrum of the rou gh sur-

face . Transmission loss, intensity redistr ibution and the ap-

proach to equipartition of energy as function s of ran ge and depth

are obtained numericall y.
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I • INTRODUCTION

The problem of acoustic scattering from the rough ice cover

of the Arctic Ocean has been of considerable interest for a long

time because the effect is unavoidable To the present , the mul-

tiple scattering phenomenon has not been considered with the ex-

ception of recent work by Xryazhev,et al1. The present work will

be compared in detail with the Soviet work in a future report.

The present calculation makes uie of the method of parabolic

equations ( forward scattering, long range , k0r ’>l) introduced to

underwater acoustics by P. D. Tappert2 to study long-range propa-

gation. The medium we conside r is the Arctic Ocean whose sound
• speed profile is taken to be bilinear3. The shape of the inter-

face between the under—ice cover and the water is n C r ) , where n ( r )

is a random ice roughness function represented by its wavénuisber

distribution. Th. integral of this wavenumber distribution is the

r.m.s. under-ice amplitude squared. The form of the wavenumber

distribution is motivated by previous research carried out by

Hibler, et a14 and is taken here to be Gaussian.

The rough surface causes the initial acoustic intensity to be

redistributed as a function of depth. It is also found that the

energy per mode approaches equipartition as the observation range

approaches long ranges .

The reader is referred to Ref. 5 to obtain fur ther details to

the calculations shown below. It is noted here that this is a pr e—
4

liminary rep ort to be followed by a report including comparison

• to experimental data .
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II. Theory.

Consider a point source at point (0 , zo ) in a cylindrical

coordina te system, emitting an acoustic signal at angular fre-

quency w. The problem is to describe the average effect of a

randomly distributed rough surface on the distribution of

energy within the ocean waveguide. Of particular interest is

the avera ge intensity as a function of range and depth

I(r,z) <p(r,s)p*(r,z)> where p(r,z) is the pressure antpli—
• tude.

We begin with the equation satisfied by the envelope

modulating the cylindrical plane wave, i.e. the parabolic wave

equation :

2ik0~$(r,z)/ar + 32$(r ,z)/ 3z 2 (1)

+ k~~(n
2 (z) — 1)$(r,z) — 0

where the envelope function $(r,z) satisfies the following

boundary conditions:

— 0 , (la)

— 0 ,

*(0,z) — (8Tk 0)~~ ’~
’2 6(z — , (lc)

where q Cr) represent s the randomly distributed boundary between

the water and under-ic. surface , and H is -the ocean depth.
- I
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Performing the coordinate transformation5

(2)

z’ z — t ,(r) ,

4 and rewriting *(r,z) as $(r’,z’)exp(iO (r’,z’)), Eq. (1) be-

comes (dropping the primes, suppressing the arguments for con-

venience and imposing conditions on 6(r’,z’))

i~~/~r + (l/2k0)~
2
~/~z

2 
+ (k0/2)(n

2(z) —

— k0za
2n/3r2~ — 0 , (3)

~(r,0) — 0 , (3a)

— 0 , (3b)

• ~(Q,z) — (8wk0)~~~
2d(z — 

~~ 
(3e)

where 
~o — - r i C O ) . The random boundary condition (Eq. Cia) )

• becomes a W flat surface N boundary condition at the . expense of

introducing an additional perturbative term in the parabolic

• wave equation .

The envelope function, ~~, is expanded in terms of a

complete set of N.tatesN or normal modes, defined by the unper-

turbed sound speed profile . Each normal mode is modulated by

a random amplitude indicating the effect of the surface on

acoustic propagation :

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ -~~~
—-————-

~~~~ ~~~~~~~~~~~~~~~~~ 
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~(r,z) — an( n~~~~~~~~~n 
— k0/2)r] (4)

• where

+ (k0/2)n
2(z)]~~~(z) — A $ (Z)

J n~ m
(2) ld Z —

Inserting Eq. (4) into Eq. (3) and using the orthonormality of

the normal -mode depth function, one finds, upon equating the

coefficients of $~~(z )exp ( i (A ~ — k0/2 )r l , that the random

amplitudes satisfy the coupled mode equations,

da~~(r~~r — i c~~~
(r )exp (iA

~~
r)am ( r) , (5)

where

A — A  — Aan a

H
can(r) — •m(z)H(r.z)$n(z)dz

— 
~
k0zan3

2n(r /3r2 ,

with

H ( r ,z) — —k 0z32ri(r)/3r 2

— 
J ~~~~~~~~~~~ 

,

is the ‘dipole mome:t”. ~~. ~~~~~~~~ coefficients, can(r)
~

ax. real and symastric. The coupling coefficients are

I —. • • •s~~
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~ •
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expressed in terms of a Fourier integral representation. In-

posing the conditions that the mean amplitude of the surface

• roughness is zero and that correlations of coupling coeffi-

cients be spatially stationary, we obtain specific conditions

on the Fourier amplitudes. Integrating Eq. (5) from r to

r + Ar, where Ar cc r, to second order in the coupling coeffi-

cients and anticipating use of the above mentioned statistical

properties of the Fourier amplitudes, an approximate expression

for the a~(r) is obtained. One then constructs the average

correlation amplitude between modes n and in applying the random

phase approximation (this quantity appears in the average

• intensity) :

— <a~ (r)a~(r)> — <Ia n(r) l 2>~um
(6)

— A ( r ) 6

Using the expression for a~ (r) obtained by integrating the

coupled mode equations, we obtain the master equations govern-

ing the evolution of A~(r) as one steps out in range :

dA~(r)/dr — 
~~~~~~~~~ 

r~~~(A~ (r) - A~ (r)] , (7)

• where

— r~~”)t 3c I z~~ I 2 k4P1(k) ‘k—A na
with P1 (k) being the under-ice surface wavenumber distribution

whose integral over all wavenunibers is the r.m.s. surface

heigh t squared .
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Eq. (7) is ~t tenable to physical interpretation. If mode

• n has the largest energy content at some range, then Eq. (7)

tells us that as we step out in range , mode it will lose energy

to the other modes of the system (dAn/dr < 0 ) .  If in the

process of releasing this energy , mode n ’ ~ it obtains a

larger share of the energy than the other modes, then a mode

n’ will release energy to the other modes (dAn,/dr < 0 ) .  This

mixing of energy continues as one marches out in range until

sufficient multiple scattering has occurred such that the

energy becomes equipartiioned In that case A (r) ~ A Cr) or

dA~ Cr)/dr i 0. From Eq. (7) , summing over all modes, one

finds

~~ (EA ~
Cr)] — 0

or

A~(r) — constant — A~ (O) . (8)

In view of Eq. (8) and the interpretation of Eq. (7) we con—

d u de

A~ (r) r ’  
for all it — l ,N , (8a)

where N is the total number of modes in the system (restricted

• to include all propagating modes) .

Eq. (8) is a statement of energy conservr Uon, which

should be expected since we are considering initially a medium

with no loss mechanisms.

- ~~~~~~~~~~~~~~ _ ‘
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III. CALCULATIONS

We begin with the master equations

dA~ Cr)/dr — 
~~ 

r~~(Am
r — A~(r)). (9)

m~n

Defining

A ~~ ( 1 — 6  )r5 — &  
~• i’m nfl iflfl IUfl (10)

where I is a dunsny index~ Eq. (9) can be rewritten as

dA~ (r)/dr — ~ A~~ Am (r) 
- 

(11)

or in matrix notation 
-

dA(r)/dr — A A (r) • (lix)

Defining P to be the matrix whose columns are comprised of the

• eigenvectors of A with eigenvalues d, we define the quantity

3(r) — ~T A(r). 
(12)

Employing the orthogonality of P ~~~~ ~ ~T 1),

Eq. (h a) becomes

dB Cr /dr — D 3(r )  (13)

where D — ~T A P is diagonal, the diagonal elements being

- 

~~~~~~~~~~~~~~~~~~~~~~ •
-
~

— — .•-•— --  .--~~— . • - ---•--
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the eigenvahues of A. If we rewrite Eq. (13) as

— 
~ 
D~~ B~ (r) 

(13a)

using D~~ — - d~~~t 
6mn (Gerschgorin ’ s Theorem6), each

• element of Eq. (l3a) can be solved

Bm (r) — exp 
~~ldmI~~ Ifl • (l3b)

Inverting the transformation Eq. (12) , Eq. (l3b) yields

A~ (r) — 
k~ L 

p~~ exp (_ l dk lr) 
~]ct A1(0) . (14)

Calculating A~ (r + R) we find

A~ (r +R) — 
k~ t 

P~~ exp (_ t d k I R ) 
~kL A1(r) (15)

Note that Eq. (15) is an exact relation , R --is not limited in

magnitude. Eq. (15) describes how to advance the average cor-

relation amplitude to range r + R knowing its value at range r.

In particular, if we know the initial value of ~~~ i.e.

we can calculate A~ (r) for any range r ‘ 0 using Eq. (15) .

Numerically, in order to avoid recalculating a double giiimnp—

tion, which is time ccns~w -ing and uses unnecessary storage , we

define the matrix C~ 1(R) by

C~~ (R) — 
~ 
P~~ exp (—Id kIR) ~kt 

(16)

• . 

•

_ _ _ _ _ _ _  
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This matrix can be calculated once for each roughness setting and

stored. Eq. (15) is recast into the form

A~ (r+R) — Z C~ & (R) A1(r) 
• (17)

In Eq. (17) , C can be regarded as a “ translation operator ’. •

The quantity of interest here is

I(r ,z) — <Ip(r ,z,t)12> J(r,Z)/r (18)

where
J(r, Z) — 

~ 
A~ (r) $~~(z)/ I A~(r) (18a)

I(r,z) is called the average intensity and does not depend on t

within the context of our model. Removing the cylindrical spread—

lag factor, h/r, J(r,z) shows how the rough surface affects the

propagation of the acoustic signal. We make use of the initial

condition to find

a
~
(0) — ( (2ir/k 0) 1’2/4iv) •~~(z 0) (l9a)

and thus
A~(O) (1/81Tk0) $

~~

2
(Z

o
) . (l9b)

Knowing this initial condition completely determines the average

intensit y . -

• N. now discuss calculation of the normal-mode depth functions ,

The depth functions are calculated by a multiple shooting

method. The computer code that we use was developed by L. 3.Dozier7’8

—- 

~ ~ 4 4~~~~ 

— ____
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applied to the ocean waveguid. . Similar techniques were used

before in solving one dimensional radial Scbrosdingsrt quations.

Boundary conditions are imposed at z — 0, H, then the normal

mod, depth equations are integrated (by a Numerov scheme) from

the surface into the deep ocean and simultaneously from the

ocean floor upward. The integrations continue to a matching

point somewhere in between. In the process of integrating~ a trial

eigenvalue is used (it is initially estimated using a WK B approach) .

A comparison of the solution at the matching point is performed to

properly match the upward and downward integrations. This also

allows one to improve the initial guess made for the eigenvalue

for that particular mode , The improvement of the eigenvalue esti-

mate is carried out by an iterative process and continues until con-

vergence to some preset error is reached.

The diagonalization of the matrix A and calculation of its

eigenva lues are performed by subroutines developed by the Argonne

National Laboratory in a program package called EISPACK . The sub-

routines are called TRED2 and IMTQL2. TRED2 reduces a real sym-

metric matrix into a symestric tridiagonal matrix. II4TQL2 takes

the tridiagonal matrix and calculates its eigenvalues and eigen—

vectors • It forms the orthogonal matrix P whose columns are the

eigenv ctors of A.

The above subroutines (TRED2 and IZ4TQL2) are employed in a

computer code to perform the manipulations leading to the con-

- t struction of A and the subsequent implementations of Eqs . (17)

and (18) . The results of the calculations of the normal modes

are read in from an external tap e.

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ :-~ - 

- - — -~~ - -•- . ~~~~~~~~~~~ _~~~~~~~~ _ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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IV. APPLICATION TO ARCTIC ICE SCATTERING

A. MODELS

We represent the velocity profile as bilinear:

c(z)/c0 — a + bz ,. O < Z < Z m
- - 

(20)

— c + d z  , Zm < Z < H

where a — 1, b — 3.48765 x l0”5m~~ , c — 1.006106525

and d — 1.67741 l0~~ m~~, 5m is the depth at which the two posi—

- 

- tive gradients b and d meet; — 337.332 m. H is the Arctic

Ocean depth, taken to be 4 kilometers.

The multipl. shooting method developed to calculate normal

modes in the non—ice covered ocean has been adapted tQ calculate

the normal modes for the bilinear profile. Because of the struc-

ture of the Arctic velocity profile, there are only RSR modes

(RSRBR modes again will not be considered) • Therefore the scat-

tering will cause more rapid energy transfer among the RSR modes

than in the nonpolar oceans • Thus equipartition is reached sooner

as compared with nonpolar ocean scattering .

~n important point to be made is that due to the nature of

the bilinear profi le , it is necessary to use a different initial

• guess for the eigenvalues from the one used for the canonical pro—

file of the deep sound channel. To estimate the initial eig.nvalue

we use the fact that the gradients are very small for the bilinear

profile and approximate the profile as linear . We then go

through the WEB analysis for this initial guess, using the con—

_____________________________ ___________
— ¼~~ ~ -~~~~ ‘—~~ — P

~~~~~~~~~~—~--• 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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nection formulas , and obtain for our guess,

~(O) — (3bw/2k0) 2”3 (2n + 3/2)2~’3 . 
(21)

A -fun~~—.ntal difference between Arctic ice scattering and ocean

surface scatterin g is the surface wavenumber spectrum. We take

the undsr ice surface wavenumber distribution (keel distribution)

to be Gaussian4 with r .m.s. wave heigh t a and correlation length L:

P1(k) — (a2L/1r1”2) exp (—k2L2) (22)

I
The value of L is based on experimental observation mad. by

0. I. Diachok.9 Be measured th* ed.r of 10 ice ridges per

kilometer . Thus we take L to be of order 100 meters.

The corres ponding master equations are

dA (r)/dr — 
~ 
r (&~(r) — A (r)) (23)

where now

— r~~ _2v(k0
2a2L, /ir1~

’2j exp (—x~~L
2) IZ~~I

2 ( 24)

where aM have the same meaning as before.

Before going to the results , we mention the similarities

and differences between our formalism and that given by Xryazhev ,

et a1.~ They assume a fixed boundary, allow for volum, attenuation

in the ic. and bottom, formally consider 2—D transverse phenomena

~ ~~~~~~~~~~~~~ ~~~--~~~~~~~~~~~“- - ~~~~.
.-.
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- :1



-- —•“-~ - — 
—•—-—- 

— • • ____ .=_z_ _ ~~~~~~~~~

- 

Pag e l4

and their integral ‘transport equation’, satisfied by A~ (r). must

be calculated at every range point r. In our formalism, the sur—

fac. can be moving or fixed • The moving surface application al-

lows qs to calculate long-range power spectra . We have not yet

described dissipative mechanisms in our formalism, but this has

a 
in fact been done as explained below. Our formalism is much more

efficient when it comes to calculating An (r). Finally, they cal-

culat, a quantity called the propagation anomaly (PA ) related to

our transmission loss (TL) by

PA — TL + 20 log (r/r 1) (2 5)

wher. r1 — l y d .

Attenuation due to sur face scattering has been studied by Marsh ,

Schulkin and Itne ale~
0 . The factor

sine/r1

- 

in the attenuation constant is evalua ted for a limiting ray whose

vertex depth is 1. km,

Since

sinese — (l— (C0/C(z) ) 2 }1’~
2

and

C0/C(z) (1. + dz)~~

with 
~~ 

being det.rmined by ray theor y

H ~~
.•. 

_

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

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -:~~~ ~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~ ‘~ -
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Cr1 • 2e0/d, e0 initial ray direction) -

it is found that

sine/r1 80/r1 d/2

which is independent of r1. Thus an empirical relation ex-

pressing ics scattering per unit distance : (dB/km) is obtained ,

which depends upon the source frequency , f , and the r .m.s. sur—

face roughness, a :

9. 3373 x l0’~ f3’2 a~~
’5 dR/km • 

(26)

For a frequency of 90 Hz with r .m.s. surface roughness of

3 asters, — .0462 dB/km. Ref. 1, Fig. 6 (curve 3) indicates

that the attenuation is approximately .043 dR/km. Thus to corn-

pare the propagation anomaly of Eryazhev’ et al1 with the present

calculation we need to evaluate:

P.A. — TL + 20 3.og10(r/ r1) — 9.3373 x 10 6f~
”2a8~

”5r • (27).

B. RESULTS

Figure 1. describes the quantity J(r,z) (see Eq. (l8a)

as a function of depth for two particular ranges • The function

3Cr, z) explicitly indicates the effect of the rough surface —

(through the amplitude A~ ( r) ). One concludes from this figure

that the rough surface serves to redistr ibut , the initial

Cr — o 1cm) intensity distribution as one steps out to long 

-- - --  

— --- —---—-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Cr — 200 1cm) ranges. It is clear from Fig . 1 that the intensity

distribution approache. uniformity in th. sense that it is no

longer possibl. to distinguish the source position relative to

other depths. Figure 2 numerically verifies equipartition

(Eq . ( 8a) ) for two particular modes, mode 1 and mode 51. Coapar-

ing the approa ch to equipartition in the deep ocean (Atlantic or

Pacific ) one notes that the approach to equipartition in the Arctic

occurs at a more rapid rate . The reason is that in the Arctic

Ocean all modes are RSR modes . Figure 3 displays transmission

loss as a function of range for various surface roughnesses. A

sourc e with frequency 50 Hz (60 modes are calculated to include

all RSR modes) is placed 267 a below the surface . The receiver is

at a depth of 260 a. As the roughness of the surface increases ,

so does transmission loss. For a surface of r .m.s. height 10 meters

there is an additional loss at 200 km from the source of 5—6 dB

r~1at ive to a eurfec. of r.a... heiaht 3 metews. Comparison of

our theoretical predictions with experimental observations shown by
-

, H. W. ltutschale3 explicitly indicate the need to include surface

and bottom loss. If Eq.(26) is employed to account for ice

attenuation, then the additional transmission loss corresponding

to r.a.s. height of 3 meters at 50 Hz is approximately 20 dB at

1000 1cm, in closer agreement with experi~~~tal observation • The

a remaining discrepancy can be attributed to th. bottom loss not ac—

• counted for in our aod.l.
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Figure 4 compares the result of our formalism to

the work done by Xryazhev,et alt. The r.m.s . roughness is 3

meters . The correlation length of the surface flucuations is

30 meters. The source depth is 50 meters and the receiver is

located 100 asters below the surface. The source frequency is

90 Hz. The solid line represents the propagation anomoly by

our model. The crosses correspond to the work of Eryazhev ,

et 511.

‘I
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FIGURE CAPTIONS

Figure 1. Mean intensity at two specific ranges (0,200 kin)
as a function of depth , with the cylindrical spread-
ing factor removed . The source frequency is 50 Hz,
the r.m.s. roughness is 10 a., the source depth is
267 m.

Figure 2. Verifies the approach to equipartition of energy
(Eq.8a) . Same frequency ,source depth and r.m.s.
roughness a~ for Figure 1.

Figure 3. Transmission loss as a function of range for 3 r.rn .s.
roughnesses. Source depth 267 in., receiver depth
260 a, frequency 50 Hz.

Figure 4. Propagation 5nomaly (see Eqs. 25 and 27). Source
frequency is 90 Hz , source depth is 50 m. r.m.s.
roughness 3 in, correlation length 50 rn. receiver
depth 100 in.
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APPENDIX A

DOCUMENTATION OF WIND
AND PROGRAM LISTING

dA~ (r)/dr — 
~~~~~~ m C ’m~~~ 

— A~~(r ) 1

Matrix in master equations (meter)~~

P

Matrix whose columns are the eigenvectors of (lANA

DO

Elements are the eigenvalues of (lANA

WA

E1emen~s are the aigenvalues corresponding to the
normal-mode depth functions.

PHIN , P11114

Normal-mode depth functions

zz
Depth variable , meters

AX

Amplitudes, A~ (r)

POWR

Used to calculate various quantities, such as,
intensity, transmission loss, equipartition , etc.

XR

Range variable in kilcaetere
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CO

Sound speed at ocean surface, meters/sec.

NM

Number of modes

DELTR

Range increment in meters

NR

Number of points in total range (NR— 1. is the number
of divisions of total range)

SD

Source depth in meters

KO

Acoustic wavenumber, meters 1 (Real)

SIGMA

r.m.s. surface roughness, meters

CL

Surf ace roughness correlation length , meters

FREQ

Acoustic source frequency, Hz

ALPHA

Ice attenuation constant (dB/km )

~ :

-
~~~

--- 

~~~~
- -
~~~~~~~~~~~~~~:: :~ i~~~~ _____  - - -~~~~~~~: ~~~~~~~~~~~~~~ ~~~~~ T IT’ ~~~~~~~~~ &



_ _ _ _ _ _ _ _ _ _ _ _  .— - - -- -- —------ - ~~~~~~~ —--- - - - -  -~ - -—-
~~~~~ T~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~- - -  - 

Page 27

/
3ORAM #1.’IU( MPUT,ourpUr,m .1$PU~~,TAp5~~uQIJjp~~~ rM’~~,rAPEI0C rsU ~ PROGRAM bILC)1S L00 OF RAr IO OF INTENSI TY To ?oI MTC SOU RCE I~4TENSLTY AT I METER

C PLO~S RA*JE TIMES £NgE$S1lf— C PHI IS (0 ME IN RADIANS
CO ON/A/FRE0 ,5O,$jq~~REAl. K0$0,ICO
COM~Qt4

lPHI~4(20 I ) .$‘141M(20 1 ) ,-ZZC 2O I ) ,i( I 14) .AL ( I O I , l l4).POwR ( I Q I  ) ,X R (  101
~ iMEN5 I O.~ h’NItld(I14,201)
DAtA Htl./aHR(~CMI /,V t!J10e4 Lt.(QM ) / ,VThl/7I4A C KM),IV•. VTL2/ld ,~*E.l /.Hfl 3/4i4Z(M)/ , VTL.3/6rgp/pMAj~~,.H1L4/3j 1 N / • ~1 1t4/8l4 -4.c,O/0O/,
.IAMELI3T,’VA L/SIQMA , tHRESI4.CI.
JATA Cfl/ I43 4./ , s

~f /3. I4s59263.3g/ ,Na~/ I J4, ,$pqEv ,M~~~,_2 .Q,okrA
RE INO 9

3 ~iP WE Y .MPREV.~4*~.2SKI ? OVER US1~ ( .AVE.~lO RECO~~ Ol~ PREV FREQUENCYIF(.4Ppgv.Gr.o) R~ AU ( 9)
N Q(9~8.H.NL,KOSQ,~4~~IF(EOF(9))77.7

7 FREG co/
tO 16

C SKI? OVER THE EZGENPU$C(tos$

—KO.MQR~ C KOSO)
iJO 40 1 1 .,JMM

4Q REM)(9
REA~JC9)(4K~’A ( I), I .I , 411)
00 d~ £c I .,~M

MS *KPA (I)OAKPA (()w02f(2.*l(C3)
0 4 r ’#JNZI
~O 60 I.I .~~Z60 ZZU ). Cl—I ) *t J Z

4 REAI) VAI .
IF(iUF(5~~ 17,3iSI PR C.4 ( II AL.

LF(,’èlI.Etl.90. ) I’rtI A j IM(  I.)
AL.i1NA S.9.3373E—6*FREQ.,( I .S) SIGMA.. ( .6)N4M I $H—I
i4. I ./( 1 .‘dEtA~~U’.3
~IO Z N I .~*MM l
RE~.L.~0 9Ih~(.IPREV .LE.3. GO £~() 9
J O a

d 4€AU(9)
9 00 10 ts l ,d
10 iIE_A~J(9

~EAi3(9 p H I H
lioN. I

00 3 M.$ I ,t44
- - Xl.(KPA(~l)~.~(K9A( :4)

RIAI3 (9h’HI*
5UMa0.5.pH 1N(ML3.pwzMc~ Z,,H

JO 60 I•2.,4Z 1
A4.l./c i. .asrA*zz(I))*.3
SU AOSUMAI’$’H h4( I ).I PK!MU ),A4

60 ~~~~~~~~~~~~~~~~~~~~~~~~
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LMi4I.SUMA*~JZ
‘ c 4RzT ~~6. IoonN.*.ZM.~CI000 FORMAT(IA ,.ZMN(* .13.*.* .13.* ) * .EI 1 . 4 )

Z2.CMN**2

1F(R.LE.I.i—8)G() TI) 22
IF (R .GE .350.)OU to 23

00 (0 12
22 0001.-fl

30 t0 I2
2J 0000.

• I 2 OAMA (.4,~ )~~L*3IGMA**2*00*Z2*a.*-2~K0SQfSORT( P1)OAMA (N.M)(2.*Pt)1 AMA (.’~,M)*(l.
.(bEfA*~Mt4I/CXX*ZMN)))..2GAMACM.d)’GAMACN.M) 

-

3 CONtINUE
2 CONT!,ki E

— 00 ~~GSw_0.
DC) 36 J•I.NM
IF (J .E Q .I) GO (U 58
GSUM.GSUM.QAMAIJ. I)

56 CONtINUE
57 GA MA(L. 1).—GSUN

C D0 d0 I•I.NM
C 80 #RITE(6, 1060) (OAMA (t.J),Ja I.L) 4

C .. *.*o’.CALcULA rE. C(~IERENT DECA Y LEN0THS..**a..~~ a
CAU. PLO(SMI.(275.9$4A. MEILIS)
00 IS l I . IM

I , 35U —ALCZ . I 0 ( A M S ( G A M A ( L , L ) ) )
00 6 JsI ,$N

$ 5 DNCJ).FLOAT(J)
EM Ah—OE C I )
00 115 I.I.I4M

I I ~ IF (DE (I).GE.EMAX)EMAX °OE (C)
EMI,4.0E(l) - 

. -

00 116 Ja~~,t4~~
11 6 IF(0E(J).LE.ENIN)EML$—DE(J)

i4N4a3

CAll. 01X(014,OE.NM.DN(l) ,DN(IIM ),4..6..XI,
.OE( N M )  ,HTL 4 ,NH4 • ~TL4 ,HV4 )
IX) Ii I s I ,14M

I l  OE(1)—O.
CAU. FRAME

C *.*..*** ,.a*** ~~.*.*** ****~~**m** **** .. -

GUAh O.
NMI.NM I
UI) ~S 1sI ,NMM I
JMIN .I.l
00 ~6 J°JMI$, Nm

• I))
IF( (ENP.OT.OM Ah)3MAX°TEMP

56 CONtIN UE
S~ CONT I NUE

..R1(E ( 6.600 )OMA *
600 FORMATC*O OMA X-.. E I l. 4)
C MUST PRINT GAMA ARRA Y N0.~ SINCE -NAY BE DESTR OYED BY IRE D2
C ..QlrE(6. $ 063)
C $062 PQRM AT( *OTHM L(hiER TRIANGLE OF THE GAMMA NAT RIA FOLLOWSI)

• 00 371 1•I .NN
00 381 J.l,$M
£F( AdS(OAMA (J,I ) ) .L t .THRE SH *J MA X ) OA M A (J , I ) 0.

Sel CONTI NUE
• 57$ CONt INUE

S —- - 

~
-. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 
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CALL. TR€U2(NM,~1M ,GAAA ,0G.~ ..’)CALL I1TOL2(c1 M,NM ,DO.E,~~, IiRR )
IF(IERR.NE.O)OO L~c) 500C øRLTE (6.l009)FR~QC$039 FONMATC*O IiIESE ARE IKE EIGE~IVECTORS C0RRESPO N D I.~G To ACOUSTIC

C I FREQUENC Y *,F6.2)
C IX) JO I.I ,NM
C70 4N1LE(6,l060)(P(J.I),J.$,NM)
$ 060 FORAATC*O., IOE I 1.4)

~IRITE(6,2223)FRE0,P4s4,SD
2223 F(3RMAT(* FREQ~~,F6.2,’ 4 ‘400E5a*,14,* SDEPTH *•F7.3)

uIRI(E(6, I06l)
106 1 FONMATC*OTHE EIGENVALUES ARE *)

~RIrE(o,Ioou)(DG(I),z.l.~M)01) 18 t l ,NM -
DEC I) —A LOGhJCA8.~( DG( I) ) )

Id IF( I .EU .NU )~ € C L ) ° 0 E ( I — I )
41.1403 

-

4 V4°d
(1..’!
CALL. U4~X (DN .DE. NM ,0 N C l ) . 0 ~4(~4 M ) ,4 ..6.. X I ,
.OE(.4M).d1L4,$H4,VTh4,i4V4)

CALL FRAME
00 10 $
DI) 101 K°I ,NM
SUMM.0.
00 $03 J°I.$M -

AI .OGC J) .OELrR
LF(A8S(XI).GE.675.d4)Q0 (0 $03
Y IaP(I,J)*PCK.J)*EXP(X I)
3UMM.$JME.Y I

103 CONIINIJ E
C oh IS REPLA cED 81 GAMA TI) 141.1. SPACE tSED .
101 3AM A (I . K ) .~ UMB
C 4RILE (6,I060)COAMA ( I ,K).KaI .4M)

X° 14(($D/Dh)•I
~—SO/Dh—FLuAT(NZh).l.REi~I,4D 9
REA O ( 9)
SUM C O.
00 20 J I ,NM
REAO (9 )PHIS4
PHINT ON *PHIN (M Zh .I ) . (  I .—~ )*Prt I )l ( t4ZX )
AX ( I ,J).PHI4(.o 2

• 20 SUMC.E~J*C.~’HL~4T* 2
CDtt$(°I ./SUMC
.‘RIIE(6.33.3.3)cONST

3333 FORNAT(* CONST ’,EII.4)
C 4RITE(6,3334)AX (l ,I), A 1CP.~ 0). A X C I ,I00)

00 30 I .I .NM
30 A X C I , I ) a A X ( I , !) ’C ONST
C ØRIIE(6 .33J4)AX( I ,I) ,AX ( I . 5 0) ,AX ( I ,100
C3334 FORMATC* Ah (l ,I.sO, l0O)—* ,3EII. 4)

00 62 L.2.NR
LMI °t.—l
00 dl  L°I ,NM
SUMA SO.F 00 63

83 SUMA.SUMA PGA4ACI,JC)*AZCLM I ,K)
Ah (L ,I ) •SUMA

C IF(NOO(l.,I0).EO.l)~RtTE(6.2222)LM l ,Z,AXCL.,1)
C222 POMMA 1(* AXC *,14,*,a.14,*).,,EII.4)
8$ CONTINUE
82 COHT I MJM
C OO IOI L•2.i4,I

- c g,cu~~o.
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C DO Ill j 1 , IM
Cill ~NC0N.ENcoN4Ah (L.1 )
C70I .IIITE(6.9999)EiICOi’4,L
C9999 FORMAT(* EtlCJ4s.,EII.4 .~ RANGE.40T1 4ES* ,14 .*KM* )

00 605 Jsl.NR
605 X R (J ) . c L o A t cJ - l) .D E L T R/ 1 . E 3

Nè4.8
RE41140 9
REAU (9)
00 21 d.l ,MM

27 REAU C 9)CPKINM (N, L ) .I.l ,NZ)
XA.2.*ALOGIUC 12./13.)

I 00 50J M .i,6
000.l Oo.-*FLOAT(M—I) .I00 .
NZY.INT(OO0/0Z)~~%
4I0000/0Z—rLOAi (t .1 ZY ) ’l .
su~~ io .
00 8 1 7  4a1, NM

• PH1.4A.MI*PHI$8(14~NZY.I)~~C l . II)*PH L l48(N, NZY )
dli 5UM4~lsS JMPt•A*( I,N)~ PHI14A*02

PONRC l)a~UMb~I
C #RI IE (6.503)PCk,R (l)
C503 h~0RMAT (* PO~~ R (I .Z)°’•E II .’)

PO.~R ( I).lO.*(AL.OQIO(PONR (I)a13 ./12.).XA+XBI)
sRLTE ( 6.9 8) P O M R ( I )

98 FORMAfCIh ,*LO0(I/S)(l).*.~~ll.4)J F (A 6 S (POARCI  D .L T . 8 0 .) P o # R ( l ) °— $ 0 .
I F (AdS (P0 ~ R ( l  ) ) . 0 T . I 3 O . ) P O ø R C f l .~~~I30 .
00 53 L—2.N R
SUMP.0.
00 607 z4 o l,t4M
PHI4XoNI *PNIM8 ( N ,MZY~~I )•( I .— 4 I  )*PHL18~~4 ,NZY )

801 SUM sSUMP+Ah(I.N)*P4ILNX*~2 -

4 P0øi~CL )s SUMP
P0$R(I)aIO. ,CAL O Q I O C S U M P / ( X R C I ) *I . E . 3 ) ) X A 4 X B I )

C PC) sR( t ) PONR(I)• LPHA*XR (1)
C i~0i~R( 1) .PthIR( I),20. .AL.U0I0( .(R(I) *I.E.3*13 ./12.)

• ~RI(E(6. 99) t.P0rni(I)
99 ~ow gArc Ih. tLuGc 1/S)(* ,I4 ,*). ,EI I .4 )

ZFCA MS ( ?0 .1411 ),.or.ao.)po,.p(L).—aO.
Lp(Aas c po*~

( 1)).o r. I 3o. )pn~ R( I)°— I3o.
C IF(AaScpowR(1)).jr.,5.)PodR (I)oIS.
C 4RITE(6.2323)I.DC)0.5UMP,P~WR (L)C2323 I ORMAt (* p(*,12,.,*,F1.2,*).a*.E Il.4,* L.OGCP)°*.EII . 4 )

63 cw.1r INu~• C YMALS(J .
C IX) 027 £ a$ . I4R
C827 IF(?ClNaI (t ).G(.YMAX)YMAX °P0$R( I)
C YNI,4.Y’IA~C 00 831 I.I,NR
CMJ 7 IF (POi~R (I) .Lt.YMIN)YMIN *PO~R (I)

LFt4.Ot .IUIII .—N
~Q.’J.3

• LMU°0.
CALL. Y F X C h R , POØR ,NR ,hR ( I ) . XRC NR ) .—1 30..—eo. .KrL.. NH ,Yr L . I O .N •X0 ,

MU I
601 C ONIIN UE

CALL. FRAME

00 601 401,6
000— I OO.*FL.CIAT( N— i 1.100.
NZY.lNT(DOO/0Z)~ l
4I0000/DZ.I.—FLOA((.4ZY )

• $UMPI°O.
DO 917 401,14*
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~HZ NAa.t I*~’i1L ~~~~~ 1.1 I. •-~II ) *$?flflIJ (N , N~Y)
J 917 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~CI )a-.iU-4Pl*I.~ ’2C 1 L C O.603))O0.Pth~R C I )

C603 PC)th~AT(* ~( I ,*,F 1.2 ,~~).*,~~I l . 4 )
00 13 I.2 .4~SUMP O.
DI) 901 4.I , ,IM
PHI..1X..4I*P N I $ M 4 , ,Z Y + l ) + ( I .~~~I) *PHIdd C~4 .~1ZY)

907 SUM~~ SUMI~4A)~(I.~I)*P4 rIINX**2
PO4R(l).iUuP*l.~ e2

C ~,$Ij tEco, 434 3)Z .~~:)u. 5 .’oP
C4343 rOMMAT (* P(.,(3~~.,*,p.7.~~,o)al ,EII.4)

73 CC)NfL..1UE
C Y~~ °Q.
C 01) d47 I°l .t4R
C847 LF(p U,,R(L) .O1.1’MX )Y ~&h P0,~R( I)
C i~RLi E(6. 4QOU ) YMX
C4000 F0IIA AT (~ ha 4AA *, :l l . 4)

C 00 657 L a I ,,4i4
Cab? øR( L) °~O*R( I) /YMA

XM00Q.
CALL. YFX ( Xw ,? ..R,14R,X R ( I ) ,X RCNR ) ,0., I..KTL. NH.VTL2 .7,’~,XQ . X~4Q)

601 CO.4(Ii4dE
CAL). FRAN~
ZUO I.
00iJ~~ 0O.
l4ZY.I$1’(00O/DZ)~~l.14X 000/DZ’I .—FLO AT ( AZY )
00 191 N o l .~4~4, l3
N H 8

C P H I 4 X • .4 X*~’ 4I44B ( .4 • 4ZY •l )~~(I. —.IIX)*PHIN8(.4,M ZY)
00 192 1°I .~4R
P O N M C L ) — A X C  I. :1)eFLOACC1.4o4 )

26 F ORM A TCIC . ch~R C . , L3 . *,a’, l3. o).., E l  .4)
792 I F ( ? O . 4 R ( I ) . G c . 2 .) P 0 ,4 W ( I ) °2 .

CALL. y$C( IR. 4~omR.Nq,A R ( I ) .X R(NR) , O.,2..HTL.NH.YTLI.7.N.X0. XM0)
79$ CALL. F 4AME

00 793 l .I . r4$I , I0
*IaFLC)AT (I—I)*UELTR/l.E~3• IX• X I
IF (I . E O •MR) O ()  ((3 6s~6IFCIC.OT.450.AND.(.40011( .300).ME.0))G(3 TI) 793

666 DC) 794 J—$ .l4h
SUMA.0.
00 195 4a 1 ,rdM

793 sUgX.Su~*x.ACCI.$)*,1HIN6C$.J)a*2
794 PHl.4(J)•SU.4X

YMIC’O.
00 89 J.I,l4Z

89 I F ( P H I N ( J ) .O E . t 4 1 X ) Y M I X * P I I I N ( J )
DC) 91 J°I ,MZ

9$ P HI .4 ( J ) . PHL ~4 C J ) * I .E.2
NH3O4
NV 3 6

•
~ CA LL. QPX C ZZ ,PI4I 4 ,Pt~ ,Z Z ( l ) .U ( 14Z) .U ..I • , X I . YN 1X .

.IITI_3,*43,vrL2 ,14V 3)
CALL FRAME

793 CUN(INU~CALL. PU)t CQ.J.D .D, 999 )
Q0 t0 4

900 øRI fE (6 . 1060)IiI lM
- 

1060 FOHMAT(.OIMRH ‘, 1 2 0)

~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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IER.~.1ERR— l
1F(LER R.G E. l .AND. IERR .LT .2bl )~IR1TE(6, I060)( DG ( !) , I o I , 1 E R R )
00 (0 5

76 øRITEC 6 . I 080) i’I MM
1080 FORMATC*OE RROR. O4 LY* . I5..*MOOES ON 0151(a)
77 51(39 - -EZC
C

SUBROUTINE I MTQL2CNU.N ,D,E . Z. IERR )
INLE GE R I,,I,K,L,M,d,L1, i&M,MML.IERR
REAL D(N) ,E(H) ,Z( NM,N)
REA L 8,C,F.O,P,R,S,MAChEP
MACI4EP — 2. 4*1—4 1)

C
LERsI U
I F (H •EQ. I )  GO TO 100 1

C
DC) $00 I • 2. N

IOU E( I — I )  • £11)
C 4

E ( t l ) • 0.0
C

00 2 4 0 L •  I ,  ~.
J • O

C a~~**..m LOOK FOR SMALL. SUM—U I AGC)NAL ELEMENT *******‘**
lOb JO 110 U — I.. , (‘4

IF CM .EO. N) 01) (1) $20
IF (A BSCE(M)) .LE. MACHE? ~ ( A M S ( D ( M ) )  • A 8 S ( DC M + I ) ) ) )

0(3 (C) $20
110 CONIINUE

C
120 9 ° 0 ( L )

IF CM £0. L)  GO (0 240
IF (.1 .iQ. 30) GO (0 1 000
. J — J . I

C *4*&&aaKaa Fo RM SHIFT ***wm*4*
0 • (O C L . IJ  — 9) / (2 .3 * €11.))

— SQR~ (G*G.I.O)
• J I M )  — P • E (L )  / (0 • 31014 (R ,G ) )

.~4 L . M - L
c .~~~* * aa. . FOR 10* 1 STEP —l UNTIL L DC)

J O 200 I I  • I , MML
• I O N — I l

F • 5 * E U )
3 C • ElI )
IF (AMSCF ) .Lr. AMSCG)) GO (C) I S’)
C O G / F
R — ~GWTC C*C~ I.0)E C ( • I )  • F * .1 -

C a d S
31) To ISO

-

, 
ISO

• ~‘)RTcaaS.I.O)
E( I.I ) • G * R

3 — S ’ C  
—• 3 .0 ( 1~~I) P

• ( 0 ( 1)  — 0) * S • 2.0 * C * B
F’ 0(1.1)  • G . P

0 ° C  ‘ 1 4 — B
c *t.*e.4*w~ FOR M VEC TOR ~~~~~~~~~-*‘~~~

~~ T ~~~~~~~~~~~~~~~~~~~~~~~~~~~ :

-

~ 
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JO $80 K • I , .1
F • Z C K . 1 . l )
Z (K .I.I) — S * ZCK. L )  • C F
Z(I(.t ) • C * ZCK .!) — S * F

$80 dONTI NJE - -
C

• 200 CC)NTI *’IUE
C -

-

3(L) • 0 ( L )  — P - -

E ( L ) — 3
• ~ C 4 )  • 0.0

JO £0 $05 I -

24o) CJNTI~4JE
C •**‘****** OWDER EIGENVALUES AND EIGENVECTORS *******..*

OJ 300 I I  • 2, N
1 1 1 — I

,~ • 0 ( 1)
C

0(3 260 J • U,  N
IF (0(J) .GE. 9) GO (0 260
( a J
P • 0 (J)

- 
26’) CONT IN UE

-

~~ IF K .EQ. f l a o ro oo
0 (K) • 0( 1)

C
00 2 8 0 J . I , N

P • Z (J ,I)
l(J ,I )  • Z ( J , K )
~ ( J , K )  — P

280 CON T I N UE
( C

— 
300 Cth ’.(IN~J~

-• 
JO (0) 100 1

C *4******** SET ERR O R — NO CONVERGENCE TO AN
C EZOENVALIJE A FTER 30 ITE RA T IoNS ***4******

1 000 IER .4 — L
.~~ L~~E ( - ~.2O~ O ) L

2J~U Pt) R.3A (C*O LS 4 ,120 )
1~ )OI RE~ JS4 1.4

-: •,*.*e*.*e LASi CARD OF INTOL2 *‘********
• ~_ 4J

SUIJ 4I)U (I.’4E (REC2U4U ,N ,A,0 ,E ,h
S.

1:~~EJE R L . J . K . L . . 4 , I 1 .NM .JPI
I4EA L A ( N M , 4 ) .0U4) ,E C .’1) ,h(~~M,N )
.O EAL F .G. 1. I4.1,SCALE

C ~~AL ~J Rr , A3~ ,~~1GN

• C ~1t ~ SJ~ ROUTI .’4E IS A TRANSLA~~!ON OF (HE ALGOL PROCEDURE FRED2 ,
C NUN. UATII. II , IdI—195 (1968) BY MA RTIN. REINScH , AND W IL KINSON .
C r1A440d (X)K Ft)W AU~~) . COUP. , VOL . t I — L I N E AR ALGE8RA. 2 1 2— 2 2 6 ( 1 97 1) .
S.
C fl$I~ SUBR (XJTIN E REDUCES A REA L SYMM ETRIC MATRIX TO A

• C SY.~METRIC £RLDIAOO$AL MA INIX US IN G AND ACC UMU LAr INO
C ORI ~rIO30NAL SIMILARITY TRAN SFOR ’4Ar IoNS.

C ON IN P U T—
• 

4U MUST bE SET 10) THE HO~ DIMENSION OF INO—D I MENS IONAL
C A 9RA Y PARAM ET ERS AS JECLARED IN ThE CALLING PROGRAM

_______________ ____________________ _________ 
1.

— 

~~ 

- 
- .. ‘.r’~~~, .4 ~~~~ 

- 

-. 

— — — 

4S
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C DIMENSIo N S(AO~EME44C,C
C ~ IS (HE ORDER (IF (HE ~4A fk$IX,
C
C A C O NTAINS THE REAL SYMMETRiC INPUT MATRIX. ONL Y THE
C LO.~ER (R IANG LE OF (HE MATRIX NEED ME SUPPLIED.
C

• C ON OU TPUI—
C
C J cONT AIN S (HE DLAGO.4AL ELEMENTS OF THE TRIDIA00NAL MATRIX,
C

• C E CONTA I NS (HE LUMOIAGONAL ~~ENENTS OF THE TRIDIAGONALC MAIRIX IN I L S  LAST 04— I ~OS1rIoNS. E d )  IS SET 10 ZERO .
C

- C CONtA INS THE ORTHOGONAL TRANSFORMATION MATRIX
C ?L~ODUCE0 IN THE REJ IJC (LO ( ’4,
C

A A~4J Z MAY COINCIDE. IF DISTINCT. A 15 UNALTEREO.

C -3UESCIONS AND COMMENTS SHOUL) ME DIRECTED TO 8. 5. GARMOU,
C A~PLLE0 ~AtHEMAf (CS D I V I S I O N , ARGONNE N A T I O N A L  LABORATORY

-- 
JO l0O I . I , N

JO I O O J a I , I
Z (I .J) — A ( I . J )

- 
1 (X) CON ( I ~IUE

IF (-I .EQ. I) 01) TO) 320 
4

C *4*14*4*4* FOR 1.14 SIEP — I  UN TIL 2 0(1 —

0 )  300 I I  — 2 , N
I • .4 • 2 — II

-, —
SCALE • 0.0
IF (L  .LT. 2) 00 (0 130

‘********* SCALE RON (ALGOL (OL THEN OMI T NEEDED ) ******** ~~~~

JO I20~~~~~~I , L
$2 0 SCALE • SCALE • A8S (Z (1,K))

IF (SCALE .NE. 0.0) 01) (0 $40
$30 .~(I) —

JO) (~
) 290

• 4.
14 0 0.) I~~0 < °  I , L

Z ( I , K )  • Z (I,K) / SCALE
H • H • ~ ( I , 1 ( )  * Z(I ,K)

— 
IS’) :~L-41INUE

— L (I,L )
3 • —sIG~4 (S0R (C N) ,F)
~( I)  • iCALE • 0
H • H — F  * 3
~(t.L) — F — 3

0.) 240 0 • I , L
Z(J,1 ) • L(I,J) / (SCALE * H)

C .*~~~* a”.. FORM ELEMENT OF A*U ***we*****
00 I 8 0 K • I , J

S - Id’) 0 • C) • Z(J.K) * Z( I,K)

J P I — J • l  -

_ _ _ _ _  _ _ _ _  _ _ _ _ _ _  __________----

p

C 
~ 

-
~~ 

_
~•_t • -

-.
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IF (L .Li. J P I )  GO () 220)
C

30 200 K — JPI. L
200 3 • 0 • ZC( .J) * Z ( L . K)

C ********** FC)RM ELEMENT OF P **** **‘ .*.

221) EU )  • G / H
• F . F . E ( J ) * Z( I ,J)

240 CONTI N UE
C

— F / Cr4 • 14)
• C *‘.‘.***** FORM REDUCED A **‘ *******

00) 260 J • I , L
F • ~(I,J)
3 • EC J )  — 1+1 • F
E(J) — 3

30 260 K • I, 0
Z(J.<) • h (J ,K) — F * E(Ki — 3 * Z ( I . K)

26’) CONII.’4UE
C

0(1 280 K • I. L
290 ~(t, K) • SCALE * Z(I,K)

C
290 -0 (1) • t-(

300 Cath~INJ E
C

320 0 ( I )  • 3.0
j ( I )  .0.0

C •‘.*****‘ . ACC OJ MU L& ( I0t4 OF (RAN SF ORMATION MATRICES *****‘~~~~~~~~~

JO ~00 I • I . N
L °  I — I

• IF (0(1) .EQ. 0.0) 00 1.0) 380
C

30 360 0 • I , I.
3 .0 . 0

C
JO 340 K~~ I . L

340 3 • 0 • L ( I ,~() * Z (K, J)

00 3 6 0 K — l . L
Z ( K. J )  2 h(K.J) — C * Z(K, I)

- 
363 CONtINUE

38’) JOt)  • ~ (I,I)
~ (I, L)  — .0
IF C L  •L f .  I)  01) (0) 5~X)

C
JC) 4 0 0J 1 , L  -

Z (I.J) — 0.0
Z(J , I)  • 0.0

— 
40() CONTINUE

~00 C04(1~4UE

RETUR I
C *.‘.***“ . LASt CARD OF (RED2 **.*e**.~~

SU8MO U tIN E Y F X ( X ,i ,N. X M I N . X MAX . Y M I N , Y M A X ,J1Tt.NH . VTL. NV ,M, XO .X N Q )
JI MENSIUN TEAT(7).X(,1),Y(I4)
COM’4ON/A/FREQ,SD. SIGMA
JATA (IEXTCI ) ,L — l ,i)/IoIlooa l O0.OO, I OHOD 200.00 ,

.101400. 300. 00, IOHCX ) 400.’)0,l0’IC)D. 500. QO , IOHOD. 600.00 ,

.101400. 100.00/
• ,,R I i E ( 6 ,2 0 I 4 ) ( X ( t ) ,1~~I ,N )

2014 FQR4AT (lX ,IU~ I I. 4)

5
; 
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I F ( irI .0 4 . 0) J )  LU ID
L)X•( X M A X — A M I - 4 1/5.
JY• ( (kIA~ — Y M L N ) / , .

I F ( .E’) .0.3)Xd~~~.5I F (  (3 . J.0.5)NH•—rlH
CALL AXIS(0.5,X 8, HtL.NH ,5.,0.,XMIN.OX )
CALL AXIS(0.5.’).5,V (L.$V ,,.SO.,Y M I N ,DY)
CkLL SYMMOLC0).b,XQ ,.l ,314 -— .0.0,3)
CALL ~4UM8ER (O.d.XQ, .$ ,F~E0.’).O.I)C A LL SYMaO L (2 . ’) .h 0 , . l ,3 H S J..J .0,3)
CALL tIUMMER (2.3,XQ,.I ,SL),U.0,I)
CALL SfM~0L(3.~~,hU,. I ,6HSIGMA— .0.3,3)CALL M M E R ( 3 . d ,A - 0 , . l .5LU .IA . 0 .O . I )

( Q .EQ.0 . ) Z M
I F ( A 4 0 . E 0 . I . ) C A L L  5YM8OL (3 .~~,6 .0 , .) .~~rtN00E .0.0,~~)
IF (A-N0.EU.I.)CALL !4UM8ER(4.0,6.O..I.Z,0.0,I)

IL) CALL.. LI14E (.C ,(.N ,l ,J.O).XML+—OA/2 .,DX.YMLN—OY/2..DY)
i~~.( Y ( -1 )—i4IN )/O Y . .,

L~~0 ((- ~).LT.0.)ZE (A•AM—AdS (i (’l)—YMAX)/D Y
C L~~~A JEPENOS ON CHOI CE OF A X I S
C ~E—~ JJ~JS1 AS REQUIREJ

I F ( A 4 0 . E 0 . $ . ) 0 0  (0 $ 2
CA LL 3 i M 8 O L (X ( , ’, )/ Dh~~.6, Z~ i A , . 08, T E X T ( M ) . 0 . ,  10)

2 ~E(JRN

~U~ ROU (1,4E GFXCX,Y,.4.AM IN .XMAX .YMI:4.YM AX .X L ,Y M I X .
J I IAENSIOC4 X ( - 4 ) . f ( 4 4 )
Cc)-4,~ON/A/FRE0J .50, SIGMA.~~I La16 ,  4014) (A C I) , I—I .4)
,.~1~~~(6 , 40 I 4 ) ( Y ( J ) , J •I .N )

4 0 0 4  F1)R 4ATCI (.I0~~I I. 4 )
I. IE. ~‘1) .~RIT ~ (6, 4024) A l ,  (M I X

4024 Fo~ 4Ar (lh ,RP~4AA(*,F6.I ,* < M ) — * , E I I . 4 )
IP ( . 4i1 3.LE.fl .3() to) I D
) X a ( X4kh—A. 41 .’i)/5.
JY•( (~AX—YM I .fl/~ .
~~~~~ AXI5 (0.5.0.~~,14tL3,—I4143,S..0.,A MI N ,DX)

( L L  AAIs (3.~~,0.,,V (1..3,rU3,-~. .90. • (-‘4I N,DY)
L A J . .  SY~A doL ( 0 .~~.6.’ , . I , 3 1 4  ~~ ,Q.Q ,3)
:A .L ~J44 MER(3.M. 3.5..I ,FREIJ. )• -J , I)
~~LL SY 0LC2 .3 , 6.~~. . I . 3 r I S D , 0.0.3)
CA LL ~JMdER (2.3,6.~~,.$ .S0.0.-),I)
C*- _ _ SY~~OL (3.S,6.S,.I ,6M5IJMA— ,0.O,3)- kLL hIMMER(3 .8 ,6.,..I ,SIUMA.0.0. I)

• t Po~~I.-1E.~’ I) CALL 5Y NMOL(2 .0 ,6.Q,.I.6NR( KN )— ,0.Q, 6)
I ( A1 .NE .P1)CALL 4U 48ER(2. ,.6.0 ,.t .XI , 0.0, I)

l u  CA LL LI~ E (X .(..~.I .U.0.XMI ,~—DX/2. .0X ,YMIN—0Y/2 ..0Y )

E
—~~:•) OF F I L E —

- — - —~~~~~ - 
~~
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APPENDIX B

DOCUMENTATION OF NORMAL MODE

PROGRAM FOR THE BILINEAR PROFILE

AND PROGRAM LISTING

P
Normal modes $~ as a Ainction of depth

U
Eigenvalues U~~

STK
Related to eigenvalues via STK = ~

where Ic0 is the source wavenuinber

ZM Depth coordinate (variable)

ZMAT
Depth coordinate at which up and down integrations meet

ZNEET
Depth coordinate where the two velocity gradients meet

EN
Index of refraction, n ( z ) , as a function of depth.

VM
The potential, l-n2( z ) ,  in the normal-mode equation

DELZ
Depth increment

KO
Source wavenumber

KOEQ
Source wavenumber squared

BC
Boundary condition value for eigen . unction

SLOPE
Slope of eigenf unction at the boundary

TPT
Turning point where eigenfunctions turn from oscillatory

• (exponentially decay ) to exponentially decaying (oscillatory)

H

Ocean depth Cm) 
-

_ _  _ _  

~~~- .- .•.# f r • - ’•~l. t .~~ - - 
-

C ~ 
•
-.. 

~~ ‘ 2 -‘ ~
-‘~ k’~ 

‘ 
.. .5•

_ _ _  - _ _ _ _  _ _ _  - - _ ___ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - - -~~~~ - 
—

- - 
-

Page 38

FBGN
Source frequency (HZ )

114
First mode calculated (also equals the number of zero cross-
ings in the mode )

• NM 
-Last mode calculated (equals number~ of zero crossings i.n the mode)

NMINC
Increment of successive modes to be calculated between IM
and NM.

NZW
Number of depth points (spaced at DELZ) at which the norma’-
mode depth functions are calculated and stored 

T T :~~~~~~~~
—

~~~~~~~~~~~~
---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . .
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USER .4UMNER S •dtt
BEGIN TEXT EDITING .

7 11*
P ROGRAM MAIN(IMPUT.OUTPUT.TA*JES.INPUT.TAPE6.OUTPUT.TAPE9)

C—IdSTRUCTIOM$ FOR CHANGING DIMENSIONS
C CHANGE THE D IN LN U AND SIX ED # OF MODES REQ

• C STEi~ I , SaSECT NEM DIM FOR P. •t5 IC) 20 PCI ABOVE ZN, VU
C 510 2, RE /01.0 DLU/,/MEtv OIM/sZ
C SThP 3, SE.ECT NE Ss D IM FOR ZN, VU • 2*.tI.I FOR SOME N
C STEP a. ES /OLD/,INE4/1IO - . -

• .~~ C StEP 5, ES /0Ws9/,/,4E*~~/ 
-

DI MENSION U (20).P(9601),SEK(20)
CGMMON/QEN/U0,ZM(8001 ) .ZNAT, FACT. O€LZ,XO.DLVCIC. 508.9.18, KOSO, YM( 

-

.II ),H12,HI6,EX C)SCMAZ,EC,TPT,SI.OPEJPS,3 •~~ - —-- — —

REAl. XO,K0$0 - 
- 

-

- DATA CO,ZO,3,G~ I434.,O., I3OO.,..0 l.7/,fXPCT,Q5pC~/.I,.I / - •-  - ~.---- -.

DATA ZuAT/Io5.~.ZMEEr/337.3323427/
DAj A NPTS,PI,DIVCK. UTE5T/ 80O~ ,3.I4I5926535I979.I j—40,I.~—4/
DATA 4,.K.PCTERR ,NP N 1./4000.,0.S,O.QI, 9a01/ ,51JNIT/I .E—IoQ/
MAN LI I/YAL/FBGt4 ,FMAG .NFQ .IU .NM .MLMC, NZN -- 

C EN(i).t./CI..EPS*(2.*(Z—Z0)/B—t..EXP (2.*(Z0—Z,/Bfl) -
- EM(L)aI./(I.006106525•I .6774IE-5.Z) .

V(Z) 1.—EH(Z)**2 - 
-

RIuINO 9 - - - - - -   
- - - -

Eps.i.G/co.o. S
EPSQ.SOET(EPS ) - - - - — - - - - -

0812 H#’(MPTS— I) -

HI240ELZ**2/I2. -- - - -• -- - - -  - - - -

HI6—I6.IaI.10E2 -
. 

-

SQu—.9 - -. — - - -
FACT FCTERRa2 40./H - 

-
DO $0 L.I ,N PT$    _ _ . _

- ZA CI)uOEI2 *(t—4) -

IF(ZN(I).GT.ZJIEEC)GO 1(7 300 -. — — -- .-. - :-. .__
- -

00 (0 I0  - -

300 V$ CI ) V (Z Mt t ) )  -
ID. CONTINUE  — --.--- ~. ~~~~~~~ -: - 

- -- -- - - .- - . ., -

£MI0.Ft.OAT(NPT$) .ZMAT/H  - 
- - . - . .. -

-
~ - 

— - S

- LF(Vl( I$LD-..I)—ZMAT.L ZMAT-ZM~CIMID )- .~ IMID—LMID-.1- - .~
- - - -

IMLDO I MZQ -- - • • -—-—-—---.- . -  - - -  - - .—~~~~~ - - - -  - . .

M MIQO HM LD - - 
-‘

- 
- 

- - 
- 

- - - -
.

• £NG1.I~ LO.I . . -
$NGI~~~NI D I - - - - - - - -  - - - - -  -. - -

K3IIFr sPuz—NPTs - 
- - - 

--

VUFT—VMCI) — - -

VRT .VCH)
~RIfE(e,$I)VLEPT,VRT - . 

-
‘

SI FORMAT (IX ,aVL.~~r.*,FI0.S,* VRT*.,FI0.5)KQSQ I.
I REAO VAI. /
IF (EQF (5))I00.2 - -~

2 PRINT VAL -
ZFCFB0~4.LT.0.) 5(1*
N$&P.(MPTS- l )/CMZn—I) - -

IM IUS I
N*.NM.I - 

- -
FEAT.I0.**(I ./PMAO3 -

IF(FS0$.EQ.0. ) 00 10 23
F FIGVFRAT .C. 23 00 22 CX .I .NF0 -

• ?-E f1~At —- ___________

______________ ________________ _____

L ~~~~
- - — 

- 

_ _  
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- - ~.2.*PI*P —. 
-

. O&0K5~~~OSG - . - -  “ - .:~~~~~~~ -

- Ko.U/cQ 
- S 

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

- - KOSQ KO*K0 - 
- 

- - - - - - -

IIRZXE (93 l,H, MZM ,EOSQ,NM - -

URLTE(6 ,3545) - - - - -

3545 FORMATL*,SRUTE PIEAOER*) -
• -‘ RATIO~~COSQ/O1.0K5Q

DO I t  K a I ,tlP lS 
- 

—

I I  VM (K) QATIU*VM (K)
- - A.U ZMAT

NRR O - -

KNTM40 —
00 20 I.ZM.NN,NMINC -

M 1 1
IF(IFL,AG .EO.0) GO IC) IS

- IMIQ I4IDO —

MUI D NM L OO
IM0l~~IJUD’l -

-
~~~ $MOI.N*IO—$ - 

-

I FLAG40 — —---

I S ~x $ c ~ K .Jg)*pI
IF(KNTM— I )  16, 17 , 18

$6 UG C(3.*PL*3.4876%.4/C2..*KO) ).*(FLOAT C2*M).I.5))~~~(2./3.)
xFu.4e766E—~.1.r.ozvcK) (.~ a (FL0Af (2*M.I )*p I*.5/e4/KO)**2- - U.INC UG
00 10 13

$7 UINC.U(t)a(CCFLOAT (2*N).I.5)/CFLOAT(2*LèO -.S))**(2./3J I.)
C 00 (0 1 9  -

13 JI$C.U(KNTM)—UCKI4T*4) --- - - 
— .  - - —- — - -- - - .  -• - -

~~
. 19 UO U(KITM).U I NC - 

- . 
- 

-

- $3 UG.40. 
- 

- - . 
- -  —

LF(~ NTM.GT.0) UGI. UCKKEM ) - 
- 

- 
- - -

- - 00 50 U.— l..10 - - -. -
- - -

. 
- — - .. - -  • -

- A.—I .EBO - - - 
—

• - -
- -

~ 
• • - 

- 
- — -

- ae.i.iga .—-•- - --—. —... - .  .__ i__ _ ____ •  —_ — - - —  _. 

C RITE C6,T2J ZNAT.H.88 - - -

• IF(UG.LT.VLEFT) CALL TURUCO..ZO.A)- - -  -- -

IFCUOJ.%.VRI) CALL. TURt4(ZO,H,BB) - - - 
- - -

C - RITE(6, 72)ZMAT, zI.88 - - -  -- ---—--- - - - - .  - 
..

C C 72 PORMAT(lh ,WZMAT,H.88—*,3F10.S) - - 
-

LF(UG.GE.VLEFT.OA.UG.OE.VRT)- GO 10 60- - - - - — - - - -
XILIA.0.  - - 

•• . • -

UDEE.O. - -

KL FLOAT(NPTS—4 )*A/)4 L - - 
- - 

-

KU €LUAT(NPT5.4 )aSB/t**1.. . .  - - .
~~~~~~ •• -- -. - — - 

- 

C 00 40 U.~~..KU - - 
- 

-

• ARG UO VU(U)I1COSQ - - — -•-- ...——----—— • —--— — —-  S.- -

1F4 AEG.LT.U.)WQLTE( 6.26)ARG - 
.-• -

- - 
-- 

- -  - . 
- . 

- - 
- - -

C 26 F RMATCIX..AR0 *~E$ 1.4) .. -~~~~~~~
- -. - •

.
.- --~~~

-

IF(AR0.LL0IV ~X) Ga ID 40. - . - 

- 

- 
- - - 

-

- 
- -.

SQU6QRI(ARD3 - .. — -- _
~~
.-- - - .  - -. . _. - -_ - - - -;

C ~~1fi.’~~ER.0.S/5O - - . .  - 
-

ZIMt.*INt.60. - 3 -  - - - • - -- - - -
~~

• - - ~~~~~~~~~~~~~~~~~~~~~ 
- -—

40 COIItI*JE - 
- -- 

.. 
• • - - , .  

- -

. 

-
. - 

~~
- - -

~~~C W~C I ( ~*~ INT OELi - — -‘-- .. -...•-
~
-• - -~~~

- . ~~~~~~~~~~~~~~~ — .

• • UDU.KOMIOER*0112 - 
-

. - - - - - 
- 

- - - - - -

- £FCAEBCXI 4~~).l.E.0..0l*NNB-7- 0(7. 10- aG •. — • 
•
- - ~~~~~~~~~~ - -  -~

C - 4RIT~ C6.2S)ODER - 
-. — - - 

-. -• - 
- - -

C 2~ FOR CIL . sU0~~~..EII .4 ~ - • -
~~

-—
~~

-.-
~~~~

- ... - - -. .
~~
-... - •--• -___-?_ - -_. •.-_

UI$Cw(NICE-XINT )/UOEL - 
• 

- • 
- 

- 
- S -

- -

IJ0.U04~U INC - • - - -
- _______

50 tF(U0.LL.&IOU UG UGL’. l’AU(U INC) - - 
• 

-- 

• 

• 
- • : •

• .RITE(6 ,$ OOZ) M ,XINT, mKS • - .  -  - -- S 
- • - 1

‘
~ 

1002 FORMAT C .QNO ~ICB CONy FOR MOOR *, £6, *ACTT0N~~ . El I . 4,*WK B.*J I I  • 4)

—-.-40__ Uat t..Ua 1. IJQL

____S ____ ____________

~~~~~~~~~~~~~~~~~~~ - ~-~~~~~‘ ~~~~~ ~‘ ~~~~~~~~~~~~ - ~~., ~~~~
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00 70 a—s.so - 
- 

- . . 
.~~

5~$~sKQ5Q’Q0 - - - - - 
—

LFCKK.EQ .I) 00 TO Si - 
- - 

.

Aa-t.ES0 - - ~~
‘ -

88.1.550 - - -

IPCUO.LT.VLE$T) CALL tURNCO..ZO.A) - - - - - • - , - ;

-. IF(UG.LT.VRT ) CALl. TURN(Z0.H.88 J -

C *RITE(6.72)ZMAI.~1.88 
-

51 ZL.AMAXICO..A)Z8.*UINI(I8,i*) - - . - 
- 

- -

O$CMAX.CZ8.ZU/Ft 0At( I )*USPCT -

EXPMAX O. - - -- - - - - - - - - -
- -

,, . TPT A 
- - - 

-

LFCA.$E.—l.ES0) 8XPMA V~*EXPC1 - 
- • 

- - - - - -

s2 -ac.o. 
- - -

SLOPE.5L1N11*( l. ~~~~~ . - -

C1 CALL. MUM ER( P,€4P. X. l ,KM ,P!$T$, 1400k ,CM LD )
EXPMAX O.
rprads

C IPCME.IIE.I.E50) EXPMAX (*ZR) EXPCT
56 - BC SLINII - -• - - -

- - SLOPE-0. -

CALL N4IMER ( PC KM~ I ) .NPUX—KM.NPTS.KDUM. PINT2.NOD2 • MMID )
IRBF.KU.t4MLD
IA8.KM KDUM
CALL INTERP(LMIO 14U10 KDUM,KM.P.NPMX ,0) -

CAU. INTEEPCIREF’LNID—KM,LAU.P,tIPMh,KM.NPTS I)
— SUM40.

~)O 63 K.IMOI ,KM
LP(P(K)aW(K—$ ).Lr.o..c)R.PCK3.Eo.0.) MO0I—NC]0I—I -. -

6.3 SUM SUM—PCX)~’2 - - .  -

PI$t$.PIZ4TI*0E2 CSU*~0.5*(P( LUID)**2—PCKE~~2)) -

IRF I.IREF~~I -- 
- - - 

-

‘-
5 - - SuN—a. - s - : - - - • : . :- . . ---

~~~~, 
- - : - - 

- - -
- 

.

- - - Do 66- K—IRF$.IAB - . .  ~~~~~~~ ~~
-. - . • 

- - -
-

SUN-SUM—PC K) **Z — ---‘.. - ; 
- .  

- ~~. ~.— -- _. -~~~~ - . — - -

—- 66 .IFcP(K)ap(K—I1.c.-r.o..ag.P(KJ.Ea.o.) NXaat4~O2—I  .~~ 
- : .  - -- -

- NOOIsMOO$ -’-N002 - - . - - —  -
~~~ - 

-
‘
- -  -- - - - - - - 

- 
-

PINT2 .PINT2.OELZ*(5UM 0.5*( PC.IREF)a.2—BC IAS) 2 ) )  
- - -

S - , : 
- IF(PbIMIO).P(LREF).GT.O.) GO TO 67 - - .. -

-  
- -  -- -

~~~~~
- - - 

- 
-

IfU.G LFL,~~ .I -
. -. 

:-- -- *  - - 
- 

- 
- -

-C  - - ZFO4J O.0) *RITEC 6.247)it. IFL. A0 •. •~~~ . .~~~  -— .._ . .

— C 247 PORMAT(*LTERS. FOR CUNVERO. •MOOE *,13,m,.Z3) - - - .. - - 
-

IPUFLAG.Gt.5O) 00 10- 78-  -- - - - 
-

SCHAX/DELr - -  
- - 

- - 
- 

-

— - LF(INGI.GT.KM 1 GD. IC) 249 - ‘ - _  - --

00 240 K EMO .K$ - -  - - - - 
- 
.

- - 
-

LF(P(K3*P(IRE~~i4L0 K).0t~.QLVCK) Ga 
-to zoo - ;  : - — - - -  — -  - --

240 CON(L*1E -   
- - -e ~~~ LF( ERF I .01. LAS) 00 10- 252 - .- - — - . — - .  — -- - -. - - -

00 250. K IRFI ,IAS - - -  - - - -   -
~~ 

- - 
-

— 
- LF(P.(E)*PILMID*IREP K).01.0LVC1~)- Ga 10.270  •...- — .~ - --  -- 

- 
~~~

- .. _
~~

~~~ oa to- ~~~~~~~ ~~~~~~~~~~~~ 
5-

00-10- 6.? - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . - • - - - ~~~~~~~~~~~~~~ 
-

260 LMI O IC - - -  ,.  - .
~~~~ 

. ..- .~~~~~~ .. . -: ~~~~~~~~~~~~ ..~~~~~~... ., :. - -

LF(~ .C..GT . KU) I0. SIM-IC - - - . -- - - 
- . - - :  - -. - - - . - -

LP(P(~ft ICL)aP( IRIF.IMLD-IC—$CL).Gt.D-TVCIC)- EMtO.LMID-’ICL. ~:- . ~~~.. ~~-. - --

- 00(0- 280 - - - . - --- 5’ - -- . -

• 270 LMI 0—LMJ,D-IC.-LREE .. 
~~~~~~~~~~~~~~~~~~~~~~~~ 

- - .:.. - . ~~
‘ ,~~

- - ,.. . ‘ _ .  ~~~~~~~~~
LF(E.I0..014A8) Ct..IAE—IC 

- 
- - - .- _ - - . 

- -‘ -  .~ : - - A 
-. :. -~ 

-‘: —

- LF(PLKbI P(IREF.IUZ0-I~~KL~—Gt~.@tV~~ ) - IMXD—C*I0-111 .. ~~~~~ ~~~~~~~~
250 MIIXD *TS—LMLDS I -   

-

• 
~~~~~~~~~~~~~~~~~ 

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

—u- - —

,;- -: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

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

-
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~ 67 LF(MOOI M1- TI ,4S..75 - ~~~~~~~~~~~~~~~~~~~~~~~~ -  
- - 

- L
66 RATLO.P( IMID)IPCZESF ) - --- -- - ‘  

~~~~~~~~~~~~~~~~~~~~~ 
- - :

CA . D U IV C P . I M I O . I ML 0 . I ,OERL ) - -
. -

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

- -  -.

LF UG.4.W4C.Gr.UG14) UtNC.o.5 U~ H— tG -  -

• I FLUG MI INC. LS.UOL) UINC.O.S*( UGL U0) 
-  

- r
00 10 79 - - - -  

- 
- -

7$ UGL.AMAX$(UOLUG) - 
-  

. 
$ _

00 10 77 . - -  - .  - - - -

75 UGI. AMINL(UG$4,UG) -

77 UI$C.O.54(UCL$JG4 )—U0 — - 
-

• 
— IFCU .LE. 0 .OR .NOG I.LE .Q) 00 1019

UOU.UG.IFLUATIM)/FLOATC NOOI) I.) - -

Lp(AUIUUC ) .GT .2..A8S(UOER)) IJINC*JOER 
- 

- -

~ 79 U0.~I0.’JI$C - - 
-

IFCAES UINChLE.JTE$r*UG GO IC) MO
70- CONTINUE S

7$ ~R ZEE C6,I I 7 O  M.(X. IFLAO
.1170 FOQMATCIX..CONV i~A1LURE R)R*, 13,. EVALUE.,*K1Ca., 13.. IFLAG * ,13) -

510~
- SO D0 $Z K-.$ .I4MDI -

<
S 

P9—P CKM”NMID—K)
IF PP JO.1.E6o P (id P MY~—JC .l).P P -

— 82 LFCPP .$E.I.E60 ?(.4PMX—K.I •PP.RATIO
~L.LNOI -  

-

$3 KUuMIN0 C KL’KS~~t— I.NPTS) -

00 M4 K•lcL.XU -

84 PC~~)—P C~4P MX—$C.JC l.)
- IF(EU.GE.NPT S ) GO IC) 90 - - - 

- 
-

-— - KNUV.IIPTS—ICU -
- 00 86 E 1 ,XMOV -

~~ - -
- 86 P1$PMZ-K .I).PCIIPTS—IC.I3 - - - -

~~~
- EL.CCU-*t - - - -  

-. - -~ - - - - - - .-: - - - — -e 00 10. 53 - 
- - - - 

- 
- 

-

-90 1F(U0.Ot.1.O)--GO 73) 21- — - — - - .—- -- - -. -. , .--~~~~ --  - .

— CALL IUURP C I  ,IIPTS.P,$PTS,O 3 - - 
- -  

-

- PINTI.O. -- - - - - -—-- - — - — - - -  - - -S - - - - - - -. - -- .   -

00 92 K•I.$PTS.NSEP - - - S .  -- 
‘
~~~~ - - - 

- 
-

- 92 PI$TI.PINTI -rPCX).a2 -~~~~ .~~~~
_ • ~~~~~~~~ .. - -_ 

- 
- 

-  
-C PIUTl.1~ QRtC0 *fLoArCN5Ep)*Ip1NT,_O.5*(pcl )..2.-P(NPrSi..2)), -

009$ K~ l ,14PtS.$SKP -
- - . . _ _~~~~~~~~~_ .  -  -

- SI P(K).PC()/P I MT I - 
- - - 

-

- 
IF NZI.IA.U 00 ro P~ 

- - 

- 
- 

- 
- 

.. - S  -

MRLT*C9) (PCK).K.I,ZIPTS,MSKP) - . -

- MEITV6,-3546)- fdZN,L,A.88 - - - - -

~ 3346 FOQMATC*OMROrE EFCr*,I6,15, .- IPTS—.-,2F10.. I
94- XNTN-IUITM-I - - - - ,-— — ~~~~~~~-.. .

- UCKiITUJ—UO - 
- 

-
- - - 

-

- ZP(UG4L VLEFI.MQ.UQ. LI. VET) NR8.I4RQ.4 - 
- - - - -. - - -  -ST~(~NT*).IC~~1QRTC $ .—UG) - 

‘. - - - - . 
-  .

I- NRLTE(6,7070; ,SIXCXNTh .- - 
- 

- - -  -- -- -- --- - - -
‘- 7070 FORMAT CIX,aSTEC.,L4,.)a.,FIO ,7) - - . - - - - .• 

-

20 CONTINUE - - -- - - - - — - . - - — — - - - .  - - -—-.  -. --.- —  ~~~._ -  —_ • .. -

2$ ~R1TE(9k (STKCI) .IaI ,KIETM) - 
- - -

NQLTECo,6666) F,NfiQ,QIV (,CSTICCL3,1—1,~ ITh) 
. - 

- -. - -— -  - -oooi FORMATCF$.3,z13,IG II.3 - -. • :.
- - - -  -

22 CONTINUE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  
—

- 
- 

C C 01F23~~IXC2)—$T1CC3) - ‘ - -~~~~~~ - 
- - -~ - - - - - -

C O1P2626 XCa53-SIX(26 - —---  •‘ -~~~ ~~~~~~~ -.L~~~~ .5 ~~ ~~ ‘ - - - _ . :  -

~.. C DLF9~~I.$t)~C90)-SIX(9I3 -- — - - 
- 

- -
•  

- -t Ga DIF2OZI $TKCl20)—~TKC L21) - - - - - -- 
-- 

- 
- :  - - : - - 

—  -

C sa1tS(6463)0tF23.DIF~526,01P~O9I ,DIF2Oz 1 - -
. •  -- ______

• ~~oa FO r ’1l,.si - - - - - - .- •  .~~~ -  -
-1. 00 10 1 ‘ - - r -. ,~~~~~~~~ .-  — - ..- ‘ .

-— P91 aEIfl ’Ij#P11 V - . 
-

- - - - r~~~~~-~~~~ 
- - — - - -  - - c ~~~~~-— - -  —~~~ — —

~~~~ 
— --~~~~~~~~~~~~~~~~~~~ - - — - - — --- - =---- - -- -- ----—-~~~~~~~~~~~~ . ‘ :- ~~~~~~~- - :~~~ - _ _ _ _ _ _ _ _ _ _ _ _
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1991 FORMATC ISlaM ~~ANGE Al NEt. MATCH PT, MOOE*, 14) - • :- 
•

- ‘. - . - 
-

) oo ro ooo - — - - . __, .

994 ,IRLTE(6.I994) P C I M I D ) ,P CIREF) ,t !4!D,IREF,ICM,I AB -

1 994 F0RMATC*PROeLEI. MOOS At MI0. ,35 1 I .3.4L6 ~ - 
-666 4RITE(6,4668) F,NRR,KMN ,CSTIC.( !) .I—I ,KM-fl1 -

IGO STOP - - - - -

5140 : 
-

-

SUSROUTI14E NU~~ R(P . MP..LS.KMM .PUCT,$QOES.1MID)
DIMENSION P C I )  -

REAl. kO.K0S0 - -
COMMON/0514/UG.ZN( $001) ,Z0.FACT.0512,KO,DZVCE,$0$,SU$ ,
• LQSQ,VM($O0U,,L12,dI6,EXPMg,X,O5CUAx ,p5,Tpt.S~..opE,Ep5,5- t40OES~~~~ . - -

oo 10 L.I ,NP - - - - - -

10 P(L) 1.E60
PLNr.o.
-23—iNC IS)
FI VUC 15)—SUe
IF(OSCMAA.Lt.D€I.Z), .R1TE(6, 161 ) C)5CMAX ,DEI.Z

161 FORNATCIX,.OSCiIM .,FlQ.5,* DELZ— ,FI0.~ ,* 11*)IF(OSC3IA*.LT.0512) Go Ic) 500
HMAZ-’AMAXI CEXPMA X, 05L2)
IFCHMAX.E0.OScMAX ) OSCIIAX—l.0000 I .OSCMAX
IF(A3$(TPI).EQ.I.E5O ) HMAX OSCMAX - -

IRASSCPI 3.L.E.OIVclC ) HTST.HMAX - 

-£ P(A3SCFI).Gt .DIVc~
) NTST•AMINI(S08*EXP .2*ALOO(FACT/A8S(FI)**3

• )),IIMAX) 
-

- 1F(srsr.L.r.ow.z).~Rz-rE ca. 162)I-rrsr,DEL.z - - -

~~ 9()Q~~t’~ Ix ..wrsr—.,p 10.5. 1 DELZ—., F I 0.5, * 18* ) 
- I - 

-

- LFIKTST.LT.OELZ ) 01) 1(7 300 - -- - - - . - — -  - -

~~0ELZ - - - 
- - - 

- 
-

Do 120 NSKUiI • 100 - 
- —-- ... -

- -
- ZZ.2.*ZZ - - - - 

-
~

LP(HT3T.L.T.~~~) 0(3 tO $30 - 
- - - - - - ... - 

- - - -
I20 CONTINUE - - - - - IMRI(E(6,I020) HIST - 

- 
- -  -

- 
- 

- •

1020 FORMATC*MAX~ STEP SIZE~~,El0.3,* ICr) 8101) 
- .

~~STOP - - -  - - - - -  -
330 44.ZZ/2. -

NASK.21*(NSK—$) -   
- -

FF.+54*tIf/ 2. - 
- 

- - -

- - N5k~NAU*SXGM ( I  .0,20—232 - — 
- 

- 1’ 
- 

-p C1)•PS -

4 KsiS.MSX - - - - - - 
- 

- -

ICA.I .NA5l~  -. 
-  - -

F0—VM(K)-SU S — 
- . -  - -  

- 
- - - - -

LF(I4MA.L..ZIE.OSCMAX.ANO.SLC3PE EQ.I .550) 5 —
- -~

-- ‘ P(LA)SPS$€XP flW2.*(SQNTCPUI.SQRTCFO23.O.33*ALOGCFI,FO)) - —

LF(h MAA.EQ.o5 MA~ .oR.5j .ap5.$E. 1.550) P(K)P S.SLQpE .(ZM (~j —~~,( ES) ) ‘
IF(PCKA aPCI)4.T.0..OQ.P I(A).EQ.Q.) NOOES—NOOES.t - - - - - I
1P((Z ~ (L’~*SK)—(PT)*CTpt—ZM ( IO).GE.Q.) HMAX —A M IN I ( HMAL,QSCMAX) - - .1-

- 
- - - - - - 

- 
- - - - ~~~- -~

KTST.AN1NIU4151,NNAh) - - 

• 
- -

00. (0 ISO- - - - . - - - ~- — ._—~ - - - --- - .- - - - .  - .140 KM( H$L - -
- -~~~~ . 

-
- - ~ . 

- -
-‘ - KAaICA’14A$~ - - - - - 

— 
.
- - - - - - - - - : --

- LPCLA .OT.NP) 00- tO 700 - - —
~~~ 

- - — - ‘ -

S 
- 

- -.
GD to 400 -P(~~)mCP(K $ASk3a 2..l0.*FF.~ I )—p(E$—ZMNASIC).( I .,-9F 92 )/ - - -  - 

- 
-- - - 

- 
- I I •-~~~V0) - -• 

- - - -LF(9UCA P LA—MASK) .Lr.O ..oR. PC KM .EQ.0. NOOESaI CO(S.I 
- 

-

191 C ZM C K N$K —1P1 * tPT—ZM (K ) .GE.0. H UAX— AM INI ( I*AX.OSCMAZ-: I F(AISL 90) • 1.1.0 IVC L) NTSThNMA X
~~~~ 

j ALA t~~)9cT trn”’ ~~~~~~~~~~ ‘~~~~ iZPL.2*ALOWA~~Ia1S4.P-~~—J - ______

--5- - - - - -- 

_ _-

i
.- 

~~~~~~~~ 

~~~~~~~~~~~~~~~~~ — --5— ‘

~~~~ 

— — 

~~

——- — — — ----S

_______ ~~~~~~~~~~~~ - --• - - - - r  -
~~ 

- - -  - -
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• )) ,dMAX ) - - -

LF(NH.GT.0.SIHTST) GO TI) $50 - . - - 
- 

- 
-

LPCKA .LLZ *I4ASE.QQ. KA.Z*NASK. or.Np.OR.ICA.NASK.Gr. IMID.I) GO 10 160
IF(CZNCK.2,NSK).-TPT)*CTPT ZN(K)).Lt.0..) GO 10- 147 -

HMAX SiM INI CHMA X ,OSCMAX) - -

prrS c.AMINI(HTsr .HMAX ) - - - - - - - -

L9O*4.at.0.5*HTST ) CO TO ISO - 
-

‘- 147 PINT.PCNT.I .~ *I*t*P(KA) 2
• l-*4.t*4*2. -

FP.FF*4• - F
‘-- $3K (ISK*2 - - - ;

‘

- - - - - - 
- 

- - 
- 

- -

• — C ,RItEC6.1643 IASL -

- C 164 FORMATClX&~t4ASK *.I5.1 67*) - -

GO (0 170
150 IFCI*I.U.HTSt.OR.Kk LMID.GE.4) GO IC) 160-

PLNTaPIXT..5*IIl*P(KA 3
152 IF (NASK •LT.2) at) TI) 500

~8l.HN/2.
FF FP/4.
NSE.NSK/2 -

MASK NASK/2
92 VM (K— NSK )— $U 8
IFCASSC2. •I Oe*FF*F21.LE.OIVC!C) GO IC) 600 -

PCKk NASK) CPCKA.)*( I .—FFsI0).P(KA- -2*NASK)~
( I .—FF*FI 33/

~~
- -  • (2..I0. *FF*92) - SI

IF(P14.LE.HTST) 00 10 $33
• 91 F2 - 

-

- IFCMASK.LT.2. hIRItE(a,$63~ 4A$K. -

163 PORMIIIL,.NA* .LS.* 3$*) - - - -  - -

00 (0 182 - - 
-  -

*35 PLKI.PENT..s.**1*P(KA)**Z - - S. - 
~

- - -  - 
-

00 10 170- - - -  - 
— 

- ‘ - . - 

-

- - --- — - - ~~~~~ - - - - — -—  -
~~~

-

PLNTSPINT.**i*PCKA )*2 - - 
- -  

-

ITO-— 9$ —p0- - — - - 
~
- - - ~~~~ 

- - - 
-:.- — -- - - - - - - - -

IF(Ks—LMID.LT.4) 00 10 140 - 
- 

- -  - 
- 

-  
-

~~~ 
- 

- -

- 
- 

- PINT.P113T 0.Shi*I PCKA)’ Z - - - -  - -- - -—_
~ 

- - ~~~
- -- - 

- 
:. - -  

:- - - 
— 

- — -j
R~~URN - -

- 
- 

- 5- - 
- - - 

- - - 
- 

- 
- -

500 sRLTECo,1500) IjrST,E,21t(K) - - - —- - - - - -  -- -- --1
1500 FORMAT(. MA A 51751Z ,914.4,* 100 SMALL. K - ,LS * Z ’*-.FI.2)

STOP - -- - --~~ 
- - - 5 - -- -- -- - - -~~~~ -~~~

600 tiRlIEC6. 1600) IC.ZMCL)  - 
-

~
- 1600 FORMAI(IDLV BY (7 At Kss,L3,~ Z-*,984) :  - 

- - - -  - - - -

STOP  - -

700 URIIS(6. L700 K - ---. -. - - - -  - .- - - - - - -

3 700 FORMAIC*OVERFLG*ED STORAGE. K * ,-16) - - 
-

StOP -  — --- - - - - - - - -  - - -  --
~~~~~~~

- — - -- - - -----— - -—- —

END -  - - - -; - 
-

s*aouTINE U~tERpC U I U ,P,NPNX.KO~~) - - - - -. - — - - -.. 
- 

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

~~~
- -

~~~DIMENSION PC I) - - - - - - - - 
- 

- 
- 

- 

- 
- -~~ -- - -~~- - . S

EIAL. K0,L0S0 - - 
, .;~~~ ~~~~~~

- -
~~~ - , — - ~~~~~~~~~~~~~~~~~

(O~MflM#CEN/UG.LM( 30011 Z0.FAC1.DELZ,ICO,QIVCE.SQ5.5UB.K0SQ.VMC 80 - 

- -

•1O~~~ - - - -
~ 

- - - — - -

OO SO K*4.IL. -  :. ‘
~

- - 
-

- - - -

- IF(pC IL-C~l).j .I .Eao) Go10ee- -  

~~~~~~~~~~~~~~~~~~~~~~~ 
- :- - - -

80 CONt INUE -  - -.

00 10-9* - ~~~~~~~~~~ -‘:~~:-:
-‘ ~~~~~~~~~~~~~~~~ 

- !~~~~~ - - - ~~~

‘ 3S- LI.tL—K~ I 
- 

• 
~~~~~~~~~~~~~

• 
- -

O0’ 86- Ea1U.i1P~~. — —-- 
~~~

— —5- -----  -.-
~~~

-- ..
~~~~~~

. --
[FCP(E)a4L1 .860) 00 10 87  - - — -

C e~ CONTINUE — 
~~

- -
- 00(0 -98 -

. -
- ~~~

- - . - 
- 

- 

S

87 12 11 - - - 
- .  

- -  - - - - 
- - - 

—

C LF(KOFPJo-O) ic., - -S — 55

tV’(’2fV~M5~’~,I *~fl~~—t 
~~~~

“_s _ _ -

- - ‘
~~~~~~

- - -.5------- -
-~

------— 
-

- • - - - - - • -
~ ~~~ 

- , 
- - - -— 

- - -
~ - ,

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

-

L~~~~~~. ~~~~~ - 
- 

~~~~~~~~~ ~~~~~j~
—--—--- 

~~~~~~~~~~~~~~~~~~ ~ -~~~~ - -
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- MEL- I - 
-. -. - - 

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

--,1j ~~~.
.—-- - 

-

00 90 U.II .12 - —

IF ( 4SK .0T.I.AI ~~.PCKX ) Jd& • I .E6O) 00 10 91 
-

- IF(P(KX) .E0 .l.E4O ) NSK-.N$E~ I - -

- 00 10 90 - - - • - - -

92 KLU44SK - 
~~- 

- — : - -  -- - - - - - - —  - -
~~: 

- —
KU KK—I -; -

-- F9-(DILZ*MSK)* 2/I2. . 
- 

- -  - - - - - -  - -  - 
-

94 $SE.$U/2 - 
- 

- -
- 99.99/4. - - - - 

- —

00 93 K.ICL.EU,$SK - -

IFt?CK) .N 8.I.E60 ) 00 10 93 - - .  — - — - - . -- 
-

- - - -  
—

LaIcC.K.E0#9 - - - - - - 
- - - 

- - - 
-( FZ.2..I0..( V4(L )-.SJ$)*F#- — 

- - _ .  - - -
-

IP(A8$(F2).LLD!V~K) 00 10 97 - -- - 
- 

-

. PCE3 .(P(K-’N3K)~ ($ ,—F9*(VMCj.( 43~)—SIJ5)) - - -  - — - - - - - 5 
-

‘- . •P(E—tlSC.41.—99 (VM (L—N $K)-SUB)))/92 -

93 cONTINUE — - - — - - - - - - - - -_ - - -  
-

- IPCNSX.GT.I) 00 70 9’ - -- 90 CONTINUE - : - — - ~- - - - -
- 

- - - - - - . - - 
-

RETURN - - -  -- . - - - -_ -

- 97 t. RI t E (6.109 71 K.ZM(K)
- 3097 PORMAT(.OEV CIECIC IN L NTERP AT ~~*, I3 . . Z * ,F$.2) -

ST0.t
98 4RItE(6, 1098) K 

-
- 1098 PORMAT( *roo MANY 8LAI4KS FOR I IITERP, K— *, 13)

STOP
END - - 

-
- SU8ROUT !NE DERL V CP ,I,IA,ISON.DER)

DIMENSION P C I )
COMMO$/05J4/UQj .5( ecr) i I ,ZO.FACT.OEU ,Ko,oIvac.sQe,sue,K05o,vM( 80

- ‘0$) ,*4I2 .M16,OJUCT)
12.ISQ$15ON - -

- AI 0.5*(P(1.1~~II )— p ( j— I5ON)) -
— BI-aHI2*(CVI4(IA.$)—SU8 *PU.ISGN)~ (V*IIA~ I)..SU8)*P(E_1SCN)) -

- aa—o.5.(pcl.L2)—ptI-—1a~) - — — - - - - -
- -. •3-N12*C (VMC IA.2)—$UB)*P C I . 12)— C VII I IA—2)—SUS) *P( 1—12)) -

015 HI6.C- * I .1 • 156234*2 7.4*51 .423*82) - - -

- . - 
- - -

END - - -
- -~~~ - - - - -

- SUBRO UtINE IUa~CZJ.LZRR.Zr) - - - - - 
-

-CO~MOIVGEt4/UG,ZM(e~~ $2 .20, FA~ 15-. OEU,K0,QIVcK.sos, SUB, KOSO,
-- • VM(I0O) ) ,K12.Nl6jXP*A X,OSCMXJC,IpT,SLOPI,jp $j -
- REAL E0.K0SQ - -- - - 5 —  - - - - - - - - -

DATA ZMW/337.3323~a7/ - 
- 

- - 
- 

-

— EI(Z)— 1./(I.306104629 .LoT74LE-3*Z - 
- - - - - -

-

E2(Z)—$.ICI..3..4$7o ~3-~aZ _~~ - .  - -- ~~~
- - - - — -V2(L3.I.-€2(L)l.2 - 

- - -
- Z1~ZLL - - - - -- - - - - - - 

•ia-iRa - 
- 

- 
- 

.- - 
-

LF~~..LLZsaTIoo TO 23 - 
- 

- 

- VL..Vl (ZL7 - - -

00 10 22 :~~~~~~.
- . 

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

. - 
- 

25 V VZCZL) - - - — - -
- - 

- 

- - - -

- - 22. LFCZI.LL~~~~ T)GO TO 27 - 
- -

. 
- 

-
— - - - - - - - -V R.VI(Zfi) - 

- - 
- 

- 
- 

- - -
- - 00 T0~2S — - - - --- -

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

-  - -   -  
-

- 27 Va-V2CZR )    - 
- 

- — 
-25 00 10 1.1,40 - — —_ --~~~~~~ -~~~ -Zt..3-4ZL.Z.R) - - - - - - -  - - - - - 

- - -- - - - 
-.

- tFC~~~.LI—ZM~~T)G0 TO 29 .  
- 

- - - 
— - - - - — - 

- 
-..

VT 1(T() - - - - 
- - - -~ 

- 
- .  . - - - .  • -

00 10 30 - T  - - 
-- .:~~~~~~~,- :

29 VII V2C~~ ’? -. - - - - — - - - - - 
-•~~~~~

- _  ~~~_LIt c •p~~~ j-j~~f~ 1 ~~~~~~ 1Il i 
- - - - - - ~~ 

—
~~~

- 
-

0

— ~~.. ~~~~~~~~~~~~~~~~~ :~
—

_ _ _ _ _ _ _  ____  -•--~~--- 
- — ,

~~~
,- -

~~
~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ - —~~~~-- —---—— ---- ---- —--- ---- --— — -- ------- — ----



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

IF(CYC.-sUG)*(UO-VT ).GE.0.i GO 713 5 ~~~-~ .—: - 

~.V -
- 

— -  - -

Vt__VT - - - 
- - - -  ~- - 1

ZLSLT — -

00 1010 - 
.~~~~~~~--  - - - - - -  -- - -  - —

~~~~~ VR.VT . 
- 

- - -

ia-u - - - - ---- - ----- - - - - - - - - -

,- 10 CONT INUE - -

iIRLTE(6,I000) UG,VL VT.VR - - 

-1 000 FORMAT(*IZ,CQILDIIT FIND V U . .  U0,YL, VT, Va-* 4113.6) - -

STOP - 
- - 5- - - -- - -

END - - - -

-END-O F FILE— - - - - - - - -- - -- - - - - - - - - - -
-

- 5 -
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