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DISCLAIMER. 

This program was written in Fortran 1K> for a Honeywell 
Multics 68/80 system)K» Althou£5h pros^ram tests have been 
made? no siuarantee (expressed or implied) is made by the 
author resiardin.̂  accuracy or proper functioninsS of this 
prosiram on all computer systems. 

M Brand or manufacturers' names used in this report are for 
descriptive purposes only and do not constitute endorsement 
b VJ t h e U , S » G e o 1 o .d i c a 1 S u r v e y * 
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I--' a s i e '5 

scale the models to match the data mai^ni tudes« 
.0) Orientation parameters may be used to automatically 

rotate the models for discrepancies in orientation of 
the measurement axes with respect to the wire* 

Much of the form end wording of this report has been 
adopted , from a series of recent USGS Open "File Reports by 
A!"i d e r s o i "i (:l. 9 7 9 b.» f o r e ;•; a m P 1 e ) t o P r o v i d e B S in LI C f i t :i. iri e 1 '•.•.{ 
prosSram information as possible in a fairly standardized 
format* These reports h a v e no mathematical formulation 
section!' but the interested reader may consult the cited 
references for more information on the mathematics* 
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PARAMETERS AND DATA REQUIRED. 

Parameters that are reauired by P'roiifram MOLVTHXYZ are 
read usina F o r t i ^ a n namelist r a a d statements with sp-ecific 
i"iames J $ P B rins and $ i ri i t. Def au 11 va 1 ues are used wheneve i' a 
correspondinsj parameter is omitted in a namelist. The input 
data matrix is read from an op-tional alternate file (unless 
0 V e r r i d d e n) u s i n £f a F o r t r a i"i o b J e c t -1 i m e f o r m a t» F' T' e C e d i n <3 
the $P3rms statement is a reauired 80 (or less) character 
t i 11 e • 

The General input order read by pro<-5ram MQLVTHXYZ isJ 

1 • T i 11 e 1 i n e ( a 1 w a y s r e a u i r e d ? iri a ;•; * 8 0 c h a r a c t e r s ) « 
21 $ p a r m s - •••• n o n - d e f a u 11 p a r a m e t e r* s - $ 

(ri o t e $ p a r in s ITI a VJ b e 'A i n :i. n c o 1« 1 o n M u 11 i c s ) . 
3. (ObJect-time format) statement definins? the .<i.iiven format 

of the input data matrix* The obJect format be.^{ins with 
"(° placed in col« 1 and ends with " ) " before col* 73. 

4. Optionally? the data matrix read under the object format 
may be inserted here if the alternste data file is not 
u s e d (s e e p a r a m e t e r , i a 11 b e 1 o w ) • 

5* . $init --non-default p-ar3meters--$ 
6» Optionally? subsequent runs usin.8 the same data matrix 

but with chan.s'ed $parms and $init parameters may be made 
by repeatinsi steps 1?2?3? and 5 (provided parameters 
istop™0 and ialt is not 5 ) * 

The above sieneral inp'ut ordosr is required who?ther the 
Job i s 
ope r a t i ni^ :i.x'lst rL.1 C t i oI'ls be 1 ow ) 

PROGRAM FILES* 

fileOS title? input p-arameters $parms? object format (for 
readinjj data matrix on unit i3lt-":10~~default) ? and 
$ihit parameters. 

f i 1 e 0 6 a u t P U t o n •••• I i n e r- r i n t e r f i 1 e (s e e f i 1 e 16 f o r m o r e 
detail outp-ut)* 

f i 1 e 10 def au 11 iriPUt data . mat r ix f i 1 e read LInde r tf'le 
object format siiven in file05« Parameter ialt--10 
(default) may be chansJed to any file number other 
than 06?13? or 16. Note ialt~05 will mean the 
data matrix is included immediately after the 
obJect-time format on fileOS. 

filel3 output scratch disk file used as reauired durind 
execution of MQLVTHXYZ. 

f i 1 e 16 o I..I t p u t m a s t e r P r i ri t -1 y P e d i s k f i 1 e - - c o n t a i n s 
comp 1 e t e p r i I'l t ab 1 e ou tpi..i t * 
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D i;:: • i' A :i: i. F A i-̂  A M i;;: T i;;: R A N D D A T A II I:;: F I N :I: r:!: o N S . 

•I>parms parvi j ine ter i : ; ( w i t h d e f a i . . i l t s ai'id (::TM:;i:;-s-r-ef e r e r i c a s ) J 

[; n a m e s b e l o w p r e f i x e d w i t h a " :4;" a r e n o t u s e d by NQLV Ti-iXYZ y 
b Ll t ii! r̂  e :i. I'l c :i. LI d e d f a r c a n v e r 'B i a ri e o m P B t i b :i. 1 :i. t v? • :i. f t ii e C; A I...!... 
IMSLMQ i s r e p l a c e d b y CALL MAROi-vT ( s e e a p p e n d i x 2 F^araBray-h 
6 o n t h i s t y p e o f coriverMixi.csn) ::i 

j - | : : N u m b e r o f o o s e r v e o d a t a p o i i v c i 
w ft e r e ri < •••• 2 0 0 * 

\ : i k : i . .> ;• : i . .> J .. ? M 1 

i n -••• 

lalt^^^: 

r o t a :i. I'lL.Iiribe r̂  o f P a r^airiete r̂ <;; ( :l. -•'.'.•-•-k••'•'.••••--20 ? !•;•••'.•--•• n ) * T h e 
V a I u e o f k in LI B t b e e e LI ;:; :i. t a 2 1 in in :!. f '̂  i n i t 
pB rairie t e r :i. ob••" :i. -̂  2 ? 3 ? e«LI;:; ;i. t a 2*ITIin-f 2 :i. f :i. ob•••• 4 v ;:;I'ld 
eoLia:i. t o 2>Kinin-f5 :i. f iob-^Sy wher^e i i r ' i i t p i i s ra ineteT ' 
inm;:.-0 i s t h e n u m b e r o f I ; : j y e r s ii'i t h e m o d e l ar id i o b 
:i.:;; t h e o b s e r v a t :i.an t•-.-.'.Pe o f t h e d;;;t;:; •> 
( c r e f t ^l>ir')it p a y ~ a m e t e r mm v i o b arid ^ p a r i n s j'l y b ) , 

NI..!IYPbe r o f oITIi 1 1 e d P;:* r a i r i e t e r ; : ; ? :!. * e * ? I'li..imbe T' CJf 
p a r ^ a m e t e r s h e l d f i x e d c'r c o n s t r a i n e d v i a a r r a y 
:i. b ( ) t o i ri :i. t :i. a 1 i I'l P I..I t v a I LI a B £i :i. V a I'l :i. I'l a r- r a v; b ( ) -
D e f s L i i t ip . - ( ) w i t f ! t i ' te r^es t r i c t i o r i s t f v a t ip-L(< acid 
I " ! ;:•• •••• k •••• :i . P V 

( c 1'ef ? $p B rITi;:; k ? i"! ? i b ( ) v ;:jrid b ) ^ 

NI..IiTibe r o f :i. ndope\"idei"!t v;:; r :i. a b :i. e;:; (iri•••'.•--• 2 ) a :i. ver'l :i. i'i 
t f i e d a t;;; iviat r' :i. x ( v; ( :i. ) ? ;•; ( :i. ?>.))? ..}--•• 1 ? m ) y :i. ••- J. v I'l .> T11e 
Va 1 u e a f in iriLIB>t b e a :i. v e n a B f o 11 a ws t 
whefl $ :i. ri i t P a r a i t i e t e r ' i ob<••-•-3 ( d e f i n a B BPe ; : : i t :i. c 
•e b;;: a r v a t :i. o i"i t. B P a ::. i"i v; ( :i. ) ) 5 
wf'iei'i S i I'l i t pavx i j ine ta r i a b . - 4 v S ( d a f i ri a:;;. in::. >;ad 
o h B a 1" V a 11 o i"! t B- p e B i n B (:i. ) v :i. a >; ( :!. ? 2 ) ) -.. 
( c r e f t S p;;; r̂  in -ii; :i. w t v $ :i. n :i. t :i. a b v a i "i d D A T' A MA T R1X 
NOTES b e l o w f o r a l l d e f i i ' i i t i Oi'is o f >; ( i lon ) L i sed ) ! . 

:[ I'i p I..I t c! a t B in a t r:;. >•• a 1 1 a T̂  I'I a t e 1 a s i -a a 1 u. n :i. t ri LI in b s r 
( d a f a I..! :i. t ;i. 0 ) f a r r e;;! d :i. ri s 't h e d;:; t;;; LI r'i d a r- t fi a 
Gbs.!ac t •• t:!. IT!a f o r w-a t B>Pec: :i. f :i. a d :i. ri î  :i. :i. a0:;j j I f ia v ;:> :i. i..ia 
o f i ;:* :i. t c: a n b a a r; ::* y;:; I LI a t i'l a o p e r a t i ri B B B B t a in 
i;i I..! p p a r t;;; •• b LI t c a ri ri a t b e a a i..i ;•; :i. t a 6 :> 1 3 :' CJ r 16 » :[ f 
:i. a 11•••••• 5 i ; : ; L I S e d y • t I ' l e I ' l t h a d;;! t;:; iii::; t r•:!. >; 
(( : ; ; ( i ) ? ;•: ( i y ..i) •/ ̂ .i----l •> iv,) ? i-.-.l ? vi) w:!.:!.:!. :!.'iHiViad:i. a ta:!. •-; 
f a :L :i. a w t i'i a a b ...i a c: t . f a r̂  in a t a I'l f :i. :L a 0 5 ^ 
( c r• e f ; :/;pa r m s Ci ? m >• $ i I'l i t i o b ) ^ 

:i. •::>top•••• 0 t o coI'l t :i. i"iI..Ie ' p r a c e a B > :i. r'ls i-jf t e r c:oinP 1 e t :i. ar"i o f t f i e 
c u r r e n t p r o b l e m ( i <. e <• y a t o t a l r e s t a r t ) witf-; t h e 
s a m e o a t s iriatr:!. >; B B IBBX.. Lisacii' bv.it bB LI ::xi. fi ;.s ;:< 
r- a V:!. •::: a d t i t j . e y $ p a r in B :•• a b... •• a c t •-1 :i. ivi a f a r lu a t •/ a I'l d 
S :i.I"!:i. t p a r-::;iria t a r::: .> No t a tfi ::*t :i. B tap•••--0 c a n a n I B b a 
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ProsJram MQLVTHXYZ 

This option allows for loa-tyf='e parameter scalini^ 
whenever b(J) is positive or nejdative for any J in 
(l?k). However? for program MQLVTHXYZ (*init 
parameter iob<=4)? the initial parameters b(J);:-0 
must be siiven? hence sp=2 should not he used (sp=2 
is defined here for the case where *init ioh=5 or 
for possible use in other applications), 
(crefJ $p3rms b?k). 

* sy= scaley (eauivalent names) is an observation 
scaling option. 

= 0 (default) to ignore observation scaling (i.e*? to 
use unscsled observations y(i)). 

= 1 to scale observations y(i) usina ln(y(i))? 
provided y(i)>0 for all i=l?2?...?n. 

= 2 to scale observations y(i) usin*3 3rcsinh(y ( i )) . 
This option allows for lo^-type observai^ion 
scaling whenever y(i) is positive? ne<23tive? or 
zero for any i in (l?n). 
(cref: $init iob? $P3rms n and DATA MATRIX NOTES) 

b()= Array of initial :Suesses for all k-parameters. 
These values must be supplied <3reater th3n zero 
for prodrsm MQLVTHXYZ (i.e.? positive 
conductivities and. thicknesses)? unless *init 
parameter iob=5. The default values are set to 
b(J)=0 for all J=l to k? 3nd would result in an 
error condition if any b(J) was not supplied 
greater thsn zero. 

For iob<=3? the parameter order must be given asJ 

b(l) is the amplitude shift par3meter? 

b(2)?b(3)?•..?b(mm+l) 3re the mm l3yer 
conductivities (in mhos/meter)? and 

b(mm+2) ? b (mm}-3) ? . • . ?b(2*mm) are the mm-1 layer 
thicknesses (in meters). 

For iob=4? the parameter order must be given as J 

b(l)?b(2)?b(3) are the x-? y-? and z-component 
amplitude shift parameters? respectively (any 
unused ones should be constrained via $P3rms 
parameters ip and ib())? 

b(4)?b(5)?...?b(mm+3) are the mm layer 
conductivities (in mhos/meter)? and 

b (mm+4 )? b (mm + 5)?..,? b (2*mm-f 2) a re the mm-1 1 aye r 
thicknesses? in meters. 
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J. a mns ai^q. j . o q.Lia;:)sap q.;:)xaq.s s a x x-v̂ '̂̂ T ( .ITi'i '-.J-^P) T ::::q.dox 

•> 1;; 3 ;.; X p 1..1 e':iPtB u x p a q x ,ji;:);:; a p s a \ N( n y W W ui s a B e) a d q ri s 
e) q. s Li X q. a a A 1..1 o;:) j . x p a s r'l a q q. o LI LI a a p LI a rf Q 9 >;; x Z ui i:xi js o a d q ri s 
1 8 W I f'̂ Q rfX'-'^-^ p a s n ade ' ] . ewBda 'd e d a sma!;?d<jv BL!XMe)xxaJ. ^^M'-i:;! 

•> ( q rf d'i: ;i:mdad^|; j j .aa;:) >• 
* q.;:; x x a m a u a 1.1 q. i..i 'i: q x a a d a a q. i"i a a A a ax « ( q. X i"i a j . a p ) 

(;.:::: d X J.;[ * s a a;:? ri e s q. s a ex a q q. i.,i x ( L) ) q '̂  ( £ ) Q 

p a x ' r j . PX^'M ITT^^ S - - ( c ) ':V!'*£"" ( T )':^T''S-'^.*T " ^ P f a - ' a n x s A 
q.ndux sq.X oq. p a x x j . p X " M oq. a a q . a i u a a a d ( ) q Rue oq. 
;:vi..!xpi..iodsaa aa;:) ( a a p a e ) RLI;;: L I X ) ;:>aX;:)Xpi..ri:....dX j.e) a ,addy ~ : : ( ) q x 

' ( q a 'i: rf m m q. 'i: 1..1 'i: $ p LI a q x rf d x rf 'yj ;;; m ds-.-.̂  $ j j . a a;:)) • 
•';;; <i a q. a m LI X S a s s a 1..1 '>|;:) x q q. 

deF,e X X••••''li'J" 'S'-n- ^'^5" ( d-f iiiiJU)K3 ) q î * * * rf ( 9.|.mm ) q i ( ^ . f mm > q 
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ĵ a B a a q ui i "i •[ LJ ;:) Q a o j . Q ^ fy •."•. d o rf ii? q. ii? p r̂ j ;::| q j 

q.I..Iar.ioduia;:)....z a e) j . () * £:•.:•. rf aq.ii?p y ;::|q j q.r.ia 1..1 e)duio;:)...F-. 
d a J. 0 » 3:::: rf il? q. il? p \,̂  91Q j q. r.i a r.i o d ui o;:).... ;•; a o j . 
()* ' ! : ••" ( 3 ' T ) X a s n j ( X ) R LKI: a d s q . Lie)xq.'ii?Aaasqe) :::: ( 3 * x ): 

* ( saaq.am 0 M) •< ( T'• H " ) 0 ' i . ? ~ ( Z ' T )'< 
d 0 J. S Z 8: y ! '̂..' T P '••' L) '.̂  "̂  '̂ ^ '̂  ''i f:' -̂  >''':' 0 * £"" > ( c *" T ) "'̂  
J. 'i: .( s p r.i e) a a ii; 0 ? 0 ••.:[ ( x * X ) '•-) ^ 'J" T1- ' • • I ']• •••• 1- ••••••• ( T ' ' ' ! • ) : 

• ( ( c " '!• )''- ''̂  Q P^ '.I T J. ^P 
sx adi^^q. x<-'"iT'"*" aaae jM) Li(:)xq.ii?Aaasqe) Ljq..... x :;:: ( x ); 

| (pae) ; : )aa de' : i smaq. x \y *xii?iii pLiii? rf^i-iUi rfg 
a o i?::::qox) aq.ap B U X p L i n o s a a s s a a q m n x q a s a o / p u a s ^ u x p u n a s 
W:3I:LI q.uaLiodmo;:)...z a o rf....R rf-.x j s a d R q . uo'!:q.ii?Aaasqe) p a x x ^ ( q ; 

•' ( J :•.::']. M 'i: J. X f\ J r.i a a p r'l x-o 1..1 x ) 
X u o x q . a A a a s q o j . o uaxq-a 'SAap p a a p u a q . s :::: ( 3 < x ) x »£ 

• ( spLie);:)as 0 * ().< ( x '̂  X ) '•') '̂JH T'•)• Ml - -T - ( T " '!• ) ^ " Z 
•' ' ]. 1..1 a r.i a d 1.11 o a d a i n a x q. a ii? d a LJ q.' 

s a r.i 'i: j . a p £:::: :•.. q a x q. 'i: r.i 'J: !|; a a a L I M , rf-r.i e) x q. ii? A >A a ii; q o q q..... x -.r.-. ( x ) R » x 

l ( p a o ; : ) a a dB'd suiaq. x £ *xiL'ui prjii? rfx-rii 
rf£::::>qox) !SL!xpune)s WHrij. rf q.uar. iodmoa uoTq .aAaasqe ) a x j . x o a d g ( a 

J s M o X X '•' J. ~> >" p i ^ z X a il? Ul m i"i s 
a a a sLie)xq.de) xxaq.ii?ui {i?q.ii?p srie)Tati?A ae j j " p a r . i x j . a p i ^ i x s n o x A a a d 
s a q o 'r q. x r.i 'i: $ p LI ii? q. M X rf ui ii; ui d a d $ r.i o s p r.i a d a p p ii? a a ii; ui a q. 'i: 
J. e) d e q ui i"i r.i a LJ J » ( x '<̂  I'l r.i ii? ui r.i ii? a q. d 0 ••] F-. U a a a s ) q. LI a 1x1 a q. a q. s q. a ui a o j . 
auiixq.-..q.aacqo r.ia Br.ix5i"i ( o x 1. X i"'i^U. a p ) q. xs;?X qx'•.""' X'"••''!• 5̂  ̂ x LIO p a a a 
s x ;.;xaq.am aq.ii?p aL j ] » 3:::: > m:;:: >j< m asxMaaLjq.e) rfx-l.**^'!' J-T X-f'.*'""*'^" P'-.'" 
rf Ll rf « * * rf 3 rf X d e q Ul I'l r.i M a a:::: X a a a LJ M rf (;« m < x .'-• f ' ' ( F * T ) ••'-" ( T ) ''>) J '^ '"̂  '•' >•' 
p a a a p a o j . o a a u a n a a s aejq. s e p a L i x j . a p s x xxaq.ii?m aq.ap a q j 

's:;;iinN xi>:i.iyw y.i.ya 

1;;saaq.amaaad q.xuxi!; j . o pua;;i p u a $ 

• a a x M fSLieJX 
il? eiq. ase)x;:) apii?m sBL ixpL ino i i ; ae)j. papr.iauiuio;:)aa s x pLiii? 
a i"i 'i; il? A p 'I a 'r j . a q. ii? a 1 "1;:);:) a a ,ii a ui ii;p •[ a -r R q, ri q • -̂  Z A XI-I I. A "l D W 

X ai-va,::! 

Z A X H . l A i n W maaBoa,. | 
r.i a 'i: q. i;? q. 1..1 ;;•) m i "1;:) o q a> a x q.'[ i"i i,̂ ] 

http://xq.de


"X 'X ' . ^ - ' ."-l^- i'l? r.i X Ll r.i X B a q ( X ' X ) x pLiii? 0 Sa •-• T t̂  * T'•'-* BL ixsr i ( X ) R 
q.;:) a X a s •[ x X f ( 0 * 0 T J- £ " T -̂ ** 0 * 0 1 J-'' T ^"]-) ']• ̂ ' '̂ i -'' e) J. «3 ̂  ']• '̂  a 'i; d ui a ;•; a a o ..| 
• p a o a a a aq.ap aqq. u x u u m n x o a R u a q.a u x j s a q oq. p a s n a q Ram 
a s a a q d q. a m a o j . „ LI q. „ ' r.i a a q. a o ^i a LJ q. i..i a LJ '.). i( ( ( u i « i = r ^ ( r * c ) ; ; < ( x ) R ) 
mae).j. aqq. ux B'. .r ! :aapao Limi"ixe)a p a u x j . a p RX^Ji'^doad 
arjq. aAai. j q.or,i s a o p a x x j . xxaq.ii?ijii ii?q.ii?p J5Lixq.sxxa i..iii? j . x 

* s :;i;;; y >J i-i .-i .1 y w >.i 0 .J .1 o ::i f̂  a 0 "i y :i:;:) :;;i .-i;;; 

$g::::qo X i X"-^ -> "̂ >•' !• '̂  0 0 9 T ->'•'•''' £ = 'Ĵ ''Ĵ ' 1- T '•' T $ 
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Program MQLVTHXYZ 

AppeI'ldi;.( 1 - Sor.irce 1 is t i r i . r f 

The attached subprograms a r e listed with beginning line 
rir.iinbe r s i n the f o 11 ow i rig o i'de r I 

C)K)|oK** PROGRAM MQLVTHXYZ r M t t * 00000010 
SUBROUTINE ETHXYZ(Y?X?B?K?NN?TITLE?lOUT) 00000150 
S U B R 0 U T I N E I T I-I X Y Z ( D U ? X M ? B ? P R N T ? N I-' R N T ? N ? T I T L E ? 1 0 l.J f ) 0 0 0 0 0 6 7 0 
S U B R 0 U T I N E F C 0 D E ( D M ? X M ? B P A f v' M S ? P R N T ? F ? IF ? ID E R ) 00 0 0 ;;5 0 5 0 
SUBROUTINE HXYZ(B2?HX?HY?HZ?IOB) 00005300 
COMPLEX FUNCTION FLT(IFLAG?F) 00006060 
S U B R 0 Ll T I N E T R N SI ( F l.J N C ? T M A X ? T M I N ? N 'f ? T ? V ? M T D ) 0 0 0 0 6 2 5 0 
SI..IBR0UT]:NE S C H S D G ( S I G 1 ? X M A X ? X M I N ? A B 2 ? RI-I0A ? N R 1:10 ? 7'01...) ()0006700 
R E A L F U N C T 1 0 N S P L I N T ( T ? A ? B ? C ? N ? X ? Y ) 0 0 0 0 7 0 9 0 
C 0 M !"• L E X r- U N C I' 1 0 N D C K E R N ( A M B D A ) 0000726 0 
COMPLEX FUNCTION CSPLN(RT) 00007750 
C 0 M !-• L_ E X F U N C T 1 0 N F :i: N I-I X ( B ) 0 0 0 0 B :l. 3 0 
COMPLEX FUNCTION FINHY (B) 00008;-590 
COMP I.. E X F U NOTION I-' IN H Z ( B ) 0 0 0 0 & 8 0 0 
COMPLEX FUNCTION F3(G) 00008930 
COMPLEX FUNCTION F4(G) 00009010 
S U B R 0 U T I N E R E C U R S ( G ? V :l. ? I-" 1 ) () 0 0 0 9 0 9 0 
SUBROUTINE FINF3(Bl?B2?F31?F32) 00009350 
COMPLEX FUNCTION FINITE(FUNC?BFIN) 00009460 
COMPLEX FUNCTION ZHY(B?NEW?R) 00010440 
C 0 M P L E X F U N C T 1 0 N ZI-I Z (B ? N E W ? R ) 0 0 010 6 2 0 
COMPLEX FUNCTION FUNINT(X) 00010770 
COMPLEX FUNCTION IlKKBS) 00010930 
SUBROUTINE SPLINl ( M y H ? X ? Y ? A ? B ? C ? IT ? D ? P ? S ). 00011230 

C 0 M P I... E X I-' U N C T 1 0 N Z I... A G1-10 ( X ? F U N ? J 0 L ? 1... ? N E U ) 00 01243 0 
C 0 M I-' I... E X F U N C T 1 0 N Z I... A G I-I :l. ( X ? I-' U N ? T C) I... ? L ? N E W ) 0 0 0 :l. 4 6 7 0 
C 0 M I-' L E X F Ll N C T 1 0 N Z I... A 0 F 0 ( X ? F U N ? f 0 L. ? 1... ? N E W ) 0 0 0.1.7 0 3 0 
COMPLEX FUNCTION ZLAGFl(X?FUN?TOL?L?NEW) 00019500 

SUB R 0 l.J T' INE IK S ( B 8 ? 11K1 ? IK DIF") 0 0 0 2 :l. 9 4 0 
SUBROUTINE KELVIN(X?M?B) .00022580 
s i.j B R 0 u :r' IN E a u i N i' ( N Y ? Y ? B ? c ? D ? E ? i--) o o o 2 4 3 e 0 
S U B R 0 U T I N E Q I-' 0 1 N T (NY? Y ? B ? C ? D ? E ? f • ? X1 ? D E L X ? X X ? Y Y ) 0 0 0 2 515 0 
COMPLEX FUNCTION CANC4(Al?B1?EP?M?N?FUN?MF?ESUM) 00025340 
SUBROUTINE CQUAD(A ? B ? RESULT ? K ? EPSIL ? NPTS ?ICHECK ? F v MEy) 00026910 
COMPLEX FUNCTION CQSUB(A? B? EPSIL? NPTS? ICHECK? RELERR? F?MEy) 00030430 
COMPLEX FUNCTION CQSUBA(A? B? EPSIL? NPTS? ICHECK? RELERRy FvMEV) 00031960 
S U B R 0 U rIN E IMSLMQ(S UB Z ? S U B EN D) 0 0 0 3 3 3 7 0 
SUBROUTINE FPXSSQ(C?N?KIP?F) 00036580 
SUBROUTINE LNXSSQ(C?N?KIP?F) 00036910 
S U B R 0 U TIN E S A y E R (I ? J ) 0 0 0 3 7 0 4 0 
COM P L E X F l.J N C T 1 0 N Z H A N K S (N ? B ? F U N ? T 0 L ? N F ? N E W ) 0 0 0 3 7 2 3 ()' 
S U B R 0 l.j 1" IN E E R R M S G ( M S G ? M 5 ? 16 ? 19 ) 0 0 0 4 0 6 5 0 
S Li B R 0 U T I N E W A R N ( M S G ? M 5 ? 16 ? 19 ? * ) 0 0 0 4 0 8 & 0 
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****)!( PROGRAM MQLyTHXYZ ***** 
NONLINEAR LEAST SQUARES INVERSION OF THREE COMPONENT 
MAGNETIC FIELD (TDEM) DATA USING A MODIFIED • 
MARQUARDT-LEVENBURG ALGORITHM (FROM IMSL LIBRARY) 

WRITTEN BY JIM KAUAHIKAUA? USGS? DENVER? COLORADO 
LAST M O D I F I E D : N O U E M B E R ? 1978 

EXTERNAL ITHXYZ?ETHXYZ 
CALL INITREF( '>UDD>EMODL.„INy:>JKAUAHIKAUA::=ARCHIVES ' ? 'HXYZINy_OLIB 

1 'FCODE') 
CALL IMSLMa(ITHXYZ?ETHXYZ) 
STOP 
END 

00000010 
00000020 
00000030 
00000040 
00000050 
00000060 
00000070 
00000080 
00000090 
?00000100 
00000110 
00000120 
0000.0130 
00000140 

SUBROUTINE ETHXYZ(Y ? X ? B ? K ? NN ? TITLE ?lOUT) 

TERMINATION ROUTINE FOR COMPUTER INVERSION .OF 
THREE-COMPONENT MAGNETIC FIELD TDEM DATA 

CHARACTER*5 TITLE 
DIMENSION Y d ) ?X(200?5) ?B(1) ?TITLE(16) 
COMMON/CXYZ/Al? A2? Jl? J2 y JN(3)? A6 ? A7 ? AB ? A9 ? A10 ? Al 

$ IOB ? NEXTRA ? NPARMS ? Bl? B2 ? B3 ? B4 ? B5 ? J4 ? J5 ? J6 
DATA DC0N/57.295779Z 
WRITE(6?10) TITLE 

(16?10) TITLE 

?SCALE?U1?U2?J3? 

IF(IOUT.EQ.l) WRITE: 
10 F0RMAT(12H1T H X Y 

IF(NEXTRA.LT.6) GO 
THETA==B(4)*DC0N 
PHI^=^B(5)*DC0N 
0MEGA=B(6)*DC0N 
WRITE(6?20) THETA?!--

Z— 
TO 

'5X?16A5ZZ) 
.00 

OMEGA 
IF(lOUT.EQ•1) WRITE(16 ? 20) THETA ? PHI? OMEGA 

20 FORMAT(//" ORIENTATION OF MEASUREMENT AXES 
$ " AXES ' / 
$ " SPHERICAL COORDS OF Z MSMT AXIS: THETA= 
* 36X? "PHI=--" ?F10.6? " DEGREESVZ 
$ " ROTATION AROUND Z AXIS; 

100 N=l 
IF(I0B.GT.3) N=3 
WRITE(6?110) (B(I)?I=1?N) 
IFdOUT.EQ. 1) WRITE (16? 110) ( B d ) 

110 FORMAT(" PRIMARY FIELD FACTORS:"? 
N=(NPARMS+l)/2 
WRITE(6?130) 
IFdOUT.EQ.1) WRITE(16?130) 

130 FORMAT(28H FINAL UNSCALED PARAMETERS—Z 
$ 32X ?1IHRESISTIVITY ? 2X ? 3HLYR ?lOX ? 5HDEPTHZ) 
DO 150 1=1?N 

RH0=1.ZB(NEXTRA+I) 
WRITE(6 ?140) I? B(NEXTRA+I)? RHO 

WITH 

FlO 

RESP 

6? " 

OMEGA=:=" ?F10.6? 

?I=1?N) 
3E16.8Z/) 

ECT TO 

DEGREE: 

DEGREE 

WIRE"? 

S V 

S"ZZ) 

00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000270 
00000280 
00000290 
0 0 0 0 0 3 0 0 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
000004.80 
00000490 
00000500 
00000510 
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Program MQLVTHXYZ 

'age 

11'" (10 u •)••. i;:: Q . i) w R I T E d 6 ? 14 o) i ? B ( N E X r R A -f• i) ? R H O 
140 FORMAT(5X ?13 ? 4X ? 2E16.8) 
150 CONTINUE 

IF(NPARMS.Ea.l) GO TO 300 
M2̂ =̂=N'fl 
D==0.0 
DO 170 I=.:M2? NPARMS 

D^=D}B( NEXTRA + I) 

L=--=I-N 
WRITE(6? 160) I ?B(NEXTRA'f I) ?L?D 
IF(IOUT.EQ.1) WRITE(16 ?160) I? B(NEXTRA + I)? L ? D 

160 FORMAT(5X ?13 ? 4X ? E16.8 ?16X ?13 ? 4X ? E16.8) 
170 CONTINUE 
300 RETURN 

END 

S U B R 0 t.l T I N E :I: r H X Y Z ( D V ? X M ? B ? P R N T ? N P R N r ? N ? T I T L E ? 10 U T ) 

INITIALIZATION ROUTINE FOR PROGRAM MQLVTHXYZ 

CHARACTER*5 TITLE 

DI MENS10N D V (1) ? XM"(200 ? 5 ) ? B (1) ? FRNT ( 5 ) ? TITLE ( 16)? ALPl-l ( 3) 
* PREIi ( 2 ) ? DT ( 50 ) ? AV ( 50 ) 
COMPLEX ESUM 
C 0 M M 0 N Z M 0 D E I... Z R K (10 ) ? D ( 9 ) ? N1... A Y E R 
C 0 M M 0 N Z P A R M Z I S T E I--' ? X X ? Y Y ? R R ? S ? B N Y Q ? M M ? T 0 L 
COMMONZFINZR1? R2 ? R ? SL ? SIG1? X ? Y . 
C 0 M M 0 N Z F I N E R R / l-l T 0 L ? C N C T 0 L ? IN T Y P E ? N R U N ? N E V ? M E y ? E S U M ? L W 
C0MM0NZDCSA VZARl-l0 (100 ) ? BRH0 (100)? DRH0 (:l. 00 ) ? AB2 (100 ) ? Rl-l0A 

$ ?ABMAX?ABMIN 
COMMONZCXYZZFNYQ ? SLL .» METHOD ? NF ? NCOMP ( 3 ) ? TOX ? TNX ? TOY ? TNY ? 

1SCALE y BL ? BU ? ND ?IOB ? NEXTRA ? NPARMS ? GX ? GY ? GZ ? GT ? XO ? X FLTX yIF 
INPUT PARAMETERS ARE? 

00000520 
00000530 
00000540 
00000550 
00000560 
00000570 
00000580 
00000590 
00000600 
00000610 
00000620 
00000630 
00000640 
00000650 
00000660 

00000670 
00000680 
00000690 
00000700 
00000710 

? 00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 

(100)yNRH000000790 
00000800 

TOZ?TNZ? 
LTY?IFLTZ 

TOL 

METHOD 

NF 

CNCTOL 

INTYPE 
NRUN 

MEV 

RELATIyE TOLERANCE USED IN HANKEL 
TRANSFORM CALCULATION 
CALCULATE STEP RESPONSE BY 
.TIME INTEGRAL OF IMPULSE REPONSE IF METHOD^^xj. 

TRANSFORM OF F(W)ZW IF METH0D::=2 
CA1...CUI..ATE TRANSIENT MODEL AND DERIyATIVES 
USING FREQUENCY FUNCTION EyALUATED AT NF 
P 0 1 N T S P E R D E C A D E F R E Q U E N C Y . I F N F ••̂•- 0 0 R 
NF>12 THE COSINE OR SINE ROUTINE WILL EVALUATE 
THE FREQQENCY FUNCTION DIRECTLY 
RELATIVE TOLERANCE USED IN FINITE WIRE 
INTEGRATION 

DENSITY OF NODES FOR FREQUENCY FUNCTION 
SF-'LINE INTERPOLATION 
MAXIMUM NUMBER OF FUNCTION EyALUATIONS 

BY INTEGRATIN ROUTINE 

00000810 
00000820 
00000830 
00000840 
00000850 
00000860 
00000870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000960 
00000970 
00000980 
00000990 
00001000 
00001010 
00001020 
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Program MQLyTHXYZ 

EQUiyALENCE (MyMM)?(L?ICA8E)y(BLyBLWR)?(BUyBUPR) 00001030 
NAMELISTZINITZTOLyMETHODyCNCTOL?INTYPE?NRUN?MEy 00001040 

1 ? N F ? :I: S T E F ? X ? Y ? C I ? S L ? M M ? M ? :I: F I... T X ? :i: i-1... j Y ? :i; F L J Z ? i o B ? i... ? i c A s E ? B I... W E;: ? B U F R O O O O i o 5 o 
C 00001060 
C C A I... L D E L.. E T E.... E X T E R N A L..._ y A R I A B l._ E 3 ( ' S A y E C ' ) 0 0 0 010 7 0 
C • 00001080 

WRITE(6?100) TITLE 00001090 
100 FORMAT d2HIT H X Y Z—y5Xyl6A5/) 00001100 

00001110 
00001120 
00001130 
00001140 
00001150 
00001160 
00001170 
00001180 
00001190 
00001200 
00001210 
00001220 
00001230 
00001240 
00001250 
00001260 
00001270 
00001280 
00001290 

INFO 00001300 
00001310 
00001320 
0 0 0 01;':? 3 0 
0 0 0 0 :L 3 4 0 
00001350 
00001360 
00001370 
00001380 
00001390 
00001400 

IF ( IOB . GT . 0 ..AND . I OB . LE . 6 . AND . ( L . EQ . 1 . OR . L . EQ . 2 ) . AND , SL . GE . 0 . 0 . AND i OOOO 1410 
$ CI.or.0.0.AND.(ISTEP.EQ.1,OR.ISTEP.EQ.0).AND.X.GE•0.0.AND.Y.GE. OOOO1420 
$ 0 . 0 . A N D . F N Y Q . G T . 0 . 0 . A N D , M . G T . 0 , A N D . M . I... T . 10 . A N D . J 0 L . G E , 0 . 0 . A N D , 0 0 0 014 3 0 
$ ( M E •)•• l-l 0 D . E Q . 1 . 0 R . M E T H 0 D . EL' Q . 2 ) . A N D . C N C :i" 0 L . G E . 0 . 0 . A N D . :i: N T Y Ê' E . G T". 0 . 0 0 0 0 1 4 4 0 
if' A N D . IN T Y P E . I... E . 4 . A N D <. N l-:; U N . G l « 0 . A N D . M E V . G T'. 0 ) G 0 T 0 4 0 0 0 014 5 0 

00001460 
OUT OF RANGE...") • 00001470 

00001480 
00001490 
00001500 
00001510 
00001520 
00001530 
00001540 

IF ( 10 U r . E Q . :L) W R 1 T E (16 y 1 0 0 ) ' 1' IT1... E 
C SET DEFAULTS 

M:-l 
ND=:N 
1 — -1 
L •••• J. 

BLWR—-lEO 
BUPR—-lEO 
CI-1.0 
SL=ZL.O 
T0L-l.Ei:~4 
METHOD^2 
MEV-300 
NRUN-:l., 
INTYPE:-4 
CNCTOL-I.E-5 
ISTEP-0 
FNYQ==1200 
BNYQ-1E29' 

C FNYQ IS SET TO HAyE NO EFFECT AND IS NOT A PARAMETER. 
C ON ITS ORIGINAL PURPOSE? SEE KAUAHIKAUA AND ANDERSON? 

NF-0 
IFLTX-0 
IFLTY-0 
IFLTZ-0 
I OB-3 

C 
READ(5?INIT) 

C 

FOR 
1977 

WRITE(6y2) 
FORMAT(" SOME * 
STOP 
R=--SQRT(X*X+Y*Y) 
SL-SLZ2. 

IF(BLWR.LT.OEO) 
IF(BUPR.LT.OEO) 

ENIT 1 

BLWR' 
BUPR^ 

••ARMS 

'=.005 
x|.E4 



09030000 0£ 0.1 09 
0S030000 • ,lNnOM-( T)dN09N 
Ot'03 00 00 (.iNnO.M)..ta-XN.l 
0£030000 (T).ia-X01 ZT 
03030000 I * ( 03 " 6 T * 8T " Z_ I ) OX 09 
OT030000 0£ 0.1 09 ( 0 * D3 * INHCM ) .:JI 
00030000 HnNI.lN03 9T 
06 6 T OOOO (r)Ai;i-(.iNno.M.)Ay 
086 TOOOO . ( T "• r ) K'X-= (.INflO.M) .1.1.1 
0Z6T0000 T + .lNnOM=LlNnO>l c;x 
096T0000 9T 0.1 09 d * :;;iN * ( ( 3 " P ) WX ) X U I ) J l ^T 
0S6T0000 • dO.lS 
otr6Toooo („:;;i9Nyy JO .ino (3-^..-^£1''>.) Ay.iN:3 xiy.iyw yiva .. )iywyoy £T 
0£6T0000 r (£T "9)3.115:11̂  
036T0000 t̂ T 0.1 09 (SI * .19* I * yo * * t̂  * III* (3 T ) wx * jjo* * T * :;;io* ( 3 T ) WX).-11 
0T6T00.00 9 
006TOOOO zioNvy y.ndoyy ycd s.-;ao"iVA (3''r)wx .MOBHO G 
068T0000 . . ,̂̂  
088T0000 ST 0.1 09 (£ * 31* 8(01) .-II 
OZoTOOOO WT-r 9T 00 
098 T OOOO 0-.lNnO>l 
0S8TOOOO WI'̂ SI""! 0£ Oi:i 9 
Ot^BTOOOO £-.iNyyN 
0£8T0000 t̂ -WI 
038T0000 • T-SI Q 
0T8T0000 9 01 09 
008 T OOOO •• aOI-WI 
06ZT0000 aOI-SI 
08ZT0000 G 0.1 09 ( £ * .19 * 8(01 ).dl 
OZZTOOOO ' 3-.iNyyN 
09ZT0000 OBO'-̂ '̂ ZN.! 
OGZTOOOO 0H0-Z0.1 
Ot'ZTOOOO 030---AN.1 : 
0£ZTOOOO 030-AO.l 
03ZT0000 030-XN.l 
OTZTOOOO 030-XO.l 
OOZTOOOO 0-(I)yWOON T 
069TOOOO £'<T-I T OQ 
089TOOOO o-onyN 
0Z9T0000 (£**y*390Z£99S*3T)ZA-0Z9 
099TOOOO (A*390Z£99S * 31)Z(3yZ(IS-X) - TyZ(IS+X))*I9-Z9 
0 S 9 T 0 0 00 (tr * * y * 3 9 0 Z £ 9 9 £ * 3 T ) Z ( A * A - X * X ) - - 0 A 9 
0t'9T0000 390Z£99!;;;'3TZ(3TyZ(lS + X ) - 3 3 y Z ( l S - X ) )*I3--A9 
0£9 TOOOO (t/**y*T£S8T£83*9)ZA*X-0X9 
039T0000 390Z£99G*3TZA*(3TyZ'T-33yZ*T)*I9-X9 
0T9 TOOOO • (33y).iyos-3y 
009 TOOOO (3Ty).iyGS-Ty 
06S TOOOO A*A+3**(lS'-'X)-33y 
08ST0000 A*A+3**(lS+X)-3Ty 
OZSTOOOO • • D 
099TOOOO y.iyi;i woyy o 
OSS TOOOO H.i9N3y.is ai3i..i Ayywiyy J O 3.1 yw L I S 3 3.iyinoiy9 9 

ZAXH.IAIOW 'iiiiMSSoay 
/ Z assay r.ie)xq.i??q.Liaun"iaoi;j 5;:)xq.xn(^ 
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Program MQLyTHXYZ 

18 TOY-DTd) 00002070 
TNY-DT(KOUNT) 00002080 
NC0MP(2)-K0UNT , 00002090 
GO TO 30 ' 00002100 

19 TOZ-DTd) • ' 00002110 
TNZ-DT(KOUNT) 00002120 
NC0MP(3)-K0UNT 00002130 
GO TO 30 00002140 

20 NRHO-KOUNT 00002150 
ABMIN-DTd) ' 00002160 
ABMAX-DT(KOUNT) 00002170 

30 CONTINUE 00002180 
IFdOB J.,.T.5) GO TO 40 00002190 
DO 35 I-ly3 • 00002200 

35 NCOMPd)-! 00002210 
T M A X ••=•••• A M A X :l. ( T N X ? T N Y ? T N Z ) 0 0 0 0 2 2 2 0 
TNX-TMAX 00002230 
TNY-TMAX 00002240 
TNZ-TMAX . 00002250 
TMIN-TMAX 00002260 
IF(TOX.LT.TMIN.AND.TOX.GT.OEO) TMIN-TOX 00002270 
IF(TOY.LT.TMIN.AND.TOY.GT.OEO) TMIN-TOY 00002280 
IF(TOZ.LT.TMIN.AND.TOZ.GT.OEO) TMIN-TOZ 00002290 
TOX-TMIN 00002300 
TOY-TMIN . 00002310 
TOZ-TMIN . 00002320 

40 SLL=2.*SL 00002330 
00002340 

SET UNUSED IFLTK? IFLTY? IFLTZ TO ZERO 00002350 
0 0 0 0.2 3 6 (.) 

45 GO TO (46y47y48y47?49?49)yIOB 00002370 
46 IFLTY-0 00002380 
47 IFLTZ-0 00002390 

IFdOB.EQ.4.0R. lOB.EQ. 1 ) GO TO 49 00002400 
48 IFLTX-0 00002410 

IF(IOB.EQ.2) GO TO 49 00002420 
IFLTY-0 00002430 

49 CONTINUE 00002440 
W1'̂  I T E ( 6 ? 5 5 > 1 S T E F ? X ? Y ? R ? C I ? S L L ? L ? IE-1... T X ? IE-1... T Y ? 11-' L T' Z 00002450 
IF ( TOUT .EQ . 1) WRITE (16 ? 55 ) I STEP ? X ? Y ? R ? CI ? SLL ? L ? I FLTX y Il-'LTY ? IFLTZ 00002460 

55 F0RMAT(Z19H DATA SET PARMS AREZ7H ISTEP™?12?2X?2HX-?E12.4? 00002470 
12X ? 2HY-y E12.4 ? 2X ? 2HR-? E12.4 ? 2X ? 8HCURRENT-? E12.4Z 00002480 
215K SOURCE LENGTH-?E12.4?2Xy3H L-?I2Z 00002490 
4 8H IFLTX-yI2?SH IFLTY:̂ :̂ ? 12 ? 8H IFLTZ-yI2) 00002500 
SCALE-CI 00002510 
IF(L.EQ.2) GO TO 56 00002520 
SL-0.0 00002530 
S C A L E ~ S C A L E * S L L 00002540 
GX-GXO*CI*SLI.-' 00002550 
GY-GYO*CI*SLL 00002560 
GZ....GZ0*CI*SLL 00002570 

•SET EQUIVALENT VALUES FOR INITIALIZING COMMON AREAS 00002580 
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56 XX-X 00002590 
YY-Y 00002600 
S-SIGl • 00002610 
RR-R 00002620 
HTOL-TOL 00002630 
SLL-SL 00002640 
NLAYER-M 00002650 
NPARMS'-'=2*M-1 00002660 
NEXTRA-1 • 00002670 
IF (IOB. EQ. 4) NEXTRA=:3 00002680 
IF ( 1 0 B. E: Q . 5) . N E X T R A-6 0 0 0 0 2 6 9 0 

C GXyGY?GZ ARE PRIMARY FIELD yALUES PASSED TO MODEL ROUTINES 00002700 
C GT IS SCALING FACTOR FOR TIME AND FREQUENCY ~ 00002710 

GT-2.Z(R*R*12.56637062E-7) 00002720 
WRITE(6?60) TOL?NF?IOB 00002730 
IF (10 Ll T . E Q . 1 ) W RIT E (16? 6 0 ) 7' 0 (... ? N I-' ? 10 B 0 0 0 0 2 7 4 0 

60 FORMAT(Z18H CONTROL PARMS AREZ5H TOL-?E12.4?2X?4HNF -?I4? 00002750 
1 2X?5HI0B -?I4) 00002760 
IF(L.EQ.l.OR.IOB.EQ.l) GO TO 66 00002770 
WRITE(6?65) CNCTOL?INTYPE?NRUN?MEy 00002780 
IFdOUT.EQ.1) WRITEd6?65) CNCTOL ? INTYPE?NRUN ? MEy 00002790 

65 F0RMAT(8H CNCTOL-?E12,4?2X?8HINTYPE -?15?6X?6HNRUN -yI5?SX? 00002800 
15HMEy -yI5) . 00002810 

66 IFdSTEP.EQ.l) WRITE (6? 70) METHOD 00002820 
IF ( I OUT . EQ . 1 . AND . I STEP . EQ . 1 ) WR I TE (1.6 ? 70 ) METHOD 00002830 

7 0 E- 0 E;; M A T (BE! M Ei: T El 0 D - ? 1 5 Z Z ) 00 0 0 2 8 4 0 
C 00002850 
C IF I0B.EQ.5? THE ORIENTATION OPTION HAS BEEN CHOSEN AND NELXTRA IS 00002860 
C SET TO 6 TO ACCOMODATE 3 SCALING FACTORS AND 3 ORIENTATION- PARMS. 00002870 
C FINALLY IOB'IS SET TO 4 TO CAUSE ALL 3 FIELD COMPONENTS TO 00002880 
C BE COMPUTED 00002890 
C 00002900 

IF(IOB.EQ.5) IOB-4 00002910 
C 00002920 
C CHECK B d ) FOR VALID VALUES 00002930 
C 00002940 

K-NEXTRA+NPARMS ' 00002950 
DO 110 I-1?K 00002960 

IF(B(I).GT.OEO) GO TO 110 00002970 
IF(NEXTRA.EQ.6.AND.I.GE.3.AND.I.LE.6) GO TO 110 00002980 
W RI r E ( 6 ? 9 9 ) I 0 0 0 0 2 9 9 0 

99 FORMAT(" B("yI2?") ,LE. OEO") 00003000 
STOP • .00003010 

110 CONTINUE 00003020 
RETURN 00003030 
END 00003040 

S U B R- 0 U T INE F C 0 D E (D V ? X M ? B P A R M S ? P R N T ? F ? IE" ? ID E R ) 0 0 0 0 3 0 5 0 
C • 00003060 
C FCODE CALLED BY MQLVTHXYZ 00003070 
C FCODE CALCULATES HX? HY? AND HZ (STEP OR IMPULSE) 00003080 
C TRANSIENT SOUNDING MODELS FOR AN INFINITESIMAL AND 00003090 
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P r o g r a m MQLyTI'IXYZ . • 

C F I N I T E LENGTH WIRE SOURCE. 0 0 0 0 3 1 0 0 
C • 0 0 0 0 3 1 1 0 
C TyVX?VY?yZ WORK ARRAYS INTERNAL TO FCODE 00003120 
C Dy yOLTAGE DATA ARRAY ' 00003130 
C XMd?I) TIMES ARRAY . 00003140 
C XM(2?I) WEIGHTS ARRAY IF I0B.LE.3 00003150 
C INDICES ARRAY IF I0B.GT.3 00003160 
C d-HX? 2-HY? 3-HZ? 4-RHOA) 00003170 
C XM(3?I) WEIGHTS ARRAY IF I0B.GT.3 . . .00003180 
C ND . NUMBER OF DATA POINTS 00003190 
C P?S?PS WORK ARRAYS REQUIRED BY SPLINl 00003200 
C 00003210 
C THE PARAMETEE;:, IOB C O N T R O L S THE OPERATION OF FCODE: 00003220 
C 00003230 
C IOB-1 CALCULATE X-COMPONENT • ONLY 00003240 
C IOB-2 CALCULATE Y-COMPONENT ONLY 00003250 
C IOB-3 CALCULATE Z-COMPONENT ONLY 00003260 
C IOB-4 CALCULATE MIXED COMPONENTS? INCLUDING SCHLUMBERGER RHOA 00003270 
C IOB-5 SAME AS IOB-4 WITH ORIENTATION PARAMETERS. 00003280 
C 00003290 
C . WRITTEN BY JIM KAUAHIKAUA? USGSy DENyERy COLORADO 00003300 
C LAST MODIFIED NOVEMBER? 1978 00003310 
C " 00003320 

DIMENSION BPARMSd)?P(50)?S(50)?Dy(l)yXM(200y5)?PS(2) 00003330 
COMMONZMODELZKyDDyNLAYER 00003340 
COMMONZTHICKZD 00003350 
C 0 M M 0 N Z P A S S Z C E-l X 0 0 0 0 3 3 6 0 
C 0 M M 0 N Z1=' A R M Z I S T E F y X X ? Y Y y R ? S I G 1 y B N Y Q ? M ? 1" 01 . 0 0 0 0 3 3 7 0 
COMMONZFINZAl?A2yA3?A4?3IGG1yA6?A7 00003380 
COMMONZSPLXYZZAXdOO) ? BXdOO ) ? DX (100 ) ? AYdOO ) ? BY (100 ) ? DYdOO > ? 00003390 

iii AZ (100 ) y BZ (100 > y DZ (100 ) ? NB ? B ( 100 ) y SPX (100 ) ? SPY ( 100 ) y SPZ ( 100 ) y IW 0 0 0 0 3 4 0 0 
C O M M O N Z C X Y Z Z F N y SL ? MTD y NF ? NCOMP(3)y TOX ? TNX y TOYy TNY y TOZ ? TNZ ? SCALE ? 0 0 0 0 3 4 1 0 

i|i B L W E< y B U E-' R y N D y :i: 0 B y N E X T i-:; A ? N i-' A Ev M S y G X ? G Y ? G Z ? G 'f ? X 0 y I F l . T X ? :i: I-' I... T Y ? IE-' I... J Z 0 0 0 0 3 4 2 0 
COMMONZDCSAyZARHOdOO) yBRHOdOO) ?DRHOdOO) ? AB2 (100) ? RHOA (100 ) ? NRH000003430 

$ yABMAX?ABMIN 00003440 
COMMONZSAVECZTX(50)? VX(50)? NTX ? TY(50)? VY(50)? NTY ? TZ(50)? yZ(50)? 00003450 

* NTZ?CPXyCPYyCPZ?PARMS(20) 00003460 
C . 00003470 
C GX ? G Y y AND GZ ARE Tl-lE ' Ê 'REDICTED PR IMAR Y FIELDS (E- R0M ITElX YZ ) 000034B0 
C SL IS HALF SOURCE LENGTH IF FINITE WIRE MODELS ARE TO BE USED? 00003490 
C IS ZEPO OTHERWISE. 00003500 
C 00003510 

REAL K d O ) ?D(9) ?DD(9) ?PRNT(5) 00003520 
EXTERNAL CSPLN 00003530 
COMPLEX COMPL?FINHX?FINHYyFINHZyCHX?CHY?CHZ?FLT ' 00003540 
D ATA P S Z 0.0 ? 0.0 Z 00 0 0 3 55 0 

C 00003560 
IFdF.GT.l) GO TO 150 00003570 

C 00003580 
C MODELS ARE CALCULATED ONLY IF IF-l? OTHERWISE THEY ARE RETRIEVED 00003590 
C FROM STORAGE IN COMMON BLOCK ZSAyECZ 00003600 
C 00003610 
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I - ' r -ogram MQI...yTl-lXYZ 

P a g e 3 2 

CONDUCTiyiTIES IN MODEL 

BMAX-BUE-'RZBMAX 
BMIN-BLWRZBMIN 

C 
15 NB-AINT(NF*AL0G10(BMAXZBMIN))+2 

NBl-NB+1 
X 0 ::•-: A I... 0 G :l. 0 ( B M A X ) -f 0 . 2 5 
ISAy-ISTEP 
IF(MTD.Ea.l) ISTEP-0 
IF(NB,LE.100) GO TO 18 

C 
C NB MAY NOT EXCEED THE SIZE OF THE ARRAYS IN COMMON BLOCK ZSPLXYZZ 
C 

WRITE(6?95) NB 
95 FORMATC FCODE: NB.GT.IOO? NB-"yI5) 

STOP 
18 DO 1 J-1?NB 

I-NBl-J 
X-XO-JZFLOAT(NF) 
B(I)-X 
X-10E0**X 
F-X*C0NTZ6.2831853 
IF(SL.EQ.OEO) CALL HXYZ(X?CHX?CHY?CHZ?IOB) 
GO TO (17y20y40y20y20)yIOB 

17 IF(SL.GT.OEO) CHX-FINHX(X) 
20 IF(SL.GT.OEO.AND.IOB.GT.1) CHY-FINHY(X) 

IE- (IE- LTX . NE . 0 ) CE-lX'-̂ CEiX*FI... F ( IFL TX ? F ) 
SPX d)-REAL (CHX) 
IFdOB.EQ.l) GO TO 1 
:i: E" (:i: E- I._ r Y . N E:: . O ) c H Y - c E-I Y * E- I... r ( i F L T Y ? i-' > 
SPY(I)-REAL(CHY) 
IFdGB.LT.3) 80 TO 1 

40 IF(SL.GT.OEO) CHZ-FINHZ(X) 
IF ( IF L T Z . N E . 0 ) C E-l Z - C E-l Z * F L T ( IF L T Z ? F ) 
SPZ(I)-REAL(CHZ) 

1 CONTINUE 
ISTEP-ISAV 

C 
C NOTE: B O ARRAY IS ACTUALLY ALOGIO(B) 

c 
IF(NCOMP d).NE.0) CALL SPLINl(NB ? 0 ? B ? SPX y AX ? BX ? DX ? 0 y PS ? P ? 8) 
IF(NCOMP(2 >.NE.0) CALL SPLIN1(NB y 0 ? B y SPY ? AY y BY ? DY ? 0 y PS y P ? S) 
IF(NC0MP(3).NE.O) CALL SPLINl(NBy0yB?SPZ?AZ?BZ?DZ?0?PS?PyS) 

THE SWITCH IW WORKS WITH COMMON BLOCK ZSPLXYZZ IN ROUTINE CSPLN 
TO INTERPOLATE EITHER THE X? Y? OR Z COMPONELNT 

IW-1 
IF(NCOMP d).NE.0) CALL TRN8I(CSPLN ? XTMAX ? XTMIN ? NTX y TX ? yX ? MTD) 
IW-2 

00004140 
00004150 
00004160 
00004170 
00004180 
00004190 
00004200 
00004210 
00004220 
00004230 
00004240 
00004250 
00004260 
00004270 
00004280 
00004290 
00004300 
00004310 
00004320 
00004330 
00004340 
00004350 
0 0 0 0 4 3 6 0 
00004370 
00004380 
00004390 
00004400 
00004410 
00004420 
0 0 0 0 -4 4 3 0 
0 000444 0 
00004450 
00004460 
00004470 
00004480 
00004490 
00004500 
00004510 
00004520 
00004530 
00004540 
00004550 
00004560 
00004570 
00004580 
00004590 
00004600 
00004610 
00004620 
00004630 
000 04 6-40 
00004650 
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Program MQLyTHXYZ 

I-' a g e 

I... 
(;; 
c 

3 

30 
35 

NT 
• | - 1 . - ; -

.1.1 
DO 

DO 

180 

IF ( N C 0 M I--' (2 ) . N E . 0 ) C A I... L T R N 81 (C 8 P L N ? Y l" MAX? Y T MI N ? N f Y ? T Y ? y Y ? M J D ) 
IW-3 
IF (N C 0 M P ( 3 ) . N E . 0 ) C A I... L T R N SI (C S P L N ? Z .1' M A X ? Z f MIN ? N T' Z ? l" Z ? V Z ? M T D ) 

IFdOB.LE.3.0R.NRHO.EQ.O) GO TO 3 
C A I... L S C E-l S D G ( S I G 1 ? A B M A X ? A B M I N ?• A B 2 ? R El 0 A ? N R H 0 ? 1" 0 E..) 
DO 2 I-lyNRHO 

AB2 (I) -^ALOG (AB2 (I) ) 
CALL SPL IN1 (NRE-IO ? 0 ? AB2 ? RHOA ? ARHO ? BRHO ? DRHO ? 0 ? PS ? P ? S ) 

-MAXO(NTX?NTY?NTZ) 
dSTEP.EQ.O.OR.MTD.EQ.l) GO TO 35 
30 I-lyNT 
IF(NCOMP d).NE.0) VX(I>-VX(I)*SCALE+GX 
IF(NCOMP(2).NE.0) VY(I)-yY(I)*SCALE+GY 
IF(NCOMP(3).NE.0) VZ(I)-VZ(I)*SCALE+GZ 

50 I-lyNT 
TXd)-ALOG(TX(I)) 
TYd)-ALOG(TYd) ) 
TZ (I)-ALOG (TZd) ) 

IE 

IFd.LE. NTX) 
IFd.LE. NTY) 
IFd.LE.NTZ) 
CONTINUE 

(NCOMP(1).NE.O) 
(NCOMP(2).NE.O) 
(NCOMP(3).NE.O) 

CALL 
CALL 
CALL 

SE-'L.I N 1 ( N T Y y 0 ? T Y ? y Y ? A Y ? B Y ? D Y ? 0 ? 
S P L I N 1 (N T' Z ? 0 ? r Z ? V Z ? A Z ? B Z ? D Z ? 0 ? .-> y P S y E 

?S) 
? S) 

yS) 

TAU-C0NT*XM(IF?1) 
TAU-ALOG(TAU) 
INDEX-IOB 
IE" (I OB . GT . 3 ) INDEX-11"' IX ( XM (IE" ? 2 ) ) 
IF(INDEX.EQ.4) GO TO 183 
IF(NEXTRA.EQ<. 6) GO TO ISO 
IF (INDEX . EQ , 1 ) F-CPX*8PLINT ( TAU y AX ? BX ? DX y NTX y TX y K'X ) 
IF(INDEX.EQ.2) F-CPY*SPLINT(TAU ? AY ? BY ? DY y NTY y TY ? yY) 
IF (INDEX . EQ . 3 ) F-CPZ>KSPLINT ( TAU ? AZ ? BZ ? DZ ? NTZ ? TZ ? yZ ) 
GO TO 190 

ORIENTATION PARAMETERS OPTION HAS BEEN CHOSEN 

FX-CPX*SPLINT(TAU ? AX ? BX ? DX ? NTX ? TX ? VX) 
F Y - C P Y * S P L I N T ( T A U ? A Y y B Y ? D Y ? N T Y y T' Y ? V Y ) 
FZ-CPZ*SPLINT(TAU ? AZ ? BZ ? DZ ? NTZ ? TZ ? VZ) 
CS1-C0S(BPARMS(4)) 
SN1-SIN(BPARMS(4)) 
CS2-CPS(BPARMS(5)) 
SN2-SIN(BPARMS(5)) 
CS3-C0S(BPARMS(6)) 
SN3-SIN(BPARMS(6)) 
IF(INDEX.EQ.3) GO TO 185 
F X F̂' - F X * C S 1 {• 3 N1 * (- E" Z * C 6 2+E- Y * S N 2 ) 
FYP-FY*CS1"-SN1*(FZ*CS2+FX*SN2) 
IF(INDEX.EQ.1) F-FXP*CS3+FYP*SN3 
IE" (IN D E X . E Q . 2 ) E" - F Y P * C S 3 - E" X P * S N 3 

0 0 0 0 4 6 6 0 
00004670 
00004680 
00004690 
00004700 
00004710 
00004720 
00004730 
00004740 
00004750 
00004760 
00004770 
00004780 
00004790 
00004800 
00004810 
00004820 
00004830 
00004840 
00004850 
00004860 
00004870 
00004880 
00004890 
00004900 
00004910 
00004920 
00004930 
00004940 
00004950 
00004960 
00004970 
00004980 
00004990 
00005000 
00005010 
00005020 
00005030 
00005040 
00005050 
00005060 
00005070 
00005080 
00005090 
00005100 
00005110 
00005120 
00005130 
00005140 
00005150 
00005160 
00005170 



Multics Documentation Page 34 
Program MQLyTHXYZ 

GO TO 190 00005180 
185 F-FZ*CS1+SN1*(FX*CS2+FY*3N2) 00005190 

GO TO 190 00005200 
I.' ' 00005210 

1 8 8 E" - S P E.. :E N l' ( A [.. 0 G ( X M (11-' ? 1 ) ) y A E:; E'I 0 ? B R l-l 0 y D E< E-l 0 y N I-:; l-l 0 ? A B 2 ? R l-l 9 A ) 00005220 
C 00005230 

190 IIMAX-2 00005240 
IF(I0B.GT.3> IIMAX-3 00005250 
DO 200 II-1?IIMAX , 00005260 

200 PRNT(II)-XM(IF?II) 00005270 
RETURN 00005280 
END 00005290 

SUBROUTINE HXYZ(B2?HX?HY?HZ?IOB) 00005300 
C 00005310 
C HXYZ CALCULATES THREE COMPONENTS OF THE MAGNETIC FIELD 00005320 
C OF AN ELECTRIC DIPOLE AT THE ORIGIN AND ORIENTED ALONG THE X-AXIS. 00005330 
C 00005340 
C IOB-1 FOR HX ONLY 00005350 

IOB-2 FOR HY ONLY 00005360 
IOB-3 FOR HZ ONLY 00005370 
IOB-4?5 FOR MIXED COMPONENTS. 00005380 

00005390 
C A L L S Z E-l A N K 8 ? S A V E R ? F 3 y F 4 y IK 8 0 0 0 0 5 4 0 0 

00005410 
COMPLEX F3 y F4 ? ZHANKS ? XX yYY y ZZ ? HX? HY ? HZ ? ONE ? ZERO ?IIKlyIKDIF y CB 00005420 
C 0 M M 0 N Z P A R M Z1" 3 T E P ? X ? Y ? R ? S I G 1 ? B N Y Q ? M ? T 01.. 0 0 0 0 5 4 3 0 
C 0 M M 0 N Z M 0 D E I... Z K y D D ? N l . A Y E l=; 0 0 0 0 5 4 4 0 
COMMONZTHICKZD 00005450 
EXTERNAL F3?F4 00005460 
REAL K d O ) yD(9) yDD(9) 00005470 
DOUBLE PRECISION B8 . , 00005480 
DATA ONE y ZEROZ ( 1 . 0 y 0 . 0 ) y ( 0 . 0 y 0 <. 0 ) Z 00005490 
B-SQRT(B2) 00005500 
HX-ZERO . 00005510 
HY-ZERO 00005520 
HZ-ZERO ' 00005530 
R2-R*Ei;. 00005540 
C-YZ(R2*R) 00005550 
XR2-X*XZR2 00005560 
CB-CMPLX(B?B) 00005570 
IF(M.EQ.l) GO TO:iO 00005580 
Ml-M-l 00005590 
DEL-RZB 00005600 
DEL2-DEL*DEL 00005610 
DO 4 I-1?M1 00005620 

4 DD(I)-2.*D(I)/D£L 00005630 
C' 00005640 
C HX AND HY l'i;EQUIRE THE SAME TWO HANKEL TRANSFORMS 0 0 0 0 5 6 5 0 
<-' 0 0 0 0 5 6 6 0 

NEW-1 00005670 
IF(IOB.EQ.3) GO TO 5 00005680 
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Program MQLVTHXYZ 

age 35 

NEW-0 
YY-ZHANKS(1y B ? F3 ? TOL ? LW ?1) 
CALL SAVERd?!) 
X X - Z l-l A N K S (0 ? B ? F 4 ? T 01... ? L W ? 0 ) 
HX-2.*(2.*YYZB-XX)*X*YZ(DEL2*R2) 

• HY-(XR2-1.)*2.*XXZDEL2+2.*(1.-2.*XR2)*YYZ(R*DEL) 
IF(IOB.LT.3) GO TO 10 

5 HZ-ZHANKS(1? B y F4 y TOL y LW y NEW)*CMPLX(2.0*B2*C y 0 . 0 ) 
10 B8-.70710678118654D0*B 

CALCULATE THE MODIFIED BESSEL FUNCTIONS OF THE FIRST AND 
SECOND KINDS FOR THE HX AND HY HALFSPACE RESPONSES. 

I F d O B . N E v 3 ) CALL IKS ( B8 ? I I K l ? I K D I F ) 
ZZ-ZERO 
IF(IOB.LT.3) GO TO 12 
ZZ-ONE-(ONE+CB+CMPLX(OEO ? 2E0*B2Z3E0))*CEXP(-CB ) 
ZZ-ZZ)KCMPLX(0E0?-3E0*CZB2) 

C 
C SUBTRACT THE PRIMARY FIELD OALUES IF ISTEP - 1 
C 

12 IFdSTEP.EQ.O) GO TO 20 
IF(IOB.EQ.3) GO TO 15 
IK DIE- -1K' D11-- - C M P L X (1 .0 ? 0 . 0 ) 
11K1 -11K1 -CMPE..X ( 0 . 5 ? 0 . 0 ) 
IF(IOB,LT.3) GO TO 20 

15 ZZ-ZZ-CMPLX(C?0.0) 

20 HX-HX+2.*X*Y*IKDIFZ(R2*R2) 
HY-HY+2.*(Y*Y*IKDIFZR2-IIKl)ZR2 
HZ-HZ+ZZ 
D E N 0 M - 1 2 . 5 6 6 3 7 0 6 2 * B 2 * * I S T E P 
HX-HXZDENOM 
HY-HYZDENOM 
HZ-HZZDENOM 
RETURN 
END 

00005690 
00005700 
00005710 
00005720 
00005730 
00005740 
00005750 
00005760 
00005770 
00005780 
00005790 
00005800 
00005810 
00005820 
00005830 
00005840 
00005850 
00005860 
00005870 
00005880 
00005890 
00005900 
00005910 
00005920 
00005930 
00005940 
00005950 
0 0 0 0 5 9 6 0 
00005970 
0 0 0059 80 
00005990 
00006000 
00006010 
00006020 
00006030 
00006040 
00006050 

C 0 M P L E X F U N C TION F LT(IF L A G ? F) 

USER-DEFINED FUNCTION 
IFLAG IS A PARAMETER PASSED FROM MQLVTHXYZ OIA $INI 
PARMS IFLTX? IFLTY? OR IFLTZ 
F IS THE FREQUENCY IN HERTZ 

COMPLEX ONE 
DATA ONEZdEO?OEO)Z 
IF(IFLAG.EQ.0) RETURN 

EXAMPLE: SINGLE-POLE LOW PASS FILTER WHERE 
IFLAG IS USED AS THE CORNER FREQUENCY 

00006060 
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00006110 
00006120 
00006130 
00006140 
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00006160 
00006170 
00006180 
00006190 
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\ 
Mr.i :i. l'- :i. e?iii I'le)cr.iirieri t a t i a n -

Program MQLyTHXYZ 
'arfe si 8 

RETURN-
Z-T-X(J) 
SPLINT-Y(J)+((C(J)*ZiB(J)J*Z+A(J))*Z 
RETURN 
END 

00007210 
00007220 
00007230 
0 0 0 0 7 '2. A 0 
0 000725 0 

C 
c; 
c; 
c 
c; 
c 
c 
c 
c 
c 

c 
c 
c 

COMPLEX FUNCTION DCKERN(AMBDA) 

RESISTiyiTY KERNEL FUNCTION CALLED BY 3CH3DG 

E- 0 R 1N D E X - O R E T U R N 8 ( K E;: R N E I . ? E-' DIE" W Z E( R E-l 0 ( M ) ) 
WHERE PDIF - PARTIAL DERiyATiyE 

F0R INDi:;:x -•••• i R E T U RNS (i-'DIE- KEE:;NE::I... WZE:; D ( I ) ? 
PDIF KERNEL WZR R H O d ) ) 

M > 1 > 0 

A E.. G 0 R I J l-l M !-• 0 R F A R T I A I... S F R 0 M i 
JOHANSENy H.K.? 1975? AN INTERACTiyE COMPUTER GRAPHICS-

DISPLAY-TERMINAL SYSTEM FOR INTERPRETATION OF RESISTIOI': 
G E 0 !-• E-l Y 8 1 C A L P Ê: 0 3 P Ei: C T I N G y 2 3 : 4 4 9 - - 4 5 8 . 

PROGRAMMED BY JKAUAHIKAUAy U3G3v DENyERy COLO? 1977. 

COMMONZDCMDLZSIGdO) yD(9) ?My INDEX 
REAL LMyLN?L2 
PSIG-OEO 
PD-OEO 
L-M 
LM-lEO 

:i. u 
i;;: -1;;: x i-'.... (- 2 E;: 0 * A M B II A * D (1...:!.)) 
EN-^dEO-E)ZdEO + E) 
D E N O M "• 3 1 G ( L ) •}• 3 1 G (i... 1 ) * i... M * Ei: N 
IF(L.EQ, .2-LM 
IF(L.EQ.2) El-EN 
L N - (s :i: G (1... 1 ) * I... M -f s :i: G (i...) * i;;: N ) z D E N O M 
IF (I N D E X '11. L T . M. A N D. L ••- 2 . E;: Q <. :E N D E:: X ) F 3:[ G - ( 1 E 0 - E;: N * i... N ) * L M Z D t 
I F d N D E X - L l ) 15? 13? 14 

:l. 3 E-' 31G •••••••• ( ( E N - L.. N ) -E- ( 1 E 0 - E N * L.. N ) * 3 :i: G ( L 1 ) * I-' 8 :i: G ) Z D E N 0 M 
I-' D - (:E E 0 -i- E N ) * ( S :i: G ( L ) - -1... N * E.. M * 31G (E.. 1 ) ) * 2 E 0 * A M B D A * E Z ( D E N 0 M * ( 
GO TO 15 

14 X-dEO-LN*EN)*SIG(Ll)ZDENOM 
PSIG-PSIG*X 
PD-PD*X 

15 L-L-'-l 
LM-LN 
IF(L.GT.l) GO TO 10 
IF(INDEX.GT.O) GO TO 20 
Ê' L 1 - E.. 2 * d In: 0 - E- :l. * I... M ) * A M B i:i A Z D E N 0 M 
LM-AMBDA*(LM-1E0) 
DCKERN-CMPLX(LMyPLl ) 
RETURN 

0 0 0 0 7 2 6 0 
0 0 0 0727 0 
00007280 
0 0 0 0729 0 
00007300 
0 0 007310 
0 0 0 0.:-' 3' '2 0 
0 000733 0 
0 0 0 0 7 3 A 0 
0 0 0 0 7 3> 5 0 
0 000736 0 
0 000737 0 

T Y 3 0 U N DIN G 0 0 0 0 7 3 8 0 
0 000 739 0 
0 0 0 0 7 A 0 0 
00007410 
0 0 0 0 7 4 2 0 
0 0 0 0 7 4 3 0 
0 000744 0 
0 0 0 0.'' 4 5 0 
0 000746 0 
0 000747 0 
0 0 0074 8 0 
0 0 0 0 .:••'' A 9 0 

i j i j () ( t / [•; j {) 

0 000752 0 
0 000753 0 
0 000754 0 
0 0 0075 5 0 
0 000756 0 
0 000757 0 
0 0 0 0.:' 5 8 0 
0 0 0 0 7 5 9 0 
0 0 0076 0 0 
00007610 
00007620 
00007630 
OOOO Zo) 40 
00007650 
00007660 
00007670 
00007680 
00007690 
0 0 0 0./';:' 0 o 
00007710 

NOM 

IEO-1'.E) ) 
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z*((r)zv+z*((r)zo+z*(r)Z3)) + (r)z3s-33 (£ * 03 * MI)31 
Z*( (r)Ay+Z*( (r)A0+Z*(r^)A3) ) + (r)A3S-S3 ( 3 * D 3 * M I ) 3 I 
z*((r)xy+z*((r)xo+z*(r)X3)) + (r)X33-33 (i*03*ni)31 

(DO-l-Z 0£ 
N30133 

(0*0" 33 ) X"13W3-N •'I.-133 S3 
d)Z3S-S3 (£*D3*flI)3I 
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Mr.i:L t :i. e?s Doe:r.iirieri'tii?t i oi"i 
P r o g r a m MQLVTHXYZ 

I-' age 43 

WILL GIVE ADDITIONAL ACCURACY? IF NEEDED. 00009710 
MEy - MAX. FUNCT EyAL"S FOR CANC4 (NORMALLY MEV:>300) • 00009720 
Rl - MAX SPACING FROM WIRE END TO RECEIVER POINT (XXyYY) 00009730 

- 3QRT((XX+L)**2+YY*YY) 00009740 
R2 ••••••• MIN SPACING FROM WIRE END TO RECEIVER POINT (XXyYY) 00009750 

:•= 3QRT( (XX-L)**2 + YY*YY) 00009760 
RO - SPACING FROM WIRE CENTER TO RECE;:'IVER POINT (XXyYY) 00009770 

- SQRT(XX*XX+YY*YY) 00009780 
D(9) -̂  THICKNESS OF M-LAYERS IN MODEL. (METERS) 00009790 
K ( :E 0 ) •-••• C 0 N D U C T I V I T Y E:; A T 1 0 3 1 G ( I ) / 3 :E G ( 1 ) 0 0 0 0 9 B 0 0 

FOR I-lyM 00009810 
M - - NO. LAYERS IN MODEL (M.GE.1.AND.M.LT.10) 00009820 

00009830 
1 0 M M 0 N Z E-1N E: R R / E-l A K T' 0 E.. y E- X N T' 01... ? I N T Y I-' E y N E-1N y N E V y M E: y ? E 3 U M ? L.. W 0 0 0 0 9 8 4 0 
C0MM0NZSPLN80ZFDR (80 ) ? AR ( 80 ) ? BR ( 80 )'y CR ( 80 ) ? DR ( 80 ) ? ER ( 80 ) ? 00009850 

X FDI (80). ? AI (80) ?BI (BO) ?CI (80) yDI (80) ?EI (80) ?RLM1 ? DELRLM yNB 00009860 
COMMONZFINZRly R2 y RO ? L ? SIGl? X ? Y 00009870 
c; 0 M M 0 N Z r l-l IC K Z D ( 9) 0 0 0 0 9 8 8 0 
COMMONZMODELZKdO) yDD(9) yM .̂  00009890 
C: 0 M M 0 N Z C 0 N 8 T Z D E L y D E E.. 2' ? Z 2 Ii E L 3 ^ 000099 0 0 
REAL LyK 00009910 
C; 0 M E-' I... E X i-' U N C; y E 3 U M ? i-' D y E- LJ N I N T y C; A N C: 4 ? Z 2 1 \ E l . 3 0 0 0 0 9 9 2 0 
EXTERNAL FUNINT 00009930 

ISIZE IS THE MAXIMUM POSSIBLE NUMBER OF NODES IN QUINTIC SPLINE. 00009940 
DATA ISIZEZBOZ . 00009950 
D E;: L •••••• R 0 z s Q E:; T ( B I-' I N ) 000099 6 0 
DEL2--DEL*DEL 00009970 
Z2DEL3-CMPLX(0.0 ? 2.Z(DEL2*DEL)) 00009980 
M :E - M --1 . 0000999 0 
DO 1 I-ly Ml 00010000 

1 D D ( :E ) - 2 . * Il (I) z D E;: I... O O O :i. o o :i. o 
BMAX"-'R1ZDEL 00010020 
B M I N •••• R 2 Z D E L 0 0 010 0 3 0 
IF(X.LE.L) BMIN-YZDEL 00010040 
NB-AINT(5.*AL0G(BMAXZBMIN))+2 00010050 
N B - M A X ( N B ? 3) 0 0 010 0 6 0 
X0-AL0G(BMIN)+NB*0.2 00010070 
NB-NB+3 00010080 
N IA M A X - :E S I z E;: Z N B OOO i o o 9 o 
IF(NFIN.LE.NRMAX) GO TO 3 00010100 
IF(NRMAX<. GT.O. 0) GO TO 2 00010110 
PRINT? ''ERROR IN FINITE: INSUFFICIENT SPLINE NODES' 00010120 
STOP 00010130 

2 NFIN-NRMAX 00010140 
E-'E;;INvy 'E;:E<Î ;;OR i N F:I:NITE: NE-:rN J O O L..AE<GE? RESEI' iO O N E - I N OOOiO15O 
D E L R L M - . 2 Z F L 0 A T ( N E" :i: N ) 0 0 01016 0 
X 0 - X 0 - D E E. R L M 00 0 :E 017 0 
DO 5 ITIME-1?NFIN OOOIOIBO 
NEW-1 00010190 
X 0 - X 0 + D E;: E.. E:; E.. M O O O :i. o 2 0 0 
DO 5 J-lyNB 00010210 
I-(NB+1)-J 00010220 
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Mr.i:E -L i c s i:ioc: 1..1 ine 1 "i•[,;i!'t i ori 
• Program MQLyTHXYZ 

I-' il! g e 4 5 

C REMOyE THE PRIMARY FIELD IF I8TEP-1 
IE- ( :E 3 r 1;;:I-'. E Q . I ) Zl-lZ:----̂ 7.HZ-CMF'E-X d . ZE(**,3 ? 0 . 0 ) 
RETURN 
END 

COMPLEX FUNCTION FUNINT(X) 
C COMPLEX FUNCTION INTERPOLATION BY QUINTIC 3PLINE OIA 
C CALL TO 'QPOINT'? WHERE THE QUINTIC SPLINE 
C COEFFICIENTS AR?BR?CRyDR?ER? AIyBIyCI?DI?EI WERE . 
c: I-'E( 1;;:V:i:ousE..YOB rAiNED B Y S U BR ' QI.JINT' d 
c; 

DIMENSION SR(80)y AR(80)y BR(BO)? CR(80)? DR(80)y ER(80)y 
% 8 :i: ( 8 0 ) y AI ( 8 0 ) y BI ( 8 0 ) y CI ( 8 0 ) ? DI ( 8 0 ) ? Ei: I ( 8 0 ) 
C 0 M M 0 N Z 3 P L.. N J:} 0 Z 3 R ? A E< ? B R ? C R ? D R ? E Ei; ? 3 1 ? A I ? B I ? C :E ? D I ? E I ? V< l . M 1 ? D E E.. 
COMMONZFINZR1? R2 ? RO ? XL ? SIG1? XX ? Y 
R - A E.. 0 G ( 3 Q R T (X * X •f Y * Y) ) 
C A E.. E.. Q I-' 0 1 N r ( N I . ? S Ê  ? A R ? B i'< ? C R ? i:i R ? E R y î:; E.. M :E ? D E:: I... R L M ? E< ? Y E:; ) 
c; A I... I:.. Q I-' 0 1 N T' ( N E.. ? 3 1 ? A I p B I ? c :E ? D I y E;: I y R E.. M 1 y D E. I . E< r.. M ? E:; y Y :i:) 
FUNINT-CMPLX(YRyYI) 
RETURN 
END 

c; 0 M E-' E.. E X E- u N c T :E 0 N :i: 1 K :E ( B 8 ) 
C COMPUTE MODIFIED BE33EL FUNCTION PRODUCT I1*K1 FOR 
C PARAMETERS 
C B8 - DOUBLE PRECISION ARGUMENT (-BZD3QRT(2.ODO) HERE) 
c; :i: :E K :E - 1 1 * K :E C O M E-' I... E X R E S (.J E.. r 
c 
C; S U B R K E E.. y I N C: A E.. E.. 1:;: D A N D D . Ê '. U 3 E D B E:: E- 0 R E G M E-' I... X " I N C;; 
c 

COMPLEX ZyZ2yTERMl 
D0l.JBi...E:: E-'REC:E S I O N B B y B B ( 8 ) y Q:i. y Q2 

:E E" ( B 8 . G T . 2 0 . 0 D 0 ) G 0 F 0 :L 
CALL K E L y i N ( B 8 y 8 ? B B ) 
Q1--BB(6)*BB(8)+BB(5)*BB(7) 
02- BB(5)*BB(8)+BB(6)*BB(7) 
11K1 -CMPLX ( SNGL ( Q1 ) ? SNGE.. ( Q2 ) ) 
RETURN 

1 B-0.70710678*SNGL(B8) 
Z-CMPLX(ByB) 
K--1 
Z2-4.*Z*Z 
TERM1-CMPLX(1.OyO.O) 
IlKl-TERMl 

2 K-K+2 
COM—KZ(Z2*(K+1) ) 
T E R M1 - T E R M1 * C 0 M * (4 . - K * K ) 
IlKl-IlKl+TERMl 
IF(CABS(TERM1)ZCABS(I1K1).GT.1.E-6) GO TO 2 
I1K1-I1K1Z(2.*Z) 

. RETURN 
END i 
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000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

6 6 6 

(T-}• .1 ; E - E - I ) y * ( I ) 3 - ( ; E ) • - ! - ( . i i - E - I ) V S 
T - 3 N - I 

( 3 N ) y - ( l I + 3 N ) V 
s .1N 3 1 3 :E ."I .-I :;;i o o :;i N I "i 3 s N i y .10 0 -""- 3 

( d - I ) 3 * ( I ) y - ( I ) 3 ) * 1 0 W - ( I ) 3 t' 
d ) 3 * i n W - d ) 3 

( ( T - 1 ) 3 * d ) y - ( I ) 0 ) Z O * T - i n w 
3 N " 3 - I t̂  0 0 

( T ) 0 Z d ) 3 - d ) 3 
( T ) 0 Z ( T )n::::( T ) 3 £' 

3N 3 3 0 3 0 3 0 * 0 3 X I 3 i y W i y N 0 9 y i O I 3 1 3 0 N O 1 1 0 I O S 3 
( 3 ) 0 - ( 3 N ) 3 - ( 3 N ) 3 

( T ) 0 " ( T ) 3 - ( T ) 3 
( ( I ) A - ( 3 + I ) A ) * H H - ( I ) 3 3 

0* T - ( I ) V 
0 * T •••••••• ( I ) 3 
0 * v - - d ) 0 

3 N " T - I 3 0 0 
HZO*£-HH T 

T-lI ONy *0 *19* H 9NI3y33 lypOl- 3 
T"TT"666 (H)3I 

T-N-3N 
N3AI9 S3I3y0N000 3AIiyAI330 1ST 3 

03 01 09 (0*03*11)31 
X-W-N 

0.1 0 9 ( £ * .1 "l * W * ̂ 10 * * 0 * .11 * l-l' 3 0 * T *• 19 * .11 * >:l 0 * 0 * .1" 1 * .11).::! I ' 
IW " ( T ) S " ( T ) 3 " ( 3 ) 0 " ( T ) 3 " ( T ) 0 " ( T ) y " ( T ) A " ( T ) X w'*"iy3:::i 

* A13A 

ISO 

OS"0"y 

T-W"* * *"3"T-I 303 
£**(d)X-X)*(I)3+3**((I)X-X)*(I)0+((I)X-X)*(I)y+(I)A-A 

*W303 3H1 30 SI 3NI13S 31003 9NI110S33 3H1 
*39Ny3 30 inO W3y3 ANV 31 ((W)SOy)—W HllM N30133 30333-

* ( w •••••••• w 1 0 E'I;:) y :;;i) s A y d d y M >:i o n ••••••• s " .-i 
1 1 . 1 3 3 3 8 3 3 w O N y T I N 1 0 3 .i^i ( 3 w i o ) A y 3 y y A y y O N O O O - 0 

* SIN 103 0N3 .1^ N3AI9 33AIiyAI330 ON3 31 0-11 
30 "SINI03 0N3 ly N3AI9 33AIiyAI330 1ST 31 T-lI 
*Ay33y 0 NI 03113308 NOIIIONOO AyyONOQO 30 33Al -II 

* NO 11033X3 ONI 300 SAvyyy >iyoM sy aiso osiy 
.::! G ;;; . i N :;;i w :::i "i :;:i (i"" w ) .1;;; 1: N :I: O 3 N d n .1 :;;i ;::i :;;i d y ;;; . 1 1 0 s 3 d 

(w *39* WIO H9y3) sAvyyy*33399-3"0"y 
* (w * 3 9 * w 11:1) :;;i "i 0 y i y y A .1 N 3 0 N 3 3 3 o - A 
* ( W * 3 9 * W 1 0 ) * 0 ••••̂•- i-l N 3 E'I M y V A * .-13 0 N I ••••••• X 

(39y301S 03310033 X) *0-H 31 siyAyiiNi lyooiNO 
(333H X AWwoo 330) '0*19*H N3HM NOI130 iyA331NI lyOOl -H 

3 * .19 * ;;; .1 N I 0 3 y 1 v 1:1' 3 0 d 3 0 w 0 N - w s w >:i y d 

0 0 y d 010 3 " 3 3 A N 31:1 " A :;;i A d n s "1 y 3 :E O 010 3 9 * s * 0 " N 0 s d 3 0 N y * "i * n A 0 

* N 0 :i; .1. y N:[ w d 3.1. :;;i 1:1 1 N ;;;i :i:;:):!: .-1 .-1:;;! 0 3 3 N :E "i 3 ;;> 310 0::) 1 y N (31 s N :;;I W :I; I:I ;;;i N 0 •• 
(;;;" 3 " 0" .E. i " ;:i" 0" y" A " x" 1-1"' w) T N I 13 s :;;i N I .1110 d 0 0 s 

9t? aiivay 
ZAXHIAIOW '\iadBOd,i 

r.i a 'r q. a q. r.i a m r-i a a q a a T q. X'"' W 
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Program MQLyTHXYZ 

se 47 

I-I-l 

:EF(I.GE.I) GO TO 5 
IFdT.EQ.O) GO TO 6 
A ( :I. ) •"• D ( :l.) 

A ( M ) ••" i:i ( 2 ) 
6 IF(H.EQ.O.) GO TO 14 

HH-l.OZH 
DO 7 I-lyN 
MUL-HH*(Y(I + 1)-Yd) ) 
B ( I) -El El* ( 3 . 0 * M U L - ( A (I-E-1 ) {-2 . 0*A (I) ) ) 

7 C ( I ) =̂ :: E-l E-l * El El * (- 2 . 0 * M U E.. E- A (I -i-1 ) •{- A ( I ) ) 
RETURN 

-UNEQUAL SPACING H-0.. AND IT-l 
11 DO 12 I - 1 ? N 
12 S d + 1 ) - X d + 1 ) - X d ) . 

DO 13 I - l y N E 
B d ) - 2 . 0 * ( S ( I + l ) + S ( I + 2) ) 
C d ) - S d + l ) 
A d ) -S( 1+2) 

13 P ( I ) - 3 . 0 * ( 3 ( I + l ) * * 2 * ( Y ( 1 + 2 ) - Y ( I + l ) ) + 3 ( 1 + 2 ) * * 2 * CY(I + l ) - Y d ) ) ) Z 
it (•S( I + l ) * S d + 2) ) 

P d ) - P d ) - S ( 3 ) * D d ) 
P ( N E ) - P ( N E ) - S ( N ) * D ( 2 ) 
GO TO 3 

14 DO 1 5 . I - l y N 
H H - l . O Z S d + 1) 
M U1... ••••••: ( Y d -f 1 ) - Y ( I ) ) * l-l El * * 2 
B d ) - 3 . 0 *MUL- ( A ( I + l ) +2 . 0*A.( I ) ) *HH 

:E 5 c; (:!:) ••••••• •••• 2 . o * n u i... * i-i i-i i' ( A ( :E -E- :i. > -i- A ( i ) ) * 1-1 i-i * * 2 
RETURN 

-2ND DERiyATiyE BOUNDARIES GIOEN 
20 NE-N'fl 

IF(H) 999y31y21 
-EQUAL SPACING H .GT. 0 AND IT-0 
21 HH-3,0ZH 

DO 22 I-2yN 
B(I)-4.0 
C ( I) -" 1.0 
A ( I) "•• :E . 0 

22 P ( I ) -ElEl* ( Y d +1 ) - Y (I -1 ) ) 
B ( :E ) "••2 .- 0 
B(NE)-2.0 
c; (:i.) ̂^̂̂  :i. > 0 
C(NE)-1.0 
A(NE)-1.0 
P ( 1 ) - H H * ( Y ( 2 ) - Y ( 1 ) ) - 0 . 5 * H * D ( 1 ) 
Ê' ( N E ) ••••^ El El * ( Y (M > - Y ( N) ) + 0 . 5 * H * D ( 2 ) 
GO TO 3 

-UNEQUAL SPACING H-0 AND I T - 0 
31 DO 32 I - 1 ? N 
32 S d + l ) - X ( I + l ) - X d ) 

. N l - N - 1 

000: 
000: 
000: 
000: 
000: 
000. 
000. 
000. 
000. 

ooo: 
000: 
000 
000 
000. 
000 
000. 
000. 
000 
000. 
000 
000-
000. 
000. 
000: 
t ' \ r"-! f--| . 
':) U 'J . 

000: 
000: 
0 0 0: 
000: 
000: 
000; 
000; 
000: 
000: 
000: 
000: 
000: 
000: 
000: 
000: 
000; 
0001 
000; 
000: 
ooo; 
000:1 
0001 
0 0 0 ;i 

ooo; 
000:1 
000 ;l 
000 J 

.1740 

.1750 

.1760 

.1770 

.1780 

.1790 

.1800 

. ;E 8 i 0 

.1820 

.1830 

.1840 

.1850 

.1860 
L1870 
.1380 
.1890 
.1900 
, ;l. 9 ;l. 0 
.1920 
.1930 
El 940 
.1950 
.1960 
.1970 
•1 O i'y .."i 

. .1. > •..;• '..J 

. 1990 

.2000 

.2010 

.2020 
2030 
.2040 
.2050 
.2060 
.2070 
.2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
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Program MQLVTHXYZ 

Parfe 48 

DO 3 3 I-1?N1 000 
B (I +1 ) -2 . 0* ( S (I +1 ) +8 ( I +2 ) ) 000 ;l. 
C d + l)-S(I + l) 000 
A(I+l)-3(1+2) 000 

33 Pd+1)-3,0*(8(I+l)**2*(Y(I+2)-Y(I+l))+3(I+2)**2*(Y(I+l)-Y(I)))Z 0001 
* (Sd + l)*S(I+2) ) 000 
Bd)-2.0 000 
B(NE)-2.0 00012 
Cd)-1.0 0001 
C(NE)-!.() 0001 
A(NE)-1.0 000 
P(1)-3.0*(Y(2)-Y(1))ZS(2)-0.5*8(2)*D(1) 0001 
E-' (NE ) "-3 . 0* ( Y ( M ) -'Y ( N ) ) ZS ( M ) -EO . 5*3 ( M ) *Ii ( 2 ) . 000 
GO TO 3 0001 

999 M--IABS(M) 0001 
RETURN 000' 
END 000 

u 2260 
i270 
>280 
•'290 
.* 3 0 0 
;!310 
;:320 
330 
2340 
2350 
2360 
2370 
2380 
2390 
2 4 0 0 
2 4 ;i. 0 
2420 

c 0 M Ê' E.. i;;; x E- U N O T I O N Z E.. A G E-I O ( X ? l-' U N ? T O E.. ? L y N E l̂ l) 

-*** A SPECIAL LAGGED* CONOOLUTION METHOD TO COMPUTE THE 
INTEGRAL FROM 0 TO INFINITY OF ' FUN ( G ) *J0 ( G*B ) *DG'' DEFINED AS TE 
c0MI-'I...E::X i iANKE;:E.. J R A N S F O R M OE- ORDE;:E;; O A N D A R G U M E : : N i ' x (•••••••• A E . O G ( B ) ) . 
BY C0Ny0E..UT10N E- XLTERING IJ:i: J11 C;0MI-' 1...EX E- UNCTX 0N ' i'-1.1N ' ANli 
U S I N G A VARIABLE CUT-OFF METHOD WITH EXTENDED FILTER TAILS.... 

- R E E- S A N D E R 3 0 N y W . L . y 1 9 7 5 ? N' l I- S i'( i;;; E-' T <• F B - - 2 4 2 - - 8 ()().> 

-PARAMETERS i 

I M r I I 

SPACED SAME AS FILTER USED IF THIS IS NOT CONyPNIENT^ 000 
THEN SUBPROGRAM 'ZHANKO' IS ADVISED FOR GENERAL USE. 000 
( AL..S0 8EE I-'ARM ' NEW ' Ji NOTES ( 2 ) - ( 4 ) BEL0W ) . 000 

FUN(G)- EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED) 000 
OF A REAL ARGUMENT G.. 000 

NOTEi IF PARMS OTHER THAN G ARE REQUIRED? USE COMMON IN 000 
CALLING PROGRAM AND IN SUBPROGRAM FUf4> 000 
THE COMPLEX FUNCTION FUN SHOULD BE A MONOTONE 000 
DECREASING FUNCTION AS THE ARGUMENT G BECOMES LARGE...000 

FOR REAL-ONLY FUNCTIONS? SUBPROGRAM 'RLAGHO' IS ADyi3ED»000 
l-l 0 w E: y E R y T w o E;; E A L - F U N C: T i o N S I-' i ((^) ? i-- 2 ((^) M A Y B i;- 0 0 0 
INTEGRATED IN PARALLEL BY WRITING FUN-CM 

REAL TOLERANCE EXCEPTED AT CONyOLOED T 
IF FILTER*FUN'<TOL*MAXy THEN REST OF TA 
THIS IS DONE AT BOTH ENDS OF FILTER. 
TOL -̂::- .0001 IS USUALLY OK BUT THIS DEPENDS ON 
THE FUNCTION FUN AND PARAMETER X...IN GENERALy 

A 'SMALLER Tl 
BUT WITH 'MOE 
RELATED TO f 

3...X(F1 (G) ?F2(G) )000 
Hr..s I, E;: . y 000 
EL IS TRUNCATED,000 
YPICALLY? 000 

000 
000 

E..' . WIE..E., l.JS 1.1 AE..I...Y RESl.JE.. J IN 'MORE ACC;UE^:ACY ' 000 
E WEIGHTS' BEING USED. TOL IS NOT DIRECTLY000 
•^UNCATION ERROR? BUT' GENERALLY SERyES AS AN 000 

APPROXIMATION INDICATOR... FOR OERY LARGE OR SMALL B? 000 

24 30 
2440 
2450 
2460 
2470 
2480 
2490 
2500 
2510 
2520 
2530 
2540 
2550 
A','. O ''̂ .'.- '-..-' 

2 5 ;'•' 0 
2580 
2590 
2600 
2 6 ;E 0 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2 7 0 0 
..•:./ .1. u 

1; 
I.: 
L: 

l; 
E2720 
12730 
2 '7.4 0 
2750 
2760 
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Program MQLyTHXYZ 

•age A\ 

1/ 
C 
C 
C 
C. 
C 

C 
C 
C 
C 
i;;.. 

c 
c 
c 

ONE SHOULD USE A SMALLER TOL THAN RECOMMENDED ABOyE,,. 
L- RESULTING NO. FILTER WTS. USED IN THE yARIABLE 

CONVOLUTION (L DEPENDS ON TOL AND FUN), 
M :E N , 1... - 2 0 AND M A X . E.. •••••• 1 9 3 W11X C I'l C 01.1 E.. D 

OCCUR IF TOL :i:S yERY SMALL ANDZOR FUN NOT DECREASING 
yERY FAST. . , 

* NEW- 1 IS NECESSARY 1ST TIME OR BRAND NEW X. 
0 FOR ALL SUBSEQUENT CALLS WHERE X-(LAST X)-0,20 

IS ASSUMED INTERNALLY BY THIS ROUTINE. 
NOTE! IF THIS IS NOT TRUE? ROUTINE WILL 
STILL ASSUME X-(LAST X)-0.20 ANYWAY... 
IT IS THE USERS RESPONSIBILITY TO NORMALIZE 
B Y C 0 R R E C r B ••••̂̂  E X I-' ( X ) 0 U T' 3 1 D E 0 F C A E.. E.. ( 3 E i;;: U 3 A G E B E;; 1...-0 W ) 

THE LAGGED CONyOLUTION METHOD PICKS UP SIGNIFICANT 
TIME IMPROyEMENTS WHEN THE KERNEL IS NOT A 
S I M E-' L E E E. E M Ei: N T A R Y I-' U N C T :E O N . . . D U Ê  T O I N T E R N A E.. E.. Y 3 A y I N G 
ALL KERNEL FUNCTION EyALUATIONS WHEN NEW-1... 
THEN WHEN NEW-0? ALL PREyiOUSLY CALCULATED 
KERNELS WILL BE USED IN THE LAGGED CuNyOLUTION 
WHERE I-'033IDLE? ONLY ADDING NEW KERNEL EyALUATIONS 
WHEN NEEDED (DEPENDS ON PARMS TOL AND FUN) 

THE RESULTING COMPLEX CONyOLUTION SUM IS GIVEN IN ZLAGHO? THE HANKEl... 
TRANSFORM IS THEN ZLAGHOZB WHICH IS TO BE COMPUTED AFTER EXIT FROM 
TEl 1 3 I-:;0U r i: N E , . . . Wl-lERE B••••• E X P ( X ) ? X•••••••• A R G U M E N J U 3 E D :E N .CAE..E_. , . 

-US AGE- LA GHO' IS CALLED AS FOLLOWS J 

COMPLEX ZyZLAGHO?Z 
i;:.X ILKMHl... Zl-

Z-ZLAGHO(ALOG(B)? ZF ? TOL y L ? NEW)ZB 
C- * V 

END 
COMPLEX FUNCTION ZF(G) 
...USER SUPPLIED CODE,.. 
END 

-NOTES; 
(;E ) . E X I-' - U N D E R I-' L O W ' S MAY 0 C C U E< IN E X E C U T I N G T EL E SUB I-' R 0 G I-:; A M 

BELOW 5 HOWEYERY THIS IS OK PROYIDED THE MACHINE SYSTEM SETS 
ANY S ALL EXP-UNDERFLOW'S TO 0,0,,.. . 

(2) AS AN AID TO UNDERSTANDING iii USING THE LAGGED CONyOLUTION 
METHOD y LET BMAX;::--BMIN:;K) BE GiyEN. THEN IT CAN BE SHOWN 
THAT THE ACTUAL NUMBER OF B'S IS NB-AINT(5.*ALOG(BMAXZBMIN))+1? 
PROyiDED BMAXZBMIN::^-1. THE USER MAY THEN ASSUME AN 'ADJUSTED' 
BMINA-BMAX* EX P ( - , 2 * ( N B -1) ) , T' El E M E T110 D G E N E R A T' E S T El E D E C R E A 31N G 
ARGUMENTS SPACED AS X-ALOG(BMAX)?X-,2?X-.2*2?..,?ALOG(BMINA), 
FOR EXAMPLE? ONE MAY CONTROL THIS WITH THE CODES 

*• t * 

NB-AINT(5,*ALOG(BMAXZBMIN))+l 
NBl-NB+1 

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000. 
000 
000 
000 
000 
000. 
000 
000 

E2770 
E2780 
E2790 
E2800 
E2810 
E2820 
E2830 
E2840 
L2B50 
E2860 
12870 
L2880 
E2890 
12900 
E2910 
E2920 
E2930 
E2940 
E2950 
E2960 
E2970 
E2980 
E2990 
E3000 
E3010 
E3020 
E3030 
E3040 
L3050 
E3060 
1.3 0 7 0 
E3080 
E3090 
E3100 
E3110 
L3120 
E3130 
E3140 
E3150 
E3160 
E3170 
E3180 
E3190 
E3200 
.3210 
.3220 
E3230 
.3240 
.3250 
.3260 
.3270 
.3280 
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Program MQLyTHXYZ 

Page 50 

, X0-AL0G(BMAX)+,2 
NEW-1 
DO 1 J-1?NB 
I-NBl-J 
•X-X0-.2*J 
ARG(I)-EXP(X) 
Z(I)-ZLAGHO(X ? ZF y TOL ? L y NEW)ZARG(I ) 

1 NEW-0 
• » <• 

( 3 ) . ;E I-' R E S U E. T 8 A R E S T 0 R E D IN A R R A Y S A R CJ (I ) ? Z ( :E ) ? I ̂̂^̂  1 ? N B i-' 0 R 
ARG IN (BMINA?BMAX)? THEN THESE ARRAYS MAY BE USED? FOR EXAMPLE? 
TO SPLINE-INTEPROLATE AT A DIFFERENT (LARGER OR SMALLER) 
SPACING THAN USED IN THE LAGGED CONyOLUTION METHOD. 
(4). IF A DIFFERENT RANGE OF B IS DESIRED? THEN ONE MAY 
ALWAYS RESTART THE ABOyE PROCEDURE IN (2) WITH A NEW 
BMAX?BMIN AND BY SETTING NEW-1.... 
(5). ABSCISSA CORRESPONDING TO WEIGHT IS GENERATED TO SAyE STORAGE 

COMPLEX FUN?L 
DIMENSION KEV 
DIMENSION YT( 
EQUiyALENCE ( 
EQUiyALENCE ( 

JO-EXTENDED FILTEI-i 
DATA YIZ 
1 5.85657 
2-8.9007SllE-lly 
3-1.0893474E-10y 
4-1.3106341E-lOy 
5-1.5315381E-10y 

?CMAX?SAVE 
(193)?SAyE(193)?T(2)y TMAX(2) 
19 3 ) y Y ;E ( 7 6 ) y Y 2 ( 7 6 ) ? Y 3 ( 4 ;E ) 
C y T(1))y(CMAX ? TMAX(1) ) 
YT(1)y Yl(1))y(YT(77)? Y2(1))?(YT(153)? Y3 > 
WEIGHT A R R A Y S ; 

7-1.6043759E-
8-8,9946096E-
9 1.3222770E-
1 7.0795382E-
2 2.0904225E-
3 5.29307B6E-
4 1.2577400E-

• 1 0 y 

-11? 
' 10 ? 
•10 
• 0 9 
09 
08 

5 2.B983953E-08 
6 6.5740136E-08 
7 1 , 478446lE-07 

i -.? 

3891802E-07? 9.0939667E 

7.1143477E 
9.8790055E 
1.2543400E 
1.6153229E 
2.1319755E 
2.9243813E 
4.2417082E 
6.6188220E 
1.1219600E 
2.0600379E 
4.0409101E 
8.3164338E 
;E V 7 6 6 6 3 0 3 E 
3.826885IE 
B.38642BBE 
1.8501974E 
4.0974828E 

9 
1 1.6474556E-06 
DATA Y2Z 

1 3.6701680E-06? 
2 8.1726989E-06? 
3 1.B194388E-05? 
4 4,0499452E-05y 
5 9,0141902E-05? 
6 2,0062570E-04? 

2.0207696E 

"11?-7.8395565E 
-11?-9.8675347E 
- ;E 0 y -1.1979399 E. 
"10?-1.4238602E 
-10?-1.6238115E 
-10 ?"" 1.6909302 i::: 
-10?-;!.. 369000IE 
-10y-6'.6964033E' 
-09 y 3.5591442E' 
"09? 1.2535947E 
-09? 3,3642886E' 
-09? 8.2021809E' 
•08? 1 . 9143895E' 
-08? 4.3712685E' 
-08? 9.86623231:;:-
-07? 2.2129.19BE' 
'07? 4 , 9 4 6 2 8 6 !:•! E' 
07? 1.1034727E' 
-06? 2.4591294E' 

'lly 8,7489547E 

4 , 4934101E-06 ? 5.4770076E-
9.9954201E-06? 1.2194425E' 
2.2239184E-05? 
4,94B6730E-05? 
1.1012552E-04? 
2.4507680E-04? 

2.7145562E 
6,0421440E 
1 .3448017E' 
2.9930366E' 

.1. J . .' 

;E 1 y 

1 0 y 

;E 0 y 

1 0 y 

.1. 0 ? 

1 0 y 

12? 
1 0 y 

09 y 
09 y 
09 y 
08 y 
08 ? 
08 y 
07 y 
07 y 
06 y 
0 6 y 

06 y 

05? 
05? 
05? 

04? 
04? 

l.̂  » .' " Y K.I .' \ . f T / 1... 

1 ,11^18797E 
1.4200767E 
, 1.8486236E 
2.4824144E 
3.4934366E 
5,2458440E 
8,5276151E 
1,5061956E 
2,8646623E 
5,7687700E 
1.2083635E 
2.595301 IE 
5.6590075E 
1.244881 IE 
2.7524203E 
6.1030B09E 
1,3554600E-
3.0131400E 

6,7015208E-
1.4909101E-
3.317408SE 
7, 382200 lE-

1 ,6428337E' 
3.6560582E' 

- ;l. 0 y 

- ;E 0 y 

- ;E 0 y 

- 1 0 y 

•- ;l. 0 y 

• 1 0 y 

-10? 
-09? 
-09 y 
... 0 9, 
-08? 
-08? 
-08 y 
-07? 
-07? 
-07 y 
-06? 
-06/ 

-06? 
"05? 
"05? 
-05 ? 
"04? 
"04? 

000 
000 
000 
000. 
000 
000 
000 
000 
000. 
000 
000 
000 
000 
000 
0 0 0 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
000. 
000. 
000 
000. 
0 0 0; 
000; 
0 0 0; 
000; 
000] 
000; 
000; 
000; 
000; 
000; 
000; 
000; 
000; 
000; 

ooo; 
000; 
000; 
000; 
000; 
000; 
000; 

000; 
000; 

E3290 
.3300 
.3310 
.3320 
.3330 
.3340 
.3350 
.3360 
.3370 
E3380 
.3390 
.3400 
E3410 
t3420 
E3430 
E3440 
E3450 
13460 
E3470 
E3480 
.3490 
E3500 
E3510 
E3520 
E3530 
.3540 
.3550 
.3560 
.3570 
.3580 
.3590 
.3600 
.3610 
.3620 
.3630 
.3640 
. 3 6 5 0 
.3660 
3670 
.3680 
.3690 
.3700 
3710 
3720 
.3730 
.3740 
L 3 7 5 0 

.3760 

.3770 

.3780 

.3790 
3 BOO 
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Program MOLVTHXYZ 

E-' a g e 

.2 'J 
30 

1 ;E 0 

120 

.^ ' iU 

7 4.4651421E-
8 9.9374786E-
9 2,2115938E-
1 4,9214244E-
2 1,0946310E-
3 2.42B9325E-
4 5.3264829E-
5 1,1000121E-
6 1,6049224E-
7-l,5331864E-
8 3.9009601E-
9 6,5184953E-
1 2.5309571E-
DATA Y3Z 

1 2.6729062E~ 
2 3,6749320E-
3 '5.3212947E-" 
4 7,7499633E-
5 1,1293571E-
6 1,6458373E-
7 2,3985272E-
8 3.4954514E-
9 5.0941033E-
1 7.4241055E-
2 6.9049613E-" 
I;::NDATA 

04? 
04? 
03? 
03? 
02? 
02? 
02? 
01? 
01? 
01?-
01? 
02?-
02?-

03?-
04 ? -
05?-
06?-
06?-
07?-
0 8 y • 

09?-
10 y-
11 ? -
12Z 

5.4541300E 
1.2138120E 
2.7012675E 
6.0106700E 
1,3365017E 
2.9612B96E 
6,4465091E 
1.2811102E 
1,4170064E 
"2.9094670E 
1.79997B5E 
"1.0751806E 
"1,3904B23E 

"1.607371BE 
-2.2635296E 
-3.2867888E 
"4.78a2430E 
-6.9778174E 
-1.0168954E 
"1.4819520E 
-2,1597005E 
-3. 1474631E-
-4.5871468E-

-04? 
-03? 
-03? 
-03? 
-02? 
-02? 
-02? 
-01? 
-01? 
-01? 
-01? 
-01? 
-02? 

-03? 
-04? 
-05? 
-06? 
-07? 
-07? 
-08 y 
-09? 
- :i. 0 y 

- 1 1 ? 

6,6612648E 
1.4824945E 
3.2991969E 
7.3405529E 
1.6314 985E 
3 . 6 0 7 0 4 0 2 Ei; 
7.7664144E 
1.4543025E 
8.8788108E 
-2',9084655E 
•4, 1858139E 
7,8429567E 
7,8187120E 

9,7715622E 
1,3960305E 
2.0304203E 
2,95841OBE 
4,3113019£ 
6.2829807E 
9,1563774E 
1.3343946E 
:(. .9447072E 
2.8343095E 

-04 
•03 
-03 
-03 
-02 
•02 
"02 
•01 
-02 
•01 
-01 
-02 

-04 
-04 
"05 
-06 
"07 
"08 
" 0 9 
•09 
• ;i. 0 

• J . 1 

? 8,1365181E 
? 1.8107657E 
? 4.0295817E 
? 8,9643708E 
? 1.99109b7E 
? 4 , 3 8 7 6 9 3 61.':: 
? 9,2918324E 
? 1.5832248E 
?-l.1330934E 
?-2,9708B34E 
? 1,5317216E 
?-4,6019124E 
?-4,5190369E 

?-5,9B04407E 
?-8.617261 BE 
y-l,2543926E 
y-1.8278645E 
?-2,6637753E 
?-3.8819969E 
?-5,657354IE 
?-8,244714SE 
• I . e> A I'-; A Q '••••; r: 

-1.7513137E 

04 
03 
03 
03 
02 
02 
02 
01 
02 
02 
01 
02 
03 

04 
05 
05 
06 
07 
08 
09 
10 
10 
;E i 

? 00013810 
00013820 
00013830 
00013840 

? 00013850 
00013860 
00013870 
00013880 
00013890 

? 00013900 
? 00013910 
? 00013920 
' 00013930 

0001 394 () 
00013950 
00013960 
00013970 
00013980 
00013990 
0 0 0 ;E 4 0 0 0 
00014010 
00014020 
00014030 
00014040 

IF(NEW) 10?30?10 
LAG — 1 
X0--X-26,30455704 
,DO 20 IR-1?193 
KEYdR)-0 
LAG-LAG+1 
ZLAGHO-(0,0?0.0) 
C M A .X - ( 0 . 0 ? 0.0) 
L-0 
ASSIGN 110 TO M 
1-129 
GO TO 200 
T M A X (1 ) - A M A X1 ( A B 3 ( T (1 ) ) ? T M A X d ) ) 
TMAX(2)-AMAX1(ABS(T(2))?TMAX(2)) 
I-I + l 
IFd.LE. 146) GO TO 200 
IF(TMAX(1).EQ,0.0,AND.TMAX(2).EQ.0.0) GO TO 150 
CMAX-TOL*CMAX 
ASSIGN 120 TO M 
1-128 
GO TO 200 
IF(ABS(T(1)).LE.TMAX(1).AND.ABS(T(2)).LE.TMAX(2)) GO TO 

00014 050 
0 0 0 ;E 4 0 6 0 
0 0 0 ;E 4070 
00014080 
00014090 
00014100 
0 0 0 ;l. 4 ;l. ;i. 0 
0 0 014 ;E 2 0 
()0();L 4 1 3 0 
0 0 01414 0 
00014150 
00014160 
00014170 
00014180 
00014190 
00014200 

. V 

30 

IFd.GT.O) GO TO 200 
ASSIGN 140 TO M 

00014; 
00014220 
00014230 
00014240 
00014250 
00014260 
00014270 
000142B0 
00014290 
00014300 
00014310 
00014320 
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Program MQLyTHXYZ 

a s e 

1-147 
GO TO 200 

140 • IF(ABS(T(1)).LE.TMAXd).AND,AB3(T(2)),LE.TMAX(2)) GO TO 190 
I-I + l 
IFd.LE, 193) GO TO 200 
GO TO 190 

150 ASSIGN 160 TO M 
I--=l 
GO TO 200 

160 IF(T(1).EQ,0.0.AND.T(2).EQ.O.O) GO TO 170 
I-I + l 
IF(I,LE,12B) GO TO 200 

170 ASSIGN 180 TO M 
1-193 
GO TO 200 

180 IF(Td) .EQ.O.O. AND. T( 2) .EQ.O.O) GO TO 190 

IF(I.GE,147) GO TO 200 
190 RETURN 
C; 3 T 0 R E Z R E T RIE y Ê  R 0 U TIN E ( D 0 N E IN T E R N A E.. E.. Y J 0 S A y E C A E.. E..' 3 ) 
200 LOOK-I+LAG 

IQ-L00KZ194 
IR-MOD(LUOK?194) 
IFdR,EQ.O) IR-1 
IROLL-IQ*193 
IE- (kE;:Y(Ii-n .i...E,iE:;OE..E..) GO TO 220 

210 C-SAyE(IR)*YT(I) 
ZLAGHO-ZLAGHO+C 

G 0 T' 0 M y (;l. ;E 0 ? ;l. 2 0 y ;E 4 0 ? ;E 6 0 ? ;l. B 0 ) 
KEY(IR)-IROLL+IR 
SAyE(IR)-FUN(EXP(XO+FLOAT(LOOK)*,20)) 
GO TO 210 
END 

0001 
0001 
0001 
0 0 01 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
00 Ol 
0 0 01 
0 0 0 ;E 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0 0 01 
0 0 0 ;E 
0001 
0 0 0 ;E 
0001 

4330 
4340 
4350 
4360 
4370 
4380 
4390 
4400 
4 410 
4420 
4430 
4440 
4450 
4460 
44 70 
4480 
4490 
4500 
4510 
4520 
4530 
4540 
4550 
4560 
4570 
4580 
4590 
4600 
4 6 ;E 0 
4620 
4630 
4640 
4650 
4660 

C - -
C 
C 
C 
C 
C 
• c -

c 
c-
c 
c 
c 
c 
c 
c 

C0ME-'E..EX !-• (.1NCT10N ZE.. AGEl 1 (X ? F U N ? T0E.. ? E.. ? N E W ) 
"*** A SPECIAL LAGGED* CONOOLUTION METHOD TO COMPUTE THE 
INTEGRAL FROM 0 TO INFINITY OF 'FUN(G)*J1(G*B)*DG' DEFINED AS 
c 0 M E-' E. E;: X i"i A N K E;: i... T Ê  A N E; F O i-:; M O E- O R D E E:; ;L A N D A R G U M E N r x (:̂ -- fi, i. o Ci ( B ) ) 
BY C0Ny0E..UT :E 0N F- IE..TER :ENG WITl-l C0M1-'E..EX FUNCT i:0N ' Fl.JN ' AND 
1.1 S I N G A y A R I A B E.. E C U T •••• 0 F' I-' M Ei: T H 0 D . W :E T' H E X T' Eii N D Eii D E" IE.. T E R TAX L 3 . . . . 

" R E F ; ANDERSON? W. 

•PARAMETERS; 

975? NTIS REPT. PB-242-800 

0 0 014 6 7 0 
0 0 014 6 8 0 

iii 00014690 
00014700 
00014710 
00014720 
0 0 0 ;i. -4 ./' ;:5 0 
00014740 
00014750 
0 001476 0 
00014770 

* X - REAL ARGUMENT(-ALOG(B) AT CALL) OF THE HANKEL TRANSFORM 00014780 
'ZLAGHl' IS USEFUL ONLY WHEN X-(LAST X)-.20 *** I.E.? 00014790 
SPACED SAME A3 FILTER USED IF THIS IS NOT CONyENIENT? 00014800 
THEN SUBPROGRAM 'ZHANKl' IS ADVISED FOR GENERAL USE. 00014810 
(ALSO SEE PARM 'NEW' X NOTES (2)-(3) BELOW). 00014820 

FUN(G)- EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED) 00014830 
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Program MQLVTHXYZ 

C OF A REAL ARGUMENT G. 00014840 
C NOTE? IF PARMS OTHER THAN G ARE REQUIRED? USE COMMON IN 00014850 
C CALLING PROGRAM AND IN SUBPROGRAM FUN. 00014860 
C THE COMPLEX FUNCTION FUN SEIOULD BE A MONOTONE 00014870 
C DECREASING FUNCTION AS THE ARGUMENT G BECOMES LARGE... 00014880 
C FOR REAL-ONLY FUNCTIONS? SUBPROGRAM 'RLAGHl' IS ADVISED?00014890 
c El0wEyEi;E;; ? T W O R E A L - F U N C T I O N S E- i ( G ) ? E- 2 ( CJ ) M A Y B E 00014900 
C I N T E G R A T ' E D I N PARAE..E..EE.. BY W R I T ' I N G FUN•••••••• CME-'L..X ( F 1 ( G ) ? F- 2 ( G ) ) 0 0 0 1 4 9 1 0 

C: J 0 E.. - R E A L T 0 L E R A N C E E X C Eii E-- T E D A J C O N V 0 E.. 0 Eii D T A I L 3 - I.E.? 00014920 
C IF FILTER*FUN-<TOL*MAX? THEN REST OF TAIL IS TRUNCATED. 00014930 
C THIS IS DONE AT BOTH ENDS GF FILTER, TYPICALLY? 00014940 
C TOL -:::- ,0001 IS USUALLY OK BUT THIS DEPENDS ON 00014950 
C THE FUNCTION FUN AND PARAMETER X.,.IN GENERAL? 00014960 
C A 'SMALLER TOL' WILL USUALLY RESULT IN 'MORE ACCURACY' 00014970 
C BUT WITH 'MORE WEIGHTS' BEING USED, TOL IS NOT DIRECTLY000149B0 
C RELATED TO TRUNCATION ERROR? BUT GENERALLY SERyES.AS AN 00014990 
C APPROXIMATION INDICATOR.,. FOR yERY LARGE OR SMALL B? 00015000 
C 0 N E 3 El 0 Ci E. D U S E A S M A I... I... E R T' 0 E.. T H A N R E C 0 M M E N D E D A B 0 y E . . . 00015 010 
C L- RESULTING NO. FILTER WTS, USED IN THE yARIABLE 00015020 
C CONyOLUTION (L DEPENDS ON TOL AND FUN), 00015030 
C MIN.L-l5 AND MAX,L-236 WHICH COULD 00015040 
C OCCUR IF TOL IS yERY 3MAEJ... ANDZOR FUN NOT DECREASING 00015050 
C yERY FAST... 00015060 
C * NEW- 1 IS NECESSARY 1ST TIME OR BRAND NEW X. 00015070 
C 0 FOR ALL SUBSEQUENT CALLS WHERE X-(LA3T X)-0.20 00015080 
C IS ASSUMED INTERNALLY BY THIS ROUTINE. 00015090 
C NOTE; IF THIS IS NOT TRUE? ROUTINE WILL 00015100 
C STILL ASSUME X-(LAST X)-0.20 ANYWAY... 00015110 
C IT IS THE USERS RESPONSIBILITY TO NORMALIZE 00015120 
C .BY CORRECT B-EXP(X) OUTSIDE OF CALL (SEE USAGE BELOW).00015130 
C THE LAGGED CONVOLUTION METHOD PICKS UP SIGNIFICANT 00015140 
C TIME IMPROyEMENTS WHEN THE KERNEL IS NOT A 00015150 
C SIMPLE ELEMENTARY FUNCTION... DUE TO INTERNALLY 3AyING 00015160 
C ALL KERNEL FUNCTION EVALUATIONS WHEN NEW-1.,. 00015170 
C THEN WHEN NEW-0? ALL PREVIOUSLY CALCULATED 00015180 
C KERNELS WILL BE USED IN THE LAGGED CONOOLUTION 00015190 
C WHERE POSSIBLE? ONLY ADDING NEW KERNEL EVALUATIONS 00015200 
C WHEN NEEDED (DEPENDS ON PARMS TOL AND FUN) 00015210 
C 00015220 
C THE RESULTING COMPLEX CONVOLUTION SUM IS GiyEN IN ZLAGHl? THE HANKE 
C TRANSFORM IS THEN ZLAGHl ZB WHICH IS TO BE COiiPUTED AFTER EXIT FROM 
C THIS ROUTINE.... WHERE B-EXP(X)? X-ARGUMENT USED IN CALL... 
C ,. 00015260 
C USAGE 'ZLAGHl' IS CALLED AS FOLLOWS; 00015270 
C ... . 00015280 
c COMPE:EX Z?ZLAGHI?ZF , ' 00015290 
C EXTERNAL ZF 00015300 
C ... 00015310 
C Z-ZLAGHl(ALOG(B)?ZF?TOL?L?NEW)ZB 00015320 

.,, oooi5;;?:5o 
END 00015340 
COMPLEX FUNCTION ZF(G) 00015350 

'"• 2 ' 

• : > . ; ; ; ,• 
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54 

. . . U S E1̂ ^ 3 CJ P I-' E. I E D C 0 D E . , . 
END 

-NOTES; 
( 1 ) . E X Ê' -- U N D E Ei; E" I... 0 W ' C; MAY 0 C C Ci Ê  iE N E X E C Ci T I N G T l-l E 3 Ci B I-' R 0 G R A M 

BELOW? l-l 0 W E y E R ? T' 111 ii) iE 3 0 K Ê' R (i) y I D E D f 11E M A C111N Eii S Y 8 }' E M S Eii T S 
ANY ii, A E_ E.. E X P - U N D Eii I-i; E" i... 0 W ' 3 T 0 0 . 0 . . . . 
(2). AS AN AID TO UNDERSTANDING X USING THE LAGGED CONyOLUTION 
METHOD? LET BMAXi:>-BMINi:̂ 0 BE GiyEN. THEN IT CAN BE SHOWN 
THAT THE ACTUAL NUMBER OF B'S IS NB-AINT(5.*ALOG(BMAXZBMIN))+1? 

Jl 

PROVIDED BMAXZBMINi::--l, THE USER MAY THEN ASSUME iN 'ADJUSTED' 
B M I N A - B M A X * E X P ( - - . 2 * ( N B -1 ) ) . J i-l E M E T El (i) D G E N E R A T E S T El Eii D Eii C: R E A SIN (iii 
ARGUMENTS SPACED AS X-ALOG(BMAX)?X-.2?X-.2*2?...?ALOG(BMINA). 
FOR EXAMPLE? ONE MAY CONTROL THIS WITH THE CODE; 

t « fr 

, NB-AINT(5.*ALOG(BMAXZBMIN))+l 
NBl-NB+1 
X0-AL0G(BMAX)+,2 
NEW-1 
DO 1 J-1?NB 
I-NBl-J 
X-X0-.2*J 
ARG(I)-EXP(X) 
Z(I)-ZLAGH1(X ? ZF ? TOL ? L ? NEW)ZARG(I) 

1 NEW-0 
t « fr 

(3). IF RESULTS ARE STORED IN ARRAYS ARG(I)?Z(I)?I-l?NB FOR 
ARG 'IN (BMINA?BMAX)? THEN THESE ARRAYS MAY BE USED? FOR EXAMPLE? 
TO SPLINE-INTERPOLATE AT A DIFFERENT (LARGER OR SMALLER) 
SPACING THAN USED IN THE LAGGED CONyOLUTION METHOD. 
(4), IF A DIFFERENT RANGE OF B IS DESIRED? THEN ONE MAY 
ALWAYS RESTART THE ABOyE PROCEDURE IN (2) WITH A NEW 
BMAX?BMIN AND BY SETTING NEW-1.... 
(5). ABSCISSA CORRESPONDING TO WEIGHT IS GENERATED TO SAyE STORAGl 

COMPLEX FUN ? C ? CMAX ? SAyE 
DIMENSION KEY(236)?SAyE(236)?T(2)?TMAX(2) 

2 3 6 ) ? W1 ( 7 6 ) ? W ;2 ( 7 6 ) ? W 3 ( 7 6 ) ? W 4 (iii) 
(C?T(1) ) ? (CMAX? TMAXd) ) 

1 
-1 

( 
iiX 

DA 
1-
2-
3-
4-
5-
6-
7-
8-

-8 
-1 
-1 
-1 
-1 
. ' : > 
"4 
-9 

DIME 
EQUiyALENC 
EQUiyALENCE (WTd) ?W1(1) ) ? (WT( 77) ? W2 (1 ) ) ? ( WT (153 ) ? W3 d ) ) 
WT(229)?W4(1)) 
TENDED FILTER WEIGHT ARRAYS; 
TA WIZ 
.8863805E-10 ? 1.1293811E-09 ?-1.2050872E-09 ? 
.3223909E-09 ? 1.3642393E-09 ?-1.3969439E-09 ? 
.4427475E-09 ? 1,45B0582E-09 ?-1.4682563E-09 ? 
.4735606 E - 0 9 ? 1.4 719 8 7 0 E - 0 9 ? -1 ,472 7 0 91 Eii - 0 9 ? 
.5102619E-09 ? 1.5667752E-09 ?-1.6634522E-09 ? 
.0412753E-09y 3595230E-09: 7861077E-09 ? 
.0940172E-09? 5.0571015E-
.7514701E-09? 1.2267639E" 

09?-6,2604109E-09? 
0B?-1.5312389E-08? 

.2696232E 

.4225941E 

.4732179E 
,4B2B225E 
,817290OE 

i5.3592871E 
'.826946IE 
.9339924E 

"09? 
-09? 
-09? 
-09? 
-09? 
-09? 
-09? 
-08? 

0001 
0 0 01 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0 0 01 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
iiOOOl 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0 0 0.1 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 

..•> i i V 

5380 
5390 
5400 
5410 
5420 
5430 
5 4 4 () 

5450 
5460 
5470 
5480 
5490 
5500 
5510 
5520 
5530 
5540 

a o .f K) 

5580 
5590 
5600 
•.•:; . 1 . 10 

5630 
5640 
»..' C) vJ \ } 

5660 
5670 
5680 
5690 
5700 
5710 
5720 
5730 
5./ 4 0 
5750 
5760 
5770 
5780 
5790 
5800 

5810 
5820 
5830 
5840 
5850 
5860 
5870 
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Program MQLOTHXYZ 

ii)3.e 

9-2,4126297E 
1-6.0051116E 
2-1.4918997E 
3-3.6815394E 
4-8.950281 BE 
5-2.1069398E 
6-4.6059955E 
7-8.2010619E 
B-3.9915035E 
9 7.2023760E 
1 5.B623480E 
DATA W2Z 
1 3,4640863E 
2 1,8201316E 
3 8.4285526E 
4 2.3636305E 
5-3.4376222E 
6-4,6748595E 
7.7.9740630E 
8 3.865195BE-
9 2. 125954IE" 
1 1.2402225E-
2 7.3506490E-
3 4.3752213E" 
4 2.6071877E-
5 1.5540998E" 

9.2644973E-
5.5229955E" 
3,2925334E" 
1.962B455E" 
1,1701502E" 

DATA W3Z 
6.9758436E" 
4.15B6435E-
2.4791718E~ 
1.4779578E-
8,8108499E-
5.2525S92E~ 
3.1313335E-
1.8667342E-
1.1128220E~ 
6 ,6335()60liii-
3.9537334E-

3 2.3561831E-
1.4038968E-
8.36131S4E~ 
4.9740423E-

-08 ? 
-08? 
-07? 
-07? 
-07? 
-06? 
-06? 
-06? 
-06? 
-05? 
-04? 

3 
7 
1 
4 
1 
3 
9 
2 
9 
3 
1 

.0576829E-0B?' 

.6787475E-0B? 

.9392737E-07? 
,9413800E-07?-
. 2794292E-06?• 
, 4103188E-06?-
,5561672E-06?' 

:) • 

72736 -05? 
.6620099E-04? 
.5226779E-03? 

-03: 

6 
7 
8 

3 
4 
("• 

6 
7 
8 
9 
1 
••:> 

4 

7 2.9472S36E-
8 1.7223359E-
9 9.6723739E" 
1 4.9882405E-
DATA W4Z 

-01? 
-01? 
-01? 
-02? 
-02 
-02 
-02 
- 0 3 ? 
-03 
-03? 
-03? 
-04? 
-04? 
-04? 
.-04,. 
-04? 

-05? 
-05?' 
-05?' 
-05 ?• 
-06? • 
-06 ? • 
-06 ?• 
- 0 6 ? • 

06?-
07?-
07?-
07?-
07?-
08?-
08?" 
08?-
08?-
09?" 
09?" 

6.7790BB2E 
3.0866143E 
1,2773175E 
2.489505IE 
-2.9042175E 
1,5280945E 
-6.6934498E 
"3.2935B34E 
"1.8526278E 
-1.0B73526E 
"6.4551136E 
-3.8438703E 
-2.290B274E 
-1.3655666E 
-B.1406593E" 
-4.8530352E 
-2.8931382E 
-1.7247455E 
•1 ,0282066E 

•6,1296474E 
-3.6541840E 
-2.1784390E 
-1.2986765E 
-7,7420630E 
-4,6154325E 
-2, 751491 IE 
-1.6402859E 
-9,7781908E 
• 5 . 8 2 B 6 1 1 3 E 
• 3 . 4 7 3 8 6 8 9 E 
2 . 0 7 0 1 3 9 7 E 
1 . 2 3 3 3 7 4 6 E 
7 . 3 4 4 3 4 1 1 E 
4 . 3 6 6 5 S 7 2 E 
2 . 5 8 1 9 4 3 9 E -
1 , 4 9 8 7 8 6 9 E -
8 . 2 7 9 4 3 9 2 E ~ 
4 . 1 4 4 3 8 1 3 E -

- 0 3 ? 
- 0 2 ? 
- 0 1 ? 
- 0 1 ? 
- 0 1 y 

- 0 ;E ? 

- 0 2 ? 
- 0 2 ? 
- 0 2 ? 
- 0 2 ? 
-- 0 3 ? 
- 03? 
- 03? 
-• 0 3 ? 

- 0 4 ? 
- 0 4 ? 
... 0 4 ? 
... 0 4 y 
... 0 4 y 

- 0 5 ? 
- 0 5 ? 
- 0 5 ? 
- 0 5 ? 
- 0 6 ? 
- 0 6 ? 
••• 0 6 ? 
- 0 6 p 
- 0 7 ? 
- 0 7 ? 
- 0 7 ? 
- 0 7 ? 
- 0 7 ? 
- 0 8 ? 
- 0 8 ? 
- 0 8 ? 
- 0 8 ? 

09? 
0 9 ? 

- 3 . 8 0 6 0 2 0 4 E 
• 9 . 4 7 0 0 9 9 3 E 
• 2 . 3 4 6 4 7 8 6 E 
-5.7554168E 
-1,3811469E 
-3,1584463E 
-6,4142855E 
-B,6348466E 
1.5220520E 
2.2062958E 
1.453871BE 

B,0328420E 
4,0106549E 
1,6020907E 
1.25B6300E 
1,1564736E 
3.334854IE 
'-;. '••; I'-;n/i.^'.si:-

2,B303994E 
1,61B2037E 
9.5392016E 
5.6696335E' 
3.3772023E' 
2,012B794E' 
1,1999089E 
7,1531559E' 
4,2643446E' 
2,5421910E^ 
1,5155278E^ 
9.0348135E^ 

5.386097SE^ 
3.2109174E^ 
1.9141864E' 
1.1411426E^ 
6.8029235E^ 
4.0555653E^ 
2.4177236E^ 
1 .4413051E-
B,591902BE-
5,1213358E-

•02 
- 0 2 
-03 
•03 
•03 
•03 
•03 
•04 
•04? 
•04 ? 
•04 
•05 

? 4,8423732E 
? 1,2192844E 
? 3,0911127E 
? 7,9301529E 
? 2.07B9668E 
? 5.6639045E 
? 1,6440205E 
? 5,231739BE 
? 1.8614373E 
? 7,3874539E 
? 3 .19 3 0 3 6 5 Eii 

1.4484339E 
6.4527872E 
2.1948043E 

-5.1060445E 
4.925323 IE 

-B,24B5252E 
-4,586872IE 
-2.4475127E 
-1.4158101E 
-8.3723743E 
- 4 . 9!i!03;i553iiii 
-2.9672872E 
-1.7686706E 
-1,0543497E 
-6.2854459E 
-3,7470650E 
-2,2338147E 
-1.3316889E-
-7.9388568E 

3.0J I189E 
1.818B012E^ 
1.0835294E-
6,4505118E-
3,8321109E-
2.2594957E-
1.3003472E^ 
7.0438407E^ 
3,4088114E^ 

• 0 5 ? " 
• 0 5 ? " 
• 0 5 y-
- 0 5 ? 
• 0 6 ? 
• 0 6 ? 
• 0 6 ? 
• 0 6 ? 
• 0 7 ? 
•07? 
•07 ? 
• 0 7 ? 
-07? 
•OS? 
• 0 8 ? -
•OS?-
• 0 8 ? -
09?-

0 9 ? -

4,7327436E 
2.8214208E 

-1,681988BE 
-1,0027182E 
-5.9777053E-
-3,563611BE • 
-2,1244417E 
-1,2664597E 
-7.5494920E^ 
-4, 4 9984 3 lE^ 
-2,6817250E^ 
-1,5979545E-
-9,5185048E^ 
~5.6648167E-
~3.3616717E-
-1.974S353E-
-1,124 0058 E-
-5.9509676E-

"08? 
-07? 
-07? 
- 0 7 ? 
-06? 
-06? 
-05? 
-05? 
-04 ? 

-04? 
-03Z 

-02? 
"02? 
-01? 
-02? 
-01? 
-02 y 

•02? 
•02? 
•02? 
• 0 3 ? 
•03? 
•03? 
•03? 
•03? 
•04 y 

•04? 
•04? 
•04? 
•05Z 

•05? 
•05? 
•05? 
•05? 
-06? 
-06? 
-06? 
-06? 
-07? 
07? 
07? 
07? 
08? 
08? 
08? 
08? 
08? 
09? 

09 Z 

00015880 
00015890 
00015900 
00015910 
00015920 
00015930 
00015940 
00015950 
00015960 
00015970 
00015980 
00015990 
00016000 
00016010 
00016020 
00016030 
00016040 
00016050 
00016060 
00016070 
00016080 
00016090 
00016100 
00016110 
00016120 
00016130 
00016140 
00016150 
00016160 
00016170 
00016180 
00016190 
00016200 
00016210 
00016220 
00016230 
00016240 
00016250 
00016260 
00016270 
00016280 
00016290 
00016300 
00016310 
00016320 
00016330 
00016340 
00016350 
00016360 
00016370 

00016380 
00016390 



0T69T000 
0069T000 
0689T000 
0889T000 
0Z89T000 
0989T000 
0SB9T000 
0^-891000 
0£89T000 
0389T000 
0T89T000 
0089 TO00 
06Z9T000 
08Z9T000 
0ZZ9T000 
09Z9T000 
0SZ9T000 
0t^Z9T000 
0£Z9T000 
03Z9T000 
0TZ9T000 
00Z9T000 
0699T000 
0899T000 
0Z99T000 
0999T000 
0S99T000 
Ot'99TO00 
0£99T000 
0399T000 
0T99T000 
0099T000 
06S9T000 
08S9T000 
0ZS9T000 
09S9T000 
0SS9T000 
0trS9T000 
0£S9T000 
03S9T000 
0TS9TOOO 
00S9T000 
06tP'9T000 
081^-91000 
0Zt'9T000 
09t^9T000 
0St^9T000 
0t/t?-9T000 
0£t?9T000 
03t^9T000 
0Tt^9T000 
001^91000 

(Z£3">l001)0GW-yi 
Z£3ZMO01-0I 
OVl+I-MOOl 003 

(s.iivo lAvs 01 AiiyNyiiNi 3N00) 3Niinoy 3A3iyi3yz3yois 3 
Nyni3y 0 6 T 

003 01 09 (66*39*1)31 
T~I-I 

06T 01 09 (0*0*03*(3)l*0Ny*0*0*Q3*(T)1)3I 08T 
003 01 09 

9£3-I 
W 01 08T N9I3SV OZT 

003 01 09 (SB*31*1)31 
T + I-I 

Qi. T 01 09 ( 0 * 0 * 03 * ( 3 ) 1 * ONV * 0 * 0 * 03 * d ) 1) 31 09 T 
003 01 09 

T - iE 
W 01 09T N9ISSy OST 

06T 01 09 
003 01 09 (9£3*31*I)3I 

T + I-I 
06T 01 09 ( (3)XyWl*31* ( (3)l)S0y*aNy* d)XyWl*31* ( (T)1)S0V)3I Ot̂ T 

003 01 09 
66-1 

W 01 Ot̂ T N9I33y 0£T 
003 01 09 (0*19*1)31 

T-I-I 
0£T 01 09 ((3)XVW1*31*((3)l)S0y*0Ny*d)XyWl*31*(d)l)S0y)3I 03T 

003 01 09 
SB-1 

W 01 03T NOISSV 
xyw3*ioi-xyw3 

OST 01 09 (0*0*03*(3)XyWl*aNV*0*0*Q3*d)XyWl)3I 
003 01 09 (86*31*1)31 

T + I-I 
((3)xvwi"((3)1)soy)Txvwv-(3)xywi 
((T) X y w .1" ((T)..(.) s 0 y) T X y w y - ( T ) X y W i o T T 

003 01 09 
98-1 

W 01 OTT NOISSV 
0-1 

(o*o"o*o)-xyw3 
(0'0"0*0)-TH9VlZ 

• T+9yi-9Vl 0£ 
0-(3I)A3M 03 

9£3"T-yi 03 00 
O'ZT-X—OX 

T—Oyi OT 
OT"0£"OT (M3N)3I 

3 
ViyON3$$ 3 

Z T I • - iiil ii! 6 Z 61^ 9 T * 6 -•" 0 f - iiii £ X t? T 3 10 * £ * 0 T - 3 9 9 9 0 9 8 8 * t̂  - " 0 T •••• 3 S ii! 8 0 0 £ 3 * Z 3 
" 6 0 - 3 Z £ 6 0 8 0 0 ' T-" 6 0 - 3 Z 0 3 S 8 t ' £ * T " 60-3SSZt^0SZ * T - " 6 0 - 3 T T£ZT33 * 3 T 

9c; e'iiia..-i 
Z A X H I A I O W m a a j i o a y 

r.ie) X ']• aq.rjauiI'lae)q s;:) x q. X riW 
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Program MQLVTHXYZ 

iE F ( iE R , Eii Q . 0 )• iE R - ;E . 0 0 0 ;E 6 9 2 0 
IR0LL-IQ*236 00016930 
IF(KEYdR) ,LE,IROLL) GO TO 220 . 00016940 

210 C-SAVEdR)*WT(I) 00016950 
ZLAGHl-ZLAGHl+C 00016960 
L-L+1 00016970 
GO TO M?(110?120?140?160?180) 00016980 

220 KEY(IR)-IRGLL+IR 00016990 
SAVE(IR)-FUN(EXP(XO+FLOAT(LOOK)*.20)) 00017000 
GO TO 210 " 00017010 
END 00017020 

COMPLEX FUNCTION ZLAGFO(X?FUN?TOL?L?NEW) 00017030 
C *** A SPECIAL LAGGED* CONyOLUTION METHOD TO COMPUTE THE 00017040 
C INTEGRAL FROM 0 TO INFINITY OF 'FUN(G)*COS(G*B)*DG' DEFINED AS THE 00017050 
C COMPLEX FOURIER COSINE TRANSFORM WITH ARGUMENT X(-ALOG(B)) 00017060 
C BY CONyOLUTION FILTERING WITH COMPLEX FUNCTION 'FUN' AND 00017070 
C USING A VARIABLE CUT-OFF,METHOD WITH EXTENDED FILTER TAILS.... 00017080 
\'\ (')(") 0 1 /'(')yO 
C REF; ANDERSON? W.L.? 1975? NTIS REPT. PB-242-800. 00017100 
C 00017110 
c PARAMETERS; 00017120 
C • 00017130 
C * X - REAL ARGUMENT(-ALOG(B) AT CALL) OF THE FOURIER TRANSF0RM00017140 
C 'ZLAGFO' IS USEFUL ONLY WHEN X-(LAST X)-,20 *** I.E.? 00017150 
C SPACED SAME AS FILTER USED IF THIS IS NOT CONyENIENT? 00017160 
C THEN SUBPROGRAM 'ZFOURO' IS ADVISED FOR GENERAL USE. 00017170 
C . (ALSO SEE PARM 'NEW' S NOTES (2)-(4) BELOW). 00017180 
C FUN(G)- EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED) 00017190 
C OF A REAL ARGUMENT G. • 00017200 
C . . N ti) T E ; 11-' P A F̂  M S 0 T' El Iiii R T11A N G A E:; Eii R E Q Ci iE R E D ? Ci S Eii G 0 M M (i) N I N 0 0 01 7 2 ;E 0 
C CALLING PROGRAM AND IN SUBPROGRAM FUN. 00017220 
C THE COMPLEX FUNCTION FUN SHOULD BE A MONOTONE 00017230 
C DECREASING FUNCTION AS THE ARGUMENT G BECOMES LARGE... 00017240 
c; F 0 R R Eii A i... •••• 0 N I... Y ^ î" Ci N C T 1 0 N 3 y S Ci B i-' 1̂^ 0 G Ê; A M ' R E.. A G F 0 ' 1 3 A D 0 1 3 Iiii D ? 0 0 0 1 7 2 5 0 
C ElOWEVERy TWO REAL-FUNCTIONS Fl ( G )? F2 ( G ) MAY BE 00017260 
C INTEGRATED IN PARALLEL BY WRITING FUN-CMPLX(Fl(G)?F2(G))00017270 
C TOL- REAL TOLERANCE EXCEPTED AT CONyOLVED TAILS I.E.? 00017280 
C IF FILTER*FUN^::iTOL*MAXy THEN REST OF TAIL IS TRUNCATED. 00017290 
C THIS IS DONE AT BOTH ENDS OF FILTER. TYPICALLYy 00017300 
C TOL •<- .0001 IS USUALLY OK BUT THIS DEPENDS ON 00017310 
C THE FUNCTION FUN AND PARAMETER X...IN GENERAL? 00017320 
C A 'SMALLER TOL' WILL USUALLY RESULT IN 'MORE ACCURACY' 00017330 
C BUT WITH 'MORE WEIGHTS' BEING USED. TOL IS NOT DIRECTLYOOOl i/340 
C RELATED TO TRUNCATION ERROR? BUT GENERALLY SEROES AS AN 00017350 
C APPROXIMATION INDICATOR... FOR yERY LARGE OR SMALL B? 00017360 
C ONE SHOULD USE A SMALLER TOL THAN RECOMMENDED ABOVE... 00017370 
C L- RESULTING NO. FILTER WTS. USED IN THE VARIABLE 00017380 
C CONVOLUTION (L DEPENDS ON TOL AND FUN). 00017390 
C MIN , E.. - 24 AND MAX. E.. - 2 81 W111C11 C 0 Ci L D 0 0 01 7 4 0 0 
C OCCUR IF TOL IS VERY SMALL ANDZOR FUN NOT DECREASING 00017410 
C yERY FAST... 00017420 
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C-
c; 
C 
C 
C 
C 
C 
C 
C 
C 
c 
i3 

C 
C 
C 
C 
C 
c 

* NEW- 1 IS NECESSARY 1ST TIME OR BRAND NEW X. 
0 FOR ALL SUBSEQUENT CALLS WHERE X-(LAST X)̂ "̂ 0.20 

IS ASSUMED INTERNALLY BY THIS ROUTINE. 
NOTE; IF THIS IS NOT TRUEy ROUTINE WILL 
3 r IL E. A ii; 3 U M E X - (E.. AST X ) •- 0 . 2 0 A N Y W A Y , . . 
IT IS THE USERS RESPONSIBILITY TO NORMALIZE 
BY CORRECT B-EXP(X) OUTSIDE OF CALL (SEE USAGE BELOW) 

THE LAGGED CONyOLUTION METHOD PICKS UP SIGNIFICANT 
TIME IMPROyEMENTS WHEN TEIE KERNEL 13 NOT A 
S I M P E.. Iiii E E.. Iiii M E N T' A R Y i-' U N C T' iE (i) N . , . D Ci Eii T 0 I N T' Iiii R N A E.. E.. Y iij A y I N G 
ALL KERNEL FUNCTION EyALUATIONS WHEN NEW-1,,. 
THEN WHEN NEW-0y ALL PREyiOUSLY CALCULATED 
KERNELS WILL BE USED IN THE LAGGED CONVOLUTION 
WHERE POSSIBLE? ONLY ADDING NEW KERNEL EyALUATIONS 
WHEN NEEDED (DEPENDS ON PARMS TOL AND FUN) 

- T H E R E S U L T ING C 0 M P I... E X ' C 0 N y 0 L U T 1 0 N S U M IS GIV E N iE N Z E.. A G F 0 ? T E-i E F 0 U RIE E 
TRANSFORM IS THEN ZLAGFOZB WHICH IS TO BE COMPUTED AFTER EXIT FROM 
T El 1 3 R 0 Ci T I N E . . . , W El E Ei; E B ••••- E X F̂' ( X ) ? X - A R G Ci M E N T U S E D I N (i) A E.. L... , . 

-USAGE- 'ZLAGFO' IS CALLED AS FOLLOWS; 

COMPLEX Z ZLAGFO?ZF 
EXTERNAL ZF 

Z-ZLAGFO(ALOG(B)? ZF ? TOL ? L ? NEW)ZB 
fr * fr 

END 
COMPLEX FUNCTION ZF(G) 
,..USER SUPPLIED CODE., . 
END 

-NOTES; 
( 1 ) , E X P - Ci N D E R F L O W ' S M A Y 0 C C Ci R it N Eii X li: ii; Ci T I N G T El E S U B F-' Fi; (i) G R A M 

BELOWy HOWEVER? THIS IS OK PROyiDED THE MACHINE SYSTEM SETS 
ANY % ALL EXP-UNDERFLOW'S TO 0,0,.., 
(2). AS AN AID TO UNDERSTANDING ^ USING THE LAGGED CONyOLUTION 
METHOD? LET BMAXi:>-BMINi:K) BE GiyEN. THEN IT CAN BE SHOWN 
THAT THE ACTUAL NUMBER OF B'S IS NB-AINT(5,*ALOG(BMAXZBMIN))+1? 
PROVIDED BMAXZBMINi>-l. THE USER MAY THEN ASSUME AN 'ADJUSTED' 
B M I N A - B M A X * E X F' ( - . 2 * ( N B -1 ) ) , T' Fl E M Eii T El (i) D G E N E R A T E ii) T El E D E C R Eii A 3 1 N G 
ARGUMENTS SPACED AS X-ALOG ( BMAX ) ? X- , 2?.X- . 2*2 ? . . . ? ALOG ( BMINA ) . 
FOR EXAMPLE? ONE MAY CONTROL THIS WITH THE CODE; 

« * • 

NB-AINT(5.*AL0G(BMAXZBMIN))+l 
NBl-NB+1 
X0-AL0G(BMAX)+.2 
NEW-1 
DO 1 J-1?NB 
I-NBl-J 
X-X0-.2*J 
ARGd)-EXP(X) 

000; 
000; 
000 
000; 
000. 
000; 

.000; 
000; 
000. 
000 
000. 
000; 
000 
000 
000. 
000 

••^000. 

000 
000 
000; 
000; 
000. 
000; 
000; 
000; 
000. 
000; 
000; 
000; 
000; 
000; 
.•"'..-"-. f''. • 

.̂.' v.. \ . . . 

000. 
000; 
000; 
000; 
ooo; 
000; 

ooo; 
000] 
000; 
000; 
ooo; 
000; 
000; 
000; 
00 OJ 
000; 
000; 
000.1 
000; 
000; 

.7430 

.7440 

.7450 

.7460 

.7470 

.7480 

.7490 

.7500 
,7510 
.7520 
.7530 
L7540 
.7550 
.7560 
.7570 
E7580 
.7590 
.7600 
.7610 
,7620 
.7630 
.7640 
.7650 
L7660 
,7670 
,7680 
L7690 
,7700 
.7710 
.7720 
.7730 

••;•' ••;•' (•) n 

.7750 

.7760 

.7770 

.7780 

.7790 
,7800 
.7810 
.7820 
.7830 
L7840 
.7850 
L7860 
.7870 
L7880 
L7890 
L7900 
.7910 
7920 
,7930 
7940 
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Program MQLVTHXYZ 

1- age 

1 
Z(I)-ZLAGFO(X ? ZF ? TOL ? L ? NEW)ZARG(I 
NEW-0 

(3), IF RE3ULTS ARE STORED IN AREiJAYS ARG (I) ? Z (I ) ? I-l ? NB FOR 
ARG IN (BMINA?BMAX) y THEN THESE ARRAYS MAY BE USED? FOR EXAMPLlii 
TO SPLINE-INTERPOLATE AT A DIFFERENT (LARGER OR SMALLER) 
SPACING THAN USED IN THE LAGGED CONyOLUTION METHOD, 
(4), IF A DIFFERENT RANGE OF B IS DESIRED? THEN ONE MAY 

ALWAYS RESTART THE ABOVE PROCEDURE IN (2) WITH A NEW 
BMAXyBMIN AND BY SETTING NEW-1.... 
(5). ABSCISSA CORRESPONDING TO WEIGHT IS GENERATED TO SAVE STOE^ 

COMPLEX FUN?C?CMAX?SAyE 
DIMENSION KEY(281)?SAVE(281)?T(2)?TMAX( 
DIMENSION YT(281)? Y1(76)? Y2(76)? Y3(76)? 
EQUIVALENCE (C?T(1) ) ? (CMAX? TMAXd) ) 
EQUIVALENCE (YT(1)? Y1(1))?(YT(77)? Y2(1 ) 

1 ( YT(229) ? Y 4 d ) ) 
-COS-EXTENDED FILTER WEIGHT ARRAYS! 

DATA YIZ 

2) 
Y4(53) 

)?(YT(153)?Y3(1 ) ) 

1 5.1178101E-14? 
2 6,4179780E~14? 
3 1,7534103E-13? 
4 2.3B15757E-13? 
5 4.0349917E-13? 
6 8.8911655E-13? 
7 1.9538564E-12? 
8 4.392734IE-12? 

2.5492522E" 
1.1989957E-
2.1235658E" 
2.8920132E-

1,0063229E-11 
L 2 . 2 7 2 0 0 5 1 E - l 1 ? 
?. 5 . 0 7 5 1 6 6 i i J E - l l ? 
? 1 , 1 2 2 7 3 3 6 E - 1 0 ? 
2.4932743E-10? 
5.5502537E-10? 
1.2354800E-09? 
2.7499027E-09? 
6.1205950E-09? 
1.3622929E-08? 

1 3.0321709E-0B? 
DATA Y2Z 

1 6.7491070E-08? 8.2317946E-08? 
2 1.5022907E-07? 1,B316969E-07? 

2.9433849E-14? 
1.3085746E-15? 
7.9373498E-15? 
1.9714260E-13? 
5.2203885E-13? 
1.1709731E-12y 
2.62S9768E-12? 
5,7526904E-12? 
1.2487964E-11? 
2.7452598E-lly 
6.1094382E-11? 
;E . 3 6 7 6 4 6 4 Iiii - ;E 0 ? 
3.047066lE-10? 3.7198526E 
6.7793669E-10 ? 8.2810001E 
1.50B5255E-09? 
3.3569525E-09? 
7.4703399E-09y 
1.6623917E-08? 
3.6992986E-08? 

5.9837223E-
1.3165595E-
2.9167697E" 
6.6569552E-
1.51346B2E-
3.4025443E-
7,54929S2E-1 
1,6720269E-1 

14? 
13? 
1 3 ? 

•13? 
•13? 
12? 
12? 

•12? 
;E 1 ? 
1 ;i. ? 

1,8432253E-
4,1025670E-
9.1312760E-
2.0324094E-
4.5237482E-

4.0756197E-07? 
9,0679753E-07? 
2,0174273E-06? 
4.,4879625E-06? 

3 3,3441046E-07? 
4 7 . 4 4 4 3 6 6 5 Eii - 0 7 ? 
5 1.6573073E-06? 
6 3.6S98S16E-06? 
7 8.216 0 716 E-0 6 ? 9.98 2 86 91E-0 6 ? 
8 1.8296530E-05? 2.2202672E-05? 
9 4.0751046E-05? 4.9372484E-05? 
1 9,0780005E-05 ? 1,0976837E-04 ? 
2 2.0227521E-04y 2.4398338E-04? 

1.0069271E" 
2.2413747E-
4,9894278E-
1.1107379E-
2.4728798E" 
5.5059521E" 
1.2260527E" 
2.7305154E" 
6.0820947E--
1.3550409E" 
3.019701BE-

U y 

• 1 0 ? 
-1 0 ? 
•09? 
-09? 
•09? 
•08? 
•08? 

• 0 7 y 

•07? 
•07? 
•06? 
•06 ? 
•06? 
•05? 
•05? 
•05? 
04? 
•04? 

1.9034B19E 
•1.2216234E 
7.99B1520E 
3.4161340E 
7.8015306E 
1.757B463E 
3.9044344E 
8.4555678E 
1.B5014B8E 
4.0S75985E 
9,1445759E 
2.0423244E 
4.5449934E 
1,0112626E 
2.2503397E 
5.00774S7E 
1 ,11439 H E 
2.4798610E 
5.5183434E 

1.2279375E 
2.7322B65E 
6 . 0./ 9 3 2 3 3 iiii 
1.352565IE 
3.0090445E 
6.6935820E' 
1. 488806lE^ 
3.3109672E^ 
7. 361957 lÊ  
1 .6:':5656'76Eii^ 
3,6370760E' 

.1 ? 

14 ? 
L 4 y 
14? 
3? 

E 3 ? 

E 1 ? 
1.1. ? 
I. 0 y 
I. 0 y 

-09 
-09 
- 0 9' ? 
-08 
-08 
"OSZ 

-07? 
•• 0 7 ? 
-07? 
-06) ? 
-06? 
-06? 
-05? 
•05? 
•05? 
• 0 4 ? 
• 0 4 ? 

000 
000 
000 
000 

:? 000 
000 
000 
000 
000 
000 

AGEOOO 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

17950 
17960 
17970 
17980 
17990 
18000 
18010 
18020 
18030 
18040 
18050 
18060 
18070 
18080 
18090 
18100 
1 8 1 ;E 0 
18120 
18130 
18140 
18150 
18160 
18170 
18180 
18190 
18200 
18210 
18220 
182 30 
13240 
18250 
;E iiJ 2 6 0 
18270 
18280 
18290 
18300 
18310 
18320 
18330 
18340 
18350 
18360 
18370 
18380. 
;E iii 3 9 0 
18400 
1.8410 
18420 
18430 
18440 
13450 
18460 
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(li rf e i> u 

. 0 

20 
3 0 

4,5083748E 
1,0051938E 
2,2421056E 
5,0028666E 
1.1160132E 
2.480081IE 
5,3905163E 

1 1.0377190E 
DATA Y3Z 

1 7.1685138E 
2-5.6018995E 

1.3766748E 
5,0341082E 
1.5207664E 
4.1611799E 
1,3021442E 
4.2073164E 
1.3640816E 
4.4240399E 
1.4348659E 
4.65376S4E 
1.5093768E 

04? 5,4213338E 
03:' 1,2041401E 
03? 2,6730676E 

5,9285668E 
1,3119627E 
2.8793704E 
6.0804660E 
1,037771 BE 

-03 ? 
-02? 
-02? 
-02? 
-01 ? 

3 
4-
5 
6 
7 
iii 
9 
1 
2 
3 
4 

6 1. 5875917E 
7 5,145S650E 
8 1,6623514E 
9 5,274158IE 
1 1.5742032E 
DATA Y4Z 
1 6,8816619E 
2 2.0235313E 
3-9.5287133E 
4-4 . 47()3465iiii 
5 7.0321001E 
6 1,2373144E 
7-5.9273937E 
8-l,1210098E 
9-1.8476851E 
1-1.5161479E 
2-6.2131435E 
3-2,5397B02E 
4-1,1687986E 
5-5,6047478E 
iENDATA 
IF(NEW) 10? 
LAG--1 
XO—X-30.30 
DO 20 IR-1? 
KEY(IR)-0 
LAG-LAG+1 
ZLAGFO-(0.0 
CMAX-(0,0?0 

-02?-3,9473064E 
-01?-6.8050388E 
+00y-8,0373222E 
-01y-4.4274455E 
-01?-1.0920260E 
-()2?-3.0880012E 
-02?-9.80B5025E 
-03?-3,1745026E 
-03?-l.0293934E 
-04?-3.3386183E 
-04?-l,082B2B4E 
-05?-3.5119887E 
-05?-l.1390572E 
-06y-3,6942830E 
-06?-l,1980090E 
-07?-3.881758 IE 
-()7 ?-1.2514102E 
-08?-3,9298610E 
-08y-1.149860SE 

-09?-B.9679825E 

-oo? 
.... 0 9, 

-09? 
-10? 
-10?-
-11? 
-11? 
.... -I ':>.. 

1.4: 45E 
1 .146004 lÊ  
2 .0499053E^ 
•6.7067960E^ 
-1 .5260443E-
4.6588766E-
5.9567021E-
1.B438474E-

-12? 1.2627657E-
-13? 4.8745900E-
-13? 2.0824130E-
-13? 9.7664016E-
-14Z 

30? 10 

251236 
281 

? 0 . 0 ) 
.0) 

04? 
03? 
03 ? 
03 y 
02? 
02? 
02? 
01? 

02 ?• 
0 1 ? • 

0 1 ?• 

02? 
01 ? 

02? 
03? 
03? 
03? 
04? 
04? 

05? 
05? 
06? 
06? 
07? 
07? 
08? 
08? 

09? 
08? 
08 y 
09 y 
1 0 y 
1 1 y • 

1 1 ? -
12?" 
12 ? -

12 ? -

13?-
1 3 y -

14?-

6.7315347E 
1..501170BE 
3, 349068IE 
7.4730905E 
1.6653199E 
3.6762063E 
7,7()81738E 
1.189220SE 

-1.S078720E 
-1.5094224E 
-1.0869629E 
2.0913102E 
7.8169956E 
2.3072559E 
7.3943529E 
2.3954154E 
7,7682952E 
2.5195025E 
B,1716174E 

2,650338BE 
8.595931BE 
2.787S625E 
9.039B030E 
2.927-2267E 
9.4034535E 
2.9107255E-
8.7561571E-

1.425B275E-
5.4632820E 
-1 .0250532E 
-4.4806353E 
4.9130404E 
-4.2027559E 
-3,20541B2E 
-3.2427812E-
•1,8362842E-
• 1.0129176E-
•3.8703630E^ 
• 1,7123163E-
-B.2977176E-

-04? 
-03? 
-03? 
-03 y 
-02? 
-02? 
-02? 
-01? 

-01?-
-01 ? 
fOO? 
-01?-
-02? -
-02?-
-03?-
-03 y-
-04 y-
-04 y 
- 0 5 y • 

-05?-
-06?' 
••• 0 6 ? • 

-07 y-
-07?-
-08?-
-08?-
-09 ?• 

-08 y 
-09? 
-OS? 
-1 0 y -

-10 y 
- 1 ;E y 

- 1 1 y 
- ;E 2 y 
-12? 
-12 ? 
-13? 
- ;E 3 ? 

-14 ? 

8.080095IE 
1.7942344E 
3.9S15050E 
8.8233510E 
1.9472767E 
4.222B780E 
8.387450IE 
9.0437429E 

-4.0489B59E 
6.6304064E 
1,2B12S92E 
-1,999966IE 
-5.665156IE 
-1.731163IE 
-5,576951BE 
-1,SO76122E 
-5.8623518E 
-1.901354IE 
"6,1667509E 

-2.0000904E 
-6,4869407E 
-2.103824IE 
-6,B208296E 
-2. 2067921E 
-7.0556837E 
-2,1413893E 
-7,2959446E 

-;l.,9564299E 
3,5995580E 
7.464174BE 
-4,0374336E 
-2.B840747E 
6,1885474E 
1,9831637E 
2.135386BE 
1.7241B47E 
7.9578625E 
3,1172547E 
1.4113344E 
7.2515267E 

-OA 
-03 
-03 
-03 
-02 
-02 
-02 

00018470 
0001S480 

? 00018490 
>. 0 0 0 1 8 5 0 0 

00018510 
0001S520 
00018530 

-02/ 0001854 0 

-01 
-01 
+ 00 

-01 
-02 
-02 
-03 
-03 
-04 
-04 
-05 
-05 
-06 
-06 
....() 7 

-07 
-OB 
-08 
-09. 

-08 
-09 
-09 
-10 
-10 
- ;E 1 
-11 
-12 
- ;E 2 

• 1 3 

••• ;E 3 

-13 
-14 

00018550 
? 00018560 

00018570 
00018580 
00018590 
00018600 
00018610 
00013620 
00018630 
00018640 

y 00018650 
? 00013660 

0001B670 
00018680 
00018690 
00018700 
00018710 
00013720 
00018730 

' 00018740 
00018750 
OOO18760 
00018770 
0001B780 
00018790 
00018800 
00013810 
00018820 
00018830 
00018840 
00018850 
00018860 
00018870 
00018380 
00018890 
00018900 
00018910 
0001B920 
00018930 
00018940 
00018950 
00018960 
00018970 
00018980 



M I..11 -t i c. s B o c r.i m e i "i t a -t i o r'l 
Program MQLOTHXYZ 

Page 61 

E..-0 
ASSIGN 110 TO M 
1-149 
GO TO 200 

110 . TMAX ( 1) -AMAX1 ( ABS ( T (1 ) ) ? TMAX (1) )• 
TMAX(2)-AMAX1(ABS(T(2))?TMAX(2)) 
I-I + l 
IFd.LE. 170) GO TO 200 
IF(TMAX(1).EQ.O.O,AND.TMAX(2),EQ.O.O) GO TO 150 
CMAX-TOL*CMAX 
ASSIGN 120 TO M 
1-148 
GO TO 200 

120 IF(ABS(T(1)),LE.TMAX(1).AND.ABS(T(2)),LE,TMAX(2)) 
I-I-l 
IFd,GT.O) GO TO 200 

130 ASSIGN 140 TO M 
1-171 
GO TO 200 

140 IF(ABS(T(1)).LE.TMAX(1).AND.ABS(T(2)).LE.TMAX(2)) 
I-I + l 
IFd.LE, 281) GO TO 200 
GO TO 190 

150 ASSIGN 160 TO M 
I - l • • 

GO TO 200 
160 IF(T(1),EQ,0,0,AND.T(2).EQ.0.0) GO TO 170 

I-iii + 1 
IFd.LE. 148) GO TO 200 

170 ASSIGN 180 TO M 
1-281 
GO TO 200 

180 I F ( T ( 1 ) . E Q . O . O , A N D . T ( 2 ) . E Q . O . 0 ) GO TO 190 
I ••-•• I - 1 

IFd.GE.171) GO TO 200 
190 • RETURN 
C STOREZRETRIEOE ROUTINE (DONE INTERNALLY TO SAVE CALL 
200 LOOK-I+LAG 

ia-L00KZ282 
IR-MOD(LOOK?282) 
IFOIR.EQ.O) IR-1 
IRdLL-IQ*2Bl 
I F ( K E Y ( I R ) . L Eii. li R 0 L l„.) G 0 T ii) 2 2 0 

210 C-SAy£dR)*YTd) 
ZLAGFO-ZLAGFO+C 
L-L + 1 
GO TO M ? ( 1 1 0 ? 1 2 0 ? 1 4 0 ? 1 6 0 ? I S O ) 

220 K E Y d R ) - I R O L L + IR 
•SAyE(IR)-FUN(EXP(XO+FLOAT(LOOK)*,20)) 
GO TO 210 
END 

GO TO 130 

GO TO 190 

S) 

0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0 0 01 
0001 
0001 
0 0 01 
0001 
OOOl 
0001 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
0 0 01 
OOOl 
0 0 0 ;i. 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 
OOOl 

8990 
9000 
9 0 ;1.0 
9020 
9030 
904 0 
9050 
9060 
9070 
9080 
9090 

100 
1.0 
20 

130 
9140 
9150 
9160 
9 ;E 7 0 
9180 
9190 
9200 
9210 
9220 
9230 
9240 
9250 
9260 
9270 
9280 
9290 
9 iii 0 0 
9310 
9320 
9330 
9340 
9350 
9360 
9370 
9380 
9390 
9400 
9410 
9420 
9430 
9440 
9450 
9460 
9470 
9480 
9490 
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C 0 M E"' L E X E- U N C T 1 0 N ' Z I.., A G F ;l. ( X ? F' U N ? T 0 E. ? Li ? N E W ) ' 0001950 0 
C — * * * A SPECIAL LAGGED* CONyOLUTION METHOD TO COMPUTE THE 00019510 
C INTEGRAL FROM 0 TO INFINITY OF ' FUN (G) *SIN'( G*B ) *DG ' DEFINED AS THE 00019520 
ti; C 0 M P L E X E" 0 Ci Fi; I E R S I N E T R A N S F' ti) Ei; M WIT' Fl A îi; G Ci M Eii N T X (•••••• A I... 0 G ( B.) ) 0001953 0 
C BY CONyOLUTION FILTERING WITH COMPLEX FUNCTION 'FUN' AND 00019540 
C USING A VARIABLE CUT-fi)FF METHOD WITH EXTENDED FILTER TAILS,,., 00019550 
C 00019560 
C REF; ANDERSON? W.L.? 1975? NTIS REPT. PB-242-800. 00019570 
C 00019580 
c PARAMETERS; - 00019590 
C 00019600 
C * X - REAL ARGUMENTS-ALOG(B) AT CALL) OF THE FOURIER TRANSF0RM00019610 
C 'ZLAGFl' IS USEFUL ONLY WHEN X-(LAST X)-.20 *** I.E.? 00019620 
C SPACED SAME A3 FILTER USED--IF THIS IS NOT CONyENIENT? 00019630 
C THEN SUBPROGRAM 'ZFOURl' IS ADOISED FOR GENERAL USE. 00019640 
C (ALSO SEE PARM 'NEW' X NOTES (2)-(4) BELOW), 00019650 
C FUN(G)- EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED) 00019660 
C OF A REAL ARGUMENT G, 00019670 
C NOTE; IF PARMS OTHER THAN G ARE REQUIRED? USE COMMON IN 00019680 
C CALLING PROGRAM AND IN SUBPROGRAM FUN, 00019690 
C THE COMPLEX FUNCTION FUN SHOULD BE A MONOTONE 00019700 
C DECREASING FUNCTION AS THE ARGUMENT G BECOMES LARGE...OOOl9710 
L; F' 0 Fi; I-:; E A l... - O N1... Y F' Ci N C T' iii O N S ? S Ci B1-' R 0 G R A H ' 1-:; L, A G F' 1 ' iii iii A Iii 0 iii 3 Iiii Iii •/ 0 0 0 1 9 7 2 0 
C l-EOWEyER? TWO REAL-FUNC TIONS Fl ( G ) ? F2 ((ii) MAY BE 00019730 
C INTEGEi;AT'ED I N FARAE„l„,El„, B Y . W R I 7'ING E- CiN-:CMi-'LX (E- 1 ((i^) ? E- 2 ((ii:) ) 00019740 
C TOL- REAL TOLERANCE EXCEPTED AT CONyOLyED TAILS I.E.? 00019750 
C IF FILTER*FUN-<TOL*MAX? THEN REST OF TAIL IS TRUNCATED. 00019760 
C THIS IS DONE AT BOTH ENDS OF FILTER. TYPICALLY? 00019770 
C TOL -<- .0001 IS USUALLY OK BUT THIS DEPENDS ON -00019780 
C ' THE FUNCTION FUN AND PARAMETER X.,,IN GENERAL? 00019790 
C A 'SMALLER TOL' WILL USUALLY RESULT IN 'MORE ACCURACY' 00019800 
C BUT WITH 'MORE WEIGHTS' BEING USED, TOL IS NOT DIRECTLY00019B10 
C RELATED TO TRUNCATION ERROR? BUT GENERALLY SEROES AS AN 00019820 
C APPROXIMATION INDICATOR... FOR yERY LARGE OR SMALL B? 00019830 
C ONE SHOULD USE A SMALLER TOL THAN RECOMMENDED ABOyE,,. 00019840 
C L- RESULTING NO, FILTER WTS, USED IN THE VARIABLE 00019850 
C . CONVOLUTION (L DEPENDS ON TOL AND FUN), 00019860 
C MIN, L-20 AND MAX.L-266 WHICH COUI..D 00019870 
C OCCUR IF TOL IS OERY SMALL ANDZOR FUN NOT DECREASING 00019880 
C yERY FAST... 00019890 
C * NEW- 1 IS NECESSARY 1ST TIME OR BRAND NEW X. 00019900 
C 0 FOR ALL SUBSEQUENT CALLS WHERE X-(LA3T X)-0.20 00019910 
C IS ASSUMED INTERNALLY BY THIS ROUTINE, 00019920 
C NOTE; IF THIS IS NOT TRUE? ROUTINE WILL 00019930 
C . STILL ASSUME X-(LAST X)-0.20 ANYWAY... 00019940 
C IT IS THE USERS RESPONSIBILITY TO NORMALIZE 00019950 
C BY CORRECT B-EXP(X)'OUTSIDE OF CALL (SEE USAGE BELOW).00019960 
C THE LAGGED CONyOLUTION METHOD PICKS UP SIGNIFICANT 00019970 
C TIME IMPROVEMENTS WHEN THE KERNEL IS NOT A 00019980 
C 3 1 M F' E.. E E E_ E M E N T A R Y i~ U N C I' I li) N . . , D Ci E T 0 d N T E R N A L E,. Y S A y IN G 0 0 0 ;E 9 9 9 0 
C ALL KERNEL FUNCTION EVALUATIONS WHEN NEW-1.., 000.20000 
C • THEN WHEN NEW-0? ALL PREVIOUSLY CALCULATED 00020010 
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C9MPLEX FUN?C?CMAX?SAyE 
DIMENSION KEY(266)?SAyE(266)?T(2)yTMAXr 
DIMENSION WT(266)yWl(76)?W2(76)?W3(76)? 
EQUiyALENCE (C y T(1))?(CMAX y TMAX(1)) 
EQUiyALENCE (WT(1)y WI(1))?(WT(77)? W2(1) 

1 (WT(229) ?W4d) ) 
3 1 N - Iiii X T' E N D Fi D E" li I... T iiii i-i; W iiii I G El T A Ei; R A Y S ; 

DATA WIZ 

-lV3237246E-12? 
-1.8227727E-12? 
. ' :> . \> A ••? '••••: '•••; A Q 

2 ) 
W 4 ( 3 8 ) • 

) ? ( W T d 5 3 ) ? W 3 d ) ) 

4 

1 . 1 1 1 3 9 4 0 E - 0 9 ? 
1 . 7 2 3 6 6 3 6 E - 1 2 y 
2 . 1 4 7 3 5 4 1 E - 1 2 y 
2 . 6 7 i a i l O E - 1 2 y 

5 3,.3297565E-12y 
6 4.146479BE-12P 
7 5.1582309E-12? 
8 6.4175033E-12? 
9 7,9864477E-12? 
1 9,9349439E-12? 
2 1.2370354E-11? 
3 1.5390635E-11? 
4 1.9131B98E-11? 
5 2.3S40976E-11? 
6 2.9709129E-11?' 
7 3.6981050E-lly 
8 4.6010537E-11? 
9 5 , 7 2 3 6 7 2 0 E i 
1 7 . 1 2 6 5 2 2 4 E i 

DATA W2Z 
1 

.;; 9 / 5 5 4 i 
. C . 1..' A-,, ,v.„ .. K.i .. %.J 1... 

.5091739E" 

.9255992E-
12? 2.3946842E-
12? 2,9ii!25171E-

I •••/ Q i 

"4,.3794552E 
"5,4474462E 
"6.77a3691E 
-iii .4344110IE-12 ? 
-1,049373IE-11y 
-1.3067414E-lly 
-1.6249313E-lly 
-2.0209795E-11? 
• 2 . 5 1 9 2 2 6 3 E - 1 1 ? 
-3,13B2870E-11? 
• 3 . ' 9 0 5 8 5 5 3 E - 1 1 ? 

2 ? 

2? 

2? 
/.; ? 

3.7; 
4.6; 
5,7^ 
7 , ;E 1̂  

E63306E 
252131E 
530277E 
;;95239E 

1.1084900E" 
1.3802200E-
1.7155934E-
2.1352159E-
2. 6618319E" 
3.3149030E" 
4.1251694E" 

-4.8590396E-lly 5.1314761E 
1?-6. 045 59 HE-11 

-1 :E ? 5279775E-11 
6.3B61222E' 
7.9512249E' 

;E •':'xi f̂  9'7 

>44 .1. . .->/.:).:),::.-i'-u::. 

1 , 7 ;E 10 ;E 3 0 iiii - 1 0 ? 
2 . 1 3 0 0 7 5 6 E - l 0 ? 
2 . 6 5 1 1 2 5 0 E - 1 0 ? 

1 1 y - 9 . 3 6 2 1 9 0 0 E - l l y 
10 y - 1 . • 1 6 4 4 6 a O E - 1 0 y 
;l. 0 ? •••• 1 .451036ii)E••• 10 ? 

9 . 8 8 5 ; 
1 , 2 3 0 ; 
1 . 5 3 3 r 

7 6 4 E -
9 7 9 iiii •• 

;l. . 8 0 7 4 2 5 7 E ••• ;i. 0 ? ;E , 9 0 9 ;l. 9 2 2 E •••• 1 
• 2 . 2 4 9 8 7 5 5 E - 1 0 : 
- 2 . 8 0 0 1 6 1 6 E - 1 0 : 

3763936iii i 
:J691L-

r \ !:;• "v i;:* / r 

3,2994314E-10 ?-3.4849209E-10 ? 3.6B08529E-1 
J 6 6 6 iiii - 1 0 ? 

EO? •76 72P- . . 

7 5 9 6 4 E - 1 0 ! 

8 4.1063982E-10?-4 

9 5,1105728E-10?-5. 
1 6.3601273E-10?-6. 
2 7.9161025E-10 ?-S.3606980E-10 ? 
3 9.8533749E-10?-1,0404508E-09? 
4 1 . 226739 lE-09y-l'.2942905E-09? 
5 1.5288164E-09y-1.6077524E-09y 

7 2 . 4 3 1 2 6 6 0 E - 0 9 y 
8 3 . 2 7 6 2 3 1 8 E - 0 9 y 

3959044E-09? 

4.5B11059E-
5.7011632E-
7.0955028E-
B.B317110E-
1.0993731E-
1,3691677E-
1.7085998E-
2.149160BE-
2,7872500E-

' • ) 6082940E-09? 4.0261453E 
9 5.3176554E-09?-1.3960161E-09? 7,770B747E-
1 1. 276085 lE-08? 7 . 4264707E-.09 ? 2.33421B7E-

l 0 ? 
1 0 ? 

0 ? 
10 ? 
E 0 ? 
1.0? 

- ;E 0 ? -
• 10 ? -
• ;i. 0 ? -
• 1 0 ? -
• 0 9 y •• 

• 0 9 ? " 

0 9 ? " 
• 0 9 ? -
0 9 ? -
0 9 ? -
0 9 ? 
0 8 ? 

3 , 1 1 : ; ; •;!• Q '••> •V? ^ 7 

-3.8878042E 
-4.8386049E 
-6.0215516E 
-7,494260IE 
-9.3270330E 
-1 .1605442E 
•1, 4429912E 
•1 ,789047 IE 
-2.1926779E 
-2,5610596E 
-2.3560563E 
1,1853546E 
2.186985IE 

.1. .>;. ? 

12? 
•I --:> „ 

-1,6240954E-12? 
-2,0335514E-12? 
-2.5292661E-12? 
-3,1514006E-12? 
- 3 . 9 2 5 6 3 7 i i i E - 1 2 ? 
-4.8B45227E-12? 
-6,0760464E 
- 7 , 5 6 1 8 7 i i i 2 E 
• - 9 , 4 0 6 7 7 0 5 Eii 
- 1 , 1 7 0 9 9 3 7 E - 1 1 
- 1 , 4 5 7 5 9 8 0 E - 1 1 
- 1 . 8 1 1 5 2 5 0 E - 1 1 
- 2 . 2 5 6 1 7 3 5 E - 1 1 
- 2 , 8 1 2 2 5 4 7 E - 1 1 
- 3 . 5 0 1 3 1 6 8 E - 1 1 
- 4 . 3 5 6 6 7 7 7 E - 1 1 
- 5 , 4 1 9 3 3 5 3 E - 1 1 
- 6 . 7 4 6 1 4 9 2 E 
- 8 , 3 9 7 1 3 2 7 E 

1 ? 

• 1 . 2 9 9 7 6 4 6 E - 1 
1 . 6 1 9 6 5 5 0 E - 1 
2 , 0 1 6 6 iiii 0 6 E 
2 . 5 1 0 0 0 9 S E 

E - l 

DATA W3Z 
1 4.'6306744E-08? 5 , 46316B6E-08 ? 9 :' . C).' 

2. 2,0332812E-07? 2. 9280540E-07 ? 4.55B088BE 
3 1 ,0()56815E-06? 1 . 4779183E-06 ? 2.2284335E 

63087E-08 ? 1.2823337E 
07? 6.5992437E 
06? 3.2994604E 

E 0 ? 
0 ? 

;i. 0 ? 

;E 0 y 
1 0 ? 
0 ? 

:E 0 ? 
1 0 ? 
1 0 ? 
1 0 ? 
;E 0 ? 
09? 
09? 
09? 
09? 

-09? 
-09? 
-OSZ 

- 0 7 y 
• 0./' y 

-06? 

0 0 0 
000 
000 
0 0 0 
000 
000 
0 0 0 
000 
000 
000 
000 
0 0 0 
0 0 0 
000 
0 0 0 
000 
000 
0 0 0 
000 
000 
000 
000 
0 0 0 
0 0 0 
0 0 0 
000 
000 
000 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
000 
0.00 
0 0 0 
0 0 0 
000 
0 0 0 
0 0 0 
000 
000 
000 
000: 
000 
000 
000 
000: 
000: 
000; 
000; 
ooo; 

20540 
20550 
20560 
20570 
205S0 
20590 
2060 0 
20610 
20620 
20630 
20640 
20650 
2 0 6 6 0 
2067 0 

• \ .<i> I•"•. ..•.ir/ift 

2 0 6 9 0 
2 0 7 0 0 
207 ;l. 0 
20720 
20730 
20740 
20750 
2076 0 
20770 
2 0 7 ii! 0 
2 0.''' 9 0 
2 0 8 0 0 
20810 
20820 
2 0 iii 3 0 
20840 
2 0 iii 5 0 
2 0 8 6 0 
20870 
20880 
20890 
20900 
20910 
20920 
2 0 9 ii? 0 
20940 
20950 
20960 
20970 
20980 
20990 
21000 
21010 
21020 
21030 
21040 
21050 



MLl 1 1 i c;s liioe;i„iinerita L i;:)i"i 
P r o g r a m MQLyTHXYZ 

'iiige 6 5 

;i. 0 

20 

1 1 r.) 

4 4.9485823E-06? 
5 2.4469550E-05y 
6 1.2113828E-04? 
7 5.9969995E-04? 
8 2.9643943E-03?. 
9 1.4539361E-02? 
1 6.8559512E-02y 
2 2,6192603E-01? 
3 9.0460168E-02y-
4 5.220524lE-Ol? 
5 •8.0869203E-01y" 
6 7.0472984E-02?" 
7 4.0035936E-03?" 
8 4,7658745E-04?" 
9 6,7910334E-05?" 
1 9.8751880E-06?" 
DATA W4Z 

1 1.438B425E-06?" 
2 2.096S234E-07?^ 
3 3,0557711E-08?" 
4 4.4533423E-09?" 
5 6,4904567E-10y-
6 9,4600354E-lly" 
7 1.3793460E-lly-
8 2.0097689E-12?-
9 2.9084993E-13y-
1 4,2025050E-14?-
ENDATA 

IF(NEW) 10?30?10 
LAG--1 
XO — X-38. 3045570 
DO 20 IR-1?266 
KEY(IR)-0 
LAG-LAG+1 
ZLAGFl-(0,0?0,0) 
CMAX-(0,0?0.0) 
L-0 
ASSIGN 110 TO M 
1-191 
GO TO 200 
TMAX.(1)-AMAX1(AE 
TMAX (2)-AMAXKAB 
I-I + l 
I F d . L E , 208) GO 
IF ( T M A X d ) .EQ.O. 
CMAX-TOL*CMAX 
ASSIGN 120 TO M 
1-190 
GO TO 200 
IF(ABS(T(1)).LE. 
I-I-l 

7,3545473E-
3.6469246E-
1,B066494E-
8.9437312E-
4,4168923E-
2,1558670E-
9.9170152E-
3,274332lE-
3.6051039E-
1,5449873E+ 
-6.2757149E-
-3.1624462E-
2,2543784£-
2,9125B17E-
•4.1914054E-
-6,100S526E-

-8.BB99353E-
-1.2955437E-
-1.8880390E-
2.7515696E-
•4.0102999E-
5.8453314E-
S.5242656E-
1. 2405412E-
1.7923661E-
2.1314731E-

4 

3(T(1))?TMA) 
S(T(2))?TMA; 

TO 200 
O.AND.TMAXC 

T M A X d ) .AND 

;)6 ? 

;)5y 

0 4 ? 
;)4? 
;)3? 

;)2y 
;)2? 
:)i? 

•:'i?-

O O f 
:)i? 

J2y 
)3y 
)4? 
;)5? 

')6? 

•)7? 

;)7? 
;)s? 

19? 
EO? 
E1 y 

E2y 
E2? 
E3? 
E4Z 

((1 ) 
((2) 

2) . E 

ABi: 

1.1001083F 
5.44415271ii 
2.6954609F 
1.3338166F 
6.577351BF 
3.1871864F 
l,4120770iii 
3.6407406lii 
-8.6324760E 
-1.1B17933F 
3.4062630E 
1.4B94068iii 
1.3160358E 
1.7885105E 
2,5831544E 
3.7692543E 

5.4926991lii 
8.0046336Ei 
1.1665454F 
1.7001092E 
2.477iii763lii 
3.6119400E 
5.2675102E 
7.6530538iii 
1.101894BE 

) 
). 

iQ,0,0) GO 

i(T(2) ) ,LE. 

-05? 
- 0 5 ? 
-04? 
-03? 
-03 y 
-02? 
-01? 
-01 ? 
-01?-
+ 00?-
-01?-
-02?-
-03?-
-04 ?• 
-05?-
.... r , f J y . 

-07?' 
-08 ?• 
-08 ?• 
....Q9,. 

-10 y 
- 1 1 ?• 

-12 ?• 
-13 ?• 
-13 ?• 

TO i;-

TMAX 

1,6380539E-
8.1176726E-
4. 0202288E-
1,9B86697E-
9,7855105E-
4.690351 BE-
1.9610S35E-
3.1257559E-
-8.1178720E-
"2.6759B96E-
"1.5885304E-
-7.4821176E-
-7,8636604E-
-1,1012416E-
-1.5985851E-
-2,3287953E-

-3.3937048E-
-4,9457371E-
-7,2076428E-
-1.0504494E-
-1.5310321E-
-2.2320056E-
-3.2543076E-
-4.7191929E-
-6.7885902E-

•i 

JO 

2)) GO TO i; 

;)5? 
;)5? 

J 4? 

03? 
•)3? 

')2? 
:> 1 ? 

•) ;l, ? 

•)1? 

;)i? 
0 1 ? 

;)3y 

')4? 
)4? 
•)5? 

• ) 6 / 

•)7? 

:)8? 
09? 
')9? 

EO? 
E ;i. ? 

E2y 
E3? 
E 4 y 

^0 

0002 
0002 
0002 
0002 
000.2 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 

• 0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 

E060 
E070 
EOBO 
E090 
El 00 
E ;E ;E 0 
El 20 
El 30 

E ;E 4 0 

El 50 
El 60 
El 70 
E180 
El 90 
E200 
E210 
E220 
E230 
1240 
E250 
E260 
E270 
E2B0 
E290 
E300 
E 310 
E320 
E330 
E340 
E350 
1.3 6 0 
E370 
E380 
E390 
E400 
1410 
E420 
E430 
E440 
E450 
E460 
L470 
E480 
E490 
E500 
E510 
E520 
E530 
E540 
E550 
E560 
E570 



M r.i il. L i e: ill. D o e.' 1..1 in e r'l t ;i) C i e) 1 "1 
Program MQLyTHXYZ 

I" a 3 e 9 6 

IF(I.GT.O) GO TO 200 
130 ASSIGN 140 TO M 

1-209 
GO TO 200 

140 IF(ABS(T(1)).LE.TMAXd),AND,ABS(T(2)),LE.TMAX(2)) GO TO 190 
I-I + l 
IFd.LE. 26 6) GO TO 200 
GO TO 190 

150 ASSIGN 160 TO M 
I-l 
GO TO 200 

160 IF(T(1).EQ,0.0.AND.T(2),EQ.0.0) GO TO 170 
I-I + l • 
IFd.LE. 190) GO TO 200 

170 ASSIGN 180 TO M 
1-266 
GO TO 200 

180 IF(Td).EQ.O.O.AND.T(2).EQ.O.O) GO TO 190 

IFd.GE.209) GO TO 200 
190 RETURN 
C 8 T 0 R E Z R E T' Ei; I iiii V E Ei; 0 U T I N Eii ( D 0 N iiii IN J E i-i; N A E,. E,. Y T' 0 3 A y Eii C A L E„' 3 ) 
200 LOOK-I+LAG 

IQ-L00KZ267 
IR-MOD(LOOKy267) 
IF(IR.EQ.O) IR-1 
IR0LL-IQ*266 
IF" ( K E Y ( IR ) . E,. E . I i-i; 0 E.. E..) G 0 T; 0 2 2 0 

210 C-SAVEdR)*WT(I ) 
ZLAGFl-ZLAGFl+C 
L-L + 1 
GO TO M?(110?120?140y160y130) 

220 KEYdR)-IROLL + IR 
3 AyFi ( I R ) ••^••-FUN ( E X P ( X0•!• E"I...0 A T (i...00i\ ) * . 2 0 ) ) 
GO TO 210 
END 

0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0 0 02 
0002 
0002 
0002 
0002 
0002 
0 0 0 2 
0002 
0 0 0 2 
0 0 0 2 
0002 
0002 
0002 
0002 

•;bO 

1590 
1600 
6 ;E 0 
1620 
6 '3 0 
1640 
• 650 
660 
1670 
680 
1690 
E700 
1710 
L720 
730 
1740 
1.750 
1760 
1770 
780 
7 9 0 
1800 
1 iii 1 0 
iii 2 0 
830 
1840 
EB50 
1. ii! 6 0 
E870 
E880 
E890 
1.9 0 0 
E 9 ;l. 0 
E920 
E930 

3 U B Ei; 0 U r I N E I K 3 ( B 8 y iE 1 K 1 y I K Ei 11-') 0 0 0 2194 0 
C COMPUTE MODIFIED BESSEL FUNCTION (I S K) SPECIAL COMBINATIONS FOR 00021950 
C PARAMETERS 00021960 
C BB - DOUBLE PRECISION ARGUMENT (-BZDSQRT(2.DO) HERE) 00021970 
C IIKl - I1*K1 COMPLEX RESULT 00021980 
C IK D IE" f 4 * 11 * K1 •- ( B 8 * Il 3 Q Fi; T' (I) ) * (10 * K1 -1 ;E * K 0 ) C 0 M Ê' E.. Eii X R E S Ci 1... T' D 0 N Eii IN 0 0 0 2 1 9 9 0 
C ' DP BEFORE CMPLX diNG, 00022000 
C SUBROUTINE KELyiN CALLED 00022010 
C 00022020 

DOUBLE PRECISION B8yBB(8)?BETA?QI?02?Rl?R2 00022030 
C 0 M P E„ E X 1 1 K ;l, ? I K D I F ? C A M B D A ? D E N 0 M ? D E N 0 M ;E ? T E l̂i; M 0 ? T E i-i; M 1 ? T' E Ei; M 1 :L 0002204 0 
C 0 M F' E,. E X 3 1 ;E ? 3 1 0 ? ii> 1 1 ? 3 K 0 y S K 1 ? 0 N Iiii 00022050 
D A T A 0 N Eii Z ( 1 . 0 ? 0 . .0 ) / 0 0 0 2 2 0 6 0 
IF(B8,GT.20,D0) GO TO 10 00022070 
C A E.. I... K E E.. y I N ( B 8 ? 8 ? B B ) 0 0 0 2 2 0 ii! 0 



W0N30Z( 

TW331*N9ISI+TIS-TIS 
0Wy31*N9ISI+0IS-0IS 

TTW331*N9I3I+TTS-TT3 
N9ISI--N9ISI 

* 0 " ( T -1- 0 0 9 N ) Z ( 3 lil 0 (i) N - * t^) * 0 0 (i) N ) X 1 .-1W 9 * T T W d 3 1 ••̂ ••-1 T W 3 iiil ,1 
W0N3aZ(* 0"(30aON)10013-)X13W3*0W331-0Wy31 

W 0 N iiil a Z ( * 0 " 3 0 0 0 N - - * t^) X 1 d W 3 * E W 3 3.1. •:=• I W 3 3 1 
(31031)soy3-31ONTO 

OOON*OOON-3000N 
3N0-T>i3 
3NO-ON3 
3N0-TI3 

0 6 S 3 3 0 0 0 I;I 3 d 0.13 A13 A110 3 3 S N 0 3 d " 0 S d 3 0 3 0 ) 8 N 0113 N 0 3 NIA13 >l ( 8 * 3 "l * ) W 33.10 3 W 0 3 3 

0SS33000 (0"wex)NiAi3>i 3Niinoyons 

0ZS33000 0N3 
09S33000 - . Nyni3y 
0 S S 3 3 0 0 0 ( * 0" * 3) X "i 3 W 3 Z 310 .MI - T MT I * ( * 0 " * t-) X13 W 3 - 310 ,M I 
0 \r S 3 3 0 0 0 ( ( * 0 " * 3) X "1 d W 3 * V 00 W V 3 ) Z T T S - T ,M TI 
0£ S 3 3 0 0 0 T 01 09 (lOl'* 19 * ( ( 3 i a M I ) S0y9;-3I0iMI0 ).SOy ) 31 
03S33000 • 3+aaoN-aaoN 
0TS33000 ' TIS*0>IS-TiMS*0IS-3I0>iI 
00S33000 TW331+TMS-TMS 
06t'33000 0W331 + 0M3-0NS 
08t>'33000 
0 Z t' 3 3 0 0 0 
09tr33000 
OSt'33000 
0t't>'33000 
0£t^33000 
03t/33000 
0Tt>'33000 
i) () 'ĉ  y. 3 0 0 0 
0 6 £ 3 3 0 0 0 
0 ii! £ 3 3 0 0 0 
0 Z £ 3 3 0 0 0 
09£33000 • 3N0-0I3 
0S£33000 3N0-TTS 
0t^£33000 3N0-TTWy31 
0££33000 3Na-TW331 
03£33000 3N0-0Wy31 
OT£33000 T-OOON 
00£33000 3**(y00Wy3**3)-TW0N30 
06333000 y00Wy3**S-W0N30 
08333000 - • ' T-N9ISI 
0Z333000 ( *0" *00T)X13W3-3I0>II 
09333000 *3Z(0*T"0*T)X13W3*0-yOOWy3 
0S333000 *8Z£-ZZ£ *3 "S*Z*6 3900331 T*Z*6 
ot^33300o siN3wn9yy 393y i 303 syinwyoy 3i ioi3WAsy 
0£333000 Nn931S ONV ZlIMDWyyOO 330 "SlN3Wn93y 393yi 30.: 
03333000 9-3*1-101 
0T333000 (00SZt'S93TT8Z90TZ0Z*0Z80)19N3-0 0' 
00333000 N30133 
06T33000 ( (30)19NS" d0)19NS)X13W3-3I0>II 
08 T 33000 ( 33 + 13 )*yi30-30*000*tr-30 
OZT 33000 ( 33-13 )*yi30-10*000 *t̂ -TD 
09T33000 • 80*OOSZt^S9STT8Z90TZOZ*-yi30 
0ST33000 (t^)00*(9)00-(£)00*(S)00 % 
Ot'-T 33000 + (Z)00*d)00+(a)00*(3)00 — 3 3 
0£T 33000 ' (t')00*(S)00-(£)00*(9)00 S 
03T33000 - (Z>00*(3)00-(8)00*(T)00--T3 
0 E T 3 3 0 0 0 • ( ( 3 0 ) • 11) N 8 " ( T 0 ) "19 N ii!) X "13 W 3 = T >l T iE 
OOT33000 (Z)0a*(9)00+(8)00*(S)00 -30 
06033000 (Z)00*(S)00+(8)00*(9)00—TO 

ZAXHIAIOW iiii:!a!;i-oay 
^ 9 a s il? ,..| r.i o X'). s q. r.i a m i"i;:) o q s;:) x q. I r'l \\ 



0 T T £ 
00 T£ 
060£ 
080£ 
0Z0£ 
090£ 
0S0£ 
Ot̂ O£ 
0£0£ 
030£ 
0T0£ 
000£ 
0663 
0863 
0Z63. 
0963: 
0S63: 
Ot/63: 
0£63; 
0363; 
0T63 
0063: 
0683. 
0883: 
0Z83; 
0983: 
OS 83: 
0t?-83: 
0£83. 
0383: 
0TB3; 
0083: 
06Z3; 
08Z3: 
0 z z 3: 
09Z3: 
0SZ3; 
otrZ3; 
0£Z3: 
.03Z3; 
0TZ3; 
00Z3; 
0693; 
089S; 
0Z93; 
0993i 
0S93i 
ot^93; 
0£93; 
0393; 
0T93; 
0093; 

3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 "OOS 
3000 
3000 
3000 
3000 
^:ooo (0"i^ 
r:ooo*iiy3 
ZOQO 
3000 N3S0 
sOOO 
iiiiOOO 
so 00 
sooo 
so 00 
3000 
3000 
3000 
i;:ooo 
i;ooo 
SOOO (8* 
SOOO (0*8* 
3000 
ZQOO 

31-93 
000*.T-91 

OOT 01 09 (£*D3*W)3I 
S1*T1-SS 
OOS*T-SI 

OOT 01 09 (3*03*W)31 
3.1—3 ii) 

3**3X-31 
OOT 01 09 d*D3*W)3I 

000*0'-981 
000*0-SZl 
000*0-931 
000*0-STl 
O00*0-t?l 
oao*o-£i 
000*0-31 

Tl-TS 
v'X*0aS3*0--Tl 

v'**3X-t?'X 
X*00S*()-3X 

( 0 iii 0 * 3 * .1 "l * X * 0 N y * 0 * 0 •• .19 * X ) ii! 0 li) El 1 iiii W iii 3 li d iiii ii! •" • 
8 0 1 0 9 ( 0 0 0 * 8 * 3 9 * X ) 3 I 

6 0.1. • 0 9 ( 0 0 0 * 0 * iii! "1 * X * 1̂ (1 * ii! * .1.9 * W ' îl (i)' T * 1 ' 1' W ) 3 X 
Z00Z()6Z£oT93860£8T£*ZTI3 * 

"Zt?T-0S*0Z3 * 
"Z0aSZFS98TT8Z90TZ0Z*Z333"Z00£8fc't^Z6££9T36£S8Z*Zt/I3 yiyO 
ZOO * 0 " 00SZtj'S98T T8Z90TZ0Z * -"00 * T- " 00SZfc'S98T T8Z90TZ0Z * - * 

"00*0"00SZt'S98TT8Z90T'Z0Z* " 00 * T " 00SZt^S98T TSZ90TZ0Z * Z NS * 
"ZOO* T "00SZt'S98TTSZ90TZ0Z* " 00 * 0 " 0aSZt^S98T T8Z90TZ0Z * - " 00 * T- * 

Zt^S98T T8Z90TZ0Z * - " 00 ' 0 " 0aSZt^S98T TSZ90TZ0Z * Z N3 yiyo 
. (8)NS"(8)N3"(8)0 8*iy3y 
(z-9"H-y) 8*iy3y ii3ii3wi 

•NO1130 inOHlIM 811X3 3NIin0y "39Ny3 39 100 W 30 X 31 
" X ) NIA13M "riyO ; ( X ) 13>i O N O " ( X ) 3 3 M " (X ) 130 " (X ) 330 NI yiOO 01 t 9 * :ii 
3N0 AO 03HSI13W033y 3303333H1 SI ONO 380 NOIION03 313IHOW 

3310033 SN0Iiy3I133y ISOW 33NIS 3WI1-033 lyiOl 330033 01 
H3 SyM 3N0I13Nn3 NIA13M 313IHOW 9NIiy33N39 30 00H13W SIHI ;310N 

** X iiy 303 3330913 t'l isy3i ly 01 0009 Aoyyoosy ** 
T y3030 (X)TI3>i - (8)0. 
T 33030 (X)T33N - (Z)0 
T 33030 — (X)TI30 - (9)0 
T yioyo , (X)Ty30 - (S)0 
0 33030 (X)I3>I - (t̂ )0 
0 33030 (X)33>l - (£)0 
0 33030 (X)I30 - (3)0 
0 33030 (X)330 - (T)0 

; 0 3 N 1 3 3 0 3 1 0 333HM S N 0 I 1 3 N n 3 - 3 0 03103WDO - (W)0 
3 1 * W * iiil 9 * i: ) M 9 1 3 0 0 iiii N iii .-I iii 0 S y 3 1 f 13 W (i) 9 (i) 1 S . 0 .-I (i) 3 iiil 0 W 0 N ••••••• W 
3 9 *X 3 1 OliiiiT W303 9 I 1 0 1 3 W A S y ) 0 0 0 * 0 * 1 9 * l N 3 W 0 9 3 y - 3 0 - X 

. ;333HM (W)0 Ay33y NI 

99 eBa,j 
ZAXHIAIOW lil i;; a po ay 

r.i e) r q. ti? q. r.i e m n a o q B a x T I >"' W 
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Program MQLVTHXYZ 

Brfe 

IF(M,EQ.4) GO TO 100 
T3--0.5D0*X2**3 
S3-T3 
T4-X2 
S4-T4 
IF(M.LE,6) GO TO 100 
T7--0,25D0*X2**3 
S7-2.0D0*T7*T5 . 
TB-X2 
S8-T8 

100 TK-2.0D0 
101 TK2-TK+TK ' ' 

TK21-TK2-1.ODO 
TK22-TK2-2,0D0 
RK2-1.0D0ZTK2 
RK21-1.0D0ZTK21 
RK22-1.0D0ZTK22 
R1--X4*(RK21*RK2)**2 
T1-T1*R1 
31-31+Tl 
IF(M.EQ.l) GO TO 200 
R2—X4*(RK22*RK21)**2 
T2-T2*R2 
S2-S2+T2 
IF(M.Ea.2) GO TO 200 
T5-T5+RK21+RK2 
T15-T1*T5 
S5-S5+T15 
IF(M,EQ.3) GO TO 200 
T6-T6+RK22+RK21 
T26-T2*T6 
S6-S6+T26 
IF(M.EQ.4) GO TO 200 
T3-T3*(-X4*(RK22*RK21**2*RK2)) 
S3-S3+T3 
T4::::T4* ( - X4 * R K22 * * 2*RK21Z ( TK2-3 . ODO ) ) 
S4-S4+T4 
IF(M.LE.6) GO TO 200 
T7-T7*R1 
T75-TK2*T7*T5 
S7-37+T75 
T8-T8*R2 
TS6-TK21*TS*T6 
38-S8+T86 

200 TK-TK+l.ODO 
IF ( D A B S ( Tl ) , GT Jiii. OR . D A B S ( T2 ) , GT , E , OR . D A B S ( T15 ) . GT • 

* DABS(T26).GT.E.OR.DABS(T3).GT.E.OR,DABS(T4),GT,E 
* DABG(T75).GT,E,0R,DABS(T86).GT.E) GO TO 101 
B(l)-1,ODO+81 
IF(M,EQ.l) GO TO 9 
,B(2)-S2 
IF(M,EQ,2) GO TO 9 

, OFi;, 
R . 

00023120 
00023130 
00023140 
00023150 
0 002316 0 
00023170 
00023180 
00023190 
000232 0 0 
00023210 
00023220 
00023230 
()0()2:i5240 
000232 5 0 
00023260 
00023270 
00023280 
() () () '•' 3' 2 9.;) 
()0023;i500 
000233 ;E 0 
00023320 
00023330 
0 0 0 ;;2 3' 3 A 0 
00023350 
0 0 0 2 3 3 6 0 
0 0 0 ;;2 iii' 3 7 0 
00023380 
00023390 
0 0 0 ;i2 3 A 0 0 
0 0 0234 ;E 0 
( • } i ) i j •..' K .4 \ - ' () 

0 0 0 2.3 A :3 0 
00023440 
0()02iii45() 
00023460 
00023470 
00023480 
00023490 
0 0 0 2:3 5 0 0 
00023510 
00023520 
00023530 
00023540 
0002;:5550 
00023560 
00023570 
00023580 
00023590 
00023600 
0 0 0 2;':!: 6 ;i. 0 
00023620 
00023630 
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Program MQLVTHXYZ 

•arfe 

C-0.1159315156584124D0-DL0G(X) 
B(3)-C*B(1)+PI4*B(2)+35 
IF(M.EQ.3) GO TO 9 
B(4)-C*B(2)-PI4*B(1)+36 
IF(M,EQ,4) GO TO 9 
B(5)-R22*(S3-S4) 
IF(M.EQ.5) GO TO 9 
B(6)-R22*(33+S4) 
IF(M.EQ,6) GO TO 9 
S7-C*S3-B(1)ZX+PI4*34+37 
S8-C*S4-B(2)ZX-PI4*S3+S8 
B(7)-R22*(S7-S8) 
IF(M.EQ.7) GO TO 9 
B(8)-R22*(S7+3B) 

9 RETURN 
• G E N E Ei; A E.. A S Y M F' T 0 T I C F 0 R M I-- 0 R N Ci =̂̂  0 ? 1 ; 
8 NU-0 
X2-R22*X 
X8-8,0D0*X 
SX-DSaRT(X) 
EX2-DEXP..„(-X2) 
Cl-1.253314137315500D0*EX2ZSX 
C2-1.ODOZ(2.506628274631001D0*SX 
MAXK-30 
IF ( X . LT .15. ODO ) MAXK-X-E-X 

1 XNU-NU 
XMU--'4.0D0*XNU 
A L P - X 2 + P I 4 * ( X N U + X N U - 0 . 5 D 0 ) 
BETA-ALP+PI4 
CB-DCOS(BETA) 
( i ; A •••"• B C (ii Si! ( A I... i - ' ) 
S B - D 3 I N ( B E T A ) 
S A - D 3 I N ( A L P ) 
|\J4::::4*NCi 
FM-O.ODO 
F P - O . O D O 
GM-0.ODO 
GP-O.ODO • 
T M - l . O D O 
T P - 1 . O D O 
K - 1 

2 TK-K 
T-(XMU-(TK+TK-1.ODO)**2)Z(TK*X3) 
TPL-DABS(TP) 
TP —TP*T 
IF" ( D A B 3 ( 7' P ) , G r . T P E..) ' G 0 T 0 21 
TM-TM*T 
N-M0D(K?8) 
IF(N.EQ.O) N-8 
T1-TP*CN(N) • 
FP-FP+Tl 
T2-TM*CN(N) 

^ I::. A . . - . : • .OD-38) 

000;;; 
000^ 

ooo:; 
0002 
ooo:; 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0 0 0 2 
0002 
0002 
0002 
0002 
0 0 0 2 
0002 
0002 
0002 
0002 
T'l i"'i ft'". 

0002 
0002 
0002 
0002 
0002 
0002 
0 0 0 2 
0002 
0002 
0 0 0 2 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 

3 640 
3650 
3660 
3670 
3680 
3690 
3700 
3710 
3720 
3730 
3740 
3750 
3760 
3770 
3780 
3790 
3B00 
3810 
3820 
3830 
3840 
3850 
" \ Q / • i") 
\..' '..> I..' \ . ' 

3870 
3880 
3 iii 9 0 
3900 
3910 
3920 
3930 
394 0 
3950 
3/ 9 6 0 

3970 
3980 
3990 
4000 
4010 
4020 
4030 
4040 
4050 
4060 
4070 
4080 
4090 
4 
4 
4 
4 
4 
4 

EOO 
ElO 
E20 
E30 
E40 
E50 
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Program MQLyTHXYZ 

Parfe 71 

:i 

FM-FM+T2 
T3-TP*SN(N) 
GP-GP+T3 
T4-TM*SN(N) 
GM-GM+T4 
K-K+1 
IF(K,GT.MAXK) 60 TO 3 
GO TO 2 

FM-FM-T2 
GP-GP-T3 
GM-GM-T4 

3 FP-FP+l.ODO 
FM-FM+l.ODO 
B ( N4 + 4 ) - C l * (•-FM*SB-GM*CB ) 
B ( N 4 + 3 ) - C l * ( F M * C B - G M * 3 B ) 
B ( N 4 + 2 ) - C 2 * ( F P * S A - G P * C A ) + P I 1 * B ( N 4 + 3 ) 
B ( N 4 + 1 ) - C 2 * ( F P * C A + G P * S A ) - P I 1 * B ( N 4 + 4 ) 
IE- ( N Ci. ii: Q . ;l. . (i) R . M . LJiii. 4 ) G 0 f 0' 9 
NU-1 
GO Tli) 1 
END 

000 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
ooo: 
0 0 0: 
0 0 0 
0 0 0 
0 0 0 
() 0 () 

ooo: 

24160 
24170 
24180 
24190 
24200 
24210 
24220 
24230 
24240 
24250 
24260 
24270 
24280 
':> 4 •:' 9 r) 
2.4 i'5.;) 0 
24310 
24320 
24330 
24340 
24350 
24360 
24370 

3UBR0UTINE QUINT(NY ? Y ? B ? C ? D ? E ? F) 
C COMPUTES COEFFICIENTS OF A QUINTIC NATURAL SPLINE S(X) GIOEN 

C THE ORDINATES Y d ) AT ASSUMED EQUIDISTANT POINTS X d ) y l - 1 TO NY 
C 
C TRANSLATED FROM ALGOL TO FORTRAN BY 
C W.L. ANDERSON? U.S. GEOLOGICAL SUPyEY? DENVER? COLORADO. 
C R E F ; ACM TRANSACTIONS ON MATH. SOFTWARE? SEPT 1976? y.2? N. 3? 
C . PP.281-289. 
(ii 
C PARAMETERS; 
C 
C NY - NUMBER OF DATA POINTS GiyEN IN Y(NY)? NY,GT,2. 
C Y O - ARRAY OF NY GiyEN ORDINATES (DIM.GE.NY). 
C Y ( ) I-' 0 li N r S A 3 ii! U M Eii D Iiii Q U A i,.. E.. Y S F A C E D I N X - D I i-i; E C 1 iii 0 N . 
C B ? C y D y iiii ? E" ( ) "" Fi; E 3 Ci L 7' I N G A R R AYS ( E A C El D I M , (i! E . N Y ) 0 F' 
(i; Q U I N 7' iii C 31-' E.. I N Iiii C (i) E F' F I C I E N 7' ii! ? W Êl E R E 
C FOR ANY XX I N liiX d ) ? X ( I + l ) ) ; 
C S ( XX ) - ( ( ( ( F ( I ) *T+E ( I ) ) *T + D ( I ) ) *TE^C ( I ) ) *T + B ( I ) ) *TE^ Y ( I ) WI Ti 
C T •••••••• ( X X - X ( I ) ) Z D Eii L X ? D Iiii E.. X - ( X ( I + 1 ) - X ( I ) ) F' 0 R A N Y iE , 
C NOTE; SEE PROC 'QPOINT' TO EVAL THE QUINTIC SPLINE AFTER 
C 'QUINT' IS CALLED, 
C . , • 

DIMENSION Y d ) ?B(1) ?C(1) ?D(1) ?E(1) ?F(1) 
IF(NY.LE,2) GO TO 4 
N-NY-3 
P-0,0 
Q"" 0 . 0 
Ei; •"• 0 . 0 

3 -• 0 . 0 

0 0 () 
000 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
i j I') () 

0 0 0 
0 0 0 
000 
( ' ) ( ; (̂ 1 

000 
000 
0 0 0 
000 
000 
0 0 0 
0 0 0 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
0 0 0 

24380 
24390 
2 4 4 0 () 

24410 
24420 
24430 
2444 0 
24450 
24460 
24 470 
24480 
24490 
24500 
2 4 5 ;E 0 
24520 
24530 
24540 
24550 
24560 
24570 
24580 
24590 
24600 
24610 
24620 
2̂  4 6 3 0 
24640 
2;' 416!:'.' 0 

2 4 6 6 0 



0 Z T S 3 0 0 0 
0 9 T S 3 0 0 0 
0 S T S 3 0 0 0 

0 t ^ T S 3 0 0 0 
0 £ T S 3 0 0 0 
0 3 T S 3 0 0 0 • 
0 T T S 3 0 0 0 
0 0 T S 3 0 0 0 
0 6 0 S 3 0 0 0 
0 8 0 S 3 0 0 0 
0 Z 0 S 3 0 0 0 
0 9 0 S 3 0 0 0 
0 S 0 S 3 0 0 0 
0 t ^ 0 S 3 0 0 0 
0 £ 0 S 3 0 0 0 
0 3 0 S 3 0 0 0 
O T O S 3 0 0 0 
0 0 0 S 3 0 0 0 
0 6 6 t ' ' 3 0 0 0 
0 8 6 t ^ 3 0 0 0 
0 Z 61?- 3 0 0 0 
096 t? ' 3000 
0 S 6 t ^ 3 0 0 0 
0t'-6t>'3000 
0£6t> '3000 
0 3 6 ^ - 3 0 0 0 
0 T 6 t / 3 0 0 0 
0 0 6 t ^ 3 0 0 0 
0 6 8 t ' 3 0 0 0 
0 8 8 1 ' 3 0 0 0 
OZ8t^'3O00 
098 t? ' 3000 
0 S 8 t ' 3 0 0 0 
0 i -B i r3000 
0 £ 8 t ' 3 0 0 0 
0 3 8 t ^ 3 0 0 0 
0 T 8 t r 3 0 0 0 
0 0 8 t ^ 3 0 0 0 
0 6 Z t ^ 3 0 0 0 
08Zt>'3000 
0 Z Z t r 3 0 0 0 
09Zt^3( )00 
O S Z t / 3 0 0 0 
0t-Zt='3000 
0 £ Z t - 3 0 0 0 
0 3 Z t ' 3 0 0 0 
OTZt'SOOO 
OOZt'SOOO 
0 6 9 t ^ 3 0 0 0 
0 ii! 91^ 3 0 0 0 
0 Z 9 t ; ' 3 0 0 0 

Aiiynoi 
sy ( 

(AN)A ViyO *S0O AN N3AI9 ONy "/INIOO/ 3008 W0y3 03Niyi0i 
*)3"(*>3"(*)0"(*)3"(*)0 S„33303 3NI13S 3IlNinO 3H1 N3AII 

(AA"XX"X130"TX"3"3"0"3"0"A"AN)1NI03D 3NIin030n3 

0N3 
Nyni3y 

.1 - (A N ) 3 '{• ( T -" A N ) A - ( A N ) A •••̂̂  ( A N ) 0 
A-(T)3-(T)A-(3)A-d)0 
l*0*OT+(T-AN)3-(AN)3 

A*0*0T-(3)3-(T)3 
0*0-(AN)a 
0*0-(T)0 

0*0-(AN)3 
0*0-(T)3 
A-d)3 

30NI1N03 
( I) 0 - (1 - S - ( T ••-1 ) A - ( E +1 ) A ) * S * 0 - (iE) 0 

0 - (DA •- (.1 - 3 •}• ( T •••• I ) A + ( T •!• I) A ) * S * 0 - (I) 3 
(0+3)*O*OT-d)O 

0-d)3 
(0+3-)*0*S-n 

1-(I)3 
3+0-0-3-1 

1-S . 
(1)0-3 

3-0 

0-y 
N"3-I £ 00 

A-3 
A-1 

d)0-A 
0 * 0 •••" 0 
T-AN-N 

lONIlNOO 
d ) 0 * ( ( 3 E- i i i) 0 •••• ( T E- i i i ) a * ( i E ) ;i) •••• ( i i i ) 0 ) ^̂•••- ( i i i ) a 

r-TN-i 
N " T - r 3 0 0 

0 * 0 - ( T N ) a 
T+N-TN 

• 0 * 0 - ( 3 + N ) 0 
3 n N I l N 0 3 

( I ) 0 - 3 
S - 1 

( 1 ) 0 - 3 
3 - D 

.1. * 0 "•• ii! * n ••" ( iE ) A - ( ( i: •!• I ) A"" ( 3 -E- iE ) A ) * 0 * £ -• ( £ •}• iE ) A - ( iE ) 0 
y - ( I ) 3 

n-o*93-y 
(o-y*n-o*99)zo* T-d)o 

y*3-n 
N " T - I T 0 0 

( ) ' * 0 - l 

7 :iT 

Z7. ^̂ !̂ «? 

Z A X H I A I O W l i i s^ rpoay 
r.io X q.aq.r.iamriaoq s;:) •;: q. x I'lW 



M rj iE't i e: ii; D e) e: r.i in e i"i ' t ;ii (:. :i. o I'l 
F r o rf r~ iii in ,M Q E,. 0 I' Ei X Y Z 

Parfe 73 

SPACED BY DELX STARTING AT XI? THEN 'QPOINT' INTERPOLATES 
YY AT ANY XX IN (XI?X1 +(NY-1)*DELX ) . 

DIMENSION Y d ) ?Bd) ?C(1) ?D(1) ?Ed) yFd ) 
XMAX-X1+(NY-1)*DELX 
IF(XX.LT.X1.OR.XX.GT.XMAX) GO TO 2 
I-(XX-X1)ZDELX+1 
XI-Xl + d-l)*DELX 
T-(XX-XI)ZDELX 
YY-((((F(I)*T+E(I))*T+D(I))*T+C(I))*T+B(I))*T+Y(I) 
RETURN 
WRITE(6?3). XX?X1?XMAX 
FORMAT('OQPOINT ERROR XX-'yE16.8y' NOT IN CLOSED INTERyAL ( 

8 Eii ;E 6 . S ? ' ? ' ? E 16.8?')') 
GO TO 1 ^ 
END 

00025180 
00025190 
00025200 
00025210 
00025220 
00025230 
0 0 0 2' 5:2 4 0 
00025250 
00025260 
00025270 
000252B0 
00025290 
0 0 0253 0 0 
000253 ;l. 0 
00025320 
00025330 

C O M E-' r., E X E" U N (i! F I O N C A N C 4 ( A 1 ? B 1 ? E1-' ? M ? N ? 1-' Ci N ? M F" ? iiii S Ci M ) 
"COMPLEX FUNCTION DEFINITE INTEGRATION BY 

ADA P 7' I V Eii Q U A D R A T Ci R E Ci S I N G N E W 7' 0 N •••• C 0 7' E S NO. 4 ( N ̂ •••••-1 ? 2 ? 3 ) ? (i) l̂ i; 
AUTOMATIC GAUSSIAN QUADRATURE ( N - 4 ? 5 ) . . . . . 

A G E N E R A L R 0 U T I N Eii I N ii! li N G L E - 1 - ' EC iiii (i! I ii! iii (i) N (i! 0 M l-' 1... Eii X , , . 
BY W . E..'. A N lit Iiii l̂ i; 3 0 N ? Ci. S . G Iiii 0 L 0 G I C A1... ii! C i i-i; '-J Iiii Y ? D iiii N y Iiii i':; ? C (i) E.. (i) R A D ii). 

"PARAMETERS 
Al - LOWER LIMIT OF INTEGRATION (REAL*4) 
Bl - UPPER LI MI 7' OF INTEGRATION (REAL*4> 
iiii F' - D E 31R Eii D i"i; E E_, E R R 01-̂  (Fi; E A i:„ * 4 ) I N G Q M I-' I,.. E X Fi; Fi 3 Ci i... 7' ' f i A N C 4 ' . 

(FOR BOTH RE S I M PARTS OF CANC4) 
M - RESULTING NUMBER OF COMPLEX 'FUN EyALUATIONS' 
N - ERROR TEST TYPE; 

- 1 FOR ABS. ERROR TEST (NOT GENERALLY RECOMMENDED). 
- 2 FOR 'L-ONE' ERROR TEST 
- 3 FOR 'L-INFINITY' ERROR TEST 
- 4 FOR REL. ERROR TEST USING ADAPTIVE GAUSSIAN QUADRATURE 
- 5 FOR REL, ERROR TEST USING NON-ADAPTIyE GAUSSIAN QUAD... 

N 0 7' E ; N - 1 y 2 ? 0 R 3 Ci 3 E S A D A F' 7' I V E N E W T 0 N -- C 0 7' E S Q Ci A D i-i; A F U R Eii ? A N D 
N-4 OR 5 USES ADAPTIVE OR NON-ADAPTIVE GAUSS QUADRATURES 

FUN - EXTERNAL COMPLEX FUNCTION NAME (COMPLEX*8) 
MF - MAX, FUN EyALUATIONS ALLOWED BEFORE ACCEPTING COMPLEX 

RESULT 'CANC4' WITH M,GE,MF.,,. 
ESUM - ACTUAL COMPLEX ERROR ACHIEyED AT EXIT.... 

-SUBPROGRAMS CALLED; CQSUBAyCQSUB (WHICH.CALLS CQUAD) 
(THESE ARE FOR N-4 OR 5 GAUSSIAN QUADRATURES) 

C 0 M E-' E.. E X E" Ci N ? E: S U M y T 3 U M y F A y I-' ? X ? Z ?. C Q S U B A ? C Q ii! Ci B ? 
1 Fl y FS y F3 ? FM ? F2 ? FT ? F4 ? FB ? FTP ? EBP ? FMAX ? FTST ? EST ? AE37' ? ESTl ? ES72 ? AES'i 
21? AEST2 ? ABSAR ? DELTA ? DIFF ? DAFT ? SUM 
DIMENSION F2(30)? F4(30)? FTP(30)? FBP(30)? FTST(5)? EST2(30)? NRTR(30) 
DIMENSION AEST2(30)?XB(30) 
DIMENSION.FMX(2) 
EXTERNAL FUN 
Eii Q Ci I V A E.. E N C E (i-" M X (1 ) ? I-' M A X ) 

0002;; 
, . . • • , , • : . , . • • - , • • • / i : : 

'J 0 V 2 >. 
00021 : 
0002"-
0 0 0 2 ^ 
0 0 0 2 ; ; 
00021 : 
00021 : 
0 0 0 2 : ; 
0002;;^ 
0 0 0 2 ^ 
0 0 0 2 ! : 
0 0 0 2 ; : 
00021: 
00021 : 
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C 0 M i-' i.,. E X I-' ? Ê  E 8 U I... T ? I-' U N C J.? E- Z E R 0 ? A C U M 
D I M E N 3 li 0 N F' U N C T ( 1 2 7 ) ? i-' ( 3 8 ;E ) ? i-i; E 3 U E.. 7 ( 8 ) 

C THIS SUBROUTINE ATTEiiPTS TO CALCULATE THE INTEGRAL OF F(X) 
C OyER THE INTERVAL *A* TO *B* WITH RELATIVE ERROR NOT 
C EXCEEDING *EP3IL*. 
C THE RESULT IS OBTAINED USING A SEQUENCE OF 1?3?7?15?31?63? 
C 127? AND 255 POINT INTERLACING FORMULAE(NO INTEGRAND 
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I"' 0 R M Ci E.. A E C 0 M E-' Ci 7' E D D E I-' Iiii N J 3 0 N * E I-' S11.., * , 
Fi; E 3 U E.. T ( K ) El 0 E.. D S T E-l E y A E. U E 01- 'I' El E I N 7' E G Ei; A E.. T 0 T El E 
SPECIFIED RELATIyE ACCURACY, 
NUMBER INTEGRAND EVALUATIONS. 
0 N E: X I r N 0 R M A L I... Y I C E I Eii C K -̂  0 . El 0 W Eii y E l̂i; 11-' (i! (i) N y Iiii R G Eii N C Fi 
70 TEIE ACCURACY REQUESTED IS NOT ACHIEVED I CHECK-1 

C A 
(i; B 
c; Iiii 
(i; 
c 
c 
G F 

G 
C 
C 
C K 
G 
C NPTii 
C ICEIE 
(i; 

000 
ooo; 
ooo; 
0 0 0: 
0 0 0; 
(•. i j i / : 

()() 0; 
ooo: 
0 0 0; 
0 0 0; 
OOO; 
I ) i j i 'i •. 

0 0 0: 
0 0 0; 
0 0 0: 
0 0 0: 
ooo; 
0 0 0: 
ooo: 
0 0 0: 
ooo: 
ooo: 
ooo: 
0 0 0: 
0 0 0: 
0 0 0: 
ooo: 
ooo: 
ooo: 
ooo: 
ooo: 
ooo: 
ooo: 

26910 
2 6 'i'' :2 0 
26930 
26940 
26950 
26960 
:2 6 9 ii' 0 
26980 
26990 
2700 0 
27010 
27020 
2703 0 
2704 0 
27050 
27060 
27070 
2 7080 
27090 
27100 
27110 
27120 

2 714 0 
27150 
27160 
27170 
27180 
27190 
27200 
27210 
27220 
27230 



oszz 
O F Z Z 

0£ZZ 
03ZZ 
OTZZ 
OOZZ 
069Z 
089Z 
0Z9Z 
099Z 
0S9Z 
0t-9Z 
0£9Z 
039Z 
0T9Z 
009Z 
06SZ 
08 SZ 
OZSZ 
0 9 2! Z 

Ot^SZ 
....-, ,..•. <.... 

V v.!::. L. 
03SZ 
OTSZ 
OOSZ 
06t̂ Z 
08t/Z 
OZt'Z 
09t/Z 
ost-z 
OvvL 
0£t'Z 
03t'Z 
OTt^Z 
OOt^'Z 
06£Z 
08 £Z 
OZ£Z 
09£Z 
OS£Z 
Ot'£Z 
0££Z 
03£Z 
OT£Z 
00£Z 
063Z 
083Z 
0Z3Z 
093Z 
0S3Z 
0t/3Z 

3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
ii:ooo 
3000 
3000 
3000 
3000 
3000 
;:ooo 
•V . • • \ ,-\ / • \ 
• . 1. 1 1 ) f ) 

3000 
•V /\ ,-. ,-\ 

i...0(...'0 

3000 
;:ooo 
3000 
3000 
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NI a3>i3yi3 33y S3in3. lyniyyoyno 30 SIHOIIM ONy yvssios 
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M r,i 1 1 :i. e: ii; id e) e; 1..1 iri e 1 "1 C a C i e) 1 "1 
Program MQLVTHXYZ 

arfe 78 

0.98B68475754742947994E 
0.97218287474S58179658E 
0.94634285837340290515E 
0.91037115695700429250E 
0.86390793819369047715E 
Ov80694053195021761186E 
0.73975604435269475868E 
0.66290966002478059546E 
0.577195710052045814B4E 
0.48361802694584102756E 

DATA 

00 ? 0,61155068221172463397E 
00?0.10498246909621321898E 
00 ? 0,15406750466559497802E 
00 ? 0.20594233915912711149E 
00?0.2586967932721474691IE 
0 0 ? 0.310 7 3 5 51111687964 8 8 0 E 
00 ? 0.36064432780782572640E 
00 ? 0.40715510116944318934E 
00?0,44914531653632197414E 
00?0.48564330406673198716E 

•02 
-01 
-Ol 
•01 
•01 
•01 
•01 
•01? 
-01? 
•OIZ 

* 
* F 
* 
* E 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

* 
* 

( 85)?P( B6)?P( B7)?P( 
( 92)?P( 93)?P( 94)?P( 
( 99) yPdOO) yPdOl) ypd 
(106)?P(107)?P(108)?P(1 
0.38335932419373034692E 
0.27774982202182431507E 
0..16823525155220746498E 
0,56344313046592789972E 
0,56377628360384717388E 
0.64519000501757369228E 
0,21088152457266328793E 
(i). 21438980012503867246E 
0,63260731936263354422E 
0,89892757840641357233E 
0, 192;19905124727766019E 
0,2641747339505825993IE 
0.18073956444538835782E 
0,30577534101755311361E 
VTA 

1 4 ) . I 

88) 
95) 
02) 
09) 
00 
00 
00 

-01 
-01 
-02 
-02 
-01 
-03 
-02 
-01 
-01 
-03 
-02 

? I'-' 
y i-' 
?P 
?P 
? 0 
?0 
?0 
?0 
?0 
yO 
y 0 
? 0 

? 0 
?0 
? 0 

? 0 

? 0 
?0 

iii9 ) ? i-' ( 9 0 ) ? F' 
? i-' ( V ) ?! 

9 1 ) 
9 iii) 

( 1 1 3 ) y !-• ( 

' ( 1 2 0 ) ? I-' ( 
( 1 2 7 ) ? P ( 
( 1 3 4 ) ? !••'( 

2 1 ) 
•••>o -, 
A . . K . f .-

3 5 ) 

. 1 5 ) ? i-' (;i. 

. 2 2 ) ? P d 

. 2 9 ) y p ( 1 

. 3 6 ) ?F' ( 1 
0,7703375233279741B482E 
0,12934839663607373455E 
0.18032216390391286320E 
0,22457265826816098707E 
0.2579162697602422938SE 
0,27740702178279681994E 
0.99998243035489159858E 
0.9995987996719106S325E 
0.99831663531840739253E 
0.9957241046984071885IE 
0.99149572117810613240E 
0.985371499598520371 H E 
0,97714151463970571416E 
0.96663785155841656709E 

DATA 

* F' (14 ;E) ? F-' (142)? I-' (143)? i-' (;l, 
* i-' ( 148 ) ? i-' (149)? I-' (150 ) ? F' (1 
* -I-' ( 155 ) ? E- d 56 ) y E-' Cl.57 ) ? Ê' (1 

23) 
.30) 
.i57) 
-02 
-01 
-01 
-01 

•v 'J 

00 
( ) i;) 

00 
0 0 
00 
00 
00 

: 103)?P(104)?P(105)? 
; 110 ) ? F' ( 111 ) y F' (112) Z 
.51583253952048458777E 
. 53905499335266063927E 
. 55481404356559363988E 
56277699831254301273E 
16801938574103865271E 
25078569652949768707E 
. 11615723319955134727E 
27394605263981432516E 
41115039786546930472E 
14244877372916774306E 
2 3 4 0 6 7 7 7 4 9 5 ii? 1 4 0 0 6 2 01 Eii 
27989218255238159704E 
1289524082610417392IE 
52491234548083591251E 

(:E ;E 7 ) y I-' ( 1 1 iii) y i-' (;E ;i. 9 ) ? 
(124)?P(125)?P(126)y 
(;E 12; ;l.) ? E-' (;E ;5;;2) ? !••' (;E 3 3 ' ) v 
(138 ) y F-' (;l. 39 ) y P ( 140 ) Z 
,10297116957956355524E 
. 15536775S55B43982440E 
.20357755058472159467E 

y 0.24282165203336599358E 
?0.26952749667633031963E 
?0.28138849915627150636E 
? 0.50536095207862517625E 
?0.37774664632698466027E 
?0.93836984854238150079E 
y0.16811428654214699063E 
y0.2568764943794020373IE 
y 0.35728927835172996494E 
y0.46710503721143217474E 
y 0.5843449875B356395076E 

-01? 
-01 ? 
-01 y 
- 01 y 
-01 ? 
- 0 ;E y 
-01? 
- 0 ;E y 
-02? 
- 0 ;E ? 
-01? 
- 0 1 y 
•02? 

-02/ 

? I-

y 0 
?0 
? 0 

-01? 
-01? 
- 0 ;E y 
-01? 
-01? 
-01 y 
-04? 
"03? 
- 0 3 ? 
-02? 
"0:2 ? 
-02? 
"02? 
-02Z 

44)? I-' (145) ? F (146)? E'' (147) ? 
51)? P ( 152 ) ? P (153) ? F' (154) ? 
58)? P(159)? P(160)? P(161)? 

0002 
0002 
0002 
0002 
0 0 0 2 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0()02 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 

0002 
0002 
0002 
0002 
0002 

7760 
•7770 
'7780 
7790 
•7800 
'7810 
•7820 
•7830 
'7840 
!7850 
i7860 
;7B70 
;7880 
:7B90 
^7900 
i7910 
;7920 
:7930 
;7940 
'7950 
7960 
>7970 
7980 
'7990 
*B000 
8010 
8020 
8030 
8040 
8050 
8060 
8070 
8080 
8090 
8100 
ii! ;l. 1 0 
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8220 
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826 0 
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Mr.i ii: t :i. c:s Iiiocr.iiria|-i t;ii C :i. e)ri 
Program MOLOTHXYZ 

•arfe 

* P (162).? P (163)? F ( 164 ) ? F ( ;E 65 ) ? F i 1 6 6 ) ? I-' ( ;1.67 ) ? F ( 168 ) Z 
* 0,9537300064257611364IE 00 ? 0.70724899954335554680E 
* 0,93832039777959288365E 00 ? 0 . 83428;3.87539681 577056E 
* 0.92034002547001242073E 00?0^96411777297025366953E 
* 0 , 89974489977694003664E 00 ? 0.10955733387837901648E 
* •0.87651341448470526974E 00?0.122758305600827700B7E 
* 0 . S5064449476B35027976E 00 ? 0 ..13591571009765546790E 
* 0.82215625436498040737E 00?0.148936416648151B2035E 
* 0,79103493379984836143E 00?0.16173218729577719942E 
* 0.75748396638051363793E 00?0.17421930159464173747E 
* 0.7214230853700989154BE 00?0.186318482561387901B6E 
* 0.68298743109107922809E 0 0 ? 0 . 1979549504iii097499488E 
* 0.64227664250975951377E 00?0.20905851445812023852E 
* 0.59940393024224289297E 00 ? 0.21956366305317824939E 
* 0.55449513263193254887E 00 ? 0 . 22940964229387.74876 IE 
DATA 

0 2. 
02 
01 
01 
01 
01 
01 
01 
0 ;E 

01 
01 
01 

? 

? 

? 

y 

y 

y 

y 

y 

? 

y 

y 

y 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

p ( 

F' ( 
Ê' ( 
E-' ( 

0 . 

0 . 

0 . 

0 . 

0 . 
0 . 

0 . 

0 . 

6 9 ) ? E-' ( 1 7 0 ) ? F' ( 1 7 ;i. ) ? F' ( ;l. 7 2 ) ? 

7 6 ) y F (;E 7 7 ) ? i-̂  (:i. 7 i i i ) ? F' ( il. 7 9 ) ? i 

8 3 ) ? P ( 1 8 4 ) ? E-' ( 1 8 5 ) ? P ( 1 8 6 ) ? I 

1 7 3 ) ? P ( . 1 7 4 ) y P ( 1 7 5 ) ? 

;i. iii 0 ) ? !-• ( i i . iii ;E) ? i-' (;i: 8 2 ) ? 

1 8 7 ) ? P ( 1 8 8 ) ? P ( 1 8 9 ) y 
9 0 ) y I"' ( 1 9 1 ) y F̂  (:l. 9 2 ) y Ê^ ( ;E 9 3 ) y I"' ( ;l. 9 4 ) ? i'-' ( ;E 9 5 ) ? i"' ( 1 9 6 ) Z 
50768775753371660215liii 00 ? 0 . 23iii54052106()38540080E 
459130011989S32332S7E 00?0,24690524744487676909E 
408979B2122988867241E 00?0.25445769965464765813E 
357403837S315321523BE 00? 0.26115673376706097680E 
30457644155671404334E 00 ? 0.26696622927450359906E 
2S067873030348317661E 00 ? 0.27185513229624791819E 
19589750271110015392E 00?0.27579749566431873035E 
14042423315256017459E 00?0.27877251476613701609E 
84454040083710883710E-01?0.2B076455793817246607E 
281B4648949745694339E-01?0,28176319033016602131E 
28188814180192358694E-01?0.84009692870519326354E 
3225950025087B684614E-02 ? 0.12539284826474884353E 
10544076228633167722E-02y 0.5807861659977S673635E 
10719490006251933623E-01?0.13697302631990716258E 

• ' J . [ . y 

-01? 
• 0 1 y 

- 01 ? 

-01? 
- 01 ? 
-01 ? 
-01 y 
— 0 2; :•• 
- 0 1 y 
-02? 
-OIZ 

DATA 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

E-' ( 
1-' ( 
i~'̂  ( 
E-' ( 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

( 2 0 1 ) ? I-' ( 2 0 2 ) ? P ( 20;i5) ? 
(208)?P(209)?P(210) ? 
•(215)?P(216)vP(217)? 
'•(222) y i-̂  (223) ? i"̂  ( 2 2 4 ) Z 
1.20557519893273465236 iii 

197)? P(198)? P(199)? P(200)? P 
204)? P(205)? P(206)? P(207 ) ? P 
211)yP(212)?P(213)yp(214)yP 
218 ) ? P (219,)? P ( 220 ) ? P ( 221 ) ? E 
.31630366082226447689E-03 ? 0 
.44946378920320678616E-02y 0.71224386864583871532E 
.96099525623638830097E-02?0,117033887476570031OlE 
.13208736697529129966E-01? 0.13994609127619079852E 
.9037273465875114926IE-04y0.64476204130572477933E 
.15288767050377655684E-02?0,26245617274044295626E 
.38516876166398709241E-02?0.5148558478978177761BE 
.64674198318036867274E-02y0.77683877779219912200E 
,90161081951956431600E-02y0,10178877529236079733E 
.11228632913408049354E-01yO,12141082601668299679E 
,12895813438012114694E-01?0.13476374833B165159B2E 
,13B703510S9139840997E-01?0,14069424957813575318E 
,25157.8703842806614B9E-04yO,lSBB7;326450650491366E 

02 
01 
01 
0..:; 
02 
02 
02 
0 ;E 
.') 1 
01 
01 
03 

y 

? 

? 

? 

V 

? 

? 

? 

? 

? 

;.• 

0002 
0 0 0 2 
0002 
0 0 0 2 
i'"'i i') I ) ' : 
.̂. ^.' V,' .... 

0 0 0 2 
0002 
0002 
0002 
0002 
0002 
0002 
0 0 0 2 
0002 
0002 
0002 
0002 
0 0 0 2 
0002 
0002 
0002 
0002 
.;) () ();;: 

0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0 0 0 2 
0002 
0 0 0 2 
0002 
()002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 

(::• • > 

82 
83 

90 
90 
;)0 

8310 
iii 3 '"••' i"i 

83 
83 
83 
83 

83 
83 

•84 
:B4 
• ii! 4 
Mi! 4 
:B4 

84 
•84 
'84 
84 
•84 
• 8 '•'••> 

'85 
'85 
!85 
85 
85 
85 
i:.i 5 

85 
85 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
87 
87 
o •";•' i..' / 

8? 
87 
87 
87 
87 
87 
87 

30 
40 
50 
60 
70 
BO 
90 

00 
10 
20 
30 
4 0 
50 
60 
ZO 
80 
90 
'"'i i") 

10 
20 
30 
40 
50 
60 
ZO 
80 
?0 

;)o 
1 0 
20 
îO 
40 
:iO 
•!0 

i' 0 

iiO 
.i^O 

;)o 
EO 
20 
30 
40 
in) 
40 
70 
iiO 
.i'O 



0T£6c 
0 0 !r.i 6 3 
06363 
08363 
0Z363 
09363 
0S363 
0t;'363 
0 £ 3 6 3 
03363 
OT 363 
00363 
06T63 
08T63 
0 Z E 6 3 
09T63 
OST 63 
0t-T63 
0 £ l 6 c 
0 316;; 
OT T6i: 
0 0 T 6 2 
06062 
08062 
0 Z 0 6 <: 
09062 
0 S 0 6 2 
01' 0 6 2 
()!£() 6 2 
03062 
0T06c 
00062 
06682 
08682 
0Z682 
09682 
0S682i 
0t''682 
0£682 
03682 
0T682 
00682 
0688c 
08882 
0Z882 
09882 
0S88c 
Ot^882 
0£8B2 
03882 
0T882 
00882 

000 
:ooo 
:ooo 
;ooo 
:ooo 
:ooo 
:ooo 
:ooo 
..:).;) r'' 
: 0 0 0 
: 0 0 0 
:000 
:ooo 
;()()() 

:ooo 
:ooo 
:ooo 
: 0 0 0 
ooo 
0 0 0 
0 0 C' 
0 () 0 

000 
ooo 
0 0 0 
ooo 
0 0 () 

000 
0 0 0 
.•') 0 0 

0 0 0 
0 0 0 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
0 0 0 

0 

li 

li 

i 

li 

30 
30 
30 

30 
30 

•30 
' 3 0 

Z30' 
" 30 
"30^ 

30^ 
30^ 
30 ' 
C* C) • 

<y] 0 • 

r o • 
v^ I ) • 

£0 ' 
£ 0 • 
tK)^ 

' Q 0 • 

-33T098£SS9Zt '9St> '9£t /86t ' * 0 " 00 3t^90t '0S9ZSSTZ8SZ£t^ST6 * 0 * 
- 3£ZZZ t ^S89SZ663ZT£ZS9 t ' * 0 "00 39£3S9SZ0Z063£68Z0S36 * 0 * 
-3St^S83863608960t^ '93££t^ * 0 " 0 0 30088ZS3ZZST9£t ' '890t?£6 * 0 * 
-36B6££30SZ0tJ '3Z890T TOt? * 0 " 00 3T86S0SS0T6TS9ST Tt?'3t^6 * 0 * 
- 3 £ 8 T B 0 S 9 S 3 0 Z T 6 Z Z £ £ 6 9 £ * 0 " 0 0 39S9Z8t '63T3SZ63ST T0S6 * 0 * 
- 3 £ 3 8 £ 0 3 6 9 8 0 T 6 6 Z 6 £ 0 8 £ £ * 0 " 0 0 3 t /Z39609860T9T388TZS6 * 0 * 
- 3 t ' £ 3 £ 8 Z S 3 0 Z t r £ t ^ 8 T 0 £ Z 0 £ * 0 " 0 0 33S3£T3T869ST390 t r9£96 * 0 * 
-30t;"660Sfe'£6Sb'9ZS6T3ZZ3 * 0 " 00 3ZZT£36St '30S6S9t^8t ' '696 * 0 * 

/ (ii!0£ ) 3 " ( Z()£ ) 3 " ( 90£ ) 3 " ( S0£ ) 3 " (t^0£ ) 3 " ( £()£ ) 3 " ( 30£ ) 3 * 
" ( T 0 £ ) 3 " ( 0 0 £ ) . - I " ( 6 6 3 ) 3 " (ii! 6 3 ) 3 " ( Z 6 3) 3 " ( 9 6 3 ) d " ( S 6 3 ) .-I * 
" (t^63 ) 3 " (£63 ) 3 " ( 363 ) 3 " ( T63 ) 3 "(063 ) 3 " ( 683 ) 3 " ( 883 ) 3 * 
" ( Z83 ) 3 " ( 983 ) 3 " ( S83 ) 3 " (t^83 ) 3 " (£83 ) 3 " ( 383 ) 3 " ( T 83 ) 3 * 

y iyo 
-3Z0£6Z9SZS99338S6BZt^3 * 0 " 00 39ZZ9930t'3SZ6Sfc't^£Zt' 'Z6 * 0 
- 3 8 8 £ 8 8 £ 8 £ 9 £ S 3 6 9 0 t ^ t ' 6 T 3 * 0 " 0 0 3 T 8 £ 8 9 3 9 8 0 Z 9 T 8 3 9 0 t r 6 Z 6 ' 0 
"3S3Tt?3Z8£T0TZ63TZ6T6T * 0 " 0 0 39Z83Z3£98ZSZS9STS£86 * 0 
-33S093St^t?ST83Z3TT9S9T * 0 " 0 0 36 TZ90b'£0t fS6Z3S360Z86 * 0 
-3Z3t?9t't^'TSS9S66Z06t^0t^T * 0 " 0 0 38T6ST0ZZ00t^0Z£TST066 * 0 
-3ZZ0t^6S663t 'ZTTt '8t ' 'Z9TT *() '"00 3££ST988Z383t^t^£T3Z'366 * 0 
-39t^3iii£S3Sii!Siii9TS T9£St^'6 * 0 " 00 i i l3S()00T3900830ST£8t '66 * 0 
• iiii 91 '̂ () £ £ £ 0 S t'' t-- 31' 0 ii! 

i : / •i^ Z V' 0 £ 6 •<:•' X 9 

! .•:; ' .) v ,.••• ••' ( ) " ( ) 0 

)3 t -SS*0"00 
.-I I::! 8 £ /.. Z 0 6 8 iy I 6 S F !• t? E !::i 9 6 < 
39Sr 'Z3ZS6S6t ' r 'S£S08Z6f 

* 
* 
* 
* 
:>K 
* 
* 
* 
* 
* 
•A-

IT 

ZTO-
" TO-
" TO' 
" X' 0" 
" TO" 
" TO-
" 'E 0 -
" 3 0 -
" 2i:0-
" 3 0 -
" 3 0 " 
" 3 0 -
" 3 0 -
•i •;•' r . . . 

Z 9 0 . 

• . : : l C O V i- C V 

-333£6i23ii!2:£Zt-'t^ii!3St''Z6ii!£ * 0 " 00 iilOZt^T TS60iii9t^feT9St='Zii!66 * 0 
•iil30t^'63Z663ii!t>-(>()t>'3 T 36 t '3 * 0 " 00 iil£6 Ti i iS£30S308££0i i !£666 * 0 
-ii3£Z6TZii!336t>'60T6t'SZS£T * 0 " 00 3££ZtK)3£t^t^3606t^()9Z666 * 0 
•3S3T£T90i i iZ699£63SZ3£S * 0 " 00 ii i l9ZSZ£t' 'S0Z()3966£t^6666 * 0 
•iilOZTZ93{iiOT t; '3£t ' '9£6Z£69 * 0 " 00 iil39t''9t'ii!t>'Z6Z£96SZ6666 6 * 0 

Z ( 0iii3 ) 3 " ( 6Z3 ) 3 " (ii!Z3 ) 3 " ( ZZ3 ) 3 " ( 9Z3 ) 3 " ( SZ3 ) 3 " ( t 'Z3 ) .-
" ( £Z3 ) 3 " ( 3Z3 ) 3 " ( TZ3 ) 3 " ( 0Z3 ) 3 " ( 693 ) 3 " (i i i93 ) 3 " ( Z93 ) •:: 
" ( 993 ) 3 " ( S93 ) 3 " (t^93 ) 3 " ( £93 ) 3 " ( 393 ) 3 " ( T93 ) 3 " ( 093 ) .-
" ( 6S3 ) 3 " ( SS3 ) 3 " ( ZS3 ) 3 " ( 9S3 ) 3 " ( SS3 ) 3 " (t^S3 ) 3 " ( £S3 ) •:: 

¥.LK 

•3S90T0£80S9TS6STS80trT * 0 " T0 -3£0££39S06968Z338£0 t?T *0 
•3 t^080S890£8£ZS398£6£T * 0 " T0-3Z TS9£60t>'3£8Zt>'ZB68Z£T *0 
'30 T6S6£3 TBt' T 99SZ36S£ T * 0 " T0 -3£S66Z T S3Z£9t/ T T£8t^££ T * () 
•30t^38t '0£S£8899£i i iZS0£T * 0 " T 0 - 3 9 0 6 3 8 £ 3 £ Z 3 8 6 t ' S 8 3 3 Z 3 T *0 
•3SSt^8£8£t'33Z£393St>'£3T * 0 " T0-30 t^00Z36T0£S0930Z36T T *0 
•308£t 'Z8£69t 'TT38tK)Zt?TT * 0 " T0-30Zt^3T68S93ST£8T8Z60T *0 
•3936 T T090633ZS363St?0T * 0 " 30-30t?'trZ6t^Z8t;'0t^3SZt^ZZ6iii6 * 0 * 
•33£60S6£690B3Tv^36ST£6 *0 " 3 0 - 3 9 £ Z 8 9 8 0 3 £ Z 6 Z 0 S 9 6 0 T Z 8 *0 * 
•30TZ66SB8SZt ' 9£6099808*0 "30 -3 t ^ZTOT6SZOt r3£80389 t ' t ' Z *0 * 
•38 t ^6££ZZ388 t ' 0SS8ZS6Z9*0"30 -3S£ t^0S8£Tt^0083ST6Z£T9*0 * 
•30 t^380S6ST6£69998ZZt 'S*0"30-39Zt '£ i i i 93TS8t ! ' 9888S038t^*0 * 
•383S88Z0 i r869Z£6Tt rTZTt?*0"30 30t^£ZZZZ9TZZ66t^t?'39£S£ * 0 * 
• 3 8 £ S Z 6 T 8 Z T 6 Z £ 6 t ^ 3 Z T 3 6 3 * 0 " 3 0 - 3 Z £ Z 8 0 9 T Z S 0 9 8 T S 3 S S £ £ 3 * 0 * 
•3Zt^386t^98SZT6£9t' ' t '98ZT *0 "30 -389ZT0T0Z68TZ t ' 3B£ t ^83T *0 * 

Z ( 3S3 ) 3 " ( TS3 ) 3 " ( 0S3 ) 3 " ( 6t^3 ) 3 " ( 8 t '3 ) 3 " ( Zt^3 ) 3 " ( 9t^3 ) 3 * 
" ( S t ^ 3 ) 3 " ( t ^ t^3)3" ( £ t r 3 ) 3 " ( 3 t ' 3 ) 3 " ( Tt?3)3" ( 0 t ^ 3 ) 3 " ( 6 £ 3 ) 3 * 
" ( 8£3 ) 3 " ( Z£3 ) 3 " ( 9 £ 3 ) 3 " ( S£3 ) 3 " (t?£3 ) 3 " ( ££3 ) 3 " ( 3£3 ) 3 * 
" ( T £ 3 ) 3 " ( 0 £ 3 ) 3 " ( 6 3 3 ) 3 " ( 8 3 3 ) 3 " ( Z 3 3 ) 3 " ( 9 3 3 ) 3 " ( S 3 3 ) 3 * 

yi.yo 
3S9£9t^33Z0TZ3£t 'TZS0</B*0"£0-3SZ60t ' '0S8Zt^3t /36t^8T69t r *0 * 

08 »!̂ <̂ ?3 
Z A X El .1A "10 W 1." s 'i !̂ ' i'̂  >Ji .-I 

r.i a 'i: q. ii; q. r.i a m i"i;:) o q a a 'i: q. x i"i W 



ci r.i 1 C i e.- iii D (:) c i..rm a i "i t iii t li. o i "i 
P r o g r a m MQLyTHXYZ 

•arfe 8 1 

* 0,90514035881326159519E 00?0, 
* 0.89418456833555902286E 00?0, 
* 0,88256884024734190684E 00?0, 
* 0,870293055548113905B5E 00?0. 
* 0,85735B31088623215653E 00?0. 
* 0, 843.76688267270860104E 00?0. 
DATA 

* P ( 309 ) ? P ( 310 ) ? I-' (311 ) ? P ( 312 ) ? P ( 
* F ( 3 ;E 6 ) ? I-' ( 3 ;l. 7 ) ? i-̂  ( 3 1 ii!) ? i-̂  ( 3 1 9 ) ? E-̂  ( 
* P(323)? P(324)? P(325)? P(326)? P( 
* P(330)? P(331)? P(332)? P(333)? P( 
* 0,82952219463740140018E 00?0, 
* 0 . iiil462S7iii765513741344E O O y O , 
* 0,79909229096084140ISOE 00?0. 
* 0,78291939411828301639E 00?0, 
* 0,766117B1930376009072E 00?0, 
* 0.748696293616936602B2E 00?0. 
* 0,73066452124218126133E 00?0, 
* 0.71203315536225203459E 00?0. 
* 0,69281376977911470289E 00?0, 
* 0.67301883023041847920E OOyO. 
* 0.652661665410017496lOE 00?0. 
* 0.6317564377111942304IE OOyO'. 
* 0,6103181137151B640016E OOyO. 
* 0.5BB36243444766254143E OOyO. 
DATA 

* P(337)y P(338)? P(339)? P(340)? P( 
* P(344)? P(345)? P(346)? P(347)? P( 
* P(351)? P(352)? P(353)? P(354)? P( 
• * i'-̂  (;3 5 ii!) ? I-̂  ( 3 5 9 ) ? F' ( 3 6 0 ) ? i-' ( 3 6 1 ) ? E-' ( 
* 0 .:;i 6 5 9 0 5 iii ii! 5 4 213 6 5 4 4 2 2 6 2 Iiii O O y O . 

0.54296566649831149049E 00 ?0. 

0,49570640791876146017E 00y 0. 
0.47142506587165887693E 00?0. 
0 . 44673538766202B47374E 00 ? 0. 
0 . 4 216 5 7 6 iii 6 6 2 6 ;1.6 3 3 0 0 0 6 E 0 0 ? 0 , 

*. 0.39621280605761593918E •00?0. 
* 0 . 3 7 0 4 2 2 0 (i! 7 9 5 0 0 7 ii! 2 3 0 ;l. 4 Iiii 0 ( )? ( ) . 
•.̂ . ( ) , 3 4 4 3 0 7 3 4 1 59943i i ! ( )227i i i l i i i OOyO. 
* 0.31789081206847668318E OOyO. 
* 0.29119514851824668196E 00?0. 
* 0 . 26424337241092676194iiii OOyO. 
* 0 . 213 7 0 5 8 iii 4 5 5 iii 9 iii 2 9 7 2 7 2 1 iiii 0 0 ? 0 . 

DATA 
* P(365)? P(366)? P(367)? P(368)? P( 
* P(372)? P(373)? P(374)? P(375)? P( 
* P(379)?P(380)?P(381)Z 
* 0 . 2 0 9 6 6 5 2 3 8 2 4 3 1 i i i l l 9 4 7 7 E OOyO. 
* 0,1820B649675925219825E 00?0. 
* 0.15434681148137810869E 00?0. 
* 0.12647058437230196685E 00?0. 

53130866051870565663E 
5642813101384 4441585E 
59729 ;E 95655081658049E 
63027734490857587172E 
6 6 3 ;E 7 iii ;E 2 4 2 9 0 1 8 8 7 8 9 4 ;E E 
69593614093904229394E 

313)yp(314)?P(315)? 
320)?P(321)yp(322) ? 
327)?P(328)?P(329)? 
334 ) ? P ( 33:5 ) ? P ( 336 ) Z 
728494 798()5538070639E 
7 6 0 7 9 iii 9 6 6 5 7 1 9 0 5 6 5 iii 3 2 Eii 
79279493342948491103E 
82443037630328680306E 
85565435613076896192E 
8864173209482494264IE 
91667111635607384067E 
9463689993B300652943E 
9754656536317411461IE 
10039172044056840798E 
10316812330947621682E 
;l. 0 5 8 7 ;E 6 7 9 0 4 8 8 5 ;l. 9 7 9 3 ;E Eii 
10849844089337314099E 
11104461134006926537E 

341)?P(342)?P(343)? 
348)?P(349)?P(350)? 
^,J^:.} %..' .' y !" K I..' i..' i."} .' y I" K \7? vJ / ,' y 

362)y P(363)y P(364)Z 
;i. ;E 3 5 0 6 5 4 3 ;E 5 9 ii! 0.5 9 6 6 0 2 Eii 
;l. ;ii 5 ii! ii! 0 7 4 0 3 3 0 4 3 9 5 2 5 6 ii! Fi 
ir ;l. ii! ;i. 6 25 iii 5 ii! 9 0 ii! 3 0 2:3 5 7 6 3 Eii 
120352707B5279562630E 
12244424981611985899E 
12443560190714035263E 
;l. 2 613 2 4 0 3 6 413 5 4 2 0 7 iii 7 6 5 Eii 
12810698163877361967E 
129 78202239537399286E 
13134690091960152836E 
13279951743930530650E 
;E 3 4 ;E 3 7 9 3 0 iii 5 ;E ;E 0 0 9 ii! 5 ;E 3 Eii 
13536035934 956213614E 

V.C 

02 
02 
0 2 
0 2 
A -) 

y 

? 

? 

? 

? 

.' 

• 0 2 ? 

- 0.2 ? 
-02?' 
- 0:2 ? 
- 0 2 ? 
- 0 2 ? 
- 0 2 ? 
- 0 2 y 
- 0 2 ? 
- 0 1 ? 
- 0 1 ? 
- 0 1 ? 
- 0 1 ? 
- O I Z 

• ( . ) 

• 0 

• 0 

• 0 

•01 
- (') 

> 6 4 6 5 ; 'J., 7 1 2 9 1 4 2 8 E - 0 

3 6 9 ) ? E-' ( 3 7 0 ) ? E-' ( 3 7 1 ) ? 
3 7 6 ) ? P ( 3 7 7 ) ? P ( 3 7 8 ) ? 

13745093443001896632E-0 
13831631909506428676E-0 
1 3 9 0 6 0 ;E 9 6 0 1 3 2 5 4 6 1 2 6 4 iiii - 0 
;E 3 9 6 iii ;E 5 8 8 0 6 5 ;E 6 9 3 iii 5 ;E 6 E -- 0 

0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 ; 
0 0 0 : 
0 0 0 : 
0 0 0 ; 
0 0 0 : 
0 0 0 ; 
0 0 0 : 
0 0 0 ; 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 ; 
0 0 0 : 
0 0 0 ; 
0 0 0 ; 
0 0 0 : 
0 0 0 . 
0 0 0 : 
0 0 0 ; 
0 0 0; 
0 0 0 : 
0 0 0; 
0 0 0 ; 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 ; 
0 0 0 ; 
0 0 0 : 
0 0 0 ; 
0 0 0 : 
0 0 0 : 
0 0 0;. 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 
0 0 0 : 

2 9 3 2 0 
2 9 3 3 0 
2 9 3 4 0 
2 9 3 5 0 
2 9 3 6 0 
2 9 3 7 0 
2 9 3 8 0 
2 9 3 9 0 
2 9 4 0 0 
2 9 4 1 0 
2 9 4 2 0 
2 9 4 3 0 
2 9 4 4 0 
2 9 4 5 0 
2 9 4 6 0 
2 9 4 7 0 
2 9 4 8 0 
2 9 4 9 0 
2 9 5 0 0 
2 9 5 1 0 
2 9 5 2 0 
2 9 5 3 0 
2 9 5 4 0 
2 9 5 5 0 
2 9 5 6 0 
2 9 5 7 0 
295BO 
2 9 5 9 0 
2 9 6 0 0 
2 9 6 1 0 
2 9 6 2 0 
2 •:>•• 2; 3 0 

2 9 6 4 0 
2 9 6 5 0 
2 9 6 6 0 
2 9 6 7 0 
2 9 6 8 0 
2 9 6 9 0 
i 9 7 0 0 
; 9 7 1 0 
29720 
; 9 7 3 0 
j 9 74() 
2 9 7 5 0 
29760 
2 9 7 7 0 
29780 
29790 
' 9 8 0 0 
29810 
29820 
29830 
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i. 40179680394566 0 ii! 8 10 
E4055382072649964277 
140iii0351962553661325 
14092iii45069160408355 

* 0.98482396598119202090E-01? 0. 
* 0.70406976042855179063E-01?0. 
* 0.42269164765363603212E-01?0. 
* 0.140938B6410782462614E-01?0. 
* 0.14094407090096179347E-017 
ICEIECK - 0 

CHECK FOR TRIOIAL CASE. 
IF (A.EQ.B) GO TO 70 

SCALE FACTORS. 
SUM - (B+A)Z2.0 
DIFF - (B-A)Z2.0 

1-POINT GAUSS 
FZERO - F(SUM) 
RESULTd) - 2.0*FZER0*DIFF 
I =̂̂- 0 
IOLD - 0 
INEW - 1 
K - 2 
ACUM - (0.0?0.0) 
GO TO 30 

10 IF (K.EQ.8) GO TO 50 
I F ( I N E W + I O L D . G E . M E V ) GO TO 6 0 
K •••••••• K - i - 1 
ACiCiiM •'•'" ( 0 . 0 ? 0 . 0 ) 

CONTRIBUTION FROM FUNCTION yALUES ALREADY COMPUTED. 
DO 2 0 J - l ? I O L D 

I - I •!• 1 
ACUM - ACUM + P ( I ) * F U N C T ( J ) 

2 0 CONTINUE 
C; 0 N I' Ê  iii BU T 1 0 N I-' E( 0 M NEW E- Ci N C T X ON MA E., Ci Iiii ii!. 

3 0 TOLD - I O L D + INEW 
DO 4 0 J - I N E W ? I O L D 

i E •••••••• I • • } • i l . • 
X - P d ) * D I F F 
F U N C T ( J ) - F(SUM+X) + F ( S U M - X ) 
i E •••••••• X •!• 1 
ACUM - ACUM + Pd)*FUNCT(J) 

40 CONTINUE 
INEW - IOLD + 1 ' 
I - I •!• ;E 
Ei; E 3 Ci L T ( K ) - (A C U M •!• P ( I ) * F Z E R 0 ) * D11-' 1-' 

CHECK FOR CONyERGENCE. 
IF ' ( A B 3 (Ei; E A E.. ( R E 3 U L J (K ) ) - R E A L (Fi; E 3 Ci L I' ( K •••• 1 ) ) ) . I... Eii. Eii i-' ii! iE E.. * 

ii;ABS ( REAL ( R E S U L T ( K ) ) ) . AND , 
iii A B 3 ( AIM A G ( R Iiii 3 U E.. 'E' ( K ) ) - AIM A (iii (!••; E 3 U E.. T ( K •••• 1 ) ) ) . E.. Eii. Eii i-̂  S I E_ * 
$ A B S ( A I M A G ( R E S U L T ( K ) ) ) ) GO TO 6 0 

GO TO 1 0 
CONVERGENCE NOT A C H I E V E D , 

5 0 I C H E C K - 1 
NORMAL T E R M I N A T I O N , 

6 0 N P T S - INEW + l O L I i • 
RETURN 

E? 

0 0 0 
000 
000 
0 0 0 
0 0 0 
000 
000 
000 
000 
000 
0 0 0 
000 
0 0 0 
000 
000 
000 
000 
0 0 0 
0 0 0 
000 
000 
000 
0 0 0 
000 
000 
0 0 0 
000 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
000 
000 
000 
000 
000 
000 
0 0 0 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
000 
000 

29840. 
2 98 50 
29B60 
29870 
29880 
29890 
•-> 9 9 0 0 
29910 
29920 
29930 
29940 
29950 
29960 
29970 
29980 
2 9 9 9.;) 
iiii 0 0 0 0 
:.3 0 010 
3002 0 
30030 
.3 0 0 4 0 
30050 
3006 0 
3007 0 
3 0 0 ii! 0 
;3 0 0 9 0 
30100 
30110 
30120 
3 0 ;E 3 0 
30140 
30150 
3 0 ;E 6 0 
30170 
30 ISO 
30190 
30200 
30210 
30220 
3 012 ;3 0 
30240 
30250 
30260 
3 0 2 7 0 
30280 
30290 
30300 
30310 
30320 
30330 
30340 
30350 
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Program MQLyTHXYZ 

C TRiyiAL CA,SE ' 0003036 0 
•70 |̂; :::.• 2 0 0 0 13 0 ;3 .i.'0 

RESULT(l) - (0.0?0.0) . 00030330 
RESUI...T(2) - (0,0? 0.0) 00030390 
NPTS - 0 ' . 00030400 
RETURN 00030410 
END . 00030420 

COMPLEX FUNCTION CQ3UB(Ay B? EPSIL? NPTS? ICHECK? RELERR? F?MEy) 00030430 
COMPLEX RELERR?F?RESULT?ESTIM?COMP 00030440 

C THIS FUNCTION ROUTINE PERFORMS AUTOMATIC INTEGRATION ~ 000304 50 
C OyER A FINITE INTERyAL USING THE BASIC INTEGRATION 00030460 
C ALGORITHM QUAD? TOGETHER WITH? IF NECESSARY? A NON- 00030470 
C ADAPTIyE SUBDiyiSION PROCESS. 00030480 
C 'THE CALL TAKES TEIE FORM 00030490 
C: CQ3CiB ( A ? B ? Ei-^3 li E.. ? Ni-^'T3 ? iE (i! i ' iECi^ ? i-i;EE..FiE:;R ? E- ? MEV ) 0 0 0 3 0 5 0 0 
C AND CAUSES F(X) TO BE INTEGRATED OyER (A?B) WITEl RELATIVE 00030510 
C ERROR HOPEFULLY NOT EXCEEDING EPSIi.... SHOULD QUAD CONOERGE 00030520 
C (ICHECK-0) THEN QSUB WILL RETURN THE VALUE OBTAINED BY IT 00030530 
C OTHERWISE SUBDIVISION WILL BE INyOKED AS A RESCUE 00030540 
C OPERATION IN A NON-ADAPTIVE MANNER. THE ARGUMENT RELERR 00030550 
C GIVES A CRUDE ESTIMATE OF THE ACTUAL RELATIVE ERROR • 00030560 
C OBTAINED. 00030570 
C THE SUBDiyiSION STRATEGY IS A3 FOLLOWS 00030580 
C LET THE INTERyAL (A?B) BE DiyiDED INTO 2**N PANELS AT STEP 00030590 
C N OF THE SUBDiyiSION PROCESS. QUAD IS APPLIED FIRST TO 00030600 
C THE SUBDiyiDED INTERVAL. ON WHICH QUAD LAST FAILED 70 00030610 
C CONyERGE AND IF CONVERGENCE IS NOW ACHIEVED THE REMAINING 00030620 
IC PANELS ARE, INTEGRATED. SHOULD A CONyiiiiRGENCE FAILURE OCCUR 00030630 
C ON ANY PANEL THE INTEGRATION At THAT POINT IS TERMINATED 00030640 
C AND THE PROCEDURE REPEATED WITH N INCREASED BY 1. THE 00030650 
C STRATEGY INSURES THAT pn3SIBi...Y DEL IN (in. JEN 7 INTERyALS ARE 00030660 
C EXAMINED BEFORE WORK? WHICH L..ATER nIGHT HAOE TO BE 00030670 
:; DISCARDED? IS INyESTED ON WELL BEHAOED PANELS. THE 00030680 
;; PROCESS is COMI-'LETE WHEN NO CONVERGENCE FAILURE OCCURS ON 00030690 
;; ANY PANEL AND THE SUM OF THE RESULTS OBTAINED BY QUAD ON 00030700 
; EACH PANEL IS TAKEN AS THE OALUE OF' THE INTEGRAL. 00030710 
; THE PROCESS IS OERY CAUTIOUS IN THAT THE SUBDIVISION OF' 00030720 
; THE INTEROAL (A?B) IS UNIFORM? THE FINENESS OF WHICH IS 00030730 
: CONTROLLED BY THE SUCCESS OF QUAD, IN THIS WAY IT IS 00030740 
RATHER DIFFICULT FOR A SPURIOUS CONVERGENCE TO SLIP 00030750 
THROUGH. 00030760 

THE CONVERGENCE CRITERION OF.QUAD IG SLIGHTLY RELAXED 00030770 
IN THAT A PANEL IS DEEMED TO HAOE BEEN SUCCESSFULLY 00030780 
INTEGRATED IF EITHER QUAD CONyERGES OR THE ESTIMATED 00030790 
ABSOLUTE ERROR COMMITTED ON THIS PANEL DOES NOT EXCEED 00030800 
EPSIL TIMES THE ESTIMATED ABSOLUTE yALUE OF THE INTEGRAL 00030B10 
OyER (A?B). THIS RELAXATION IS TO TRY TO TAKE ACCOUNT OF 00030B20 
A COMMON SITCiATION WHERE ONE PARTICULAR PANEL CAUSES • 00030830 
SPECIAL DIFFICUI.„TY? PERHAPS DUE TO A SINGULARI7Y OF GOME 00030840 
TYPE. IN THIS CASE QUAD COULD OBTAIN NEARLY EXACT 00030850 
ANSWERS ON ALL OTHER PANELS AND SO THE RELAT IOE ERROR FOR 00030860 
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THE TOTAL INTEGRATION WOULD BE ALMOST ENTIRELY DUE TO THE 
DELINQUENT PANEL, WITHOUT 7'HIS CONDITION THE COMPUTATION 
MIGHT CONTINUE DESPITE THE REQUESTED RELATIOE ERROR BEING 
ACHIEyED. 

THE OUTCOME OF THE INTEGRATION IS INDICATED BY ICHECK. 
ICHECK-0 - CONyERGENCE OBTAINED WITHOUT INOOKING 

SUBDiyiSION, THIS CORRESPONDS TO THE 
DIRECT USE OF QUAD. 

ICHECK-1 - RESULT OBTAINED AFTER INyOKING SUBDiyiSION, 
ICHECK-2 - AS FOR ICHECK-1 BUT AT SOME POINT THE 

RELAXED CONVERGENCE CRITERION WAS USED. 
THE RISK OF UNDERESTIMATING THE RELATIOE 
ERROR WILL BE INCREASED. IF NECESSARY? : 
CONFIDENCE MAY BE RESTORED BY CHECKING 
EPSIL AND RELERR FOR A SERIOUS DISCREPANCY. 

ICHECK NEGATIVE 
IF DURING THE SUBDIVISION PROCESS THE 
ALLOWED UPPER LIMIT (IN THE NUMBER OF PANELS 
THAT MAY BE GENERATED (PRESENTLY 4096) IS 
REACHED A RESULT 13 OBTAINED WHICH MAY BE 
UNRELIABLE BY CONTINUING THE INTEGRATION 
WITHOUT FURTHER SUBDiyiSION IGNORING 
CONyERGENCE FAILURES. THIS OCCURRENCE IS 
FLAGGED BY RETURNING ICHECK WITH NEGATiyE 
SIGN. 

THE RELIABILITY OF THE ALGOî i;ITHM WILL DECREASE FOR LARGE 
yALUES OF EPSIL.' IT IS RECOMMENDED THAT EPSIL SHOULD 
GENERALLY BE LESS THAN ABOUT 0.001, 

DIMENSION RESULT(8) 
INTEGER BAD? OUT 
LOGICAL RHS 

. EXTERNAL F 
DATA NMAXZ4096Z 
CALL CQUAD(A? B? RESULT? K? EPSIL? NPTS? ICHECK? F?MEV) 
CQSUB - RESULT(K) 
RELERR - (0,0?0.0) 
I F ( R E A L ( C Q S U B ) . N E , 0 . 0 . A N D . A I M A G ( C Q S U B ) , N E . 0 . 0 ) RELERR-

i|> C M E-' i.„ X ( A B ii! ( R E A E„ ( R Iiii S U1... T ( K ) - R iiii ii! U L J ( K •••' ;E ) ) ) Z R E A E. ((i! Q S U B ) ? 
ii; A B ii! (, AIM A G (i-i; E 3 U E„ 'I' ( K ) -- R Iiii 3 Ci E.. T ( K •-1 ) ) ) Z A iE M A (i) (li; Q S CJ B ) ) 

CHECK I F SUBDIVISION I S NEEDED. 
IF (ICHECK.EQ.O) RETURN 

SUBDiyiDE 
E3TIM-CQ3UB*EP3IL 
E 3 T iE M-CM E-' E. X ( A B S ( RE A1.., (Iiii ii! TIM ) ) ? A Bii! ( AIM AG (Eii S J IM ) ) ) 

- IC - 1 
RHS - . F A L S E . 
N -̂  1 
H - B - A 
BAD - 1 

10 CQSUB - ( 0 . 0 ? 0 . 0 ) 
RELERR - ( 0 , 0 ? 0 . 0 ) 
H - H * 0 . 5 

0003 ;)870 
00030880 
00030890 
00030900 
00030910 
00030920 
00030930 
00030940 
00030950 
00030960 
00030970 
00030980 
0003 
0 0 013 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0 0 0 3 
0003 
0003 
0003 
0003 
0003 
0003 
0 0 013 

0 ' J '>..'..." 

0 0 0 3, 
0003 
0003 
0003 
0003 
0003 
0003 
00013 
0003 
0003 
0 0 013 
0 0 013 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0 0 0 3; 
0 0 013, 

:)990 
1000 
E 010 
E020 
1.0 3 0 
i040 
E050 
E060 
E070 
E080 
E090 
El 00 
1 1 1 0 
E120 
El 30 
E140 
E150 
El 60 

1. .1. ..'•' I,) 

1 1 8 0 
E190 
E200 
E 210 
E220 
E230 
E240 
E250 
E260 
E270 
E2B0 
E 2 9 0 
1300 
E310 
E320 
E330 
E340 
E350 
,360 
. 3 7 0 
380 



006T£000 
068T£000 
088T£000 
0Z8T£000 
09BT£000 
0S8T£000 
Ot/8T£000 
0£8T£000 
038T£000 
0T8T£000 
008T£000 
06ZT£000 
08ZT£000 
OZZT£000 
09ZT£000 
OSZ T £00.0 
Ot^ZT£000 
0£ZT£000 
03ZT£000 
0T/T£000 
00ZT£000 
069T£000 
089T£000 
0Z9T£000 
099T£000 
0S9T£000 
0t'9T£000 
0£9T£000 
039T£000 
0T9T£000 
009T£000 
06ST£000 
OBST£000 
OZSTSOOO 
09ST£000 
OSST£000 
Ot^ST£000 
0£ST£000 
03ST£000 
OTST£000 
OOST£000 
06t^T£000 
08t^T£000 
OZt?T£000 
09t^T£000 
OSt^T£000 
Oi^t?T£000 
0£t'T£000 
03t^T£000 
OTtZE£000 
00t^T£000 
06£T£000 

(A3W 

3WOO f 333133 - 3y3133 
lONIlNOO 08 

(W)110333 + 00303 - 00303 OZ 
. . (31)3001- - 31 09 

OT 01 09 
* 3031 * - 833 (0 * 03*((3Zr)*3-r)) 31 

*3siy3* - sHy 
T - r*3 - oyo 

09 01 09 (XyWN*03*N) 31 
*inO 03I33y3 30 OinOHS NOISIAIOOOS 3331303 31 N33H3 

* 3100031 03sny3 syn r iyA33iNions 
OOT 01 09 ((NIlS3)9yWiy'31*(3W03)9yWiy $ 

* 0 N y * (w 1.13 3 ) "1 y 3 d * 3 "1 * (.-I w 0 i;)) "1 y 3 d ) 31 
oz 01 09 d*3N*M33H3I) 31 

OZ 01 09 (A3W*39*S13N)'3I 
3N •{• S13N - 313N 

(((3W03)9yWiy)Soy"((3W03)lV3y)S0y)X13W3-3W03 
( ( E •••• W ) .1 •"! n 3 iiil ill - ( W ) 1 '"l n 3 3 3 ) :•••••• 3 W (72) 

" M :.] 3 F-i 3 1 " .-I N " "11 ii! ."13 " W M "l f) 3 3 d " y .13 0 " y F-I d "1 y ) 0 y fT 0 3 "1 "l y 3 
[..I .f yH3H-J :::: yj.lO 

• (T-r)*H + y - yH3ly 
rr Tw -}• 3W - r ( S H 3 ) 3 I 

* ON331 03A33300 3HI NO 9NiaN333a iyA331NI 3W033100031 
03aiAI00n3 3H1 30 3iyH 1H0I3 30 1331 3HI 133I3 3NIWyX3 

r r ••••̂  r 
3W"Tw-rr 08 00 

0 6 0 1 0 9 ( 3 W * 1 0 * T W ) 3 1 OS 

*3W 0 1 TW S"'EyA331NI0nS 3 3 A 0 3 i y y 9 3 1 N I 
N y 0 1 3 3 

( ( ( o n s o 3 ) 9 y w i y ) s o y z ( y y 3 i 3 3 ) s y w i y n̂ ' 
" ( ( 0 n s 0 :i)) "1 y iiii d ) ii! 0 y z ( d d 3 1 3 y ) "i y 3 3 ) x "i dw 3 •••••••• d d 3 1 3 3 

31 - N33H3I Ot̂  
110333 NOISIAIOOOS 

OS 01 09 
£ - 100 
N - 3W 

3 + oyo - TW 0£ 
*N 01 (3+OyO) SiyA331NI00S y3A0 31y3931NI 

OS 01 09 
3 - 100 

*33iy3* - 333 
T - OVO - 3W 

T - TW 03 
d-oyo). 01 T siyA33iNions 33A0 iiyyosiNi 

OS 01 09 
T -•- .100 

T '1- oyo - 3W 
oyo - TW 
* 03330930 SVH 

3100031 333HM (T'fOyO) 01 OyO 3iyA331NI0nS 33AO 3iy3931NI 
*SiyA331NI0OS lyOOl N OINI 0301AIO (0"V) iyA331NI 

N -}- N ••̂̂^ N 

,:•! a a . 

ZAXHIAIOW u i a a s o a y 
r.i o X q. a q. r.i a m i-i;:) o q a a 'i: q.'[ i"i jj 
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90 GO TO (20?30?40)? OUT 
RELAXED CONVERGENCE 
100 IC - ISIGN(2?IC) 

GO TO 70 
END 

00031910 
00031920 
0003 
0003 
0003 

; 9 3 0 
L 9 4 0 
1950 

COMPLEX FUNCTION CQSUBA(A? B? EPSIL? NPTS? ICHECK? E 
C O M E-' E,. E X R E E,. E i'i; R ? E" ? Fi; E S U L T ? E 3 T I M ? C 0 M1-̂  

THIS FUNCTION ROUTINE PERFORMS AUTOMATIC INTEGRATION 
OyER A FINITE INTERyAL. liSING THE BASIC INTEGRATION 
ALGORITHM QUAD TOGETHER WITH? IF NECESSARY AN ADAPTIyE 

.ER 

(i; 

SUBDiyiSION PROCESS. IT IS GENERALLY MORE EFFICIENT THAN 
THE NON-ADAPTIyE ALGORITHM QSUB BUT IS LIKELY TO BE LESS 
i-i; E E.. I A B E.. Eii ( 3 E E C 0 M P . J , ? 1 4 ? 1 8 9.? 1 9 7 ;E ) . 

THE CALL TAKES THE FORM 
C Q S U B A ( A ? B ? E i-̂  3 1 E . ? N Ê^ J ii! ? I C Fl E C K ? Ei; E E.. iiii R Ei; ? F' ? Mliii V ) 

AND CAUSES F(X) TO BE INTEGRATED OyER (A?B) WITH RELATIyE 
ERROR HOPEFULLY NOT EXCEEDING EPSIL, SHOULD QUAD CONyERGE 
(ICHECK-0) THEN QSUBA WILL RETURN THE yALUE OBTAINED BY I' 
OTHERWISE SUBDiyiSION WILL BE INyOKED AS A RESCUE 
OPERATION IN AN ADAPTIVE MANNER. THE ARGUMENT RELERR GIVEi 
A CRUDE ESTIMATE OF THE ACTUAL RELATiyE ERROR OBTAINED, 

THE SUBDiyiSION STRATEGY IS AS FOLLOWS 
AT EACH STAGE OF THE PROCESS AN INTERyAL IS PRESENTED FDR 
SUBDiyiSION (INITIALLY THIS WILL BE THE -WHOLE INTERyAL 
(A?B)). THE INTERyAL IS HALyED AND QUAD APPLIED TO EACEl 

C SUBINTERyAL. SHOULD QUAD FAIL ON THE FIRST SUBINTERyAL 
C THE SUBINTERyAL IS STACKED FOR FUTURE SUBDIVISION AND THE 

SECOND SUBINTERyAL IMMEDIATELY EXAMINED. SHOULD QUAD FAIL 
ON THE SECOND SUBINTERVAL THE SUBINTERyAL IS 
IMMEDIATELY SUBDiyiDED AND THE WHOLE PROCESS REPEATED. 
EACH TIME A C ONy ERG ED RESULT IS OBTAINED I'l' IS 
ACCUMULATED AS THE PARTIAL VALUE OF THE INTEGRAL. WHEN 
QUAD CONVERGES ON BOTH SUBINTERyALS THE INTERyAL LAST 
STACKED IS CHOSEN NEXT FOR SUBDIVISION AND THE PROCESS' 
REPEATED. A SUBINTEpyAL IS NOT EXAMINED AGAIN ONCE A 
CON VERGED RESULT IS OBTAINED FOR IT SO THAT A Sî -'URIOUS 
CONyERGENCE IS MORE LIKELY TO SLIP THROUGH THAN FOR THE 
NON-ADAPTiyE ALGORITHM QSUB. 

THE CONyERGENCE CRITERION OF QUAD IS SLIGHTLY RELAXED 
IN THAT A PANEL IS DEEMED TO H A O E BEEN SUCCESSFULLY 
INTEGRATED IF. EITHER QUAD CONVERGES OR THE ESTIMATED 
ABSOLUTE ERROR COMMITTED ON THIS PANEL DOES NOT EXCEED 
EPSIL TIMES THE ESTIMATED ABSOLUTE yALUE OF THE INTEGRAL 
OVER (A?B). THIS RELAXATION IS TO TRY TO TAKE ACCOUNT OF 
A COMMON SITUATION WHERE ONE PARTICULAR PANEL CAUSES 
SPECIAL DIFFICULTY? PERHAPS DUE TO A SINGULARITY OF SOME 
TYPE. IN THIS CASE QUAD COULD OBTAIN NEARLY EXACT 
ANSWERS ON ALL OTHER PANELS AND SO THE RELATIVE ERROR FOR 
THE TOTAL INTEGRATION WOULD BE ALMOST ENTIRELY DUE TO THE 
DELINQUENT PANEL, WITHOUT THIS CONDITION THE COMPUTATION 
MIGHT CONTINUE DESPITE THE REQUESTED RELATiyE ERROR BEING 

F?MEy) 00031960 
00031970 
0 0 0 3 1 9 ii! 0 
00();319^?0 
0 0 0 3 22 0 0 0 
00032010 
0 0 0 3 
00 013 
0 0 0 3 
00013 
0003 
0003 
0 0 0 3 
0003 
0 0 013 
0003 
0 0 013 
0003 
0003 
0 0 0 ;3 
0 0 013 
0003 
0 003 
() 0 0 3 
0003 
0 0 0 :.3; 
0 0 0 3 
0003: 

^ 0003; 
0003; 
0003 
ooois; 
0 0 013. 
0003; 
0003; 
0003: 
0003: 

/.; 0 2 o 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2 ;E :E 0 
2120 
2130 
2 ;r 4 0 
2150 
2160 
2170 
2180 
2190 

22JiO 

2240 
2250 
2260 
2270 
2 2 iii 0 
2290 
;>;30 

2310 
2320 

0 o 0 3; 
0003; 
0003; 
0003: 
0003; 
0003; 
0003; 
0 0 0 3; 
0003; 

2 3 3 0 
2 3 4 0 
2 3 5 0 
2 3 6 0 
2 3 7 0 
23BO 
2390 
2400 
2410 
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I.; 

C IC El EC 
C ICE! EC 
C 

K:= 
|.;'..: 

:̂ 1 
"2' 

ACHIEyED. 
THE OUTCOME OF THE INTEGRATION IS INDICATED BY ICHECK. 
ICHECK-0 - CONyERGENCE OBTAINED WITHOUT INyOKING SUB­

DiyiSION. THIS WOULD CORRESPOND TO TEIE 
DIRECT USE OF QUAD. 

- RESULT OBTAINED AFTER INyOKING SUBDiyiSION. 
- AS FOR I CHECK-1 BUT AT SOME POINT TEIE 

E^EE.. A X E D C(i)NyER GIiiiNC!E (i!Ei; iE TEi-i; iii O N W A S U3IiiiD . 
C THE RISK OF UNDERESTIMATING THE RELATiyE 
C ERROR WILL BE INCREASED. IF NECESSARY? 
C CONFIDENCE MAY BE RESTORED BY CHECKING 
C EPSIL AND RELERR FOR A SERIOUS DISCREPANCY. 
C ICHECK NEGATiyE 
C IF DURING THE SUBDiyiSION'PROCESS THE STACK 
C OF DELINQUENT INTERyALS BECOMES FULL (IT IS 
C PRESENTLY SET TO HOLD AT MOST 100 NUMBERS) 
C A RESULT IS OBTAINED BY CONTINUING THE 
C INTEGRATION IGNORING CONVERGENCE FAILURES 
C WHICH CANNOT BE ACCOMMODATED ON THE STACK, 
C THIS OCCURRENCE IS FLAGGED BY RETURNING 
C ICHECK WITH NEGATIOE SIGN. 
C THE RELIABILITY OF THE ALGORITHM WILL DECREASE FOR LARGE 
C;' yALUES OF EPSIL. diT IS RECOMMENDED THAT EPSIL SHOUE..D. 
C GENERALLY BE LESS THAN ABOUT 0.001. 

D I M E N 3 1 0 N Fi; E 3 Ci I... T ( 8 ) ? ii! T A l! K ( 1 0 0 ) 
EXTERNAL F 
DATA ISMAXZIOOZ 
CALL CQUAD(A? B? RESCiLT? K? EPSIL? NPTS? ICHECK? F?MEy) 
CQSUBA - RESULT(K) 
i'<lil...iiiiE(Ê ; - ( 0 . 0 ? ( ) . ( ) ) 
I F (i-i: Eii A I... ( C Q ii! U B A ) . N iiii. 0 . 0 . A N D . A li M A (i! ( C (7 ii! i.J B A ) . N iiii . 0 . 0 ) I-i; Eii E.. iiii Ei; !•:; -• 

* C M E-̂  E.. X ( A B ii! (i'i; Eii A1... (Ei; Iiii 3 Ci E.. T ( K ) - R iiii ii! CJ E.. T ( K - ;l. ) ) ) Z i-i: iiii A E.. ( C Q ii! Ci B A ) ? 
* A B ii! ( A I M A G (i-i; E 3 CJ i... T ( K ) - i-i; E ii! CJ I... T (!< •••• ;i. ) ) ) Z A li M A (iii (C; Q ii! CJ B A ) ) 

C C H E C K I F S U B B I O I S I O N I S N E E D E D 
IF (ICHECK,EQ,0) RETURN 

C SUBDiyiDE 
. ESTIM-CQSUBA*EP3IL 

E 3 TIM - C MF"I... X ( A B 3 ( R E A E.. (Eii S I' IM ) ) ? A B 3 ( A I M A (i! ( Fi 3 'T li M ) ) ) 
RELERR - (0.0?0.0) 
CQSUBA - (0.0?0.0) 
IS - 1 
I C •-••• 1 . 

SUBl - A 
SUB3 - B 

10 SUB2 - (3UB1+SUB3)*0.5 
CALL CQUAD(SUBl? SUB2? RESULT? K? EPSIL? NF? ICHECK? F?MEy) 
NPTS - NPTS + NF 
I F ( N P T S . G E . M E V ) GO T O 5 0 
C 0 M F-' ••••̂- ( R E 3 U E.. 'E' ( K ) - - R E S U E„ T ( K - 1 ) ) ' 
C 0 M I-' •••••••• C M I"' E_ X ( A B 3 (Fi; E A E.. ( C 0 M E-') ) ? A B ii! ( A li M A G ( C! 0 MI-') ) ) 
I F ( I C i-l E C K . E Q . 0 ) G 0 T Q 3 0 
I F ( R E A E.. ( C 0 M I- ) , E.. F i , î i; E A E.. ( E 3 'T li M ) . A N D . 

O r J r> 3 2 4 2 0 

0 0 013 22 4 ;3 0 
00032440 
00032450 
00032460 
00032470 
000324 iii 0 
00032490 
000325 0 0 
00032510 
0 0 0 ;3 2 5:2 0 
00032530 
0 003254 0 
00032550 
0003:2560 
00032570 
0 0 013 2 5 ii) 0 
00032590 
0 0 0 ;3 2 6 0 0 
0 0 0 :.3 ;2 610 
0 0 0 ;3 2 6 2 0 
0 0 013 22 613 0 
'1,' '1) 0 3 2' 6.4 () 
00032650 
0 003266 0 
0 0 013 2 6;/ 0 
0 0 0 3 2 68 0 
00032690 
() i j (J ' / , ' / •/ () i \ 

0 0 0327 ;i. 0 
0.::.() .i;'::''/ •:•' o 

()00:;; 12 i-'' 13() 
•:.) () o ;3 2':''' •4 () 

00032750 
0 0 0 3:2 7 6 0 
00032770 
0 0 0 3 2 7 ii! 0 
0 0 013 ;;2 7 9 0 
0 0 0 ;3 2 ii! 0 0 
00032810 
0 0 0 3 2 iii 2 0 
0 0 0 3 2 ii! 3 0 
00032840 
0 0 0 3 2 iii 5 0 
00032860 
00032870 
00032880 
00032890 
00032900 
00032910 
00032920 
00032930 
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* AIMAG(COMP),LE.AIMAG(ESTIM)) GO TO 70 
IF (IS.GE.ISMAX) GO TO 20 

ii! T A C K 3 Ci B I N T E R V A L (3 U B il. ? ii! Ci B 2 ) F' 0 R F Ci T Ci R E ,E X A M I N A T 1 0 N 
STACK(IS) - SUBl 
IS - IS + 1 
STACK(IS) - SUB2 
IS - IS + 1 
GO TO 40 

20 IC - -lABSdC) 
30 CQSUBA - CQSUBA + RESULT(K) 

RELERR - RELERR + COMP 
40 CALL CQUAD(SUB2? SUB3? RESULT? K? EPSIL? NF? ICHECKy 

NPTS - NPTS + NF 
IF(NPTS.GE,MEy) GO TO 50 
C 0 M F̂  - (Ei; E 3 Ci L T ( K ) -- Ê  E 3 Ci E.. T ( K -1 ) ) 

COMP-CMPLX(ABS(REAL(COMP))y ABS(AIMAG(COMP))) 
IE-' ( I (i; Ei Eii C; K . Eii Q . 0 ) G 0 7' (i) 5 0 
I i-' (i-i; E A E„ ( C 0 M F^) , i... Iiii. Ei: Fi A E. ( E 3 T I M ) . A N D . 

i|; A I M A G ( C 0 M I-') . E- E . A I M A G (iiii S T I M ) ) G 0 T 0 S 0 
SUBDIVIDE INTERyAL (SUB2?SUB3) 

SUBl - SUB2 
GO TO 10 

50 CQSUBA - CQSUBA + RESULT(K) . 
RELERR - RELERR + COMP 
IF(NPTS.GE.MEy) RETURN 
IF (IS.EQ,1) GO TO 60 • 

SUBDiyiDE THE DELINQUENT INTERVAL LAST STACKED 
IS - IS - 1 
SUB3 - STACK(IS) 
IS - IS - 1 
SUBl - STACK(IS) 
GO TO 10 

SUBDiyiSION RESULT 
60 ICHECK - It; 

R Eii E„ Eii R R:- C M F L X ( R E A l„, ( R E E.. Fi R R ) Z A B 3 (Fi; E A I... ( C Q ii! U B A ) ) ? 
iii AIMAG( RELERR )ZABS( AIMAG ( CQSUBA) ) ) 
RETURN 

RELAXED CONyERGENCE 
70 IC - ISIGN(2yIC) 

GO TO 30 
80 IC - Iii!IGN(2yIC) 

GO TO 50 
END 

FyMEV) 

0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0 0 013 
0003 
0003 
0003 
0003 
0 0 0 3 
0003 
0003 
00 013 
0003 
0 () 013 
0 0 0 3 
0003 
0 0 0 3 
0003 
0 0 0 3 
0003 
0 0 0 3 
0 0 0 3 
0 0 0 3 
0 0 013 
0003 
0 0 0 3 
0003 
0 0 0 3 
0 0 0 3 
0003 
0003 
0 0 0 3 
0003 
0 0 0 3 

2940 
2950 
2960 
2970 
2980 
2990 
3000 
3010 
3020 
3030 
3040 
3050 
3060 
3070 
3 0 ii! 0 
3090 
3100 
3 ;l. ;E 0 
312 0 
3130 
3140 
3150 
3 ;E 6 0 
3170 
3180 
3190 
3200 
•I'-) 1 ,-1 

3220 
3230 
13 ;12.4 0 
3250 
3260 
3270 
3280 
3290 
3300 
3 310 

3330 
3340 
3350 
313 6 0 

SUBROUTINE IMSLMQ(SUBZ?SUBEND) 00033370 
C IMSLMQ-- DERIVATiyE-FRiEE 'IMSL' MARQUARDT INyERSION -5Z4Z79 00033380 
C FOR SOLVING GENERAL NONLINEAR LEAST SQUARES PROBLEMS. USER NEED ONLY 00033390 
C WRITE SUBROUTINES 'FCODE? SUBZ? ANB SUBEND' EXACTLY AS USED 00033400 
C IN PROGRAM 'MARQRT'. ALSO? THE SAME PARAMETER FILE05 AND DATA 00033410 
C FILEl0 MAY BE USED BY 'IMSLMQ' AS IN 'MARQRT', 00033420 
I.' 0 0 0 313 413 0 
C N O T E ; 'FCODE' CANNOT BE PASSED AS EXTERNAL DUE TO THE 00033440 
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C ' B E.. A C K"- B O X ' NAT' Ci Fi; Eii 0 i-' I M ii! i... 1̂  0 Ci T iE N iiii ' Z X ii! (i! Q ' (ii! E E iE M 3 E.. D 0 (i!, ) . 
C THUS? ONE SHOULD RENAME ACTUAL NAME TO 'FCODE' FOR USE HERE. 
C (I.E.? SEE CALL FCODE IN 'FPXSSQ' EXTEi'i;NAL FUNCTION FOR ZXSSQ). 
C 
C THE USER MUST DECLARE THE CALLING PARAMETERS 
C SUBZ?SUBEND (ANY DESIRED NAMES MAY BE USED) A3 EXTERNAL IN 
(i: M A I N (i; A E.. E.. iE N G F̂ î̂i; 0 G Fi; A M 5 iiii. G . ? 
C . 
C EXTERNAL SUBZ?SUBEND 
G C A E„ E„ I M ii! L_ M Q ( S U B Z ? S U B E N I i ) 
C STOP 
C END 
C 
C; T111S iE N TERE- ACE BE T WIiiiEN ''M ARQR'I ' ' AND ' IM3LMQ ' WAS WEi; I T TEN B Y 
C W.L.ANDERSON? U.S, GEOLOGICAL SURVEY? DENVER? .COLORADO, 
C 
C SEE DOCUMENTATION OF 'MARQLOOPS'? USGS OPEN-FILE REPT 79-240 (1979)? 
C FOR DETAILS ON CODING THE REQUIRED SUBROUTINES FCODEySUBZ? AND 
(i! 3 U B E N D . A L S O S E E I M S E_ D 0 C U M Eii N T A T iE 0 N E" 0 Fi; ' Z X S 3 Q ' . 
C 
C THE I N P U T ORDER ON F I L E 0 5 (PARAMETER F I L E ) i j i s ; 
C 
(i; ;L . T iE T E. E ( M A X . 8 0 - C l-l A Ei; A C T E R T I T L E A E.. W A Y ii! Ei; Iiii Q Ci I R Fi D ) . 
C 2. iiiPARMS (SAME PARMS DEFINITIONS FOR PGM MARQRT FOR PARAMETERS; 
C N?K?IP?M? IALT? ISTOP? IWT?NITER?E?.SCALEP?B( ) ?IPRT? AND IB( ) ) . 
C Ê^ E. U S ? A D Iii I T 1 0 N A E.. 1̂̂^ A Fi; M 3 i--' 0 îi; ' Z X ii! ii! (J' ( S lEi E I M 3 i... D 0 C ) ; 
C 1 0 F̂  'T ? N S I G y M A X F N ? E F̂  3 ? Iii E E.. T A ? E-̂  A i'i; M ( 4 ) . 
C 3. (OBJECT-TIME FORMAT STATEMENT) FOR READING THE DATA MATRIX 
L! ( Y ( I ) y X (I y J ) y J - 1 ? M *.) O N 1"' iE E.. E I A E.. 'I' ( D E1-' A Ci E.. T' :E 0 ) y W i-i Eii îi; E M * ̂ •̂••- M •!• iE W T . 
C (3A. INSERT DATA MATRIX HERE ONLY IF IALT-5) 
C 4. ililNIT OPTIONAL NAMELIST FOR READING ADDITIONAL PARMS IN 
C SUBROUTINE SUBZ (WHICH MAY BE A DUM.MY SUBROUTINE). 
C 5.' OPTIONALLY? REPEAT STEPS 1-4? IF' ISTOP-0 WAS USED IN STEP 2. 
C 
C OUTPUT IS GiyEN ON FILEO6 (ON-LINE USUALLY)? AND 
C ON FILE 16 (CONTAINS ALL PRINTABLE OUTPUT)!) FILE06 CONTAINS ONLY' 
C OUTPUT yiA PARM IPRT (0 "ABBREOIATED? 1 OR -2 DETAIL). 
(.'.: 
(i; : • -

C- THE USER SHOULD ADD ii^IMLiiOiMSL TO THE SEARCH RULES ON M U L T I C S . 
C (iE M ii! L„ R 0 l,J T X N E 3 Ci S Eii D ; ZXSSQ? I„. Iiii Q T' 1F' ? L U D E C F v 1... U E L M E-̂  ? Cl E R J ii! J ? L iE N y ;l. Ê ') 
C - - •: - ; " 

C 
DI MENS ION B ( 20 ) ? GR Alii ( 20 ) ? T' I TLE (16)? H ( 270 ) ? COy ( 20 ? 20 ) ? SE ( 20 ) 
DIMENSION SQWT(200)?IB(20)? PRNT(5)? C(20)?INDEX(20)? 

?. XJAC(200?20) ?XJTJ(210) ? WORK (710) ?PARM(4) ?F(200) 
INTEGER SP?SCALEP?SY?SCALEY 

C THE FOLLOWING CHARACTER STATEMENTS ONLY FOR HONEYWELL MULTICS; 
CHARACTER*4 FMT(18) 
CHARACTER*5 TITLE 
C0MM0NZFIXDATZY(200)?X(200?5)?BFIX(20)? YMAX?IIB(20)?IIP?NOBSyK 
COMMONZPRTZIPRT 

000 
000 
000 
000 
000 

3 
3 
13 
3 

0003 
000 
000 
000 
.000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
0 0 0 
000 
0 0 0 
0 0 0 
000 
000 
000 

3 
-:> 
3 
3 
3 
3 
3 
3 
" X 
1...' 

3 
3 
3 
3 
13 
3 
3 
3 
3 
3 
: • : > 

3 
3 
3 
3 
•'x 

3 
3i 

3 
3 

0003 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
000 
000 
000 

'3 
13 
".!; 

3: 
3 
3 
3. 
3. 
3. 
3' 
3: 

34 
34 
34 
34 
34 
35 
35 
35 
35 
35 
35 
35 
•'.'' r.r 

35 
35 
36 
36 
36 
36 
36 
36 

50 
60 
70 
80 
90 
00 
10 
20 
30 
40 
50 
60 
70 
80 
90 
00 
10 
•••. '.• !'"p 

30 
.40 
50 

3660 
36 
36 
36 
37 
37 
37 
37 
37 
37 
37 
37 
37 

33 
38 
38 
38 
38 
38 
38 
38 
38 
38 
39 
39 

000339 
000 
000 

ooo: 

3: 
-.f • 

3: 
0003: 

39 
39 
,39 
39 

70 
80 
90 
00 
10 
20 
30 
40 
50 
60 
70 
80 
90 
00 
10 
20 
30 
40 
50 
60 
70 
80 
90 
00 
10 
20 
30 
40 
50 
60 
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C-
(i; 
C 
C 
C 
G 
C-

C •• 

6 

E X T' Eii Ei; N A L I-' F' X S 3 Q ? E.. N X S S Q 
EQUiyALENCE (SQWT(1)?X(1?5))?(SP?SCALEP)?(N?NOBS)? 

S ( M ? NVARS ) ? ( NI TER ? LIMIT ) ? ( SY ? SCALEY ) ?. ( E ? EPS ) ? ( 33 ? SSQ ) ? 
X (IB (1 ) ? I IB (1 ) ) ? (IP ? I IP ) ? ( B (1 ) ? BF'IX ( 1 ) ) 
N A M E E.. 1 3 T / F A R M S Z N ? K ? IF^ ? M ? I A I... T ? N I T Fi Ê  ? I B ? Iiii ? B ? I W T ? iE ii! T 0 Ê' ? 3 F̂  ? 3 Y ? 

'i SCALEP ? SCALEY ? IDER ? IPRT ? INON ? FF ? T ? TAU ? XL ? MODLAM ? GAMCR ? 
^ D E E.. ? Z E E' A ? 1 0 Ci T ? 1 0 F T ? N ii! I G ? M A X i"' N ? E I-' 3 ? D E L 7' A ? i~' A Ei; M 

• NOTE NAMELIST PARMS INCLUDED (BUT IGNORED) FOR COMPATIBILITY 
A Ei; E ; I D Eii Ei; ? iE N O N ? F F ? T ? I' A Ci ? X E.. ? M 0 D i... A M ? G A M C E< ? D Iiii I,.. ? Z E'!' A ? iE 0 l,i T . 
ALSO? SP-SCALEP WILL BE CONSIDERED MODE-1 (ALOG OPTION) ONLY 
WHEN SP-2 OR 1 (AND MODE-O LINEAR WHEN SP-O), SY-SCALEY IS 
IGN0RED F0R THIS yEl̂ i;310N 0E- ' IMSLMQ ' . 

-READ IMSLMQ TITLE LINE 
READ(5?4) TITLE 
FORMAT(16A5) 

-PRESET DEFAULTS 
N-0 
K-0 
M-0 
IP-0 
IPRT-0 
ISTOP-1 
IW7'-0 
IALT-10 '-
NITER-10 
SP-O 
MODE-O 
FMIN-0,0 
IOPT-1 
NSIG-3 
MAXi-'N-O 
EPS-0.0 
DELTA-0,0 
PARM(1)-.01 
PARM(2)-2. 
PARM(3)-120, 
PARM(4)-.l 
DO 5 I-l?20 
IB(I)-0 
Bd)-0.0 
GRAB(I)-0.0 

READ iliPARMS 
READ(5?PARMS) 

TEST *PARMS BEFORE PROCEEDING 
IF ( N . G T , 2 0 0 , 0 R . K . G T . 2 0 , 0 Ê ;, M . G 7'. 4 . 0 R . IW T . G 7'. 1 . 0 R . IP . G T , 19 , 0 Fi;, 

X N . L'l:. 1 . O R , K . LE'. 1 . O R . M . LE'. 1 . Ol-i;. I W'T . L T , 0 . Ol'i;, I P • L T , 0 , O R . 
8 N . L, T . \< •••• I P . 0 Ei.'. IA L T . E Q , 6 , 0 R . IA L')". Ei Q . 1 6 ) 
SCALE ERRMSG ('SOME itPARMS OUT OF RANGE . ' ? 5 ? 6 ? 16 ) ' 
DO 7 I-lyK 
IF(B(I).EQ,0,0)CALL ERRMSG('SOME B(I)-0,0 '?3?6?16) 
CONTINUE 

0 00339 7 0 
00033980 
00033990 
00034000 
00034010 
00034020 
00034030 
00034040 
00034050 
00034060 
00034070 
00034080 
00034090 
00034100 
00034110 
00034120 
00034130 
0 0 013 4 il. 4 0 
00034150 
00034160 
00034170 
00034180 
0 0 013 419 0 
00034200 
00034210 
00034220 
00034230 
00034240 
0 0 013 A 2 5 0 
00034260 
0 0 013 4 2.7 0 
0 0 0 3 4 2; iii 0 
00034290 
00 03.4 3 00 
00034310 
00034320 
0 0 0 3 4 3 3 0 
0 0 013 4 3 4 0 

0 0 0 3 4 3 i;;i 0 
00034360 
00034370 
0 0 0 3 4 3 8 0 
0 0 0 3 4 3 9 0 
00034400 
00034410 
00034420 
00034430 
00034440 
00034450. 
00034460 
000344 70 
00034480 



0 0 0 S £ 
0 6 61^ £ 
0861?£ 
0Z6t^£ 
0 9 6 t ' £ 
0S6t! '£ 
0 t /6 t /£ 
0 £ 61'- ,£ 
0 3 61- £ 
0 T 61' £ 
()()6t='£ 
068f r£ 
088 t^£ 
0 Z iii t' £ 
098t>'£ 
0S8fe'£ 
0 t ' 8 t / £ 
0 £ 8 t ' £ 
038t?'£ 
0 T ii! V £ 
0 () !•'> h' £ 

0 6 Z t'' £ 

oezt^£ 
OZZt-£ 
09Zt?£ 
OSZt^£ 
Ot''Zt''£ 
0£Zt?£ 
0 3 Z t̂  £ 
OTZt'£ 
OOZt^'£ 
0 6 91^ £ 
089 t^£ 
0 Z 91/ £ 
0 9 9 t ' £ 
0S9t^£ 
0 t ' 9 t ' £ 
0 £ 91'' £ 
0 3 9 t r £ 
( \ T '-y' |y C 

009 t^£ 
0 6 S t r £ 
0 8 S t ' £ 
OZSt '£ 
0 9 S t ' £ 
OSSt/£ 
Ot 'S t '£ 
0 £ S t ' £ 
0 3 S t ' £ 
OTSt '£ 
0 0 S t' £ 
06t''tJ'£ 

000 
0 0 0 
0 0 0 
000 
000 
000 
000 
000 
0 0 0 
0 0 0 
000 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
000 
000 
0 0 0 
() (:' () 

O 0 0 

000 
0 0 () 
0 0 0 
000/ 
000 
0 0 (') 
.••) .••) 0 

() 0 () 

0 0 0 
000 
000 
000 
0 0 0 
000 
000 
0 0 0 
000 
0 00 
000 
000 
0 0 0 
000 
000 
000 
000 
0 0 0 
000 
000 
000 

••.'• t " \ r , 

(... •.>- .>-

T 9 9 

n 9 9 

303 01 09 ((0)01*03*1)31 
3I"T-r T03 00 
>i"T-I 303 00 

0-WI 
0-̂ 131 N3HM 9 01 0 y3ayo3y--3 
0 01' 01 0 9 ( 0 * D 3 * 31) --:! I 

3I-M-3IN 
I-(I)X30NI T 

03"T-I T 90 
30033 13G3yW ON I SO 03SXZ H U M 33y3331NI 3 

OI"T-I"(I)0) (0009"9T)31iyM 
( ( 8 * 9 T 3 S ) Z Z .' ii! d 3 1 3 W y >! y d 1 y 1 1 1 N I / Z ) .1 y W ill 0 .-I 0 0 0 9 

( >| 1 X -1 " (I) 0 ) ( 0009 " 9 ) 311 yM 
1W3 (399"9T)31I3M 

( Zt^yST " / -1W3 .' / ) iyW303 
1W3 (399"9)31I3M 

(31" T-1"(I)01) (099"9T)311yM 
(£I6T" .̂ -01 .Z)iywyo3 

(."i iE " T - 1 " ( I ) 0 1 ) ( 0 9 9 " 9 ) 3.113 M 
T99 0 1 0 9 ( 0 * 0 3 * 3 1 ) 3 1 

W:::! y d '• y .1.'"! iii 0 " ii! 3 3 " N .:J X y W " 9 iE 3 N " .13 0 1 % 
'• .1 d 3 1 " .-i ii!" d iiii .1. iii N " .1. fl I •••.-! (i) .1. ii! I " .1 '"i y iii " iiil '• 1.̂1" 3 1 " 3 " N " 3"'!.!.. X.!.. ( 0 9 " 9 T ) iii .1 li d M 

( £ * 0 ii :ii t:" / •••••• w d y 3 .̂  z £ * 0 'E iiil" /:- y .i. "i iii o .. s 
Z £ * 0 T 3 " / - S 3 3 / " X t ? " 9 I " / - N 3 X y W / " X 8 " £ I " .--OliiiN/ " X 6 " 3 I " / . - 1 3 0 I / "XB ? 

" £ I " / - l y y i / Z 3 I " / - 3 3 i y 9 S . ^ " X t r " 9 I " . ' - 3 3 1 I N . " X 0 T " 3 I " . - I M d ^ 
" X 8 " 3 I " / - 3 0 1 3 1 / " X 8 " £ I " / - I I V I . Z £ * 0 T 3 " . - 3 / "XTT " £ I " / - W / " X 6 " t ^ I " ^ 

31 / "XOT "b'l " . - M d X 6 " S I " . - N ,^ZZSy9T"x 0 W 1 3 W I T d i y W 3 0 3 0 9 
W 3 y 3 " y i l 3 0 ' M i ! 3 3 " N 3 X y W " 9 I S N " 1 3 0 I ^ 

" ,1 d d I " 3 S " d iiil 11N " .1. M iE " 3 0.181 " 1 1 y I " iiil" W " .-11 " >l" N " 3 "i 1 1 1 ( 0 9 " 9 ) 3.1.1 d M 
9T ONy 9 U N O NO SW3y3i|; 3113(1 3 

( T " 3 1 1 I I " N " W n O N " 1 N 3 3 " 0 " X " A ) Z O O S I I V S 
(313 "A"X"o IS31 "iiNiiii oy3y) ZOOS iiys yiA NoiiyziiyiiiNi o 

liyi 0NIM33 (S*3N*liyi)3I 
lONIlNOO TT 

((I)A)soy-xywA (xywA*i9*((i)A)soy)3i 
(T W"I)XZO * T - ( I ) I M D S ( 0 * 0 * 3N * d W"I)X * ONy * T * 03 * I M I ) 3 1 

0 * T - ( I ) 1 M 0 S 
( T W " T - r " ( r " i ) X ) " ( I ) A ( i w 3 " i i y i ) a y 3 y 

N " T - I TT 00 
o*o-xywA 
IMI+N-TW 

( t / y 8 T ) i y w y o 3 o i 
( 8 1 " T - I " ( I ) 1 W 3 ) ( 0 T " S ) 0 y 3 y 

*iiyi 3113 NO xi3iyw viyo 303 iyw303 193000 ay3y 3 
3--iy3I (1*03*1331)31 

T-300W (0*3N*38)31 6 
30NI1N03 8 

(9T"9"9".. 0*-31*(I)0I 3W0S 100 T * 10 * 31 / ) OSWyyi IIVO 
8 0 1 0 9 ( 0 * 1 9 * ( 1 ) 0 1 ) 3 1 

3 1 " T - I 8 0 0 
6 0 1 0 9 ( 0 * 3 1 * 3 1 ) 3 1 

3 3 1 1 N*>l*3-N3Xy W ( 0 * 0 3 * N3Xy W ) 3 1 

X6 ajivay 
ZAXHIAIOW iiisas:;oay 

r.ia X q.ii.'q.'..iamr.aoq s a x 7 I riW 



Mr.i iE t i ciii De)e: 1..1 ineri t ;ii ('. :i. o 1 "1 
P r o g r a m MQLyTHXYZ 

E-' iii rf e 

201 CONTINUE 
IM-IM+1 
C(IM)-B(I) 
INDEX(IM)-I ' 

202 CONTINUE ' 
WRITE(6?203) (I?I-1?K) 

203 I"' 0 Ei; M A T' ( Z ' Ê' A Ei; A M E T Iiii Ê  iE N D E X ; ' ? 2 0 li 3 ) 
WRITE(16?203) d?I-l?K) 
WRITE(6?204) (INDEX(I)?I-l?KIP)• 

204 FORMATC REORDERED A3,..;'?2013) 
WRITE(16 y 204) (INDEX(I)yI-1? KIP) 
W R I T Eii ( 6 y 2 0 6 ) ( C ( I ) ? I - il. ? K iE i-') 

2 0 6 F'0 i'i;M A T ( Z ' i-̂ ; Iiii 0 Ei;Dii: R Eii Iii P A Ei; A M E T li: E:; S ' ZZ ( 5 Eii 16 . iii) ) 
W R li T E ( 1 6 ? 2 0 6 ) ( C ( I ) ? I - il. ? K11-') 
GO TO 5 0 0 

400 DO 401 I-1?K 
401 C(I)-B(I) 
500 CONTINUE 

IF(MODE.EQ.O) GO TO 12 
C LOG PARAMETERS CHOSEN (MODE-1 OR 3P.NE.O) 

DO 111 I-l?KIP 
IF(C(I).LE.0.0)CALL ERRMSG('SP,NE,08 SOME B(I).LE,0.'? 5 ? 6 ?16) 

111 C(I)-ALOG(C(I) ) 
CALL ZXSSQ(LNXSSQ yN ? KIP ? NSIG ? EPS ? DELTA ? MAXFN ?lOPT ? PARM ? 

?. C y SSQ y F ? XJAC ? 200 ? XJTJ ? WORK ? INFER ? IER ) 
DO 1111 I-l?KIP 

1111 C(I)-EXP(C(I)) 
GO TO 21 

C LINEAR PARAMETERS CHOSEN (MODE-O OR SP-O) 
12 t;AE..E,. ZX33Q (I-'FX33Q ? N ? K11-̂  ? NSIG ? Ei-'ii! ? DEiiE.. TA ? MAXE- N ? iE 01-̂ T ? i-'AEi;M ? 

& C ? 3 S Q ? i-' y X J A t; ? 2 0 0 ? X J T J ? W 01-:; K ? IN I-' Eii R ? iE Ei R) 
C ZXSSQ ERRMSG CODE HANDLERS 
21 IF' (IEi'i; .EQ.O) GO 'T0 100 

IF(IER.EQ.129) ' 
8 C A L E_ E i'i; i-i; M 3 G ( ' 3 I N G U L A Ei; I T Y D E T E C T' E D I N J A (i! 0 B iE A N Ji R E C 0 0 E Ei; Y F' A I E„ E D ' ? 
5 10 ? 6 ? 16 ) 
IF(IER.EQ.130) 

&CALL ERRMSG('N?K-IP?I0PT?PARM(1 ) OR PARM(2) INCORRECT'?8?6?16) 
IF(IER.EQ.131) 

6 C A L E. W A1̂ ;; N ( ' M A Ei; Q U A R D I' !-• A I-:; A M E T Fi Ei; Eii X C E E D Ei D E-' A R M ( 3 ) ' ? 8 ? 6 ? 16 ? iE 10 0 ) 
I F ( I E R . E Q . 1 3 2 ) (DALL ERRMSG ( 
Ĵ ' A E- T' E R R E COVE R Y F' R 0 M 31N G U1... A R .J A C 0 B li A N ? B C Y C L li: D BACK AGAIN,,'? 
& 12 ? 6 ? 16 ) 
IF (IER. EQ, 133) CALL WARN( 'MAXFN EXCEEDED, ' ? 3 ? 6 ? 16 ? iiilOO ) 
IF(IER,EQ.38)CALL WARN('JACOBIAN-0, SOLUTION IS STATIONARY POINT' 

8 S?6?16?i|;100) 
100 WRITE(6 ? 603) (WORK(I)?I-1? 5)?INFER ?IER ? SSQ ?(C(I)?I-1? KIP) 

WRIJE(16 ? 603) (WORK(I)?I-l? 5)?INFER ?IER ? SSQ ?(C(I)?I-l? KIP) 
603 FORMAT(ZZ' $$$$ IMSLMQ CONyERGENCE INFORMATION;'ZZ 

% ' NO R M 0 F' G R A DI Ei N 7 ' ' ? T 3 2 ? E 1 6 , 8 Z ' E" Ci N C T X 0 N EVA E, Ci A T iE 0 N ii!' ? 7' 3 2 ? Eii 16 , iii Z 
8 ' EST. SIGN. DIGITS'?T32?E16,BZ' MARQUARDT PARAMETER'?T32? 
& E 1 6 . 8 Z ' N O . I T E I'i; A T 1 0 N 8 ' ? I' 3 2 ? E il. 6 . iii Z ' T Y i-̂  E C (i) N y li: EI; G E N (i! E ( I N E-' Fi R ) ' ? 

00035010 
00035020 
00035030 
00035040 
00035050 
00035060 
00035070 
00035080 
00035090 
00035100 
00035110 
00035120 
0 0035 ;E 3 0 
00035140 
00035150 
00035160 
00035170 
00035130 
00035190 
00035200 
00035210 
00035220 
0 0 0 3 5 ;1213 0 
00035240 
00035250 
00035260 
00035270 
00035230 
00035290 
0 0 013 5 3 0 0 
0 0 013 513 ;E 0 
00035320 
00035330 
00035340 
00035350 
00035360 
00035370 
00035380 
00035390 
00035400 
00035410 
00035420 
00035430 
00035440 
?00035450 
00035460 
00035470 
00035480 
00035490 
00035500 
00035510 
00035520 
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S T32?I3Z' ERROR CODE (IER)'?T32?I5Z 
8 ' RESIDUAL 3UM-0F-3QUARES (SSQ)-'?E16.BZZ 
X' **** FINAL UNSCALED PARAMETERS'ZZ 
ii; (5E16,B)) 

99 KK-MAXO((KIP+1)*KIPZ2?5) 
DO 80 I-l?KIP 

80 GRAD(I)-2,*W0RK(KK+I) 
W i-i; I T E ( 6 ? 8 2 ) ( G Ei; A D ( I ) ? I •-• 1 ? KIF^) 

82 FORMAT(Z' SCALED GRADIENT'ZZ(5E16.3)) • . 
W Ei; I T E ( 1 6 ? 8 2 ) (G E:; A D ( I ) ? iE - ;l. ? K11-') 
IF(IPRT.EQ.-2) WRITE(6?699) 

699 FORMAT(Z3X ?'I'? 4X ?'OBS,Y(I)'? 6X ?'CAL'?11X ?'RES'? BX ?'X(I?1)'? 8X ? 
S 'WT(I)') 
WRITE(16?1699) 

1699 FORMAT(Z3X ?'I'? 4X ?'OBS,Y(I)'? 6X ?'CAL'?11X ?'RES'? BX ?'X(I?1)'? 8X ? 
ĵ  ' X (I ? 2 ) ' ? 8X ? ' X (I ? 3 ) ' ? 8X ? ' X (I ? 4 ) ' ? BX ? ' WT (I ) ' ) 
3UMF2-0.0 
DO 110 I-l?NOBS 
RES-F(I)ZSQWT(I) 
YCAL-Y(I)-RE3 
WT-SQWTd)*SQWTd) 
SUMF2-SUMF2+F(I)*F(I) 
I !-• ( IE-^ R T . li: Q . •- 2 ) WE:; X T Ei ( 6 ? 2 ii. 0 ) I' ? Y ( I ) ? Y (i! A i... ? Ei; Eii ii! ? X ( I ? ii, ) ? W T 

210 F 0 R M A T d X ? I 3 ? 2 E 1 4 . 6 ? E 1 1 . 3 ? 2 E 1 4 . 6 ) 
W R I T E (16 ? 211 ) I.y Y d ) ? YCAL ? RES ? ( X (I ? J-) ? J-l ? 4 ) ? WT 

211 FORMAT(1X ?13 ? 2£14.6? E11.3? 5E14.6) 
CONTINUE 
11-- ( N . E Q . K I i"') R M S E îi; R - 0 . 0 
11-' ( N , G T . KIF^) R M S E R R - S Q R T ( 3 Ci ME" 2 Z ( N - K11- ) ) 
WRITE(6?604) RMSERR 
FORMAT(Z' **** RMSERR-'? El 6.8) 
WRITE(16?604) RMSERR 

•;INT ON FILE 16 (ONLY) THE FINAL SCALED PARTIALS (JACOBIAN) 
WRITE(16?605) 
I-' 0 R M A T' ( Z ' F' I N A E. S C A i,_ E D !-• A R T I A i„, S ( J A C 0 B I A N ) ' ) 
DO' 112 I-l? NOBS 
WRITE(16 ? 606) I?(XJAC(I? J)? J-1? KIP) 
FORMATdX? I 3 ? 5 E 1 6 . 8 Z ( 4 X ? 5 E 1 6 . 8 ) ) 
CONTINUE 

:T I N V E R S E J A C O B I A N T R A N S P 0 S E * J A C 0 B I A N (FROM XJTJ SYMMETRIC MATRIX) 
CALL LINyiP(XJTJ?KIP?H?5?DlyD2?IER) 
IFdER,GT.128) CALL ERRMSGCIN LINVIP CALL . ' ? 3 ? 6 ? 16 ) 

C FINAL STATISTICS 
DO 301 I-l?KIP 
DO 301 J-l?KIP 

301 COV(I? J)-H(LOC(I? J)) 
IF(IPRT.EQ,-2) WRITE(6?120) 

120 FORMATrZ' SCALED COyARIANCE MATRIX (INyERSE OF XJTJ)'), 
WRITE(16?120) 
DO 122 I-l?KIP 
SE(I)-S(7RT(ABS(C0y(I?I) ) ) 
IF(IPRT.EQ.-2) WRITE(6 ? 300) INDEX(I)?(COV(I? J)? J-l? KIP) 

110 

604 

C P 

605 

606 
;E ;E 2 
C- Gl 

00035530 
00035540 
00035550 
00035560 
00035570 
00035580 
00035590 
00035600 
00035610 
00035620 
000135630 
00035640 
000356 5 0 
00035660 
0 003567 0 
000356S0 
00035690 
000357 0 0 
00035710 
00035720 
0 0 0 3 5 7 3 0 
00035740 
00035750 
0 003576 0 
0 0 0 3 i;;i .:-•' 7 o 
00(i'357iii0 
0 0 013 5./ 9 0 
()()035iii()0 
0 0035 B ;L 0 
0 0 013 5 ii! 2 0 
0 0 0 3 5 ii! 3 0 
0 0 0 i.3 5 ii! 4 0 
0 0 0 3 5 iii 5 0 
0 0 0 3 5 iii 6 0 
0 0 0 3 5 ii! 7 0 
00035880 
0 0 013 5 8 9 0 
000359 0 0 
00035910 
00035920 
00035930 
00035940 
00035950 
0 003596 0 
00035970 
00035980 
00035990 
00036000 
00036010 
00036020 
0()036()3() 
00036040 
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irfe Vl 

END 

S Ci B Ei; 0 U T' IN ii: F' P X 3 S Q ( C ? N ? K11-' ? F') 
"CALCULATES RESIDUAL yECTOR F(N) FOR 'ZXSSQ' (EXTERNAL FPXSSQ) FOR 
U N S C A L li: D C ( K li i-̂ ) l-̂  A Fi; A M E: I' E Ei; y IE li! T 0 Ei; A N D D A T A X ( 2 0 0 ? 5 ) ? Y ( 2 0 0 ) IN I-' li X D A T . 

C- INPUT yECTOR OF PARAMETERS (LENGTH KIP) 
N- NO. OBS. •<- 200 

KIP- NO. PARAMETERS -K-IP (IPi:>-0) 
F- OUTPUT yECTOR OF (WEIGHTED) FUNCTION RESIDUALS (LENGTH N) 

Ĉ  
(i; 
C 
C 
C 
C 
(i! 
G 
G CALLS 'FCODE' A3 CODED FOR 'MARQRT' WITH FIXED DATA IN COMMONZFIXDA7 
(i! 

DIMENSION C(1)? F(1)? PRNT(5)? SQWT(200)? DIP(20) 
C0MM0NZFIXDATZY(200)?X(200?5)yBFIX(20)yYMAXyIIB(20)?IIP?NOBS?K 
EQUIVALENCE (SQWT(1)? X(1? 5)) . 
IF(IIP.GT.O) GO TO 2 
DO 1 I-1?N 
C A E,. E. I-' C 0 D E ( Y ? X ? C y F̂  i-i; N 7; y E- E- y I y 1 ) 

1 F(I)-SQWT(I)*(Y(I)-FF) 
RETURN 

,2 I M-0 
DO 4 I-lyK 
BIP(I)-BFIX(I) 
DO 3 J-l?IIP 
IFd .EQ,IIB( J) ) GO TO 4 

3 CONTINUE 
IM-IM+1 
BIP(I)-CdM) 

4 CONTINUE 
DO 5 I-1?N 
C A E.. I... E- (i; (i) Il E: ( Y ? X ? B IE-^ y (-• R N ' I' ? F' F' ? I ? 1 ) 

5 E" ( I ) -SQWT ( I) * ( Y (I) -FF ) 
RETURN 
END 

3 U B R 0 Ci T I N E L N X S 3 Q ( C ? N ? KIF^ ? F ) 
C INTERFACES TO 'FPXSSQ' TO ALLOW PARMS TO BE IN LOG OR 
C SPACE OUTSIDE? BUT ALWAYS LINEAR WITHIN FPXSSQ. 
C 
C - - C A L E,. 3 ' F' 1- 3 X X Q ' (AND IN T Ci î̂; N ' F C 0 D E ' ) 
C 

DIMENSION C(1)? F(1)? CTEM(20) 
COMMONZPRTZIPRT 
DO 1 I-l?KIP 

1 CTEM(I)-EXP„.(C(I))-
CALL FPXSSQ(CTEM?N?KIP?F) 
RETURN 
END 

SUBROUTINE SAVERd? J) 

LINEAR 

0 003657 0 

00036580 
00036590 
0 0 0 3 6 6 0 0 
00036610 
00036620 
00036630 
0 0 0 3 6 6 4 0 
00036650 
00036660 

.ZOO 0136 6 70 
000366 ii! 0 
00036690 
00036700 
00036710 
000367 2 0 
00036730 
00036740 
00036750 
00036760 
0 0 0 23 6 7 7 0 
0 0 013 6./ iii 0 
00036790 
0 0 0 3 6 (ii 0 0 
00036810 
00036820 
00036830 
0 0 0 3 6 iii 4 0 
0 0 0 3 6 iii 5 0 
0 0 013 6 ii! 6 0 
0 0 0 3 6 iii 7 0 
0 0 0 3 6 iii iii 0 
00036iii9() 
0 0 013 6 9 0 0 

00036910 
00036920 
00036930 
0 0 013 6 9 4 0 
0 0 0 3 6 9 5 0 
0 0 0 3 6 9 6 0 
00036970 
00036980 
00036990 
00037000 
00037010 
00037020 
00037030 

00037040 
-• 0 003705 0 
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"GENERAL UTILITY TO MODIFY COMMONZSAyEZ AS FOLLOWS 
C A L I... S A O E R (I ? J ) WIE., L I'i; E E-̂  E.. A (i! E: E- 3 A y Eii ( ) A Ê; Fi; A Y W I T11 
F' ii! A V E ( K ) - G S A y E ( K ) * * I * E- ii! A y li: ( K ) * * J 
FOR K-1?NSAVE, 

I N F' Ci T F ARAh E T E R 3 ( I ?, J ) MAY B Eii N E G A E' I y E ? Z ii: i-i; 0 ? 0 Fi; î-̂  0 3 1 I' iE y E I N E' F: G E: Fi; 3 , 

SUBROUTINE SAyER MAY BE USED IN CONJUNCTION WITH SUBPROGRAM ZHANKS 
TO MODIFY 3AyED KERNELS WHEN USING NEW-0 OPTION (SEE ZHANKS). 

COMPLEX FSAyE 
C0MM0NZSAyEZFSAyE(283)?GSAyE(2ip)?NSAVE 
DO 1 K-l?NSAyE 
FSAyE(K)-CMPLX(GSAVE(K)**I? 0,0)*(FSAVE(K)**J) 
CONTINUE 
RETURN 
END 

0 003706 C; 
00037070 
0 0 0 3 7 0 iii 0 
00037090 
00037100 
0 00371 ;E 0 
0 0037 ;E 2 0 
00037130 
00037140 
00037150 
0 0 0 3 7 16 0 
0 0 0 3 7 1 7 0 
0 0 0 3 7 1 iii 0 
0 0 0 3 719 0 
00037200 
00037210 
00037220 

COMPLEX FUNCTION ZHANKS(N? B ? FUN ? TOL ? NF ? NEW) 00037230 

COMPLEX HANKEL TRANSFORMS OF ORDER 0 OR 1 FOR RELATED (SAVED) KERNELSOO037250 
AND FIXED TRANSFORM ARGUMENT B,GT.O. 00037260 

0 0 013 7 2 7 0 
-REF; ANDERSON? W.L.? 1979? GEOPHYSICS? VOL, 44? NO. 7? P. 1287-1305. 00037280 

0 0 013./ ;2 9 0 
-SUBPROGRAM ZHANKS EVALUATES THE INTEGRAL FROM 0 TO INFINITY OF 00037300 
I-'UN ( G ) *,JN ( G*B ) *DG ? DEE"INED A3 TEiE C0MF^ 1...EX \-lANKEE„ E'RAN3F0RM 0E" 00037310 
ORDER N (-0 OR 1) AND TRANSFORM ARGUMENT B.GT.O. THE METHOD IS BY 00037320 
ADAPTIVE DIGITAL FILTERING OF THE COMPLEX KERNEL FUNCTION FUN? 00037330 
US'iiiNG DIRECT ANDZOR PREVIOUSLY SAVED KERNEL FUNCTION VALUES. 00037340 

C i-'Aî i;AME E'ER3 ( AE.,E.. INE-'CJ T ? EXCEiiF' T NF') 

N 
B 

TOE 

0 0 013 7 25 6 0 
00037370 

ORDER (-0 OR 1) OF THE HANKEL TRANSFORM TO BE EVALUATED. 00037380 
REAL TRANSFORM ARGUMENT B.GT.O.O OF THE HANKEL TRANSFORM. 00037390 
IF NEW-0? B IS ASSUMED EQUAL TO THE LAST B USED WHEN NEW-100037400 

GE BELOW). ' 00037410 
ME (USER SUPPLIED) 00037420 
ENCE MUST BE SUPPLIED000374 30 
ONVOLUTION 00037440 
E , G , I i-' T 0 L i'i; E D Ci C E: D ) . 0 0 0 3 7 4 5 0 
ED IN FUN? USE C0MM0N00037460 
RAM FUN. BOTH 00037470 
EX FUNCTION FUN(G) 00037480 

(SEE PARAMETER NEW AND SUBPROGRAM US 
FUN(G ) - EXTERNAL DECLARED COMPLEX FUNCTION Ni 

OF A REAL ARGUMENT G.GT.O, THIS REFEE 
EVEN WHEN NEW-0? SINCE THE ADAPTIVE 
MAY NEED SOME DIRECT FUNCTION CALLS 
IF PARAMETERS OTHER THAN G ARE REQUIE 
IN THE CALLING PROGRAM AND IN SUBPROl 
REAL AND IMAGINARY PARTS OF- THE COMPE 
MUST BE CONTINUOUS BOUNDED FUNCTIONS FOR G.GT,0,0. FOR A 00037490 
REAL FUNCTION F K G ) ? FUN-CMPLX(Fl(G)?0.0) MAY BE USED, 00037500 
TWO INDEPENDENT REAL-FUNCTIONS F1(G)?F2(G) MAY BE 00037510 
INTEGRATED IN PARALLEL BY WRITING FUN-CMPLX ( Fl (ji!)? F2 ( G )) . 00037520 
REQUESTED REAL TRUNCATION TOLERANCE ACCEPTED AT* THE FILTER00037530 
TAILS FOR ADAPTIVE FILTERING. A TRUNCATION CRITERION IS 00037540 
DEFINED DURING CONVOLUTION IN A FIXED ABSCISSA RANGE A3 00037550 
THE MAX. ABSOLUTE CONVOLVED PRODUCT TIMES TOL. TYPICALLY?00037560 
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C TOL. LE.O,00001 WOULD GIVE ABOUT .01 PER CENT ACCURACY 00037570 
C FOR WELL-BEHAVEB KERNELS AND MODERATE VALUES OF B, FOR 00037580 
C VERY LARGE OR SMALL B? A VERY SMALL TOL SHOULD BE USED, 00037590 
C IN GENERAL? DECREASING THE TOLERANCE WOULD PRODUCE HIGHER 00037600 
C ACCURACY IN THE CONVOLUTION SINCE MORE FILTER WEIGHTS ARE 00037610 
C USED (UNLESS EXPONENT UNDERFLOWS OCCUR IN THE KERNEL 00037620 
C EVALUATION SEE NOTE (1) BELOW). 00037630 
C FOR MAXIMUM ACCURACY POSSIBLE? TOL-0.0 MAY BE USED, 00037640 
C NF - TOTAL NUMBER OF DIRECT FUN CALLS USED DURING CONVOLUTION 00037650 
C FOR ANY VALUE OF NEW (NF IS AN OUTPUT PARAMETER). 00037660 
C N F IS IN r H E R A N G E 2 1 . E.. E , N F', E.. E , 2 iii 3 W El E N N E: W -1 , U 3 Ci A L I... Y ? 00037670 
C NF IS MUCH LESS THAN 283 (OR 0) WHEN NEW-0. 00037680 
C NEW -1' IS REQUIRED FOR THE VERY FIRST CALL TO ZHANKS? OR IF 00037690 
C F 0 R CING DI Ei; Fi C T I" Ci N C T10 N F l,i N ( G ) (i! A I,.. E., 3 ? E.G.? IF U 3 iE N G 000377 0 0 
C ZHANKS FOR UNRELATED KERNELS. 00037710 
C NEW-1 INITIALIZES COMMONZSAVEZFSAVE(233)?G8AVE(283)?NSAVE 00037720 
C FOR NSAVE COMPLEX KERNEL VALUES IN FSAVE AND CORRESPONDING00037730 
C REAL ARGUMENTS IN GSAVE FOR THE GIVEN PARAMETER B. 00037740 
C NEW -0 TO USE RELATED KERNELS (MODIFIED BY USER) CURRENTLY STORED00037750 
C IN COMMONZSAVEZ. FUN IS CALLED ONLY IF REQUIRED 00037760 
C DURING THE CONVOLUTION. ADDITIONAL FUNCTION VALUES WHEN 00037770 
C . NEEDED ARE AUTOMATICALLY ADDED TO THE COMMONZSAVEZ BLOCK. 00037730 
C; 00037790 
C ******* NOTE THAT IT IS THE USERS RESPONSIBILITY TO MODIFY THE 00037800 
C COMMON FSAVEO VALUES FOR NEW-0 CALLS? EXTERNALLY IN 00037810 
C THE USERS CALLING PROGRAM (SEE SUBPROGRAM USAGE BELOW). 00037820 
C 00037iii30 

C 8UBPR0GRAM USAGE ZHANKS IS CALLED• A3 FOLLOWS 00037850 
C ... 00037860 
C • COMPLEX ZI?Z2?ZHANK3?FSAVE 00037870 
C C0MM0NZ3AVEZF3AyE(233)?G3AyE(233)?N3AVE 00037880 
C; Ei X 'T E i'i; N A E., ZI-' iE ? Z I"' 2 00037 8 9 0 
C ... 00 03./9 00 
C Z1-ZHANKS(N1?B?ZF1?T0L?NF1?1) 00037910 
C DO 1 I-l?NSAVE 00037920 
C C MODIFY FSAVE IN COMMONZSAVEZ TO OBTAIN RELATED ZF2 FROM ZFl. 00037930 
(i! C E , G , F' 8 A V E ( I ) •••••• G ii! A V E ( I ) * I-' S A V E: ( I ) 1-' (i) Ei; î i; Eii E.. A T li (i) N Z1-' 2 ( G ) - (i! * Z I-' ;E ( G ) 0 0 0 3 7 9 4 0 

C 1 CONTINUE 00037950 
C Z2-ZHANKS(N2?B?ZF2?T0L?NF2?0) 00037960 
C ,,, 00037970 
C ENB 00037980 
C C 0 M P E.. E X E" Ci N C I' I (J N Z F' 1 ( G ) 00037990 
C .,,USER SUPPLIED CODE FOR DIRECT EVALUATION OF ZFKG)? G,GT,0. 00038000 
C END 00038010 
C COMPLEX FUNCTION ZF2(G) 00038020 
C ...USEE;; S U P F̂' L I E D C O D E I--' O R D I R E C 7' E y A E.. U A E' 10 N 0 F' Z F 2(G)? G , G T , 0 . 00038030 
C END 00038040 

C NOTES 00038060 
C (1), EXP-UNDERFLOW MAY OCCCJR IN EXECUTING THIS SUBPROGRAM, 00038070 
C THIS IS OK PROVIDED THE MACHINE SYSTEM CONDITIONALLY SETS 00038080 
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C EXP-UNDERFLOW TO 0.0. 
C (2), ANSI FORTRAN (AMERICAN STANDARD X3.9 -1966) IS USED? EXCE 
C DATA STATEMENTS MAY NEED TO BE CEIANGED FOR SOME COMPILER 
C TO CONVERT ZHANKS TO THE NEW AMERICA 
C (X3.9-1978)? ADD THE FOLLOWING DECLA 
C SAVE Yl?ISAyE 
C: ( 3 ) . I' 11E E-1E. r E Ei ABSCISSA C 0 R l'̂; Fi 8 P 0 N DIN G T 0 
C IS GENERATED IN DOUBLE-PRECISION (TO 
C BUT IS USED IN SINGLE-PRECISION IN F 
C (4). NO CHECKS ARE MADE ON CALLING l-lARAME 
C HENCE UNPREDICTABLE RESULTS COULD OC 
C IS CALLED INCORRECTLY (OR IF FUN OR 

C 
C0MF̂ E,.EX F'CJN ? C ? CMAX ? i~SAVE 
COMMONZSAVEZFSAVE(283)?GSAVE(283)?NSAVE 
D0CJBE..E FREC131 ON E ? EEi; ? Y1 ? Y 
DIMENSION T(2). ?TMAX(2) 

^ STANDARD FORTRAN 
•NATION TO THIS ROUT I 

EACH FILTER WEIGHT 
REDUCE ROUND-OFF)? 
JNCTION FUN, 
TER3 (TO SAVE TIME)? 
:;UR IF ZHANKS 
:;OMMON IS IN ERROR) , 

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

-

DIMENSION UT0(233)?WA0(76)yWB0(76)yWC0(76)yWD0(55)? 
* WT1(283)?WA1(76)?WB1(76)?WCl(76)?WD1(55) 
EQUIVALENCE (WTO(l') ?WA0(1) ) ? (WTO (77) ?WB0(1) ) 

* ( W T' 0 ( 2 2 9 ) ? W D 0 (1) ) ? ( W T1 (1 ) ? W A1 (1 ) ) ? ( W T' il. ( 7 7 ) ? I 
* (WT1(153)?WC1(1))?(WTl(229)yWDl(l)) 
EQUIVALENCE (C ? T(1))?(CMAX ? TMAX(1)) 

C - E - D E X1"̂  ( . 2 D 0 ) ? E R ---̂  1 . 0 D 0 Z E ' 
DATA EZl,221402758160169834 DOZ?ERZ.31873075, 

: (WT0(153)?WC0d) ) ? 
4Bld) ) ? 

3077931359 BOZ 
C--JO-TRANSFORM FILTER WEIGHT ARRAYS (EQUIVALENT TO WTO ARRAY) 

DATA WAOZ 
* 2.1969101 E -11 ? 4 .12 01161E - 0 9 ? - 6.132293 0 i:i - - 0 9 
*-7.9321627E-09? 8.5778983E-09?-9.1157294E-09 
*-l.0207546E-08y 1.0796633E-08?-1.1393033E-08 
* •••• 1.27 0 8 7 8 9 E - 08? ;E . 3 4 4 6 4 6 6 E - - 0 8 y - ;E . 4 1 7 4 3 0 0 E - 0 iii 
* •••• 1 . 5 8 0 7 ;l. 6 0 E: - - 0 8 ? 1 . 6 7 4 7 ii. 3 6 E: -- 0 ii! ? -- ;E . 7 6 2 5 9 6 ;i. li: - 0 ii! 
*-l.9650840E-03 ? 2.0869789E-08 ?-2.1903555E-08 
*-2.4407377E-08? 2.6033678E-08?-2.71B6773E-0B 
*-3.0266804E-08 ? 3.2534013E-08 ?-3.3672072E-08 
*-3.7425022E-08 ? 4.078792lE-08 ?-4.1543242E-08 
*-4,6035233E-08 ? 5,1425075E-08 ?-5.0893896E-08 
*-5.6086570E-08 ? 6.5475248E-08 ?-6,1539913E-0B 
*-6,7117043E-08 ? 8,4767837E-0B ?-7.25B3120E-08 
*-7.755361IE-OS ? 1.1279873E-07?-8,1416723E-0B 
*-SV 3217217E-0B ? 1.56631B5E-07 ?-8.148258lE-08 
*-7.3963141E-0B? 2,3109673E-07?-5.7243707E-08 
*-2.6163525E-08y 3.6808773E-07? 2.704987lE-08 
* 1.1407365E-07? 6.3720626E-07? 2.5241961E-07 
* 4.6 8 314 3 3 E-0 7 ? 1.1916 346 E-0 6 ? 8.0 0 9 9 716 E - 0 7 
* l,3091334E-06? 2,3701475E-06? 2.0803829E-06 
DATA WBOZ 

* 3.2456774E-06? 4.9240402E-06? 5.000519BE-06 
* 7,6367633E-()6? 1 , 0522038E-05 ? 1 .1590021E-05 
* l,7510398E-05? 2.2B73836E-05? 2.6368006E-05 
* 3.9610390E-05? 5.0230379E-05? 5.9397373E-05 

" 7.247929lE-09? 
•> 9.66;F5250E-09? 
> 1.2049373E-03? 
> 1.5005577E-08? 
>̂ 1 .8693427E-08y 
^ 2.3305308E-08? 
> 2,9094334E-08? 
• 3.6408936E-08? 
^ 4,5756842E-08y 
. 5,7934a97E-08? 
. 7.4301996E-08? 
- 9.7366568E-08? 
• 1,3206914E-07? 
' l,8860593E-07? 
' 2,BB67452E-07? 
/ 4,7932617E-07? 
' 8.6373487E-07? 
' 1.6696015E-06? 
f 3.4012978E-06Z 

' 7,1783540E-06? 
• l,5488635E-05? 
• 3.3864387E-05? 
7.4612122E-05? 

00038090 
"•T00038100 
8.00038110 

00038120 
NE0003B130 

00038140 
00038150 
00038160 
00038170 
00038180 
00038190 
00038200 

-̂̂ ^̂ 00038210 
00038220 
0003B230 
00038240 
00038250 
00038260 
00038270 
00038280 
00038290 
00038300 
00038310 
00038320 
00038330 
00038340 
00038350 
00038360 
00038370 
00038380 
()0()3ii!;39() 
000384 00 
0 0 0 3 ii! 4 ii. 0 
00038420 
00038430 
00038440 
0003B450 
00038460 
()003ii!470 
00038480 
00038490 
00038500 
00038510 
00038520 
00038530 
00038540 
00038550 
00038560 
00038570 
00038580 
00038590 
00038600 
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* 8.8951409E-
* 1.9895671E-
* 4,4402013E-
* 9,8971624E" 
* 2,2045122E" 
* 4.9080203E" 
* 1.091944BE" 
* 2.4233627E" 

5,3150319E-
1,098056IE" 
1.6058576E" 

• 1 . 5 0 3 3 4 3 4 E " 
3 . 8 2 7 3 7 1 7 E " 

* 

* 

* 

*" 

* 
* .3839527E 
* 4 . 070324 lini-
DATA WCOZ 

* 5,1597053E-
* 7,00()4347Ei-
* 9.9891279E-
* 1.4479572E-
* 2.1074101E-
* 3.0702417E-
* 4.4740283E-
* 6.5200311E-
* 9.501904OE-
* 1.3847792E-
* .0182948E-
* 2.9415274E-
* 4,2739744E-
* 6.0487998E-
* 9,1574735E-
* 1.6406939E-
*-8.0942556 
* 4.6174116E 
* 1.0211793E 
DATA WDOZ 

* 7.4110927E 
*-l.78384lOE 

8,32B0985E 
1,7777129E 
6,9747910E 
1,5220450E 
3.5176475E 

05? 
04? 
04? 
04? 
03? 
03? 
02? 
02? 
02? 
01? 
01? 
01 ? -

0 :E ? 
02?-
02 ? -

03?-
0 4 ? -
05?-
05?-
06?-
07?-
08 y -

09?-
;E 0 ? -
10?-
;E 1 ? -
12?-
13?-
;E 4 ? -

;i. 5 ? -

l.;l.'094809E 
2,4587195E 
5, 458936IE 
1,2132772E 
2.6930B11E 
6,0010999E 
1,3340696E 
2.9555699E 
6.4341372E 
1,2791555E 
1.4196085E 
"2.9059573E 
,2.2014118E 
"1.1909845E 
"2,4358316E 

"3.1074602E 
-4.2904226E 
-6,1'5B9037E 
"8,9417427E 
-1,3019229E 
-1, 8969219E 
-2,7643004E-
-4.0284597E-
-5.8708696E-
-8. 556082IE 

-1,2470979E-
- l.S 170081 E-
-2,634438SE-
-3,6973097E-
•5.9567236E-

-04? 
-04? 
-04? 
-03? 
-03? 
-03? 
-02? 
-02? 
-02? 
-01? 
-01? 
-01?-
-01?-
-01? 

-02? 

-03? 
-04? 
-05? 
-06? 
"06? 
"07? 
"08? 
"09? 
"10? 
--1 ;l. ? 
" 1 ;E ? 

-12? 
-13? 
- ;E 4 ? 

• 1 5 ? 

1,330B026E 
2,97281B1E 
6.6293S32E 
1,4772052E 
3.2B95354E 
7,3216878E 
1,6276399E 
3,5990069E 
7,7506720E 
1.4525B30E 
8,9781222E 
-2,9105437E 
-4.7342635E 
9.931705IE 
1.4476533E 

1.8822342E 
i2.6354444E 
3.799692IE 
5.5227518E 
3.0433617E 
1.1720069E 
1 .7079403E 
2.4890232E 
3.6273937E 
5.2865474E 

7.7()5767SE 
1.1221034E 
1.6197105E 
2.2817964E 
3.9209969E 

-04? 
-04? 
-04? 
-03? 
-03? 
-03? 
-02? 
-02? 
-02? 
- 0 ;E ? 

-02? 
-01? 
-01? 
-02? 
-02? 

-03? 
-04? 
-05? 
-06? 
-07 ? 
-07? 
-08? 
-09? 
"-1 0 y 
- 1 1 ? 

-12? 
-12? 
-13y 
-14 ? 
- ii. 5 ? 

1,6511335E-
3,6629770E-
8.1375348E-
1,3092022E-
4,0238764E-
S,9489225E-
1,9873311E-
4,3791529E-
9.2749987E-
1 ,5820085E-
-1,0238278E-
•3,7973244E-
1,9331133E-
•6,6152628E" 
•3.6198067E" 

- 0 -4 ? 

- 0 4 ? 

• 0 -A ? 

• 013 ? 

- 0 3 ? 
• 0 3 ? 

- 0 2 ? 
• 0 2 ? 
• 0 2 ? 
• 0 1 ? 
- 0 2 ? 
- 0 2 ? 
• 0 1 ? 
• 0 2 ? 
• 0 3 7 

• • ' . ' ' 

-23 . 

- 4 . 

1 4 5 6 5 4 5 E - 0 3 
6 2 1 5 4 3 9 E - 0 4 
3452250F """ 
4114252E 

.2412496E 

. ()552634E 

•r) ; : j 

•06 
- 0 7 
-08 
•08 

E - l 

•X-. , 

* " 
7 . 3 9 4 9 9 6 2 E - 1 
1 . 3 9 4 9 8 7 0 E - 1 

* - 1 . 4 9 6 2 5 2 3 E -
* - 4 . 0 0 5 6 1 0 7 E -
* - 6 . 5 6 7 9 6 5 5 E -
* - 1 . 7 9 4 7 6 9 7 E -

:ND OF 

iiii •••• 1 5 ? •••• ii! . 8 2 4 iii 5 9 0 ii: - 1 6 i 

E-17y-3.7172363E-17: 
16?-5.862735BE-16: 
15?-1.0940039E-15: 

16?-4.1700094E-16: 
16? 4,8975421E-l7: 
16?-1 . 154464OE ' "' 
15?-1 .73221«":'i-
16?-1.2083956E-1 
15? 1.9541597E-1 
15? 4.2276125E-1 
5? 8.8597601E-l 

14? 1.5332490E-1 
14? 1.2794B04E-1 
15? 1.5965079E-1 
16? 3,3011B66E-1 
14? 2,3774303E-1 
14? 9.0505371E-l 
R WEIGHTS-

l i : - 1 6 
. 9 2 9 9 5 4 2 E 
., • 7 ' : ' • ' :> ' 

. 0 .'••' i i i ' 

5? 

, . . ' ? ••• 

• 4 ? ••• 

4 ? -
5 ? -
5 ? -

* 7 y " • 

4 ? -

1 . 9 3 9 iii :l. 5 3 Ei 
1 .4401527E 
1 .5247247E 
4.83S2957E 
2.410744SE 
5.097785IE 
1.0515959E 
1.6146782E 
9,928670IE 
7.273296IE 
7.3545910E 
3.027916BE 
1.7064873E 

•16 
•15 

15: 
15: 
•I , < . , 

;i. .4 
;E 4 ; 
15: 
1 8 : 
15: 
1 4 : 
13.-

.,„ <:? 

.537B695E-09: 

. 2412348E-10: 

.2664392E-11: 
7611713E-12: 
. 9271067E-13: 
:9147443E-14 
.4315547E-14: 
5911739E-15 
. 2622634E-17: 
3388160E-16; 
7972941E-16: 
7089714E-16> 

1.3396469E 
-5.0046989E 
- ;i. . 6 6 3 7 0 2> 2> 1::. 
-1 . 1771155E 
,1 .0 40829 2E 
2.9241438E 
6.1428456E 
1.22645B4E 
1,6084121E 
6.8825809E 
-4.043321SE 
1.239485IE 
3,925283IE 

t> ? 

4? 

4? 
5? 

4 y 

EE 

000 386 
000386 
000 
000 
000 
000 
000 
000 
000 

386 
386 
386 
386 

10 
20 
30 
40 
50 
5 0 

38670 
386 
386 

000387 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
0 0 0 
000 
000 
000 
000 
000 
0 00 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

80 
90 
DO 

38710 
387 
387 
387 
387 
387 
387 
387 
387 
3SB 
388 
388 
388 
388 
388 
388 
338 
388 
388 
389 
3 iii 9 
389 
389 
389 
389 
339 
389 
389 
389 
390 
390 
390 
390 
390 
390 
390 
390 

20 
30 
40 
50 
60 
70 
80 
90 
00 
10 
20 
30 
40 
50 
60 
70 
80 
90 
;)() 

1 0 
:-'!'I 

30 
40 
30 
6 0 
i'O 
'iiO 

20 
i)0 
EO 
20 
30 
40 
30 
6 0 
7 0 

00039080 
000 
000 
000 
000 

390 
391 
391 
391 

?0 
00 
EO 
20 





• -> 

i'i i.,i 1 1 ' . ;r e: iii D e) e: i„i in e i"i E, ;ii E- :i, e) i "i 
Program MQLVTHXYZ 

iii rf e .00 

C Jl-TRANSFORM FILTER WEIGHT ARRAYS (EQUIVALENT TO WTl ARRAY) 
DA' 

*-4. 
*-

TA WAIZ 
.2129715E 
,076789IE 
,1714302E 

* 
* 
* 
* 

.600901BE 
,9314024E 
,505776BE 
.1422464E 
.2177842E 
.6209538E 
.5355935E 

9.5104370E 
5.0032100E 
6.4004437E 
1.3044664E 
5.8709354E 
2.7641786E 
1,3698462E 
6.7870250E 

DATA WB17 
* 3 . 3 6 1 7 3 6 8 E 
* 1 . 6 6 5 1 2 2 2 E 
* 8 . 2 4 7 4 4 6 8 E 
* 4 . 0 8 4 9 8 6 7 E 
* 2 . 0 2 3 3 0 5 8 E 
* 1 . 0 0 2 1 4 8 8 E 
* 4 . 9 6 3 6 6 2 3 E 
* 2 . 4 5 8 5 0 1 4 E 

* - : 
* - l 
\'/ ...... 
•f- \ 

* - ' 
* 1 
* < 
* 
* 
* 
* 

• .1. o ? 

• 1 4 ? 
• iE 4 ? 
•15? 
•15? 
• 1 4 ? 

• 1 4 ? 
• 1 4 ? 
• 1 7 ? 
• 1 5 ? 
• 1 5 y 
•16y 
•16 y 
• 1 5 ? 
• ;i. 4 y 
•14 y 

- 1 0 ? 
- 1 0 ? 
• 0 9 y 

• 0 8 y 
- 0 7 y 
- 0 7 ? 
• 0 6 ? 

• • • ; 

* 

* 
* 

* 

* 
* 

* 

* 
* 

ii 
*-
* • • 

*-

*-
*-

*-

*.. 
*-

*-

*-

6.060/294;-. 
2.9860417E 
1.4767050E 
7.259681 IE 
13.4655327li: 
1.42073S7E 
2.0334626E 
1.8280529E 
2.4781735E 
2.2830217E 
ATA WCIZ 
1.748896BE 
9.613S436E 
5.3482055E 
2.9B83670E 
1.6709583E 
9,3441130E 
5.2253532E 
2.9220916E 

1.6340753E 
9.1379828E 

-05 ? 
-04? 
-03 y 
- 013 ? 

-02? 
-01? 
-01? 
-01 y 
-01? 
-02? 

-02? 
-03? 
-03? 
-03? 
-03? 
-04? 
-04? 
-04? 

-04? 
-05? 

5 . 3 6 6 7 0 3 l E -
1 , 2 3 6 2 2 6 5 E -
8 , 4 1 3 4 7 3 B E -

- 9 . 1 1 0 2 7 6 5 E -
- 8 , 9 7 4 9 8 4 6 E -
- 2 , 3 1 7 2 3 3 8 E -
- 2 , 2 4 B 5 5 3 9 E -
- 7 . 9 3 2 3 9 5 8 E -
1 , 8 6 3 7 5 6 5 E -
6 , 4 1 9 2 8 4 1 E -
5 . 6 1 2 5 1 6 3 E -
1 . 4 6 0 0 4 7 4 E -
4 . 3 7 5 2 2 0 5 E -

- 2 , 1 9 2 6 1 7 7 E -
1 . 0 7 5 5 7 4 5 E -
8 . 1 4 7 5 2 0 0 E -
4 . 1 3 3 0 8 2 3 E -
2 , 0 4 4 7 4 2 7 E -
1 . 0 1 2 6 . 2 3 7 E -

5.0153839E-
2.4840923E-
lV230375()E-
6v0940898E-
3,01S4244E-
1.495037lE-
7^ 4049804E-
3.6677163 i:i --

8 . 997150iiiE-
4.4545291E-
2.2016806E-
1,0788355E-
5.0608141E-
1.8821315E-
6.0665451E-
4,7014634E-
•1,1149185E-

•"> A X. A A .i. A "7 i:.-
A.. i- -̂ Y \ . . ' "^i "Y I . . ' *Y / 1... 

• 1 4 i 

- ;E 4 ! 
- 1 5 i 
- 1 5 i 
- ;i. 5 • 

- ;E 51 
- ;E 6 ! 
- ;E 6 1 

- ;i. 5 ! 
- 1 4 : 
• 1 4 ! 
• 1 3 ; 
•12 ! 

• 1 ;E 1 

1 ;i. I. 

1 0 5 
()9 s 
0 9 > 
0 8 s 
0.'-' s 
' ) 7 I 

• 0 5 

• 0 4 
• 013 
• 0 2 
0 2 
0 1 
0 2 
0 1 
0 1 
0 2 

- 7 . 1 1 
- 1 . 3 3 
- 3 , 7 7 
9 , 9 6 
1 , 11" 
2 . 5 6 
1 .90 
4 , 8 4 

- 3 . 3 6 
o . K.J y 

- A . ;E 4 
5 . 6 1 
2 , 1 0 
;E . ;E 6 
3 , 0 ;E 

O , ,1. ..J 

25.04 

83962E 
71129E 

>. ; ? 

4? 
8 , 9 
;E , 3 

9 6 4 0 5 E - 1 
5 3 9 8 7 E - 1 
0 5 4 7 7 E - 1 
2 2 7 5 2 E - 1 
2 1 4 0 6 E - 1 
8 3 6 4 3 E - 1 
5992BE 
5393 IE 
6 6 5 1 9 E 
52293E 
51003E 
59022E 
3 0 0 0 6 E 
06209E 
944-771: 

04976E 

i : - i 
- ;E 
- ;E 

- 1 
- 1 
- 1 
•••• 1 

- 1 
•-1 
• -1 

,','j ? • 

4 , . 

4 ? • 

4 , . 
5? 
-..i y 

5? 
i:;. 
I,, ' ? 

6 ? 

5?^ 
4 ? 
4? 

,1. , -1 

• 9 , 3 
' 1 , 4 
• 2 , 6 
-1 . 5 
- 2 , 1 
4 . 6 
6 , 9 
2 , 6 
8 , 2 

3 , 3 
1 . iii 
9 . 1 
4 . 5 

47B500E 
234178E 
263B79E 
649955E 
91482IE 
217555E 
198084E 
875032E 
132219E 
895792E 
358B27E 
899246E 
451973E 
415433E 
506 O B E 
519112E 
921659E 
50100IE 

7 , 48181731 
3 ,7058109E 
1 ,83550341 
9 ,0913020E 
4 ,5029477E 
2 .2303208E 
1 . 1046B05E 
5 ,4714550E 
2 .7099223E 
1.3420195E 
6 ,6423156E 
3 .278B147E 
1 .5973323E 
7 .2B27752E 
2 .2996815E 

-2 .0275683E 
7 ,2991233E 
2 , 5 9 8 5 3 8 6 E 

-2 .2B95284E 

- 1 1 ? 
- 1 0 ? 
- 0 9 ? 
- 0 9 1 
- 0 iii ? 
- 0 7 ? 
- 0 6 ? 
- 0 6 ? 
- 0 5 y 
- 0 4 y 
- 04? 
" 013 ? 
- 0 i2 ? 
• 0 2 ? 

- 0 1 ? 
- 0 1 ? 
• 0 3 ? • 

-0.'2 ? 
• 0 2 ? 

1.1161804E^ 
5,5284353E^ 
2,73B2502E' 
1, 356265lE^ 
6,7176304E^ 
3,32726B9E' 
1 ,64ii!01()3li: 
8.1626422E^ 
4 , 0428804E^ 
2.0021123E-
9.9073275E^ 
4 .8B37292E^ 
2, 361204 lÊ  
1,0337889E^ 
2,50S8500E^ 
-3.5772336E^ 
- 3 , 0 6 ;E 4 5 9 4 E: • 
1 .0850279E^ 
2,0197032E-

a ? 
4 ? 
15? 
1.5? 
1.4? 
14? 
1.4 ? 
E5? 
15? 
L5? 
L5? 
E 7 ? 
L6? 
16 ? 
!. 4 ? 
13? 

13? 

1.2? 
dZ 

: 0 ? 
.0 ? 
)9y 

-08? 
- 0 iii ? 
- 0 7 ? 

• 0 6 ? 

• 0 6 ? 

• 0 5 ? 

• 0 4 ? 

• 0 4 ? 

• 013 ? 

• 0 2 y 

• 0 1 y 

• 0 1 ? 

• 0 1 ? 

• 0 ;E y 

•02 y 

1.5057670E-02y-1.2953923E-02y 
8,2952090E-03 y-7.1628361E-03 y 
4.6232056E-03 ?-3,9970542E-03 ? 3.4560118E-
2 . 5340861 E;-03 ? -2 . 2345428E-03 ? 1 . 9323046E" 
1.4449655E-03?-l,2495408E-03? 1,0B05480E^ 
8.0803899E-04 ?-6.9875784E-04 ? 
4,5186652E-04 ?-3.9075515E-04 ? 
2,5269019E-04 ?-2.1851585E-04 ? 
1 . 4;E 3 0 7 9 6 E i ••• 0 4 ? ••- ;E . 2 2 1 9 7 1 9 E • • • 0 4 ? 
7.9021432E-05 ?-6.8334412E-05 ? 

1 .1153254E^ 
6.1882910E^ 

6,0425624E^ 
3.3790861E" 
1,8B96332E-
1 .0567()99E-
5,9092726E-

K),:') ? 

03? 
03? 
04? 
04? 
04 ? 

04 ? 
05? 

000 
000 
000 
000 
000 
000 
000 
000 
000 

3 9 ;E 
391 
391 
391 
391 
391 
391 
392 
392 

000392 
000392 
000 
000 
000 
0 0 0 

392 
392 
392 
392 

30 
40 
50 
60 
70 
80 
90 
00 
10 
20 
30 
40 
50 
50 
70 

00039280 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

39290 
393 
393 
393 

1)0 
10 
20 

39330 
393 
393 
393 
393 
393 
393 
394 
394 
394 
394 
394 
394 
394 
394 
394 
394 
395 
395 
395 
395 
395 
395 
395 
395 
395 

000395 
000396 
000 
000 

000 
000 

396 
396 

396 
396 

40 
50 
60 
70 
80 
90 
1)0 
10 
20 
30 
'-\ \) 
50 
60 
70 
80 
90 
00 
;i. 0 

2 0 
30 
40 
50 
60 
70 
80 
90 
00 
10 
20 

3 0 

40 



M I. J1 t i e: iii D o c r.i m e i"i (i ;ii 't :i. o n 
P r o g r a m MQLVTHXYZ 

Pa:: 101 

C-

*-
*-
*-
* " 
* -
* " 
*" 
*" 
*.. 

-5, 1100905E' 
-2.8576356E 
-1.59S0307E 
-8,9364160E 
-4.9973715E 
"2, 7946015E' 
-1.562781IE 
-8.7392952E' 
-4.BB71383E 

DATA WD17 
*•• 
*•• 
*" 
*-
*-
*-
*" 
*•• 
*•• 
*-
*-
*... 

-2,7329579E' 
-1.528309 IE-
-8.5465227E' 
-4.7793376E' 
-2.6726739E^ 
-1.4945974E^ 
-8.3580023E-
-4.6739154.E^ 
-2.6137226E-
"1.4616324E^ 
-8.1736202E^ 
-4.5707937E^ 

-05? 
-05? 
-05? 
-06? 
- 0 6 ? 
-06? 
-06? 
-07? 
-07? 

-07? 
-07? 
-08? 
-08? 
-OS? 
-08? 
-09? 
-09? 
-09? 
-09? 
-10? 
-10 ? 

*-2 
*-l 

END 0 
.4294012E-
F Jl FILTE 

;i. O ? 

10 ? 
R W 

4.41B9914E 
2,4711631E 
1.3819097E 
7.7273366E 
4.3215167E 
2.4166539E 
1.3514274E 
7.5573750E 
4. 226192IE 

2.3633470E 
1.3216174E 
7.3906734E 
4,1329702E 
2,3112160E 
1,2924650E 
7.2276490E 
4 . 041806 Hi: 
2,2602382E 
1.2639577E 
7.06B1930E 
3,9526267E 
2.21032i33E 
1.236199IE 
; IGHT3 

- 0 5 ? 
- 0 5 ? 
- 0 5 ? 
- 0 6 y 
- 0 6 y 
- 0 6 ? 
" 0 6 ? 
" 0 7 ? 
" 0 7 ? 

" 0 7 ? ' 
" 0 7 ?• 
"Oiii ? 
•• 0 iii ? • 

" 0 8 ? ' 
" 0 8 ? ' 
• 0 9 ? • 

• 0 9 ? • 
. 0 9 , . 

- 09 ?• 
• 1 0 ? • 

• 1 0 ? • 
- 1 0 ?• 
- 1 0 ? • 

-3.82135B0E-0S? 3. 
-2.1369580E-0S? 1. 
-1,1950174E-05? 1, 
-6,6B27083E-06y 5. 
-3.7370660E-06? 3, 
-2,0898207E-06? 1, 
-1,16B6576E-06? 1. 
-6.5353002E-07? 5. 
-3.6546333E-07? 3, 

3045496E 
8479514E 
0334008E 

.0437231E-07? 

.142B792E-07? 
,3911437E-08? 
,57401B9E-08? 
.9986424E-0B? 
,1176694E-03? 
.2501673E-09? 
.4951347E-09? 
.9545596E-09? 
,0930164E-09? 
.1122713E-10? 
.4180569E-10? 
.911389 IE-10? 
.2740936E-11Z 

NONE-0 
IF(NEW.EQ.O) GO TO 100 
NBAVE-O 
iE N I T iii A E.. I Z E K E Iv N E E.. ABS C13 3 A G li: N E: 

Yl-0.7358852661479794460D0ZDBLE 
. 0 0 Zi^iANKii!"- ( 0 V 0 y 0 . 0 ) 

CMAX-(0.0?0.0) 
NF-0 
Y-Yl 
BEGIN RIGHT-8IDE CONVOLUTION AT 
ASSIGN 110 TO M 
1-131 
Y-Y*E 
GO TO 200 

10 TMAX(1)-AMAX1(ABS(T(1))? TMAX(1) 
TMAX(2)-AMAX1(ABS(T(2))?TMAX(2) 
I-I + l 
Y-Y*E 
IFd.LE. 149) GO TO 200 
IF ( TMAX (1 .) . EQ , 0 , 0 , AND , TM AX ( 2 ) . E 
E S r A B E„ I S El T R Ci N C A E' 1 0 N C R I T E R I O N 
CMAX-TOL*CMAX 
ASSIGN 120 TO M 
GO TO 200 
CHECK FOR FILTER TRUNCATION AT 

20 IF(ABS(T d)).LE.TMAX(1).AND.ABS 

3. 
1, 
9. 

B071890E 
0106059E 
6514528E 
1603732E 

7673253E 
B831386E 
. 5267923E 
0906612 F: 
7283419E 
6651347E 
4043822E 
0224895E 
6902214E 
4519327E 
2856342E 
9557785E 
652B994E 

• v a y 

-05? 
-05 y 
- 0 6 y 
• 0 6 y 
• 0 6 ? 
•06? 
- 0 7 ? 
-077 

• 0 7 ? 
• 0 8 ? 
"Oiii ? 
• 0 iii ? 

• 0 iii ? 

• 0 9 ? 
•09 ? 
•09? 
•09? 
• iE 0 ? 

• ;E 0 ? 

• ;E 0 ? 

- ;l. 0 ? 

RATION FOR GIVEN 
( B) 

WEIGHT 131 (EITHER NEW-1 OR 0) 

Q.0.0) NONE-1 
(CMAX-CMPLX(TMAX(1)? TMAX(2)) 

RIGHT END 
(T(2)).LE.TMAX(2) ) GO TO 130 

00039650 
00039660 
0 0 0 3 9 6 7 0 
00039680 
0 0 0 3 9 6 9 0 
000397 0 0 
0 0 0 3 9 710 
00039720 
00039730 
00039740 
00039750 
()()039'76() 
0 0 013 9 7 7 0 
0 0 0 3 9 7 iii 0 
0 0 0 3 9 7 9 0 
00039800 
00039810 
()0039iii2() 
0 0 0 3 9 iii 3 0 
00039840 
0 0 013 9 ii! 5 0 
0 0 0 3 9 iii .3) 0 
0 003987 0 
00039880 
0 0 0 3 9 iii 9 0 
() () () 15 9* 9 0 0 
00039910 
0 0 013 9' 9 2 0 
0 0 013 'i-̂  9 3 () 
() () () ̂.̂  9 w ..'I (•) 

00039950 
0 0 0399 6 0 
0 0 013 9 9./' 0 
00039980 
00039990 
00040000 
00040010 
00040020 
0 0 0 4 0 0 3 0 
0 0 0 4 0 0 A 0 
00040050 
0 0 0 4 0 0 6 0 
00 0 4 00'70 
0 0 0 4 0 0 iii 0 
0 0 0 4 0 0 9 0 
00040100 
00040110 
00040120 
0 0 0 4 0 ;l. 3 0 
00040140 
0004 015 0 
00040160 
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LU 
r> 
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MI.JI •(:ie:s De)e:r,iineri Ca'C:r aI'l 
P r o g r a m MQLVTHXYZ 

i-^iiirfe ;L03 

M S G •-•••-•- ANY M Ci E.. I' iE i-' E.. ii: 0 i"' 5 ' C Ei A I':; A C I' E Ei; 8 MAX, 01-' il. 2 0 
(Ci ii! E N El E- 0 Fi; M i'" 0 i'i; A N S I (i! 0 M i-̂  A T A B I 1... iE I' Y ) 

M5- NO,CHARS IN MSG75 ( 
16- 1ST CiNIT FOR WRITE( 

IF 16. LE.O UNIT 16 
19- 2NB UNIT FIR WRITE( 

li 1-' li 9 . L.E . 0 ? U N I T li 9 iE GN0Fi;EIi 
•MESSAGE WRITTEN I N FORM 

7ERR0R MSG HERE 

;EMAINDEi' i ; MUST BE 0 ) 1 , L E . M 5 , L E . : 
[ 6? ) MSG • USUAE..LY 1 6 - 6 FOR LP ' 
l iGNORED. 
[9? ) MSG 

D I M E N S I O N M S G ( 3 0 ) 
J - 5 * M 5 
K - J Z 4 + M 0 D ( J ? 4 i 
I F ( 1 6 . G T . O ) WE 

10 FORMAT(ZSH ERE 
I T E ( 1 6 ? ;E 0 ) ( M 3 G ( iE) ? I -• 1 ? K ) 

OR ? 3 0 A 4 ) 
11-' ( 1 9 . G'T , 0 ) WE< I ' IE ( 1 9 ? 10 ) ( M3G ( I ) ? I •-•-•-•-1 ? K ) 
CALL CLOGE... .FILE( ' - A L L ' ) 

3 TOP 
END 

000 
0 0 0 
0 () 0 
0 0 0 
0 0 0 
000 
000 
0 0 0 
0 0 0 
000 
0 0 0 
0 0 0 
0 0 0 
000 
0 0 0 
000 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

40680 
4 0 6 9 0 
4 0 7 0 0 
40710 
40720 
40730 
4 0 ,:•' 4 0 
40750 
40760 
40770 
407 8 0 
4 0 7 9 0 
40800 
4 0 81 0 
4 0 ii! 2 0 
40830 
4 0 iii 4 0 
40850 
40360 
40870 

3UBR0UTINE WARN(MSGyM5y16?19?*) 
-WARNING MESSAGE WRITE ROUTINE WHERE;' 

MSG- • 'ANY MULTIPLE OF 5 CHARACTERS MAX, OF 120 
M5- NO. CHAR'S IN M3GZ5 (REMAINDER MUST BE 0) l-<-M5'ri-24 
16- 1ST UNIT NO. FOR WRITE(16y )MSG- USUALLY 16-6 FOR E 

IF I6^<-0 UNIT 16 IGNORED. 
iE 9 •-••^: 2 N D Ci N li T N O . F' 0 R W R li T' E ( 1 9 ? ) M 3 G I i-' 1 9 •ri •-•-•••- 0 ? 1 9 IG N 0 E 
*- iliLABEL NO. TO RETURN AFTER ERROR CALLED ($Nu. MUST 

GIVEN 

DIMENSION MSG(30) 
J-5*M5 
K-J/4+M0D(J?4) 
IF (16. GT . 0 ) .WR I TE (16 y 6 ) ( MSG (I) ? I -1 ? K ) 

6 FORMAT('OWARNING '?30A4) 
IF' (19 . GE'. 0 ) WR I 'EiE (19 ? 6 ) ( MSG (I) ? I -:̂ --1 ? K ) 
RETURN (1) 
END 

PT 

:ED 
BE 

0 0 0 A 0 ii! ii! 0 
0 0 0 4 0 iii 9 0 
0 0 0 4 0 9 0 0 
0 0 0 ••} 0 9 il. 0 
0 0 0 4 0 9 ;i2 0 
0 004093 0 
00040940 
0 0 0 4 () 9 5 0 
0 0040960 
0 0 0 4 0 9 7 0 
( ll (j Ol ..;•) (; i.j^ -̂..J |—t 

0 () () -'•) 'i) 9 9 () 
0 0 0.41 0 0 0 
00041010 
0 0 0 410 2 0 
0 0 0 4 ir 0 3 0 
0 0 0 4 ;E 0 4 0 
0 0 0 410 5 0 
()0()41060 



XX*- sr.iTa xnaa, j i iiimaq.iii^iiii ae).;-! ' ( p a p a a r j q.e)r.i • iiiiiiM mii?asaa rforiiii 
apc);:>rf ai.iq. <! n rg "|9iJ x r.i 'r p a iii 1 "1 •:i. ar.i a d a a O A T q. a A 'I: a a p ;:) x ']•>•'-. x i? r.iii? 
a iii I "I il-;:) a q ) pa i i in e q pxi'ie)i.jii> x-">-'«^PT iiimaiiirffi; a;:)i.jxs pax i i i? ; : ' a q aaAar. i 
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(IN iii 
yo is 

-'( ZAXEl.1 iii" ZAXl-l.1.1 ' 3EI0Dd""A WW0lil '• 3 Q 0 0 3 ) .1 y 0 d VW "1 "'IV0 ' 

zAXl-l.1.iii ̂  zAXl-l.1.iE" i:iIJ00y"Awwnn •' :iEIOO -i "iyNd3.1 x3 
(67.61 ''NosyiiiriNy) lyoyyw O N I S O wvyooyy N I V W I S W I - N O N 0 

jape);:) 5:vLrme)X l a j . aqq. i.iq. XM ( Ot^T 0 0 0 0 0 - 0 T 0 0 0 0 0 0 

iii a r.i 'i: x ) 'ri ii? d BOdd: r.i x a m a q q. a;:) ii? 'r rf a a * (-^ 6 Z 6 T ' ' - ' '•' '^ -̂̂  ^ P '-i V 
r.i 'i: a x q a x X i- ^ ^ ) .1. i;! 0 >:i V W '." *- •-'• ^ ''̂  -̂  ^' ^::i'"' ̂  -̂  ^ -̂  *-'"' ̂ ' -'̂  '!• ^ <- ^' 'E -.i *- ̂  '••' EI ' . . i " '.•' 
aqq. qq. tM ( r f a a a q x i I S W I ^'M'E '•-'T- s x i a a x i * - P'•••'- " 0 S 3 X N 1 
' O S S X y j ' ' O W I S W I ) sar.ixq.i"ioa aaaq .aaq .L IT " is i^x ^M'T ' a a a i r i e d o j , g 

' iii m a q. iii s iii d a i j q. a q. ii; e) m a o j . iii r̂ a q.;:) a a ii? r.j;:) iii iii a x a a 9 e) q. 
pamar jaa e q p x n a q s (aq .a MjNi i lEi inS""ZAXHIAIOW '• ZEi(nS""ZAXHlA10W 
» s ' a ) sa aq.aaa aq;:)....9 r.iauq. aaq.ii?aaE: samar.i s a x q . xriW 

" ( . IN 3 P '..I -̂ 3 "i .1. iE .1. "> >•'• ^ -' >Ji -" '• 0 W "1S WI 
a r.i 'i: q. 1 "1 e) ,1 q 1 "1 s a a iii « ' s •> a ) iii q. r.i a m a q. ii? q. iii q. ii? m a o j . p r,i iir iii F-. a d d a 
a a q.;:) iii a i? q;:) aa r^qo e)q. -: rfaii?ssa;:)aij j . x ' i apam a q pxr ie)qi i i sassr.iii?q;:) 
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iii X p a o M / î il! r.i;:) c; < a a A a M O q 1} m a q, s rf s iii;:) r q,'[ ri u '['[ e t^ae r.i e) i..| 
aqq. rjo tf'V qamaeiq. sa i i i n p a o M / a a q ; : ) \:.- q.ii?qq. aq.e)r.i) ar jxq;:)am 
q.ajivaiifq. ariq. j . o D . I O M de^A sa aq.;:);:?,.i ii?i.j;:) j.e) a a q m r i t i ai.|q. oq. 
^r . iXpJo; : )aa p a s u a q a a q p x n o q s NyVM P'••'<:• OSWyyiil s m a a s o a r f q n g 

* iii in a q. iii -a-, a a a q q. o a o j . p a s ri a q 
P X r i o q s pe)qq.am q , r j a x s A x r i a a rjy " 0 ' 0 '-''E 'Eaiii q.xni i iaa aqq. p u a 
p a s s a a r f r f n s e d a sasviiiisiiiam f i o x i Japr . in q.ijar.iorf;.;a s;:)xq.xnw I TV 

( a q. a X a p ) 
(r f i ia;:) qq.XM a;:)i i fXrfaa) 
( r f x a p q q x M eaaX'^'^^i- ) 

( rf ;•; a q q. 'i: M a a iii x rf a a ) 
(;•:> q. a -r ;:;i p •, 
( a'.). a X a p ) 

( a q . a x a p a o u * x a a x K o x q'TTf"! eaax'^^od ) 

.1 a d']. -i: r.i x X X a a 
'•" rf;.; a;:) 
"••rf;.;ap 

-aii ie)x;:) lXiii;:> 
- L i a r f o X I Si a 

i . j) j<aaq.aaaaqa 

J m a q. iii -a. a 
a a If:). o i.,i a oq. y;i:iJX'l.>JiS''̂ '..if:>';' I T pa;:)ax^-^aa a o p a q . a x a p a q p x r i o q s 
sx i i ; ?a a o / p u a sq.uamaq.aq.s s a t ' l i n w tivLri iMOXIoj. aqq. j . o rfuy 

•• iii m a q. iii i--, a a a rj q. e) q. s o m d o j . iii a a q. q. a x 
a s a a ra r f r fn e)q. passLiaq;:) e q px i ' iau i i i q.aarfaa i i ixqq. rjx s a m e u 
r.i il? d']. a o ;;| p r.i ii? iii ,A a q. a m ii? a iii rf a o j . p a iii ri iii a a q. q. a x a s iu;;) raw e) •[ x I V 

s m a q. iii a. a d a !.i q. a o q. r.i o x iii >.i a A r.i a;;) •> 3 ;.; -J: p r.i a rf rf w 

\ . Q l BBB^i 

Z A X H I A I O W uiaai ivoay 
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rj X p a iii i"i a q q. e) r.i r.i ii' a r.i j . )•; a m p rj a * ti? q. x a p * iii rf a < ;v; x a r.i < ( ) m a iii rf -i •'.). rf o x 
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Mi.,i 1 t :i, c a lilocr,iin ai-i 't a 'C i oI'l 
P r o g r a m MQLVTHXYZ 

in-.: 2 
rii-(--er~ 
iriax-f-'ri-=: 

10 
120 

G== O.OOOE+OO 
<3calep=: 1 
Bfs^ O.OOOE+OO 

IT H X Y Z — inalvtl ixi :) : ; -tes-fc p r o b l e i r i 2 ? m o d e l PBrm'j; (;iO:.-=l 1.1 r 1 r 1 ? . 1 ? 2 5 0 

data se-t pa rms are 
istep- 1 ;•:= O.OQOOE-^-OO w-- O.lOOOE-i-OA r-:-" O.lOOOE+04 current== 0,1000E+01 
source lEj|-i£(-t,h.-= O.lOOOE-101 1~ 1 

i f l t x = 0 i-rit«=-- 0 i-fl̂ tz-= 0 

conlipol pa rms are 
tol= O.lOOOE-03 nf =: S iob .•= 4 
iriethad= 2 

l i m s 1 m a — i n o l v t h K y / : t e s t p rob l e i i i 2> inode l parmni b0:=l ? 1 r 1 ? 1 ? . 1 ?25'0 

n= 15 k== 6 ip= 1 
i3lt= 5 istop"--: 1 iwt" 1 
iprt= -2 iopt= 1 r(<5i<;(:= 3 
delta---: 0. OOOE-FOO 
P3rm= 0,100E-01 0.200E-W)1 0.120E+03 O.IOOE+OO 

ib= 1 

fmt=:(2el4.5?fl3.G,el4,5) 

i n i t i Jl 1 p a ram e t e r s 

0 . lOOOOOOOE+Ol 0 . lOOOOOOOE+01 0 . .lOOOOOOOE^FOl 0 . IGOOOOOOEEOl 0 . lOOOOOOOE^f 00 
O.25OGOOO0E+O3 

parame-fcer i nde ; . ; ; 1 2 3 4 5 6 
r e o r d e r e d a s . , , 5 2 3 4 5 6 

r e o r d e r e d p a r a m e - t . e r s 

0 . 1 0 0 0 0 0 0 0 E - f 0 . t O.:lOO0O000E + 01 0 , : l .0000000E-f01 G.lGOOO000E-)-00 0 .25000000E .1 -03 
0 w a r n i n il - ~- m a r o u a r d t p ;:> r a in e t e r e ;•: c e e d e d p a r m < 3 ) . 
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M u l t i c s Doeiuinantiij-biori Parfa 108 

P r o g r a m MQLVTHXYZ 

*$9$ iins 1 III*."* corpve raenci? inf orciatiori: 

riOrrii of a r a d i e n t 0 . I A;:;53A501H:-02 
funct ion e v a l u a t i o n s 0 .'16000000E+02 
e^ t . s i d n . d i g i t s 0. 45923176E-I-01 
marouardt i^apanieter 0 . :>61 A!;:3<6*ti: f03 
no. i t e r a t i o n s 0 .'/OOOOOOOÊ f 01 
type (convergence < i n f e r ) 0 
e r r o r code ( i e r ) 13.1 
r e s idua l sum-of-SQuares ( S S Q ) = 0. 41113755f;-03 

**.••!* f i n a l unsea led ;^araj'»eters 

0.100425S1E + 01 0.99,'3900'yOE.fOO 0,99'/'77912E+00 0.98586691E-01 0 .15074997E^I-03 

sca led d r a d i e n t 

-0.265122S4E-04 -0 . 25798774E-03 0 .16032409E-02 0 . 279A9514E-04 0 .,^S197892E-04 

i obs.5=i(i) cal res ;(<i,l) ;c(i»2) ;!(i»3) ;;(if4) ut(i) 
1 O.230I00E-O7 0.22.i074E-07 0 , 4 0 3 E ' 0 9 • 0 .500000E-02 0.200000E-f-01 0.230000E-07 O.OOOOOOEtOO 0, 1890;3«G.H6 
2 0.-!60940E-07 0.46311-1E-07 -0,217E-09 0.1990S0E-01 0.200C00E.(.Ol 0. •*,A9000E-07 O.OOOOOOEfOO 0.4S4626E + 15 
3 O.S60190E-07 0.863-304E-07 -0,3il£-09 0.792450E-01 0.200000E-f01 O.a60000E-O7 O.OOOOOOE + 00 0.13520eE + 15 
4 0.S10490E-07 0.S13S49E-O7 -0.33AE-09 0.792450E + 00 0.200000E + 01 O.aiOOOOE-07 0. OOOOOOE-fOO 0.132416E + 15 
5 0.800320E-07 0. S038,87e-07 -0.337E-09 0.199050E-r01 0.200000E + 01 O.OOOOOOE-07 0. OOOOOOE^I 00 0. 156250E^H5 
6 0.:50237CE-08 0.303244E-0S -0.S74E-11 0.792450E-02 0.300000E^f01 0.300000E-03 O.OOOOOOE+00 O.llllllE-Ha 
7 0.150A90E-07 0.150673E-07 0.165E-11 0. 31.^4'Q0E-01 0.300000E-f01 0.150000E-07 O.OOOOOOE + 00 0.444444E^H6 
8 0.718220E-07 0.717402E-07 'O.olSE-lO 0.199050£•^00 0 .'SOOOOOE^fOl 0.720000E-07 O.OOOOOOE+00 0.192901E + 15 
9 0.790800E-07 0.7899tl6G-07 0.314E-10 0.792450Et.00 0.300000E + 01 0.7900G0E-C7 O.OOOOOOEIOO 0. lif>0231E + 15 

10 0.79.'5390E-07 0.794522E-07 0.868E-10 0.3134SOE+01 0.300000E.f01 0.300000E-07 O.OOOOOOEIOO 0.156250EH5 
11 0.100030E + C1 0.10O249E.f01 -0.219E-oa 0. l,58000E+02 0.400000E-I01 0. OOOOOOE-fOO 0 .OOOOOOE + OO O.lOOOOOE + 01 
12 0. 106010E-f01 0.106171E-t-01 -0.141E-02 0. 100000E•^03 0.400000E.f01 0 .OOOOOOEl-OO O.OOCCOOE+00 O.IOOOOOE + Ol 
13 0.155000E+01 0.154799e+01 0.201E-02 0.252000E.(-03 0.400000E-r01 0.155000E.f 01 O.OOOOOOEIOO 0.416233E+00 
14 0.311000E.)-01 0.310224e.t01 0.776E-02 0.630000E-i03 0. AOOOOOEi-01 0.310000E+01 O.OOOOOOE-IOO 0 . lOAOSBE-t-OO 
15 0.42.4000E.r01 0.426S51E-i.01 -O.SSIE-Oa O.lOOOOOE+04 0.400006E^r01 0.430000E + 01 O.OOOOOOE + 00 O.54O033E-O1 

iff** riTiserr= 0.64120007E-02 

final scaled partiais (Jacobian) 

1 -0.98j00a02E.f00 0 . OOOOOOOCE-f 00 0 . 45169752E-f 00 -0 . 21029400E-03 0. 3228S083E-02 

2 -0.98752421E^f00 0 . OOOOOOOOE + 00 0 . 54a89651EI^00 0 . 18732.516E-01 0 . 20704610E.f 00 

3 -0. 10040369E^r01 0 .OOOOOOOOEI 00 0 . 15933372E^f 00 0 . 840259S4E-02 0 .10631049E-rOO 

4 -0.10045505E^f01 0 . OOOOOOOOEf 00 -0 .14146162E-01 -0 . 9877193SE-02 -0. 11320418E-01 

5 -0.10046485E-f01 0 .OOOOOOOOE + OO -0 . 43394473E-02 -0 . 41A69784E-02 -0. 25581703E-02 

6 O.OOOOOOOOE-t-00 -0 . 101108<i4E.f01 0 .54004203E^fOO 0.11198296e-03 0 .26295337E-01 

7 O.OOOOOOOOE + 00 -0 . 10040268E-I-01 0 .1245690SE + 01 0 .10079574E^(-00 0 . 68332703E + 00 

8 O.OOOOOOOOE + 00 -0 . 99455251 E-l-00 0 . 16S40021E-fOO 0.38473476^-01 0 . 1 331221 lE + 00 

9 O.OOOOCOOOE-l-00 -0.10003372E-I-01 0.819SS631E-02 0.5090S907E-02 0.42373447E-02 

10 O.OOOOOOOOE^rOO - 0 . 9 9 2 S 1 S 9 6 E + 0 0 0 . 2491 5792E-02 0. 48387353E-03 0. 223511 llE-03 

11 O.OOOOOOOOE^fOO O.OOOOOOOOE^rOO 0. 10014908E-roi 0.10824785E-03 0. ei669775E-03 

12 O.OOOOOOOOE+00 0.OOOOOOOOE+00 0.98560736Ef00 0.14433047E-01 0.16270&19E+00 

13 0.(;OOOOOOOE + 00 0.00000000E.f00 O.55119987E-r00 0.93325926e-01 0.68588632£-f00 

14 O.OOOOOOOOE^fCO 0 .OOOOOOOOE^rOO 0.B0360779E-01 0.24391849E + 00 0.73421075E.f 00 

15 0.OOOOOOOOE+00 O.OOOOOOOOE+00 -0.10a09307E+00 0.341626Q7E+00 6.63704752E+00 
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scaled covariance matrix (inverse of xJtJ) 
0.2154E+00 
0.2419E-01 
0.5905E-01 
-0.7005E-01 
0.1607E-01 

0.2419E-01 
0.2442E+00 
0.9S03E-01 
-0.85aiE-02 
0.3438E-01 

0.5905E-01 
0.9e03E-01 
0.4654E+00 
0.1937E+01 
-0.8423E+00 

-0.7005E-01 
-0.fl591E-02 
0.1937E+01 
0.29A3E+02 
-0.9632E+01 

0.1607E-01 
0.3438E-01 
-0.3423E+00 
-0.9i32E+01 
0.3315E+01 

correlation riotri,.̂  
2 O.lOOOE+01 0.1655E+00 0.1865E+00 -0.2773E-01 0.1773E-01 
3 0.1055E+00 O.lOOOE+01 0.2968E+00 -0.3190E-02 0.3562E-01 
4 0.1865E+00 0.2908E+00 O.lOOOE+01 0.5215E+00 -0.6321E+00: 
5 -0.2773E-01 -0.3190E-02 0.5215E+00 O.IOOOE+Ol -0.9060E+00 
6 0.1773E-01 0.3562E-01 -0.6321E+00 -0.9060E+00 O.lOOOE+01 

*.* parameter 
2 0.1004E+01 
3 0.y989E+00 
4 0.9978E+00 
5 0.9859E-01 
6 0.1S07E+03 

std error 
0.2989E-02 
0.31A5E-02 
0.43A5E-02 
0.3441E-02 
0.138SE+01 

std error/parameter 
0.2976E-02 
0.3169E-02 
0.4374E-02 
G.3490E-01 
0.1252E-01 

(unsealed) 

IT H X Y Z- mnlvthxyz test problem2f model parms bO=l>1f1i1r.1>250 

primary field factors: O.lOOOOOOOE+01 0.10042551E+01 0.99890090E+00 

final unsealed psrairieters-
resistivity lyr depth 

0.99777942E+00 
0.98586691E-01 
0.15074997E+03 

0.100222S5E+01 
0.10143357E+02 

0.15074997E+03 


