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SUMMARY

OBJECTIVE

Develop a computer program for calculating the pulse distortion and delay of vlf/ elf
signals in the earth— ionosphere waveguide.

RESULT S

Sample applications of t h e  program developed to meet the objective include calcula-
tion of a slow wave elf tai l  generated by a median lightning discharge and a system study
appropriate to the vii communications band.
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I. I\ l ROI )L ’ lIo N

I iii’ s Ie~ 0l t t lest. i Il’ t.’’. III I ~‘.ts .1 c% t t l t ~ t l t e I  p1 ogi .1111 t.le’.tgt ict.t to tt.indle l’tike p~~p.nz.i
I~’Il prOI’IeIU~’ ~ hen tile ~ l t ’p.Ig.I tI I~g t.’h.I’~ tlt.’l Is the t . I I  th-i ilospilele t% .I~ eg tII ~le .IIId i~
Iil teIldt.’d tot  use Ifl the cit It I .II IJS 1111 111 ~ .II~’ I11t~~le ~l.it.i i i  e . eIgeII.Illgles .in~l es.t.It .It li lt
l.It.’l~~i si .1s .1 t t I t i t . tIOIl 01 t ieq i te i tc ~ .Is detctI l I l l l t .’t.t . t ..’t t’\.Ilnp le . I~\ ti le ‘~ .i~eguk le pt ’gI.,tIi

~t t Ret ’ I .  I he irt , t~ie ~l.it.i .ime Inlet po Litc~l ltsIIIg t.ui’it. si lt i tes l’ h.it Is , t h e  me.,l .111th Im.tgtIi.II

I .tt t~ i t  t he eigeii.ingles ,Is ~ ell is the Irl.IgriIt IIde .Ifl~l j iuse ~‘I ti lt.’ ~‘ \ t . l t . I t I 0 I l  I . I i t i t I .ile
•Ip;’I0~ tttl.Ite ~l l~ a t hut.l-- .legtet.’ ~.l\ Iiontl.Il lI.~t\\ c cii e.Ictt pan ot ~l,Ita po i n t s . t h e  pol~ lit —
iiii.i ls .it’e ilet e i tn in ied sut. i t  tit.i t t hte ~ l i t  the input t.i,II.I .111th .ime h~ I~’e con ic initioiisl ~ t.i tt ’f’et’cu—

I uble Iii the ~io uiaini ot tu tetes t  I he ptilse slt.tpt.’ I I \ t t .’ i~I .tk t~~ hidi ~~~ I 0111 It.’I t i .iilst~~iilis~ a t e
ca L-uLitet.l usIng .i t.Ist l-~ ui let 11 . instoi  i tet .-hiiiqtie ~~ .Il l t a e e s  .IIttl ills,kh .II lt . i i~t ’ s ot the
t .Ist i:i Ilrlt.,I t i . instoi  iii III i’ulsc—s h.ipe ‘.1 Liii it.’’. ll.I~ t.’ l” t.’t.’II ii iscLI ’ .’.cd ~ Se~ let - RIt ch and h’ l~ nn
Ret _~ 1 I I’. marot .i~i~~.ini I.it~c 5 .1 s,I~ III ill t.’onill L i t, l l l t tt i ,i l  I imt.’ , ~~ hett.’,is .i tll’..kI~.IutJt~t.’ nit.I~

l’e t hat , st r l et h  . Oill\ pemio~Iit.’ pulse 11.1111’ . i1I.I\ i’c .iti.i l~ .‘e~t l l t t is , \% Iteni .i iio ni—pet iodi t .’
ptii’.c is t . t l I i s l t t C t t .’ it - II l u t is t  ht.’ I i’I.’.IIt.’t.i Is .1 I’t.’i l0t.lt~ l uist.’ tt.uii V. t i lt  I’t.’n tod iiitit.’ii gie.Itel t i tan
I lie pitlst.’ ~ i~t li t iii oi dci to oi l.t ini .Idt.’q t ia Ic n eso lt i t  to ll

‘~ t t I l t . ’ p t t .’seIit t i tc prog iar t i  Is ~iestgult.’~t it ’ ~‘.iL’tti.ite oiil~ t h e  \ e i t k ’ .I~ c leet t ic t Ield i t  . t
at t t i t .’ grotinid t om .i gmotIuId~l’.lscd ~cn t t t .’.tl d ccli It. dIpole sou rce Ot t t e i  sout~~e and iet.’et~er
or ic t i t a t ionis Intl .il t ittiilds t..IIl ‘c l l t .’.Ile~l l~\ e \ I c i t s tou ls  i t ’ the “( II \\ I  I -. 

‘~t l l’ i0tIt I l l t.’
“(‘U \\t  I - . could also t~C d\ t t .’nded tO .IliO\\ 101 I.Itel.Il int ’t lofltoi~dIidil~ ot ’ t h e  gwdc ta \\ KB
or nriode coii~crsioti inici liod’.. I lie progr.iini ~‘ as ~ie~ eloped pt tin. i i  ti~ a’. a tool ton  c.tlcul.ttin~slo~ — tar l .it itiospirci it. ~ a~ch’n nil’. ( t  c . V. ,I~ e shi.ipcs III t i le  cli hann ~l ~c iut.- t a t c d l’’~ lt~z lit intI ig iii’.
c har~e’.l. Rec.iuse arii’ .otrop\ ot tlh It ’II0’.iihldl e Is i t t c l t i t . l e i l  Iii ~‘al~t ll.it l u g  I lie IItl’iI t iiit ’tlc
p.In.iinle t d i s . t i c  ~~i oi~i .1111 Is P_ li t ictil.it ’l~ stil led to s t un t . htcs r elat ing  to gdonllat~uit.’ t i t .’ iIi I’htiC uldds
i i i  ‘.ucli ~ .i~etoi iii ’ .. It  can .i1st. i c  used to t. ’ \ . I I t iuth~ .11 nt iosph tcu I ~’ sign_ I t h i d ’ .  III t lie ~It kin d
.lllii to conduct pet t o t  nti.IIidd ~t t i ~lte ’ . Ott proposed or t.’\ is t  ing ‘.pit.’.it.t \I c ct lt i l i t  s\ ‘ .t t .’I l ls V. t t i t .’ ht
opera te iii the ci t  ii l’ .ittds

t he lil.I t llt.’tl t ,it ic,Il prol lenn .11 li.iiid swipl~ n t.’d Ik’ es t o  t lit. ’ c.tlcuhit ioun 01 a I’otir iei
i n i tegral  tot  ~ inch t t~t.’ inr iegral  Is nii,ide Lij’ 01 .1 Ii anistili tt el spectI  11111 . i’t.’cdt’ . ci sped 1111 11 , .Iliil
t.-h.ininei ‘.pccti t un t i . eat.ht i i  ~ h i uc i n will he t l tscit ’ .~et.l nuno ic l’ull~ in t ire t ’olioV. tug sect non ‘di ’-

t i o t is III .iiid l\ desc r ibe the pmogi aiir _ Set.~t t t iis \ ‘  and \ ‘ l co lnt,ltn outptlt ~lc~t . r tp tn o nn .tntl
si tlit.’ s.Inlll’lt.’ result .. l’htt.’ .lppent.lt \  c o t n r . i i n r s  .1 ~‘l S gm.i i rt  l ist lug

II. (‘II tNNI ’ l - 
R,:( t,’ lVt . R ~NI) SOL R( ’ I ~lOI)l’ I S

In t h i s  sec t ion t.’ilti.I t IOfl’. tl’sdt.i t o t  i’.llettl,i t lug .1 tecc t ~ ci Ot lt I ’t l t  V. .i~ et ot iii . I. .~~ t .t 1,
re l.ited t i the ~er h e a l e le c t r i c  held . l t  t i re gnot I I i~i . ~ dl i c  gi~ cur lii t en  i f ls  ot t i r e  gIt.’.It ~ lidlc
r.irnge . ~ ) . t i lt.’ V. ,i%d lot i i t  is gI~t.’n I~\ (I 

~ 
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(~ Ip , t 
I / it . t l iw ln i t . c t I i t~~ .pI e~~~ t.iw

= Re / it.IlI~~ )r(~~ ) ii(~~.pl e ~ t. t~~

.! ~t

= 2R
~ j L I l t  I- i RI l:i 11(1:~~) ~

j21i’FtdF Ill

•10

V. here

I d E  II: = idiit.. 1 = it. lht 2irF) . source function (aillpe re—m IL’ ) 12 )

= r(w )  = r( ~~Ii . receiver t t iuet i oii ( 3)

I I IF .p)  Iit~~.p)  = til ffl~~p) . channel function (4~

l’he ‘.econd ,iiit.l third equalities iii Eq. I follow from the requirement that ( tp, t )  he ,i real
qtia t i t t t v  so th.it

IJIIF = ILII l_ l: ) l * . Rl l:)= R* (_ I :)and l l t F ,p)  = 1I* ( . 1:~~ )

V. here t lie aste risk denotes the com plex conjugate. ‘Ihe receiver , source and channel functions
.ire described below:

KF(’FIVER

RI:(’V Rt I:) is .1 subrotit inc which can be easily modit ’ied or replaced to accommodate
the individual users needs. Fiie part icula m’ RE( ’V R~ U’ ) subroutine contained in til t.’ program

li’.t tug in the appendix can he used wit ii any receiver Iii net ion oi the form

~~~~~~

L I _ _ _ _ _ _ _ _ _ _ _ _ _  S
/ - ‘I’ ~ . ‘‘) 

( 
~
,

I t0) ~~~l tL ~~~~(I F — J  ( I  +
\ “If \ “'2

V. here the gain . ( A - angu lar fr equenc k’ s ~ and ~ 2 and int egers P and Q are read into the
program m. i nanie list , ‘I’his receiver function description allows for a broad . but by no means
e xhaustive , c lass of realistic receivers. (Thserve that it satisfies the condition specit ’ied in
t ’ t ~. t~~) .

F R  ~Ns~III ” r I~R

1K NM FRI I )  us .1 subroutine which too can be readily altered to meet the specifi c
nee ds of t lie ricer. Since I lie principal mot i~ at ion for the present program was to study the
shape ot ’ slo~ V. .i’~ e ta i ls ,i’ .soci.itetl wit h a tmosp he r ic discharges, the Part icular source func—

ion cont,iined in t lie subroutine 1K XM’ l ’ R( I’ ) in the program list ins in the appendix us the
Wi Ili.irnis 4 Ref . 3) mean source description for a light n ing discharge , which u s given by

-— 
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~~ / t.’ \p I — ‘ it . .-’ I I \

Itil (t.. -’l = — (I — — — — I~ 
~~

‘—‘

~ ~~~ + t.~~~ 1— \ I t T~~I’,i~ 1 
t it..-’ )  /

V. ti t . ’i~’

- Ii’ ~ \ it) ’ .i l i1pei e~ ~~ i ii ’ sec~~

“ . 2 l~ .~~
‘ \ i f t ’ .it i ipt. ’ re’~ = .~ O~ \ tO’~ sct.’~~

-‘. = 10” .1 ill pt.’t’ec ) = 2 0  \ I ft’ see - I
It .)

= t ) 4  ~ \ 10” .irnr pcr t.’s ) -
~ I 4 ’ \ IL) —

= 43 psec I SO p’.cc
= .~ ~ \ 10 nfl ‘.e~

I’iit.’ ‘.“
.. i

” .. r p . r~ .itid 
~~ 

arc read into hu t . ’ progi .ini 1.1 n l . i nn i c i l s t  I’ iit.’ un ni ts ol .inri peres ~i ’I

the ‘.‘ ‘. .i iit. t in se c t o t  
~~ 

coup led ~ it h t h e  c lr.i niniei det ’inie d lit tilt.’ I’olloV. 1115 suhsectioii ~ melds
.1 V. ,net ’orrii in units .‘l ~olts ii , V. i t ic i t , .is s t a t e d , t s  n’c i.ited to t i t t . ’ ~ertic ,i l electr ic field at the
ground. I 01 .1 tl,it r’ ecei~en’ t ile V. . i%ctor nt ~ ott ld be propt ’~’t iotr.ii to hu t .’ lucid . hu t . ’ pt ’opot’t ion—
.iiit co nst, inl t  being t he r ecei~ cr g.iuti , i.;

CII -‘ .NNI’ L

l’lit.’ c h,iunti t.’i t’t iu i c t toui  t ’or t he c.irt l i—nouio ’ .phere u .i~eguide ~ i t lt  .i gi’ounit.I—1’a~et.i ~ t.’t Li—
t.’.nl elt.’ t.’ t r i t .’ dipolt.’ source i’ .

liii .~~~~~~
= 

~~~~~~~~ \ itH4~~i- ’ 
~~~~

‘ 

~~~~ 

_
~~t :~s i~ _ i ) ~~I c

( s t i l t  II

V. here

I Ii “‘ I Iii ii.’
c ‘~ spee d ol itght in ~ .ictutru knit S e c t

0 = t t . I u i s n n i t t t .’ I - u ct.’ e I \ e n  ~it ’ .ta n ice ~knii )
= e.in’t li ’s r.id utm ’ .  i (‘ ,~ 

“(1 kni t )

SI
ll 

= sinle .‘.l t i lt.’ eigen,iuiglc for t hi t .’ ~~~~ mode

I R 
~ 

— R R ~) 
~ xt .’ u t . i t ioni t ’.ic to n’  to t  ~totInlt. i-i’ .I~t.’t.I= 

~cr t ica l dipole 10)
It t /it

V. h ere

= I tes n t .’ i I \I ground l’et ’ledt ton t.’oet ’t’icit.’nt
K = I’ i’esnel Ii ’ groun d retied iou cot.’t ’t ’icie nlt
K = I i -  pI.ine V. .it t.’ ioirospiier ic ref l ect ion coeft ’i~-ient

1 ‘1 Pl.1111,’ V. .l\ e ionlo’.pilerlt.’ re flect LOll t.’o t. ’ t  I li ’ t d i it

S
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1R I ~l t o  I i  i’l.ine .ive it.ii i o ’ .h lhi er it.’ t.’or iv ersior i  t.’o e t l i t .’ ii’mi t

K = II’ to I ~ pl,iiie V. a ’ .t .’ it.iiiO’tI)IiI,’l Id i i t t l \  t.’ F ’ . i t .t i i  coel ’t ’ic iemit

= t. Ier’it.it i t t . ’ ot  tiiod.iI eiuu.it i t ’ t l  .11 eigeii.imigk’ 0

‘.V = t l  — 1 R 11 1 R 11 ) I l  — 1 R 1 R i ) —  ~R 11 1 R 1 1 R 11 1 R 1 mnot.I.il f unctio n

-‘.11 ref let.’t ioui .int.l cor l \e rstor l  t.’oet ’I’it.’it.’nils .nre t’e ier c tn t .’et.I to the grounid , l’Iit.’ t.’h.inriel I’unc—
lou . l i t I ,p i , Is del iried ‘ . t l t .’hi I Ii.it t i l t .’ V. atcto r nn i  _ is’ .ot.’ iatet.l w it h t h it .’ vertic al e lectric I’j t.’It.I .it

t ltt.’ grount.l

(; I~~I . t i = 2R~. / LII Il:, Rt i I 1 I ( r , p  ~.t2 ~ l t  t.tI ” I D
j  (1

is i t to l t ’ .  ii t~ hen it.I It I- = mit It ~ ,)  = it. ll~ 2n’ I’ I t ’ .  lii .t ui iper d—nnl I li In tire lower cit hand,
except within a few degrees of broadside, Eq. (t ) ) call be used for a ground-based
horizontal dipole radiator , such as the Wisconsin Test Facility, i t ’ t he exc itation t’actor
for th~ single modt’ (terint’tl t h e  N= I mode ) that propagates at that f requency is replaced

I
cos ~ 1N 5S1 t 1 )

V. h ere

I ~‘. g t s t .’ t l  1”\ ~~ i ll))

N , + corilplex groti lt il re i rac t t t t .- lul de x l~~)
- it. d t it t o

V. t iere

= grotirlt. t t.’tii l t. iti t.’t I t th y t si etn iens ni i )

= i~rouut.l pe riutt t i \  i t \ t .irads nit )

= i~t.’r ni i t t ~~it~ o f tree sp.icc = S S~ \ lo”l 2 i’,irads il l

.inI.1 it bert.’ ~ t~ t h e  ang le betti ccii the d i ne c t i o r t  ol the Iioriiont,il dipole .iud the t.l iret.-t ioti ot ’
prop.Igatioii.

Ill , I)I-SCRIPTK)N OF INPUT

‘.11 inlput to the pulse sh.ipt.’ t’rogr.Iin l t s  rc,it.i in tt , i  the card readeu’, \ list inig of .1
‘..iruple In put ~li~~t t ug ti re dat.i deck set -t ip i’. given on p.lges ~) and 10, This sample
iilpii t .ipplit.’s to .i sl m ig le—iilot.lt ’ t.’ .Ist. .

l’liere .ire three p.111’. to the input I’he t’irst part is plot id ellt it ical ion. th e second
t’.Irt is general input read i i i  1w mean s 01’ .1 n.Itllehist I’orin,it, l ilt.’ third i’art us mode data .
I .ichi p.irt V. ill be ii i ’ .dlIsseti i i i  t ’urtiiei ’ detail beloit

—~~~~~~~~~ -—‘—- -— ._ ‘ _p ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ - ‘  ~~~~~~~ “—~~~~~~~
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l’hic I l i s t ~ .It t i ’ I t i l t . - inipt it  t.’ t t t isl’ .t ‘. t ’ t  I lit cc t . . it  i t s  t.’ i l i i t  a inirui g p l t t  l.ii’eI 11t h ’! 111.11 It ’ll

‘.11 ca rd’ .  a te  ;t.’.id ii i t i ’ . l i t~ .1 It .) ‘.4 hi ’ i n i i _ i t  l ilt.- l u st t .ai t . i  ~ t t l i I . u i n l ’ .  t i t t l i l  I n i t  - l it .ilpil, Itlt l n n h ’ n I t .

t.’ i i,ii ’ .ut. ’ t e r s  t.’ t t t i t . i i i l i i t I . ~ it i t . i t t . ’’, * ,’i l t i t t ’i t i i . u I I t I l i  t i l t . ’ t i ’ . t .’ i it t s i t t .’ s h it bt.’ Pr ln i t t .’d i ’t i  hi t t.’ t r.i t i s t l i l t t t - n , 
1

sI’i’t . t t  tuni pl It  - l i l t .’ s i t .  i’t id .1 rd I l l uril t . _ i n~i -, a lt .’ i ti t.’ti h it.’ .ui Il l li ~ u i_ i t .iniit ct’il t .iin i In i ti ’I nun _ it 11 1 11

it t  tIne rece itet spect i t l u l l  plot , lt i i i  t u e  c ii ,iitn rcl spt.’t.’ t t l i t t i  p lot .  n t . ’ ’.j’t.’ t.’ t i t t .’l~

Fiie second p,Iit ot t h e  t n l p t i t  is read m r  i’% liIt.’ .m n ls it t  ,lt i ‘ .5 ( 11 10k I R \\  ti , I n in t .’iIS t

ui lp ut t . ” ru r l . I t .  l ilt.’ t ’ lIi’tt mug i.it i.iblcs ,iui~i ,ii r.u ~ ‘. t t t . i ~ he ‘.t’~’~’i1 icil lIt t h e  ni,iintel i’.t l lnpil t -

N\I  u i , i xtu i i t i t r i  t r t m i t n i t t.’r i t t  t t i t t i ! t . ’ s to i’e read m t  t lit t le t li.it t l t t .’ pt og i ’.m nti

s t i lt.’ t t tmunnhc i  t ’t it lt ’t. ids n i’,It.l ill It’ i_ I t  \ it I t  ii I t e i t t it .’il~ ’\ I

NI- ‘: l it.1 It.’ , i t t . ’ s V. ir icii i l tI.I t i t i t Ii’ s ,It t. ’ h i’ bt.’ t i n  t t .~d t t ~ .1 etmi’ i t.’ sphit ic
iN 1kM ‘U., N uk \ ‘t . (  . , Rh Ih IP , I\I I hI P . ‘ .11  ,Inld l91\’ U( ’ _ i i i ’

il totit .’ l u ip t i t s  t o  i’t.’ t t t . ’ s t . i  ibid sumi ’ st.’t~~t i d u t t  k I

N I  \ ‘ j:~ I I t I then .i t.’ tmi ’ n t . ’ s t ” l it ic  l i t  is .ippiie~i t o  N I kM ‘U
N h - \ I  1 2 1  I then a t.’ tmh ” i t . ’ ‘.pii tr t.’ l it is .mppiicd t .~ \ I R \ N

Nh ‘t h i  ,~ ‘ I then a t.’I,th it.’ spittle lIt Is _ i ppiict. l t o  RI I LII’
NI \ I ’ i4 ’i I t hent a t’ h l i ’ l t .  s 1’ t mi i t .’ h i t  us .mp j ’ htc d t o  I \ I  I lIP 

—

NI \ h : i 1 t I then .1 t.’ lu t ’ I t .’ s p lt t t e  i t t  Is .Ipp t u t . ’ii I. ’ PhI\ ( ) (  —

N I  V I it’) t I I i t t.’tt .i t.’ t i i ’ l . -  s p i tt le  l i t  Is _ I)” l’ Iit.’.i t ‘ ‘t I I

N — is t h e  mtt i iuibt. ’r 01 l t t tcg i ,it ii’t i i t t c i i .ii’. in tint. ’ t t t .’it t i d t lt .’\ t . tng e

~I t ’ -Fl i

lIp~’en’ I n’eq tie t it .’~ it l i n t l  ce n  .11 ii ’li i t t  I’, t li ’ it ct
I _ I Iit\t t.’l ’ t t ’ t.’iItlctit ’\ i~ t lt l t t .’ t!l.it It ’ll ill kdi ’itt.’u I,

N I  fill uiti’ t.’r 01 t re it  tie u lt.’it.’s

.InI , lt t , i \  i t t  l t t t i i  t.’ Ic t t i t .’ t i t s  tist.’~t to  t idst.’ t l h ’ t.’ t i l t .’ s i t t i lc t .’ t u m t r c t i ~t i t

gli i’ll i t t  I- t i , I ~1 I lit.’ Wi l l it t  \ art.’ Int l pci cs

• ,i n l ,m u t a \  ol’ t o u r  t.’it.’ t t it.’ tit ’. ils ,’it to ~hcscrn h’e t i l t .’ si ’t l r t .’t.’ i t i u t d t ion i

g l t t .’ l t  l i t  l’t.
~. t “ ) l itt.’ t u n i t ’ .  01 (~i •‘ .\I I )  l i t h u t . ’ t.’t l t i .I t IO t il .lti ’ In nt c u st.’

St.’ i’t ’l\ u s

I -‘tI P t.’ ll.ur.lt.’t dl i s t l u ’ tun ic in secotlds .m~~t t.’ t , m t t .’d V. ~ ir t i l t . ’ st ’u nt.’e t t i nt .’ t u o t t

given in I q. 1

l’ , ’ tL ’ \ ’  t.’ i i .u u , m cte n ’ i’ .t it.’ t t unt.’ Ill st.’con nd’ . .us’.ot.’t .it t.’t.i V. lIlt the source funct ion
git cii in I q ‘1 .

V t) t.’h l . i iac t t .’ r l- . tn t . ’ \ehi ’t .’ i t\  iii nil s et .’ , Iss Ot. ’ l , i t t .’ t.t V. it hi t i l t .’ ‘.otirt.’e l li l tt .’ IiOii

g li t.’t i ill h’
~l . I 7’i .

( ‘. g.iini for t ine receivc i’ i’tm u t t . ’t ioti g iven itt I-q ~~(t )

.iutgu h.im’ i’requent.’\ tot t he tc t .’ e t t c i  f ri ti c tion t giteit tni I ii. tn )

tiM I t ; ,-’. ,~ ,inluzul,ir t ’requeul t.’y b r  t he i’et.’i’ivcr I’uulct ionl given t ir I’ t.j . (( ‘1 .

P integer v,ir i.ible iicet.I lit t i l t ’ t c t .’t.’t tc r  tunidt lo i l  giveit i t t  Eq. at) .

I.,,) li lt eger ‘..iri,ibie tmsct.I i i i  t ine ret.’eitet’ t un idt ion givet l in Eq. ((i) ,

R h o  t r .mnlsrni tt t.’t — r et.- t.’u t.’r d i s t _ m t it. ’ t.’ tnt k i lon i t e tne s used iii ntot.ie sunl,

— ‘~~~~- ~~ - ‘ ‘—  ‘.- . -- —-~~~~~ ‘ — — .—  - ~~~~ .._ -- _ - ~~~~~~~~~~~~ .- -.
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S S = I t ’or positive I’ot i r icn t ra ns t ( I rt l )
S — I I or negat i~~’ I’ ourier t ranstort i i ,

IN 1’PR’I’ h a g  to conltro l t h e  print inite rva l . ‘I’lie I’irst 20 ~a iuies are printed
and then t.’ ter ~ lN’ l ’P R’ l t I i  ot le . l-~~r e xau iiple it ’ lNTl ’R’ t ’ h O t i t t .’ni
t he l’ .t 21) ~. ,u! t tes are printed to hiotved by the 30 t h , 40th , 50t h
cs c iv  I Ut ii ~‘a l ue out to the end .

IPLO ’t ’ flag to t. hete rn nmne whet hie r or not plots are drawn.
11 IPLO ’r = t) no plot are generated .
If IPLOT = I ‘.ix plots are genleratel,h : source s pectr tmri l ,  receiver
spectrum , c hannel spectrum , prod tuct spectru m I source * rcce iver *
chianine U, out put w avet ’orm - an d tile ill put current ptii’.t.’ .

TMIN an array ot thtr ee ele meu its used to describe t i l t .’ s ta r t i ng  I tIl e Ill

secon ds b r  tile iii ~~Ut current r’ tiLe I)hot

an array of t h r e e  elements used to describe the tune increment in
seconds b r  t lie in p u t  curreul t pulse plot.

N I. ‘M I’S an array ot three element s used to describe t i l e number of times
t hat are plot t cii ot t t lie i ll  put current p ulse plot.

TAt . ‘‘ti AX controls t u e  latest time in second s plotte t h on the output V.’aveto rm
curve.

T he  mode data or third part of t lte in ~ uit to l lows I he liallielist itlput , The eight co l—
urn ns of mode data out pages ~

) and 1 0 arc :

NM F number ot modes at 1:RFQ( I I. I = i . 2 . . . . ,  N i ’ I column Ii.

RE TH P ( M . I) the real part of the complex ground eigeT lanlgle t’or mode \1 and
frequency I iii degrees (cOi 1tfl~lt 2 1,

I MTHP ( M,II the imagit lary part of ’ t h e  comple x ground eigenangle t’or mode M
and t’requency I in degrees t column 3t .

XTRMAG( M .1) magnitu ithe 01 exci tat ion factor for ntouhe ‘~1 and I req u ricv I col-
umn 4).

X’r RAN ;I \l . 1 )  phase (in radians ) of excitat ion factor t’or mode \l and I’requencv I
teo lunin 5 ’,.

FREQ( l ) — frequencies in kilohertz for which mode data is input (column 6)-
. ‘tTTI \ l l )  — at tenuat ion rare in dB/ l000 km for mode M and frequency I (column 7).

PHVOC( M . I) phase velocity over free-space velocity for mode M and t’requen cy I
(co lumn ~ ).

The mode data input shown on pages 9 and 10 is t’or a single mode case , A  sample iui ptm t of
modt’ data for a multi rn ode case is shlow n on pages 1 I and I 2. The eight columm’m s have t h e
same meaning as above. The ordering is such that alt modes for the fir st f requency are fo l-
lowed by all modes for the second t ’requem ’mcy , etc .  It slioukl he mentioned th at the at tenua-
tio n and phase velocity inputs are not used directly in the calculations . They are included in
the input so t h at t h ey may , at the users option , be spliiie fit for t h e  Purpose 01’ explic it ly
exhibiting their frequency dependence.
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IV , PROGRAM LAYOUT

l ’I i is S1,’I.’t~ OI1 CiI,’’cl.’I’Ih1,’S the t a ’, i7 ’ k’at ures ot the  
‘

uke sh ape program listed in t h e
app endi x.

Reading j! ld pr int  iui g of i n p u t  quantit ies occur s iii \1 ,~lN. MAIN cal l s iii order t h e
toilot ~,’j uig ‘, u t ) l ( ) L i t  (Ii i,’ ,, ,

SL B ROt r I ’ lNI  I ” l . ’NSP I .

Inputs to I” t J NSi’ [, are 71 1110111,’ tuidex Ml). wtl jc ,Ch (a kl,’s on vali,ies I through NM. and
t ill’ Iil7hl’\ . [.1’ , for t he q u an t  i t \ ’  ~‘ hicli is to he approximat ed as It l’unct ion of frequency by a
cub ic sp lilk ’. 1.1: can ta ke on integer va lu es 1 th rough t .  FUNS PI .  calls the two following
suh ro Ut j i l l’s .

a. St’BROtT FIN I- Ft IN(’\ ’F (Ml ) ,XX .”~’\ ’ places

X X t i  = FRI  Q ( l ) ,  I = I , 2 . , . . . N I , C

= N IR\I A (;(\1 l).K) it I F 1 and data read i i i  f or J K ,
\ ‘Y t K = \ l ’R ,\N ; \1 I) ,K iii’ LF = 2 and data  read UI for  l=K .
\ ‘Y ( K )  = RL’ ’I ’IIP ( \lI) ,K )  if LU = 3 and data  read iii for l= K ,
\ ‘ V K )  = I~c l ’ l ’lIP ( \ l I ) .K) if LF 4 and da t a  i’ead in l’or 1 K .

K = P1 lV(X ’~ MI~.K it’ LF = ~ and da t a  read in fo r  l K .
= ~ l i t  \1 1) _ K )  j~ I I :  = (~ 1111(1 Il li t li 1I271&l i l l  f o r  l K .

h. SUI3 R()IIT I\I’ SPL INi - XX ,Y\ ’ .13, (’ .i) .N de t c rn i ines  the  coeft ’ic i ent s  B . (‘. 1) .
of ’ a cubic spline in terpo la t  j u g I lie given curve XX t  I ). Y\ ’ ( I) . I I . 2 . . . N t .  i t ’ XX ~ I ) . L I ’ ,
X .L l ’ .XX l+ l ) and l l = X — X X f f l ,  t hen the  in t e rpola ted  value at X i s  F t X )  = Y Y ( I )  + 11 ( t )  *

11 ÷ (‘ I’ * i i ** 2 + D( I * Il ** 3. ilk’ ititerpolated value is evaluated using the function
SPE VAI  ‘ X V A I  ,\ ,\‘.13.(’,l) .N.I N II ). In particular SPFV ..\L eva lu ates tile interpolating cubic
sp line for the  dat a  ( Nt I ) .  \‘t I ) ) , I = I , . .,  N at \V A E. ,  IN Ii ’ is an es t imate  of the  in terval
where XV .~ I. , lies , X( IN I ’F ) , t  i ’ , \ V A L , LF Nt INI  1+ I ), h ut need not he used , Set INI1 ’ = () it ’
t here Is no est imate . On ret urui , INI ’ ! ’ w ill  conta in  the  interval  t iu mb er ,

The replacements

~
‘(‘ ( i  LMI).I) =

B(’ t F F . M l) , I ) = 11 ( l )
= (‘ t i )

- I)(’ LF . \I l) . i ) = D l )

~ire then made in F t !NS P L ,  and control  r e turned to M .~ lN , ~l A IN then  ca lls the  1’RXM’I’R ,
RE(’V R and (‘II AN El .  subrout ines  at the  t re que ii cv points  I ” = ( K  — I )  Ft_ I— FL ‘2N + FL.
K = l , 2 . . . ,  2N~~~1

SUI3ROU1” INF ‘ l ’RXM’ I’ R F) calculates the spectrum for t h e  Wil liams descr iption of ’
the m ean light uung stroke 115 discussed in Section II. l’he su b routine can be easily altered to
satist t h e  users needs. For ex ample , al ternat ive descriptions of ’ the  light f l ing discharge are
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readily accommodated , Iii the ex~i mp le in Sect ion VI of this  report i l lus t ra t ing results for  a
spread—spectrum system , the t r ansmi t t e r  t utlctioll given by Eq. 20) of that section was used.

suBRou ’r lNI -  R F ( ’V R ( F )  calculates tile spectrum f’or the receiver t’unct ion discussed
in Section II .  This subroutine is also easily altered to satis f ’y t h e  user ’s (leeds, For example ,
the spread—spectrum system calculation presented as an example in Section VI of ’ t lli s report
util ized the receiver f ’unct ion given by Eq. (2 1)  of that section ,

SUBROUTINE ( ‘EI AN E L ( F )  calculates tile spectrum f’or tile elt ’/vlt ’ channel described
by Eq. (9) of ’ Section I l ,  Specifically it is for the vertical electric f ’ield at the ground produced
by a ground-base d vertical electric dipole. (‘,round-hased horizontal dipole sources can he
acco mmodated using t u e  replacement indicated by Eq. ( I  2) of ’ Section I I ,  - ‘

T u e  real part of ’ the product spec trunl . Id h F) R( F) [ft F ,p ),  which occurs in Eq. ( I )  of ’
Section Ii is stored in Xt K )  111111 the imaginary part is s tored in Y( K) .

SUBROUTINE N LO(;N~N ,X X . Sl(;NT ,A .l3) calculat e s (apart  t’rom end point ef ’f’ects)
integrals of t h e  form I S=SJ GN T )

exp I_ i2~ SArlf N E t  +j Y Ffl exp~j 2~ SFr) dF

rB-A
= I (X ( F + A ) + I Y ( F+ A )) exp (j 2 iT SFr JdF  ( 14 )

Jo

by t h e t’ast Fourier transform technique of ’ (‘ooley and Tukey (Ref ’. 4) , This makes use of
digita l evaluations at the freq uencies

F (L ) =-
~~
-

~~~ ( B - A ) :  L = 1 , 2 , , , , 2 N ( 15 )

a nd the method yield s eva lua t  iOmls for t ile t j me,s

- 

: K = I . 2 . , , . 2 N . t b )
B - A

Rca l and inlagi nary parts of fi le in tegra I a  re t hen stored in X ( K )  aIl~1 Y (K )  respectively. H
NLOG N also has buil t  int o it the F ilon weight factors

4 B  - A ) 2N 
sIIl ~~~~~~~~~~~~~~~ 1)1 K = 1 , 2. 3 . , . ,  2N ( 1 7 )

(K — I ) (2 ir )— L 2 J
which for K = I is simply the integra l size (B — A ) / 2 N , If t h e  int egran d of ’ Eq. (14) at the
points ( A .B) is not negligible , it is necessary to add to X( K )  and Y( K )  th e f ’olhowing end

C point corrections

2~ ( K - I )  [i(sl~;NT ) + 
2~~K -  ~ 

( 1 - exp ( -jS2 ~ (K - 1) / 2N ))] [_u( l , K ) +  ut_~N + I .K)]
( 18)

14 Is



wh ere t h e  U ’5 .ii~ ’ h i t ’ cc ’inp le’te i i l t e gr l l l id  of ’ Eq. ( 14 ) evaluated at the fre quencies (see Eq.
I ~ i I = I _ i i i d I f~ s I .  II ’ K = I in f l i t ’ f~ictors m u l t i p ly mg the U ’ s in l ’q . ( 1 8 )  th e n i u l t i —

plying t .t ~ t c ’ u  l’~’,,cniie c ) i ie ’ ’lt u t ’ the in te rva l  site . ( 13 — A ) /2 N ’t’ 1 , If ’ the Filon weight fac tors
were ilillitted . t i ll ’ ~ e’ ig f i t  t , I 5 ’ t I I u  S l ’ i\ t’iI by Eq. I 7) wotild simply he replaced by (13 — A ~/ 2 N

.i nd I ’ d . f ’ S i  h~

‘ [-I I l . K t ’ ~1~ + I , Kil ( I i ) )
J

l’iie t1tunt il\ S Sl( N I ta kes on the va lues + I or — I and simply allows for plus or minus
tran sf ’e’~ ,fls as des ired , I t  sh ould he observed tha t  althou gh the region ot stgni f ic lin ce of t u e
ii i t e’gra nd of Eq.  ( 14 uil , tv he qui te  small , the integrat ion l imi ts  A, B may of ’ necessity he
qui t e ’ la rge’ in order to lle ’II C C ’vc a des ired t im e’ resol ut iOll I see Eq. ( I 6 ) (  . N must be chosen U)

give small enough step site’s iui  t lie’ region where ’ the  in tegra n d is sign if ’ica n t .  Specit ’ica lly . step
si/es must be sUllill compared w i t h  distances ( in  frequency uni ts )  over which the integr and
exclusive of t h e ex p o u i en t  ial f~ic tor  wh en Fiion weigh t  factors  lire’ used ) changes appreciably.

Also , it should be meiit ie it ie ’d t tiat t lie progranl can be easily a l tered to accommodate’ ot her C

i n t eg ra t ion  rout ines shouki the need arise in a par t icu la r  appl ica t ion ,

V . 1) ESCR 1PT I ON OF OUT PUT

Ihe sa m ple output  shown on pages I 7 fh i r ou g h 24 begins w i t h  a l i s t ing  of ’ the three
p’ot id e i l f i f i c a t  ion lines followed by the  n ame li st ou tpu t .  l’he mode data come next .  For
ea ch frequency (g iven in increasin g order ) the number  of ’ modes . t he real and imaginary p arts
of t u e  eige nan g le . t he m agu l i t  title a ui d phase 1) f t  lie e’ xc i ta t  ion f ac to r , ti le’ l i f t  I’ll uat ion rate and the
phase’ velocity nor ina liie ’d to free—space veloc i ty  lire’ listed . Though (lie saullp le ou tpu t  is for
a single—mode case , t h e progra m , as ment ioned , is eq uall y suited f ’or niu lt  iillode stu t t ies .

‘l’he principal output of t he  pu lse shape program begins Oil page 1k ) , ‘I’he’ t r a n s m i t t e r .

receiver . cha ni i e l . and prod ti et ( XM’I’R * R (’V R *Ci IN L) spectra lire given as a f u n c t i o n  of fre -
quency ,  Not all 204~

) (i.e. 2N ÷ I with N I I )  lines lire listed , The pr in tou t  is cOmltrOI k ’d
by the nameti st  variab le lN l ’PRi, file first 20 valu es of ’ ( lie spect ra are always printed . ‘l’he’se
lire followed by every 20th va lue of ’ the spectra because in this  instanc e lN ’l’PRl’ = 20. I ’

Followin g t u e  spectra ou tpu t  conies ouf put (page 2 2 )  pertaining to the tune signature
of ’ the output  waveform , (~~p .t ) give ul by Eq. ( I t .

‘[lie f i r s t  column is the t imile in seconds , th e ’  second 111111 third columns lire’ the ’ rea l and
imaginary parts , respectively , of t he integral

i ell( ~~ ) r ( w) h ( w .p )  exp ( ,i~~t )d~~

The last column is the wa v e’ for m .  ( (p ,  t ) .  give n by l ’q .  ( l ) i n  volt s u n .  U( p . U at ti me e q u a l  to
i.ero should be zero. Ihe depart tire tro m zero lit t imue equal to zero is bel ie ved to he assoe’iak’tt
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w i ’  li t rumica t ton e f f e c t s  a u i t l  or  ci is co l ifi l l i u i l ic’ s ii) t h e ’ th i rd  and higher derivati ves of I lie mu ter—

polat ec l mode data . l’he prt )g raiii also generat e ’s six p l ots. ‘l’hese’ are:

i t  transmit t el ’ s pecf n i  II) vs f ’req

2 ’) receive r spect rum ~ s f ’req

3) channel spectrum s f ’req

4) product ( t r ansini t t e r* rec eiv er *ch i lu i in e l  spectrum vs treq

5 )  out put waveform ( ; 
~ s t ’req C

( )  in put curre nt pulse vs I req

I ’I i e four spe’e’t ra plo t s .i re on ly plot te it hc’twee ii t lie f irst  and last t ’req uency i n p u t s  -

t i :REQ( I)  - i :Hl .Qt N I ’ ) ) .

‘I’he output w a vefo rm is plot t e’d out to I’ .’\U M AN (a nam el ist input  variable ),

l ’he plots are sh own u i  Fig s , I t h roug h ~~, C

I ~
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Figure 5. Output waveform .
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Figure 6. Input eurre nt pulse .
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VI , AN Al) I)I1 ’IONAL APPLICATION

.‘\~~ an add it 15,511 111 OXIllil plo t s t ( iso prOhlOIIl t~-’po It )  wti iou t ilt’ prose lit pI’Ogrslifl mslv ho
applied we consider s - i 55’ 5I~~55’ sI 11th-’ s i iii i l s - i r (5.5 1 h a l  I,’ \Sl IlI II lt ’tI 1w Rot himuhlor ( Rot ’. S ( in  his
I’oport on the ot ’t’oct ol t he propagat 1011 t’l s.IIl iiol o us spread—spectr um 00111111 tInit’s-I t 101) systems.
R o t h m u l l o r  iI1~’ost ig s-itod t l~t’ ~,.l

’t ’es .’( t hss -~t propagaliol) s- i t  you ’ low iroquoncios (~‘ It ’) t hroug h th e
OSI rtIi—It)Ilt)SpilO rO ws - i~’ egi i i Io u s - is Oil 0110 

~“ l~’ of 55’ (~I 11I 11 t I l l i t ’ s - It  1(5 1% N\’ NIt ’ull - l iio SV%tOIlI st ms-lied
W31s t’ n’actei’ i,ed 1W ~i tt i t leront ial pllaso—ellcodod SIgh s - Il WSiVOtOl ’ IlI 055 ‘iposod by t’roquen~’v
s h it t keying ( ISl~) s - I carr ier w ill) s -I binary Psoudo’randoin or pseudo—noise l’N ) sequence of
psilses or chips, l’ho FSK modulation 1II(I0X is 0.5 , which is t iosignated as m i n imum shill key-
ing ( NI SK ‘I . I ’or moi’o dotai l concerning (iso basic wslvetor ln aisti terminolog y (ho interested
roador is to torr od to Rot hnsullor ’s report, I k’ro WO 11(110 only I hat I ho PN seq uence has a
power 51)001 rum given ~~~~‘

0os~ ‘: 271] 
_____= 1 5, ) 

- 1 
~( i °)] 

I() = t 20)

whoro

1 (5 IS ( iso cs - i rr iot’ troquolscv

F 5,, is (iso chip t requenc~ ’ ,

‘i’ho comln unica t ion s vs t om to ho ova lusi tod is sIssLimod to consist il l part ot a r000ivor
t’ollowod t)V a delliod LIla tot ’ 111111 clsod to (ho titid ist orted I I’ansun it (or signal. I’he recoivor
rospon so mode led by

I I+
F — F  3 F + E ’  3 F 1 = I kI li .

~ ° — 
0

F 1 F 1
will ho assumed il l ( Iso suhseq uont cak’ulat ions.

F iguro “ show s a vi ~ waveguid e signal plot 115 a tu not ion o I’ t’req no ucy (‘or a 1 six ’ (11110
I Ia WCI ii to Sotit horn (‘all t’ornia propagat lOil (I irect lOIS 1111(1 lot s - i jisit Ii Iongt ho t  . 282 km.
Ohsorvo the deep null at 23. 5 k u . ’ , One possible moasuro ot relative porlormanco (RP) ot a
spread spectrum system oporating at a carr ier t’requoncv I~~ 

= 23 .5 k u , ’ . over tho s~lme system
oporatuig at ( h o  single troquoncy 

~~ is

— 

P1 t )  R(F) 1I( I2 ,p) 2~
I 7 -F 0 ) r  

dFJ]
R — ( o) ,I() I 12

LROI 
hI ( F 5,1.p) f P1 F)R~ 

}:) 5,.21~I(i~~1 o~ r (11~
j*
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Figure ‘C’ , l)av SII11C hIlode sum as a lUnd 1(5 1% ot t rc~ ui’n55’v -

where t iso subscript ‘‘max ’ signifies the maximum value ot the squared denominator. l’he
Fourier integrals in Eq. I 22) can be evaluated using the present program and results are
shown in Fig. 8 for chip frequencies of ’ 100 ~~~ 1111(1 1 000 setH , It w il l ho seen (1515 1 two
correlation peaks occur. This phenomenon has bee n it iscussed by Rottsmu llor . A relal ivt’
por torniance ot 20 tI B could he expected t’or the case ot Fc = 1000 ~~~~ and about 4. 5 d B
(‘or t he system operating at F0 = 100 sec~~ . Ot’ course , it ’ t he system were ope rat ing at  s- i

cont ra I frequency. F0, co rrespo tsd ing to a maxim t i t i i  in t he nsotk’ suns . the relative pertorm—
ance would he degraded. Generally. though , the gain in performance in the neighborhood
ot nulls would outweigh the loss ot pertormance in the ne~ghhorlsood ot n’iaxima.
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I M P L I C I T  R E A L . B ( A — H , 0 — Z )
C O M P L EX * 1 6  T F M P F  , T E M P L , GB

COM~’ L E X ’ I 6  )s - MTR , R C V R . C H N L , FQF TAU
COMI ’LFX ’16 I M/ (O .000.l.000)/

R E A L . B  II
R E A L . 1 3  IMIHI’
R E A L .4  P L O T S ) 3 0 0 0 ) , P L 0 T Y I ( 3 0 0 0 ) , P L O T V 2 ( 3 0 0 0 ) . P L 0 T Y 3 ( 3 0 0 0 )
REA L.4 PLOTY4 (3000)
IN T E ~1 E R  P .O
C0W.5UN ONE t ’.’1~~
CO”l’,IUN T W O  P ’ s-. R
CLJ ’s-5\” ’ N T H4 E( C~~N L
C0MM~~N FOUR’A(4).GAM( 4), T A U P ,T A U V ,VO
CO T.”.lIN FIvE .~\ .QMEGA 1 .0MEGA2, P ,Q
C0’.”.flN S i t  . .‘:‘E( 15.50(
CUM’l,J N s F v E ’ , F i ~T O ( 5 0 ) . X T R M A G t l 5 . 5 0 ) , X T R A N G ( 1 5 , 5 0 ) , R E T H P ( 1 5 . 5 0 ) ,

S tMT5’4P(l5 , ’~0),A T T t 15,50),PNVCC( 15 .50).N F V F .N F ,NM
CC’.”.t I N  NI~,E 

)
~F5O

CO M’ION [LEV I N 5c 5~ ( 1 5 )
D I V s  ‘s S I O N  T~.1I N( 3 ) . T I N C ( 3 )  ,N U M T S ( 3 )  ‘ I
DI MEN SION X s5 5 0 ( . Y Y ( 5 0 ( . B ( 5 0 ) , C ( 5 0 ) , D (5 0 )
D I M E N S I O N  Nt. ’~ F ( 6 ) . X ( 2 Q 4 Y ) , Y ( 2 0 4 9 )
DIMENSION LALE iT) 10). LABELR ( 10),LA BELC (IO )
NA M E L I S T ,-0410 ’.’ 4 ,GAM ,T A U P ,T A U V , VO,GA ,CMEGA S ,OMEGA2, P,Q,NM ,NEVF ,N,

$ F U , FL. NF ,F0iO ,S ,INTPRT,I PLOT ,TAL JMA X
5 , T M I N .T I M s ,. , Nu\ I TS

DAT .S  P1/3 .  5s-) 15925535897932400/
C I’

READ )5 ,90 11 LA BELT
PRINT 9O2 .L4hEL~
READ (5,901 ) LABEL R
PRINT 903 ,LABE LR
READ (5,90 1) LA BELC
PRIN T 904.L.SI3ELC
RE A D 5 • 04 T ~r.1
W R I T  E ( 6 , 0 A T J ~~)
T w O P I P 1 .2 ,0 0 0
DIR P1 ,11 .800 2
00 25 ~ F~~l ,N F
DO 25 M= 1 , N’~

25 M O D [ s M . ,S F) .O
PRI NT 920
DO 92 FSF .i .NF
M~ 0
NMS r O

91 M~ M.1
R EA ~1 s 5 , 1 1 5  ? 5 , R [ T H P ( M , IS F) , IMTHP (M , K F ) , XTRM A G ( M, I S F ) , X T R A N G ( M , lc F ) ,

$ F r , E Q I F t F )  ,~~ T T 5 ’s-l . I4, F ) , pHV 0 C I M , 5 ( F )
WR 1 1 E ( 6 , i 2 ~ N ’.’~~. F R E Q ( K F ) , R E I H P ( M . lc F ) , IMT I ’4P (M , K F ) . X T R M A G ( M , K F ) ,

S X t R A N G ( S T , i s F ) , A T T t M , s~F ) , PHVO C ( M . F~F)
IF (N MF . NE. 0 )  NMS.NMF
IF I N M S  . EQ. 0 )  NM5rN’ .~R E T H P ( M , R F ) . R E T H P ( M , i~F ) . 0TR
I M T H P ( M . K F ) ~~1 M T H P ( M , K F ) * D T R
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1
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65 Ci~N ‘ I Nut

s ’s I
55 ’~~,’. • N
F s s ’ I  51’ . 1

• ~~F U - F ( I  NP

~“I1 N T  ‘~ I5
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L A L L  I.’ i ” ~”4s -
’ , ’ T R A N S M I T T E R  SPECTRUM: ’ ,21 .2.Q,8.S)

C A L L  \ ‘ 5 s -’ ’s - ’ 5 s-’,~ L A I S E L T  .40,2.0,8.3)
CAL L E5,’~

’ ,, s s -.’I
C A L L  Bs - .5~~~5 .
C A L L  L’’’s-~’LT
C A L L  IL A i l S  L I  - F R I  Q( H,: i s- ,sl
C A L L  S L A B E L ( ’ I I . L O U T Q ( A B S s -, R C V R ) ) ’ . Ig)
C A L L  \ L s - s- ’ L T I S ’ 1 D ’ 5 . P L O T S 2 . N U V P T S )
C A L L  \11 ’ A s - t ’ (

~ E 0 E I L E R  SPECIRuM : ,18 ,I,O,9.6)
CALL M(’- ’.A~ s 1A 5 E L R .4O, l ,0 ,9 . 4 )
CALl . E’s-s- ,’”L 5 3 5
CALL B s - , ’ s ’L I.lI
C A L L  O s - S P I T
C A L L  t. L s - 5 0 5 L 5 ’ 5 R t 1 3 ( N , : ) s - ,8)
C A L s -  S i s - I B E L I  .‘ I ’ L O G T O ( A S 3 S ( C H N L ) ) ’  .19)
C A s - L  5 ’ L l i 5 ’ s- O1~~~,P L O T ’ Y 3 . Ns- ’s- ’P T S )
C A L L  “5 i’S”t s-T, ‘ s - H ’.NN[L s P E C T R U M : ‘ . 17 , 1 .O , B . 4 )
C A L L  ME s -s- S A s-’, S L A B E LC .40,1.0 ,8.2)
CALL EN3 ’L(II
CALL BU N PL S’l I
C A L L  O rN P L T
C4 4L S LABE L I ’ I5i t s-2 50? )’ ,Bl
CA s - L  S L $ S ’ ) E A I  - .‘ I ’ L L s - I O ( , I B S I  X ’ 5 ’ T~~ ’~~ C s R . C H N L ) )  ‘ .2 9 )
C A L L  k L s - ’ L I ( S’ I I) I , P L Q I S . I . N.J’. ” T S )
C A L L  MS ‘, S I 0 s -~ 

‘ ‘ ~0[5U~~T L C T 5 ~s- I
~,~ ’ . 5 6 , 0 , 5 .10 . 0 )

C A L L SIS A l  I 5 ~’ 5 N S ’ 5 1 l T r [ R : ’ , I 2 , 0. 5 , 9 . 6 )
C A L L  ‘,‘I S S A s-’, I  L A P E L T  ,40 ,2 , O , 9 ,6 )
CALL S~ ’i’A s-’,s - ’ R E L E I ’,ER ’ ,9,0,5,Y.41
C A L L  ‘s-~( SS”5s -’s-~ s- ABS LR 40,1 ,7 ,9.4(
CAL L  ‘.‘SSSA3 ’ ,’Ss s- NSEL : ’ ,8.Q,5 ,9,2)
CAL L ‘S’ S  i ’s -S A O,s I ALSEL C. 40, 1.6 ,9.2)
C’\s- E\35 ’ L ’ s- I

250 CL ’ N ’ I S s - E
• 5 ( 1  ( 4  i ’ ,I . ’ 5  (1)

X( N ”l )+IM . ’Y (NPI
C A L L  5L 0s - N~ ’N ,~.,S .S,FL .F U)

DL’) .‘s-) 5’~~1 .N”

‘ ) + s - ’ I ” ~ 50
I F 5 N  , S E .  I )  GD TO 2
GB * DL I , 2 . I~’I
0,0 TO 3

2 68 DL T  ‘ I S ’  I\” s- 1’S’ 1 + 5 1  .00 0 ” C D E I P ( — I M* S * O M  . D L T ) ) / ( O M * O M )
G B GB D L I

3 F O F T A o  ‘ CDI ‘‘ ( I ’ 5 ’ * S ’O\’
S I t  ‘,‘P L s -’,53 ’ ,,’ ’5  \ “ ~ I’s-’ ’OM S (  F L j” F L)  5 )

- 2 O . ’ I ’ l ” I E A L ( F O F T A U )
I F ~ T A U  ,GI , T ” U \ ’ .’s - X )  33 10 24
NLs- ’~’ ’ I  S
P L o . T c ( N u S ’ s-’ l ’-’I — T A s -,. * l ,OE3
PLOT S 1INUMPIS) • R F O F T

24 C L J 5 I I N~~E
1 1 ( 5 ’  ,0,[ . 20 AND . M30 5 s -s , I N T P R T )  .NE . 0) GO TO 20
PRI N T 910,TAu , FOFTA O ,RFCFT

20 CONTIN U E

3(5
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_

I

I F 1  1 (11 1 .5 ,’ . 0) GO TO 2t~0

L A L L  B,. 51’LI’.’ S
C A L L O S ’ N P L I
C A L L  I L A S I T  I S ‘ T As M I L L  I’~ E cDN~~S I’  , 17)
CALL ‘v L A S S E L I ’O UT PUT nA.LFIJR ”— 3s -, c , M) ,22 )
C ” 5LL L I ’ ,~~s LO I~~, PL OTS I ,~ .s- . ‘ ‘ I S )
C A L L  ‘ 5 ’ ( ’ s-~~A ,, s  CU~~PUT ~A s- IFCW. I ’ , 15 ,O,O,8,8 )
CAL L  .‘s-’ESs .S3t ’ I1 ~A5S’,l IT TE (~ : ’ , 12 , 0.0.8.4)
C A L L  ‘,s - [ ’ i S A s-~~ L A B E L I  .40.1.5 , 11 ,4) s-
C A L L ’.’ i ”,’~ A0 , I  ‘,I s - (I5[ R ’ ,9,0.O ,*3.2)
C A L L  \‘i ’,’s- As -,II L , I B E LR.40, I.2.8.2)
C A s - s - . ‘s- ’ t ’~’ ”5 ,’,s - s-.5” ASN EL ,8.O .0,B .O)
L A L L  ‘~‘ 5  ‘,‘ .A s - , , L A B E L C ,40, 1 .1 .8.0)
CA L L  1\ .’” s - ( C I
C A L L  5s- ’ ’s- ” s - (t ’ I —

L ” s - s - . L  ‘,T A l ~

Os-.) .1 ’ , , i T , 5 .  ‘.‘TS (I)
• 0.C’.~0 P

33 4,: N , T , 3

I I IT .A NI ’DE *P(—T .GAM( N))
40 Cs - i’. T I  ,, [

P L s - Y 5 I J ( n I ’ l . 0 E 6
1)1 3 1 ,  l i i)  IT
I ‘ + T~ NC 5 1  I

45 LC’S~~~IN , 5

C ALL I’FISS1T’~~)0.8,2.Q)
CA L L  T I T L E S ’ ‘ . 1 , ’ II’ s-’[(MICROSECONDS ) ‘ , lB,

S I’s-~ ’ s - I  L O I s - i l ’ s I  P I J L S E ( A M P S ) ’  .25 , 3.0 ,5.0)
C.’5s - L .  s-T, 5 ,.’.F’ t I .  ..‘L’ . .TO O,,O. .3000. .15000 .)
CA L L  CL~~ s- k S ~ ’ s - s -’i~~, PLOTYI ,NUM TS(1 ),O )
C A LL V., .’ ’~ s - J I
I • I’II’s~~2 I
DO $t ’  s-1 ’ ), Ss - ’,’lSs2I
II 0,030
00 41 N -1 , 4
IT  I ~4 A ( 5 ’ I  ‘ 3 5  IP (—T .34-\’IN)

41 s-,’ LiN’  I N.E
PLO TIS,) ) ‘‘1.0E6
PLO Ts - 1 5 . 11 • IT
7 = 1 + 1  INL’(2 1

46 C I N T I S s - I
C A L L  ~

‘
~‘‘s - i s - CR ‘1 .25 ,2.0 )

CA LL T I T L L 5 ’ ,— m , T t M E I M I C ~~,:S 1 C u ’ s D s ) s - . l 8 , ’ ‘ , l , 3~~O . 5 . 0 )
CAL ~ U R A F I O .  ,200., I000.,200,,400,,2200,)
C AL L  CL~~5E (PLOT\ , PLOT Y1 ,NLM SI, 2),0 )
s- A L L  “~ SS A G~ LAB c,LT ,40, 1 .0,5,6)
CALL (Ns- ’3’ ’,0l
I • ~ M I ’ s 5 3 )
00 47 J * l.N L ”TIS(3)
II 0.000
DO 42 55.1 , 4
IT IT+A S FSJs-DESP (— T .GAMtK) )

42 C O N T I N U E
PLOI’I(.J) • T ’ 1 , Q E 3
PLOT’YI),J ) s IT
T • T+TINC~3)

La . . , 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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‘ ~~~~~ ‘ 
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47 CO N T I N I t
CAL L Ps-iy SQ RI 7 .70 ,2,0 )
C A .L  T I T L E ) ’ ‘ , —l , ’ IIME (MILLIS[CONDS) ’ , lB, ’ ‘ .1 , 3.0,5 .0)
C A L L  G R A F I O ,  .2 .. I 0 , .100 . .100. .600. )
CA~~L C.4’s - E (’ LL )T5 ,P L O T Y I  , NUMTS (3), O)
C A L L  E N s -~~~ ’~~’ C S
C s - s. . L E’ s ,~ 5 ’ L ) Q )

2 0  L~~N T I ’, I
1 1  F ’ s - L u  15 .2’ l O . 5 , D 1 5 , 6 , 4 F 1 0 . 5 )

12 f U’S ’.’~5 ,T~~ ’ ‘ ,, ‘ ‘ , 15 , 31IQ,5, D15,6 ,31 10,5)
900 F J ’ ~ ’.’ .’s - 1 I  ‘ ‘ .Tc ~~. ’s-I— I1,5 ,I6 )
901 FC . .’L T ( T I A 4 S
902 F s -~’.

’.’L T ( ’ I ’ , T , : A 4 I

903 F C ’ s - ’ . ’ ” 5 ) 5  ‘ ‘ I .‘,L I

904 FL~,’.’.’.I( ‘ ‘ , 10 A 4 , / I
905 F s - 2 -~

’,’L I) ‘ I ’  • I .  , - T I  ‘,‘E ‘ , 71 , s - R E 5  F F I)’ ,51 , s- IM ( F F 1 ) ’  , 41 , ‘G( RHO . T 5 —V , M ‘

5 /‘ ,-:‘.‘I, ’ ( S S s- CNC- - I  I
9 1 0  F 0 A , ’.’.’s- ’ I ‘ s- ,‘) .‘ t , 4 s-’ 1 2 ,5 )
9 ) 5  1 I.r. A T~ ‘ 1  ‘ , 1 jI, ‘ F “~E ,)~ i i , : ) ’  ,41 , ‘ 

~ ‘ 1T R R s- . 6 5 . XM l R I ’ , 65 , R C V R  R ‘ ,6X .
S ‘ ‘ 4 U 5 ~ ’i I .6 5 . ‘ CHNL R’  ,6x , ‘CHNL 1 , 8* , ‘ X M I R * 5 ~C 5 R . C 51 ’ sL  ,
S t 0 s , ’ i~ ’ , ’ , ‘ .98* , ‘s -’E A L ’ ,BX , ‘ IMA3 S

9 20 Fs - 3’.S’ . ’ A T )  ‘ 1 ’  ,2~s - * , ‘ N’s-I F ’  4*  FR EQ .3* , ‘ T H E T A R ’  .45 . ‘ T H E T A I  ,7X , L
~
S ‘DEGREES ’ .3* , s-DEGREES . 19* , ‘ RA DIANS’ .5* , 08

999 R E T s - ,s - iRN
END

3$
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S1iU) Is~ U1 i NE I IN’ s - I L  I MO , I F , X X , , B • C • DI
I r s - ) ’ ’ I  IC IT 1 5 5  “ 51  • 53 ( A — H , O — Z
R I  A L ’ S )  1 1 , 1 1 5 , 1 ’

L’LI’,T’5l IN, SI  S ‘ s l u t  ( 1 5 ,50 )
C(o,:r , ’ .N 5 5 5 , 5 1 5  I R E Q ) 5 0 ) . X T R M A G ( 1 5 , 5 O ) , X T P A N G ) l 5 , 5 o ) , R E T H P ( 1 5 . 5 o ) .

$ I’s - I I 5 4 I - ’ ( 1 5 , ’ . ( S ) . 4 T I (  I 5 . 5 0 ) . P H V O C I I S . 5 0 ) . N F V F . N F . NM
CL ’.~

’.’ IN U 1 601 , SM
C1 l ,)’ .” N  T I N  ‘~~ (L ’ , 1 5 . 5 0 ) . 8C t 6 . 1 5 , 5 0 ) , C C ( 6 , 1 5 , 5 0 ) . DC ( 6 , I5 ,50 )
DI”~ ‘s - N I U N  5 ’ I ’ ’ O )
Dl ’ s ‘,‘,i LlN Y l (~‘O ),

S III ’ . O ) ,C ( 5 O I , D( 5 0 )
C A L L  F UNC V Fç ’.~ I , *X , Y Y )
C A L L  S P L I N E I \ X ,Y Y .B . C, 0. L M )
DO ‘ I i ,  I — I  , N I
S I l L S  .‘Sl[),I )s - ’iY ) I) ‘ -
S C )L F , S~O , I) .tl(I)
CC( L F , ‘s- lD , I ) s - C (  I )
DC( L I’ ,MD , I )s-O( 1 )

4 6 C O N t I N U E
RE TURN
END

_ _ _ _  — s-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ’~~~~~~~~~~~~~~~~~~~~”~~~~~~~~~~-~~~~~~~ _ _ _



S 5 , S )  1 5 5  I \ s -  ~~F ( M D . * * ,  S I

II ’ S  I s -  II II ‘s t • .5 55 ,5, 1
I-L I .11 ‘0  I ’’’  is -

((“ ‘ - N  ‘~ I S I ’ , 5 5  It “0) *1 R M A U I  IS ,50 ), XT RA NU( I S .50 ) ,RI. THP( 15 ,505 .
$ I’s - 11 Hi t “ ‘ ‘ ‘ s - S I  , I T  T~~I 5  .50 , PIIVLIJC ( 1 5 . 5 0)  , N F V F  ,NF • NM

s- Il’ S I 1 , 1 5 1  [ ‘51

I ’ 5 I ’ ’ I S ’ ’I I ’N \ ‘ I ’ ’L ’ S , ’t ’l ( S O )
s - s - s -i I s - i  ( l s-’, .ts -’ , ’’I,1 ,(,O ,70,UO ),N FV }

30 DI I’ . I — I

II ( ‘ 5 . 1 ’ S  (‘s- i ’ , T I  13 . 0) GO TO _P,
.1.1 I - F s 5 ’ I ’s- ’, ’ i . I
S 5~~~,( . i )  5 1 ,  ‘s- ’ \ s - l (  MD , I)

s - SI  ,‘~ I S
l’ i •

35 ,, ‘N I l ‘. s- I
‘ I ’ ’

40 I’sl  ‘I’ ’ I • I , N
II ( ‘ 5 . 3 5 1 11’ , I I  . 5 3 ,  0)  GO 10 45

I - 5 ’ 5 ’,~~ ’1, ’ 4 1
I S  ( , I , I 5 5 T I I ’ I N s - I M D .  I)
*5 ( 5 , ’ )  5 . 1  : 1  I )

5 ‘s-I Is- ’,’ , ’ 5  )IIs- ’ , 1 )
45 i (i N I I N,~

I I s -  I ‘ s - i

50 l’s )  s- ’ .  I ’ I , N
1 1 ( 1 1  ‘ I ’ S  (‘SI .’ , I )  . 1 3 ,  0 )  GO TO 5’ ,

s- i s - I  • I ‘5’ I~ ( ’ s ) , ’ I s - I
‘i l l  s- Is - I  S • “ 5 1 ,55 ’ (‘.13, 1)

I ~~~ I I 3 1  1 1
s - I l  ‘s’ ,’t ’ 5 L (‘.1 , 1 )

55 (‘ 5 1 5 1 1 5 , 5

s- ,~l P~~1

60 01,1 5” I:i ,Ni
II (‘5 1 ’S (~~s-

’. ’, I I . 1 3 , 0) ,,‘, ( )  TO 1~ ’
s-I s - I I —Is Fs(’.’, ’ 1 4 1
I S  ( I I  1 151 1 I s - , ’ ( l ID , I )

s- s - s  I I I~I s- f( I)
L III • ‘5’ L~~L ’ L  (I I I , ’ , I)

(55 s s 1 N T  lN~ I
,;.1 l i T  s - i s - I

70 [s- s - 1 1” I . I , N’
II ( s-, ’ ‘1 ’ 5 5 ( Ts - 1 ’ , 1 )  .1.3, 0)  s-3L) TO 75

s - I s - I  I —5 ’s - Is -  I 1s-’l’ I 4 P
I ’, ( , S , I )  • ‘ ( I S  s~C ( MD , 1)

1 ,1 ‘ II s-,’( I )
LII I’, I’l (I’ S ’ , I S

75 s-_ o N  1 1 515
130 II ,) ‘~~‘~

80 00 I’I’ I’ I .Nl
l1~ IIs) [55 5’,, ’) , I) I 0. 0) (11) TO 05
s - I s - I  • I—I’s-I’s- i ’.’,’) I

S ’I ( s - J s - I ) • A T I I M D . 1 )

L... 

._‘-

_________ - A_ .’. ~~~~~~~~~~ s- ,,,~- -~~ ‘~ -‘.“ - ‘ .~~~~~,.. — - —— ~~~~~~~~~~~~~~~~~~~~~~~ 
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I;
X X ( J J )  = FRL QI, I )
LM MO D E ( M D , I )

85 CONTINUE
99 RETURN

END

— ,-‘~~~~~~~~
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SUBNOUTINE SI’ LINE ix , V . 8 , C , 0, N)
I M P L I C I T  k ’( s - \L *O(A—H,O—Z )
DIII ’S N S1ON X I I )  • Y ( I), B (S ) ,  C( I 5 ’  D I I )

C
C S P L I N E  D E I E I L \ 1 I \ L S  TH U C O L F F I C I E N T S  B , C , D ,
C OF A CUBIC ~~

(‘ t I N S  IN I E R P O L A T  156 TH E G I V E N
C CURVE ~s - ( I ),S (I ) ) ,  1= 1 , .,., N . I F
C X (1) .L E . 5 S .LE . s-.( I + t ) A N D H = X X — X(j ),
C THEN T HE  I N T E I ~~’ O L A T E D  V A L U E A T  *1 IS
C F ( X X )  • 1(1 ) 8(15 •H + C ) 1 )  •0 * 2 + 0 ( 1 )  .H..3 .
C THE IT ’ S I E R P O LA I L D  V A L U E  CAN BE E V A L U A T E D
C W I T H  T H E  F U N C T I O N  SP E V A L .
C 8,C,D. MUST Hs-’S 5,E LENGTH AT LEAST N.
C

IF  I N . G T . 2 )  GO TO 050
CI, ) )  • 0.0 - i
D I I )  0 . 0
B) 1 ) (‘1 (2) — Y (  1 ) )  / ( X ( 2 )  — X(  I ) )
R ET U P N

O5O N N r N — 1
10 • 0
DO TOO I t ,NN
II’ ( X I , I + 1 ) . L E . X ( 1 ) )  GO TO 800
D I I )  X ( I + l )  — X ( I )
TA ( V  5 1 + 1 1  — V (  I ) )  I D I I )
C ( I )  • TA — 18
113 “ T A

100 CONT IN UE
C (1) = 0
C(N l 0

C
T A  0
T B  0
00 2 0 0  1 I’ ,NN
C )  I )  • 0 ( 1 )  — T A  • C(  I — I
13(1 ) • ~f .O • (DII) + DINt)) — TA * T B
16 = D i l )
T A  • TB / B i t )

200 C O N T I N U E
C

C (NN ) C (NN 5 I (3)NN)
IF INN .L l. 31 is-Li TO 350
DO 300 1 •

U • N N  + 2 — I
300 0 ( 3 1  I C ( J )  — 0(3) • C(.J+I)) / 8(0 )
350 DO 4 00  1 • 1 ,55

S — o C ( I )  + C I I )  + C I t + l ) )  • 0 ( 1 )
0 ( 1 )  (C (I+1) — C I I ) )  / 0 ( 1 1
C (1) 3 . 0  • C I I )

400 CONTINUE
R E

800 PRINT 900
P R I N T  905 , I , X ( 1 )  , X (  1 + 1 )

42 
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R E T URN
901 FORIIIA I (IX , ‘ I ‘ , I S , s- X ( I) • ‘ , IPE 12.5 , ‘ X I I  + I )  ‘ . I PEI~ ,5 / 5
900 FORMAT I, ’ EF~POR IN SPLINE ’ ,

S ‘ X—COORI3I NATE VALUES ARE NOT IN INCREASING ORDER ’)
END

43



SUB ROUT INE  T R X M T P ( F )
I M P L I C I T  R E A L . 8 ( A — I ’ 4 , O — Z )
COM PLE * •16 IM ,’ (O.ODO ,I.OOO)/

COMPLEX .l6 S M I R
COM’.IUN ONE ,- X ’,’TR
COr,~’~ON FO u R A ( 4 ) , G A M ( 4 ) , TA U P , TAU V ,VO
D A T A  P 1 7 3 .  141S926535897932400/
TWOP I - P 1 . 2 . O D O
X M T R ~~( 0 . O D O , 0 , 0 D O )
OMEGA *TWOPI F
00 30 1- 1 ,4

30 X M I R . X M T R + A ( I ) / ( ( G A M (j ) + I M . O M E G A ) . . 2 ) . ( l , 00—CDEX p
S ( — T A U P * ( I M . Q M E G A + Q A M ( I ) ) ) / ( 1 , 0 0 0 + T A ) J V . ( 1 M . O M E I 3 A + G A M ( I ) ) ) )

XMTR .  XMTR .v0
RETURN
END

44
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S, II1I ’ )U l 151 II L ’s- 5 5 ( F )
I ’ s - I I C I T  RE, ’sL ‘ISIA— H ,O—Z)

I.,’ ( O . 00 0 , I .0 0 0 ) :
CD’s- IS ’S [1.16 1 iC 5 I ~

I NT E G E R  P .Q
CL)”.’ s- ’N 1(~,.’ s- s s - V R
LL 3s-”~

,’N FII, E 3A ,OME(3 A 1 ,O\1[GA7 , P ,Q
D A T A  P 1 3 .I.IIS92os-b35807932400i
T~ O”1 • P I . , : , 0 3 0
O’,’S s - s - ,\ I W O P l* I-
ISC 5,s- -’GA . (lM ’OMEG A /OMEC ,AI )..P ((I .D0+1M *OMEGA/

S O I IT E GA1 )  - S  Pø ( I . 00+ IM. OM EGA/O M E 6 . 5 2)  • .Q
R E T U R N
END

,

~ ~

4S
- s- i s-
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SUBRs _’ UT  INE ((5.1 51 L i F )
IM P L I C I T  s - 5 [ L i  ‘Ii I, A —H ,O—z )
CLI ’.’ ” S  1*’ 5 6  I, L N , T

(‘C ’ .” LI 1.16 1’.’ (0.000,l.000)/
1, 1,1’s’ ’ LU 5. IC, ‘,‘ “LI ’s-’ ,C P S S I N ,  [X C  .CHNL

WI AL ‘ 5 3  1 1 ’ s - Il’
C t ’.’.’’.’ s - N  T ‘ 5 5  5 L F S N (
C s - 1’ ,”,’ ’ N  “11 ‘- ‘ -~ - ‘ 1 ( 1 5 . 5 0)
C.1”.’ ’ S l’L’s - [ \  ss - t 3 ( 5 0 ) , \ l R ’ .’ 4 U ( l 5 ,50i . X T R 4 N ~~( l 5 ,5O ) ,R[ I Hp( I 5 ,5 O ) ,

S I ’ .ITFI ” (I .s- , .L ’I .A T T ( I5 ,50),PSIVOC(15 ,50),N F V F ,N F ,NIl
C3’,:’,’ N  N lNI s - ’ I j

CL1’.”- ’ ’ N  T I ’ . S s - ( t ’ , I 5 , 5 0 ) , B C ( 6 . I5 , 5 0 ) , 0 0 ( 6 , 5 5 , 5 0 ) , D C ( 6 , I 5 , 5 0 )
COP’ S S LEVI ’. 5’5’ (I5)
OI I’S\SIDN X X S s- 5 0 ) , Y Y ( 5 0 ) , B ( 5 0 ) . C ( 5 0 ) , D ( 5 0 ) , E ( 6 )
DAI,\ 5, ’ L ITF ‘ ,‘ . ‘. s - : s - s - , : ’~3”,
DA T .1 DI ,i , 1 . 1 1  s - s - I.” i ”’ ss - 7s -332400/

0 4 1  s’s I ’ s - A l ’  - ,L “ I  33.
TI’, , . ’ ’ I • D I  ‘.‘ , s -’ L’) L’)
C s ’ N - ~

1 s - s- .L’1,’7 l .5 . (  I,’.I.F).*I .5
5.5 3 1’ , I s- ’ I I N~ i s i s- ’) EISAD )
SN’5 s- is ’~~DSIISlI 5NRIIO)

( 0 . 0 [ ’ L’ , O . Q O Q ) 5
CU M 3 s -  I ,N’5’

0
23 I N I I . O

LF r IF + 1
DO 2’ . I~~ I ,Ni
IF( I I ’,’ D E i ’.’D . I I ,FQ , 0) GO TO 25
03 •

M F  • ‘,III’L ‘.I, ,  I)
5 5 ( 3 3)  • F’ ~ s- 4(1 )

• ~Cs L I , Is- ’0 , s - J J )

BIs- ,Js - .I I  IlC~~. I ,‘s-Iu , J J )
CI, JJ )  • C C(1 1
O ( , I ,I l  • L s - C ( L I  ,‘5l7 , J J )

25 CON T INL I E
I F (F .61 .5* 1  T 1 )  60 TO 30
GO TO 45

30 I F ( F , L 1 . \ ’ s 5 M I I ) GO 10 33
GO TO 45

33 C U N T I N . E
E~ L F  1 • ~;P EV A L 5 F , 5 ” , , V Y  • B , C ,  D, MF • I N I T )

35 I F  ( L F . L I . 4 )  Cs -S ‘0 23
C P \ ’5 I N~~C0’~I\ I E ( 3) + I M . E ( 4) )
E*C :I t I ) * I D . l”s - ( E I, 2))+IM .DSIN (E(2)))
C A ’ F . l s -’s - 3 P I F 5, L I T E
STSU ’.I M S U M +E ’s -C .C D E X P ( — I M . C A y * R H O . IC P X S I N — l ,D O ) )

45 CONTINUE
CHN L CONST .rs-TSU M / SNRHO
R E T U R N
E N D

4(5

I

, _ ,
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