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Kaaa4a r.c. 

fiporpOMMa B~~~CJleHHR pe30HaHCH~X COCTORHH~ AJlA 

noT·eH4tAana KoHe4Horo paAHyca AeHcTBI-1A 

Pll - 12360 

B pa6oTe paccMaTpHaaeTCR MeTOA B~4HcneHHA co6CTBeHH~x aHa4eHH~ 
eonHos~x 0YHK4HH ypasHeHHA WpeAHHrepa c KOMnneKcHoH 3HeprHeH H c 
o6peaaHH~M noTeH4HanoM CaKCOHa-ByAca. 3aAa4a pewaeTcA KDHe4Ho-paaHo
CTH~M MeTOAOM, ypaBHeH~e H rpaHH4H~e yCJlOBHA annpOKCHMHpy~TCA pa3-

HOCTH~MH ypasHeHHAMH 4eTsepToro nopAAKa2nnpoKCHMa4HH. OnHc~saeTcB 
anropHTM noHcKa KOpHeH Ha KOMnneKCHOH OJlOCKOCTH, n03BOJlA~HH HaHTH 
3aAaHHOe 4HCJ10 C06CTBeHH~X 3Ha4eHHH. ~aDTCA OnHCaHHe H TeKCT nporpaM

Mbl, Han..,caHHOH Ha <!>OPTPAHe. 

Pa6oTa e~nonHeHa B na6opaTOPHH B~4HCJlHTeJlbHOH TeXHHKH 
"' asToMaT..,aa~"'"' OHRH. 

Coo6meHHe 06bellHHeHHoro HHCTHTyTa rui.epHbiX HccneaoeaHHA • .Qy6Ha 1979 

Kazacha G.S. 
Pll - 12360 

Program for Calculating Resonance States in the Case 
of a Cutoff Potential 

A method for calculating eigenvalues and wave functions of 
Schroedinger equation with a complex energy and the cutoff Wood-Saxon 
potential is considered. The problem is solved by the finite-differen
ce method. The equation and boundary conditions are approximated by 
difference equations with the fourth order accuracy. The procedure 
for determining roots on a complex plane, that allows one to calcu
late a given number of eigenvalues is written. The description and 
text of the corresponding FORTRAN program are given. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR . 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06~eD.HHeHHbl/l HHCTHTyT SlllepHbiX HCCneD.OBSHHil Jly6Ha 

I. B aacToa~ea pa6ore paccuarpHBaerca a~aqa BuqHcneHHH 
KOUnneKCHHX Co6CTB6HHHX aaaqeaHa (p630H8HCHHX COCTOHHHa) H COOT
B6!CTBYD~X HU BOHHOBHX ~YHK~Ha p~Han~HOro ypaBH6HHH illpe~HHrepa 
c norea~anou Koaeqaoro p~Hyca ~eUcrBHH R. 

r~e 

d2u + 2m (E-V(r) )U + l( .f. +l) U = O, rE [O,R J 
dr2 t 2 r 2 

U(O) = o, 

u I (R) 

U(R) 

d + 
~ he (kr) I 
he_(kr) r=R 

E - KOWnneKCHaH SHeprHH, 

\~ ,_ . 

<li (k) ' 

E Eo - i ; 

(I) 

(2) 

(3) 

k = ~ ~ - = 'o + 1x , 

h~ ( z) - WYHKI..IHH PHKK8TH-r8HK6Jlll 
cne~yK>eyiO aCllWITOTHKy: 

/I/ 
• HU6Kllll8ll npH z -- oo 

h{. (z) "-' ei(z- eJ7/z) 

BonHOBNe ~YHK~HH un y~OBJI6TBOplii)T ycnoBHll HOpl.IHpOBKH 

R u2(R) 
Ju~(r)dr-+ 0~ <le(K)I 7- =0. (4) 
o K=Kn n 

B KaqecrBe noreHI..IHana 6un Bu6paa "o6peaauHW\" noreH~Han 
CaxcoHa-By~ca, Koropull xopomo onHCNBaer cpe~ee none c~epHqecKHX 
ll,llep. 
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V(r) ot l + .. :c(r-R0 l/o<) 
+ ves, r~ R, 

o, r :>R , (5) 

r~e ves - cnHB-op6ztanbH~A qnea 

V -- 'l_(f·S) Voexp[(r-Ro)/Q() 
ts - OC:· r { 1 + exp[{r-R

0
)/"']}2. 

C:ne,Jtyet otuetHTb, 'lTO co6cneHH~e aaaqeaua kn cyiijeCtBeHH~ 

o6paa011 SaBHCHT or p~zyca ~eAcnza noteH~Hana R • Jlum.r. B .ltBYX 
CJiy'l8ax 

1}kn=ix, x>O, 

2)kn=k
0

+ix, x<O, 2x((~, 
cy~eCTByet CXO~HIIOC!b Co6CTB6HHHX SH81{6HHI npH YB6HHI{6HHH R, 
ilepB~ c;nyqaA COOTB6!CTBY6T CBHSaHH~ COC!OHHHRII C OtpHU8!6HbHOa 
SHeprHeA, B!OpOA - UO,It6apb6pH~ COC!ORHHHII C ManOA mBpHHOA peao
HaHCa. 

~JIH p61116HHR 8~8'1{14 (I)-(3) O,ItHOBp6M6HHO C ,ItByx KOH~OB pema
ll!CR .ItBe a~aqz KomH (npH a~aaao11 k ) • Ma ycJIOBHH paBeacna no
rapH\PJIHileCKHX npOHSBO,ltHWC B H6KO!OpOI! BHytp6HH6ft 'rOliK6 X

0 
UOJI;y'-

1186!CH ypaBHeHHe .ItHR onpe,IteJieHHR co6ctBeaawc aaat~eHHA 

Q(k) = g' I X -0 - ~I X +0 =O. 
0 0 

(6) 

~;n:H pemeHHH yp8liB6HHH (6) HCUOJibSYBTCH anropHTII, B OCHOB6 
KO!Oporo JI6KIII! 116!0~ HLilTOHa /2/,/3/, UOSBO:n:R~I OT~CK8'rb Sa,ItaH
H06 qJCJIO HaHII6Hl>IIIHX no IIO,It;y'Hil Co6CTB6BHYX SHaqeaHI!. 

rr. M6!08 pemeBHR 

Paccuotpzu pasaocrayll annpoKCHIIaUHil sa,ItallH (I)-(3). Pasaoot
H~e ypaBH6HHR 

r,Ite 

dn_1un_1 - cnun + dn+1un+1 = o, n=1, ••• N-1, 

Un = U(h•n) , rn = h•n , 

(V3 (rn}-k2)h2 
dn = 1.- 12 

4 

(7) 

en 2. + 
10(V3(rn) - k2)h2 

12 

v ~ ( r ) = 2~ v ( r ) + .e ( e + 1 } 
h r 

annpoKCHIIHPYDT ypaBaeaze (I) aa paBBOIIepaoa cerKe c maro11 h 
!OIIHOCUil nopR,ItK8 h 

4 
/ 4/ . 

ilpOHSBO,ltH~e B (6) TaKae S8116HRil!CH paaHOC!H~H ~OPIIYJI811H 
qeorBeptoro nopfi,ltKa annpoKcHua~K. 

A A np 
Q(k) = (SM+1UM+1 - 5M-1UM-1) UM -

(SM+1U~1 - 5M-1U~~1) U~ o, 
(8) 

c 

r,Ite U11 H urlP - SH81{6HHR ~YHKUHH U , no;nyqeHH~e npH pemeHHIII 
sa,Ita~~H Kom111 cneBa H cnpaBa, 

M = ~o 
sn = 1 -

3~a,Itlrlll ko' Uo 

(V3(rn)- k?)h2 

6 

= o, u1 = <x~h >i Je+t<o~.h>, 

+ + 
UN= he(kR), Uf'/_1 = he_(krN_1 }, 

r,Ite 
cL =f- ~~ V(O) +k

2 
·, 

~YHK~IIIH Eeccena . J,_(z} -
A 

TOr,Ita IriS (7) IIOKHO fiOCJI6,ltOB8T6JILHO onp6,It6JIH!b BCe Un 

Unp H Blf<IJICJIH'rb Q ( k ) • 
n o 

n:na npouecca HLil!OHa 
Q(ZK} 

2K+1 = ~- -,
Q (ZK} 

H 

(9) 

H6o6XO,ItHIIO SH8T:D npOHSBO.ltHYil Q' ( k) 

(8) no k: 

llpo,ItH~epeaUHpyeu (7) H 

I I I kh2 
d U - C U + d U + - (U + n-1 n-1 n n n+1 n+1 6 n-1 

I I d r Jio(h • } 
uo = 0 • u1 = dk l. (-2--> Je+t(ot h) ' 
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10Un + Un+ 1 }:0, 
(IO) 

(II) 



u~ = _d_h + (kR) dk e , 
I d + 

UN-1 =~he (krN-1), 
(12) 

• " 1\ tnp np f1P 'A 

Q (k) = ( 5M+1UM+1 - 5M-1 UM-1)UM- (SM+1UM+1 -SM-1UM-1)UM + 

rtp f '" '" kh
2 

" 1\ } • uM L5M+1uM+1 - 5M-1uM-1 • ~ <uM+1 - uM-1 > 
(13) 

A { onp tnp kh2 np np 
- UM 5M+1UM+1 - 5M-1UM-1 +-a- (UM+1 - UM-1 >} 

3HaH u H P.emaH aa.nat~y KomH CIIpa.Ba H cne:sa, Ha (I0)-(13) 
n l,.. 'n ' UOKHO Hait!H :see Un H U p H :Sbl"'HCJIHU Q ( k). 

CqH!aR Q(k) nOJIHHOUOUnno k 1 UOIHO yr:sep~a!b / 2/, qTo 

ecnH HaqaJibHOe npH6JIHJteHMe Z
0 

y,~J;o:anenopHeT ycno:SMJJ 1 Z0 1~ m~n lknl' 
TO npouecc H»llTOHa (9) CXO,ll;HTCH K UHHHUaJIDHOUY no UO,ll;YJIIl KOpHil 
k1 • TaK KaK Ha nOHCK C:Sli3aHHblX COCTOHHH~ Hepe,IJ;KO Tpe6y6TCH 

OlleHD UHOrO HTepaUHi, a, CJie,ll;O:SaT6JlDH0 1 H UamHHHOrO :speueHH 1 npo
rpauua orpaHH"'H:SaeTCH noHCKOU KOpHe~ :S HHKHe~ noJiynJIOCKOCTH. 
Ma:secTHO 75/, liTO npH 6onbmHx n 

kn~ ~ { Sn - 2~n 1n [ (2Sn)
2

/A
2
]- ¥n [ (2Sn) 2/A2]J 

r,ll;e 

J = { ~: (-1l V(R) > 0, 1{ 
s = n:Tt- 2 J • 

(-l)e V(R) < O, 
n 

A2 = R2 jv(R)f . 
Tor,ll;a, ecmt Hal,ll;eH!l nep:sble n KopHeit k1 , k2 , ••• kn , :s Kaqecue 
H&qaJibHOrO npH6:riHS6HHH ,ll;JIH CJ16,1J;yll~ero KOpHH UOJtHO B3HTb 

z 
0 

H :SUBCTO Q (lc) 

k + ~ + i 1n _n_ 
n R R n+1 

paccuaTpH:BaTb ~YHKUHil 

Q(k) Q - -
1- Ct (k-~) 

llpOU6CC HDilTOHa B 3TOU cnyqae 6y,ll;6! HUeTb BH,ll; 

ZK+1 = ZK -
Q(~) 

Q' (ZK) - Q(~)·P (14) 

\ 

r,ll;e p 
n 1 

L ~- km 
m • 1 

nocne KaK,~J;o~ HTepauHH no ~opuynau (9), (14) npo:sepRercH ycno:sHe 

lo<zK+1>1 < jo<zK> I · (15) 

EcnH aro ycno:sHe He BblnOJIHeHo, ,ll;aJiee npouecc npo,ll;onaaeTCH no ~op-

uyne 

z<U = Z -t. ----. ) Q(Z )•P K+1 K 1 Q (ZK - K 

Q(ZK) 

noKa He 6y,ll;eT BblnoJIHeHo ycno:sze (15). 
EcnH :senH~U~Ha 

t. 
• . t. - 1-1 1- -2~ 

Q(ZK) 
Q'(ZK) - Q(ZK)·P >Canst, 

t
0 

= 1, 

TO :S KaqeCTB6 CJ16,1J;YJJ~ero npH6JIHS6HHH 6epeTCli TO"'Ka Ha OKpyJtHOCTH 
IZ -ZKf=Const, r,ll;e BblnOJIHBHO ycno:sHe (15). 

QnHCaHHbli Bblm6 anropHTU 6blJI HCU0JlD30BaH ,ll;JIH Hax0~6HHH pe-
30HaHCHblX cocroHHH~ c~epzqecKHX H,ll;ep. ITapaueTpbl nOTeH~aJia aa,~J;a

BaJIHCb no ~opuynau 

V
0
= (Vl N + v

2
z)/A V1 =19.7, V 

2
=A7, 

oL =O.n3, ~ = o,:>n3( 1+ >, 
i'• R = 1,24·A 

0 

r,ll;e A - Houep H,IJ;pa, 

m. OnHCaHHe nporpauubl 

z - aapH,ll; wa, N - "'HCJIO H6itTpOHOB. 

llporpauua Bbl"'HCJIBHHH peaOHaHCHblX COC!OHHHit C~pHt16CKKX H,ll;ep 
HanMCaHa Ha li3blK6 <roPrPAH ,ll;:rlH SB.a CDC-6500 • llpH 'IUIC:rxe Y3Jl0:S 
paaHOCTHOit CeTKH N ~ 1001 OHa 3aHHUa6'f 1050008 CJIOB U6H!paJib-
HO~ nauli!H. llporpauua COCTOHT H3 rna.BHO~ nporpaMUbl RQUASI H cne
,ll;Yil~ no,ll;nporpauu: QFUN,Q,HL,BJ,EIGFUN,spLIN3,DHL. 

Jl a 11 11 bl e 
nnli pa60Tbl nporpaMUbl He06XO,ll;HUO :S:S6C!H CJI~,ll;y~e B6JIHqHHbl: 



A 

z 
TN 
R 

H 

L 

PJ 

- arouawt :see, 
- aapf1.11 llApa, 
- qseno aearpoao:s, 
- p~sye AeaerBHll norea~sana, 
- mar pa3HOeTHOJ.l e6TKH 1 

- op6sTanDHWi uoueHT, 
- nonawt uouear, 

NPR,NPRl - KOHeTaHTU ynpaBneHHll neqaTD~. 

Ha nepBOJ.l Kapre npo6HBa~TCll aaaqeHHll A,Z,TN,R,H 
{3F5.0, F6.0, F7.4 ), Ha BTOpOJ.l -L,PJ,NP,NPR,NPRl 
uary ( I3, FS.l,I3, 2I2 ) • -

rr e q a r h p e 3 y n h r a r o a 

no ~opwary 
no ~op-

B nporpawue neqar~Tell eo6er:seHHble 3Ha'leHHll kn 11 coor:ser
er:sy~~He HW SHal{eHHll 3Heprl1H. EenH NPRl~O 1 TO noene Ka&AOJ.l 
HTepali,BH neqaT~TeH 3HaqeHJ4ll ZI<, Q ( ZK) H Q' ( ZK) • EenH NPR~O, 
TO neqaTaDTCH eo6eTB6HHble ~YHK~BH 1 YAOB1!6TBOpll~~e yenOBBID HOploiH
pOBKH (4). 

0 n s e a H YJ e n p o r p a Y M 

PROGRAM RQUASI(INPUT, OUTPUT) - rnaBHall nporpauua. Bb!qsenll
eT 3aAaHH06 qseno NP HaBU6HDm14X Co6eTBeHHblX 3Ha'!eHBJ.l kn 
n=l,2, ••• ,NP 11 1 eons H6o6XO~HU0 1 COOTB6TeTBYD~e HU eo6eTB6H-

Hbl6 ~yHK~BB. 
B reKere nporpauubl npBHllTbl cneAy~~e o6oaaaqeHBll: 
A - aTONHbll.l Bee, 

2m 

~ 
AK 

- SHeprHll, E 

H 

KN 

- mar paSHOCTHOJ.l CeTKB, 
- uaees:s AnH eo6cr:seHHblX aHa'!eHBJ.l, 

L - Op6BTanDHb!J.l UOU6HT 1 

NP - 'IHC1!0 COCTOllHHJ.l, KOTOpoe Heo6XOAI4UO BHI{HC1!HTD, 
PJ - nonHb!J.l UOU6HT 1 

R - PaAHye Ael.lerBHH noreH~sana, 
TK - aaaqease k :s npo~eeee srepa~sa, 
TKN - aaqanDHoe aaaqease A1Ill npo~eeca HDDToaa, 
TN - 'IHC1!0 H6l&TpOHOB 1 

V - UaCeBB AHH aaaqeaBA V~(r) B yanax pa3HOCTHO~ CeTKB 1 

8 

VO,RO,DZ:o(_, ZT= '( 
z 

- napauerpH noreaq11ana, 
- aapHA HApa. 

WQ:Q(ZK)' DQ=Q I (ZK) 

COMPLEX 

w = k
0

, 

FUNCTION QFUN(W)-Bbli{BC1!H6T 3Hai{6HBH 
QFUN = Q(k ), DERIV = Q'(k ). 

0 0 

Q(ko) sQ,(k
0

>. 

U, Ul 

UD, UDl 

M = XO/H. 

- uaCCI4Bbl AHH aaaqeHI4H ~YHKUHH u" B Unp 

B yanax paaHOCTHOJ.l C6TKB. 
- uaeeBBbl ~1IH 3Ha'I6HHH npOH3BOAHOH no k 

OT ~YHK~Hl.l U" ~ Unp. 

FUNCTION Q(x) - BblqBC1!H6T V3 = Et- V(x) + i. <i,+l) 

SUBROUTINE HL(S,DL,Z)- Bbl1iBC1IH6T h~ (Z) 1i B d~ h~ Cz) . 
z - apryueHT , S=h1 (z), DL = d~ (z). 
SUBROUTINE BJ(S,DL,z)- Bbli{HC1!H6T ~yHK~B~ 

.1_e(z) = (~2z)t Je+t(z) B d~ je(z). 

z - apryueHr, s = jQ(z), DL= d~ je(z) • 

SUBROUTINE EIGFUN(W) - HOpuspyeT 14 neqaraeT C06CTBeHHY~ ~YHK~BD 
A1IH 3aAaHHOrO W:kn• 

W - eo6CTB6HH06 SHaqeHBe k. 

U - NaCCHB AHH 3Haqeasl,l eo6CTBeHHOH ~YHK~BH. 
SUBROUTINE SPLIN3(X,Y,DERIV,N,NC,VOFINT)- ynpo~eHHbll.l BapBaHT 

craaAapraoa nporpauuu c reu ze sueHeu. BuqscnHer HHTerpan or ra6-
nsqao 3~aHHOJ.l ~yHKUBB 1 HCTI01ID3YH cnnaAH-annpOKCBU~B~ rpeuero 
nopH~Ka. 

X 
y 

- uaees:s aHa'!eHBJ.l nepeueHaoa sarerpspoBaHHH. 
- Yaees:s SHa'!eHBa llOANBTerpanDHOA ~yHK~HB. 

N - q111eno roqeK. 

NC = N + 1 

DERIV - pa6oqHJ.l uaeCHB paauepHOCTB (NC, 2). 
VOFINT - 3Haq6Hll6 BHTerpana. 

COMPLEX FUNCTION DHL(Z) - Bbli{HCnHeT d~ 

TeKer nporpawubl npHBOAHTeH :s npBnoaeass. 

+ 
kh~ (z) 

h~ (z) 

A:srop Bblpaaaer 6naroAapHOCTD A.A.KopaeJ.lqyKy, c.~.CepA~KOBOJ.l 

H ~.A.rapee:sy 38 noeTOHHH06 BHBUaHB6 K pa6ore M il01!63Hbl6 o6CYXA9-
HHH. 
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IlpHJIO'!tBHHe 
FI?:JGI!A" p~ JS ( 1 ' IP UT, '1 ' lT D' IT) 

THIS DJH1GRAM SflLV< C'1'1!'l~X r1 :;E'I '/Al!J:: ~D.,'\1 ~'1 F'J> 
SHRCOI"'GfP F')IJATITI 

OZU10'1(2+Ktt?tU-V(X) 'l= 1,'1( ~ )= 1 ,( (1 1 1 II X )I · l)V=~=OIKI 

A-AlO"'IC WflG'H, •-"111':Lc ' l5 ~'iARr;E, T'l-1 ' 1'11!'~ JF 'I[Ul'tJ~:; 
R-IIA01US 'JF I'ITF~ACT!l'l, '1-SHP AL1'1'; ( 
N-NLM!lf~ Of P'JI 'IT) I'I.LT. n~~ ll 

l-C~BITAl M~'1E'IT• PJ- 'A"1L[ "J'IC'IT 
NP-1\U"'~fP (lf EIGf'i VUIJ[j >HOIJL'l l" C H :ilLHE1 
NPR,NPP1-Cfl"'T~1L ~p J'IT Cl'I';TA'IT 
KN-tR~AY rro 0 I GfN VALUr.>;, ~-flr;E'I f'l 0 't;Y 
V-HRAY FOP P'JTt''ITI AL 

C 0'1 P L E X T K , T ~ 1 , T 0 , 01 ~ , 1 '), "F !J 'I, 0 E · ~ l V , v I• HI(, ,./ 1 1 , A 1 , TK ·~, II T I( , t 
CI"'F'ISifl"' KNil'~l 
rr:JM~1NIBll1~'• 0 •~7.!T,~K.V~•l•)L 
C0'1r1NieL21H,'I,V(l~Jll>JCqiV 

ltEAf'l l~,A,l,T'-J,~, ·~ 

QfAD ((,t,DJ,'ID 1 '1P P 1 '10P) 
10 F'1Q~ATI1~5.~.F~.~.c7.4) 

11 FORI'AT([1,<5.l.tl, .'l'l 
AI= I 0. d. l 
Vl=l'1.7 \ V?=H. 
~21=1VltT'I+V?*'liA 
Cl=~.bl ~ 7T< • . ~I•1*1l.+?.>!TI-'ll~l 
~?l= 1. 2 4 
·~=0~·~··1.3311311131 

AK=('."'4~? 
N=PIH+l 0 :lit ( .,_ tl 

F R IN T 1 2, A , 7 , V ->; , o .. , fl!.., ! T , ~, f ~ 

PRINT (),L,PJ 
12 ~1~f"ATI2 1/>X , ?'iA= ,F4. - , ,?'(,»IZ=•F't. •'~•1 ' 1V : =•F5.2•2Y.,1'1~ ·: =, 

1 F ~. 2, 2 X, 1'~ r. 7 =, ~ 4. ? , 2 X, 1 ·i! T =, F 4 • 2 , I, 4 :1 X, 2 "P =, F 5 • 2 , ~ v, 

2 2 H4=, 0 6. 4 l 
13 FO~MAT!4C'X, ?-1 L = • 12,21• ~ 1 1J=, 0 4.! I 

1\="1 +I 
SL=PJ+(PJ+ll-L*Il+lJ- .1. 7 ~ 

C1 ?"' l='·'l 
~=Y+ll"'ll 

20 VIII•OIXI 
CAL(ULAT10"1~ lF T4f ~11~ :; 1c E111AT!''l w 'J ln=~ 

I= 1 
55 lK'I= ( :'1.?"1, ·1. l 

IFI!.EO.lJ',O TO% 
1KN=KNII-11+C'1PLX(1.1~.AL1';lllll+l.lll"1 

5& lK=T'<"' 
r.o 5'1 J=1·10 ~ 
IIO=OFUNITKI 1 ~O=QfR!V t T"=l. 
IF(NPII1.'1E.?.l DPI'IT ll1.TK.~'.11 

IF II .EO. !I t;IJ Tl 45 
C1 4~ li=Zol 

40 TR=T'H1. II TK-K :I( 11-11) 
lt5 ~K=W~IIDD-WO+T 0 l 

IFICA8SIHKI.LT.0.llS1 T1 51 
Ill<= Ill \ 'iK = 0. 1 

It 8 CO 52 I I = 2 , NK 
t-.K = HK t C E XP ( 2. t A I t1. 1 4 t I I I -1 l I :-IK l 
TK1=TK-HK \ W01=1Fl'HTK1) 
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IFIAI'IAGITql. GT.1 .J ~') n 31 
1FICA~)I W1 ll.LT.(A ' < (..I'Jll ';., Tl b 

52 CO'ITPIU~ 

NK=2*NK ~ G1 T, 4' 
51 lKl=TK-HK ~ ~~l="" ' l'IIT'<Il 

IFIAIMA~ITI([l. ~T.' .l ';l T1 ~ · · 
IF (CAB 5I W1 1 I. LT. CA v; 1.1 ·1 ll r; 1 T l 4 i, 
~K=HKI2. 

IF I C A 3 5 I 1.11( I. '; T • . 1. ~ '1 l G-:! • J 5 I 
~K=~.~al \ 'IK=I~ ! G l T~ 43 

ltb IFICA3SITK-Hll.LT.1.1P•t)';~ Tl !>1 
lK=TKl 

110 FORMAT(2'(,J4TK=,?Fl2.4,~X,241=,'=t~.4,2X,JI<) ') :,>rl2 . 4l 

50 CONTINUE 
80 CTK=I0 •• -1.1l 

IFIAI'HGITKNl.LT.-1.r,I:JT~=I 1.1. 1.) 
TK'I=TKN+~TK \ ';1 Tl '!> 

60 KNI li=TK 1 
IF I~ EA Ll K'l I l I l • L T. 1. I I( "l I I l =- :n lJ r; I": 'I I l l I 
E= KN (I I*K"l I I I I ~K 
>RINT 1 00,KN I1) 1 C 

IF(N°R.NE.1l C!LL O!';FIJ''l!KII([)) 
1 0 Z F 0 ~ ~ AT I 1 ~X • l 'It< 'I= • 2 c 1 ' . 4 , > X, '..j E = , 'c 1 ~ • 4 I 

I= I+ 1 
IFII. GT ."'"l Sl TO l l 
co T:l 55 

30 CONTI NllF 
END 

COMPLEX FU'ICTI'1"1 1FU'I(III 
THIS FU'ICT10'1 CALCULATE~ VALUt 

IIO(K)=(DUL( X·,l) f DXI+IJ~(I~J- ( fl'lRIX" l l'lXl*'ll IX :! ), 
WHEH UL-SOLIJT1fl"' 'lF ItiiTIAL "~lBL 0 " 
D2Uli!JXZ+Ktt2+U-V I X IUL= 1, t)( Jl =' 
UR-SOLUT10N 1F INITIAL VALUE P~n~L':.., 
02 li!IOX2+ Ktt2tUR-V(X)IJ 0 =(l, (~ 'IP.(~)/l'()lll~f~l=fl( K l 

U.Ul-ARRAY5 F'l~ 'IL A'ID 'J~ HSPECTIVLY 
U DolD l-AR~AY S FO~ 9 IJLI~K A"'D ~URIIK 

OFUI\=1101111• '1ERIV=OW~U ll'l K 

C0'1PLEI U ,U[,W,FU'I,Ul,IJ1l,X• D•'1l•C•;,~l•KAP"Al • l 0 ~1V•~Ll•SLZ 
C 1 '1 f 'IS I 0 N IJD I 11 ~ 1 l , Ull I 1111 I, F 'l I I I J 11 I 
CO~MONIBL11~ 0 , q , oz,zr,AK.VJ ,L, SL 

CO~MONIBL21H•'I•Vll~~ll•1cRIV 

CO '1 Mf1N I B l l I U I 1 J ~ 11 , II II 1 (l ~ 1 l , '1, '1 1 
co 10 1=2·'1 

10 fUNIIl=Vfll-W*\1 
Llll=21. \ KAPPA!=C'i~U (- f 'J'I(1l+L*IL+I)/4.141f'l 
X•KAPPAltH \ C 6l Lq J(IJ( 2 I , IJO (?),(I ; 1'1 ( 21 =!I'll 2 I t4 

X=KAPPA1*2.+H • CALL q J( IJ(3),UD i l),'() \ ' J')(Jl=U~I3l*Z.*H 

U0121=UDI2l+~I~AP0 h1 \ IJl() l= UDI 3l*'HKA 0 "Al 
X•lltll \CALL Hllll11ll•'l~llll•Xl S 11'1llll=U!Jllll*R 
X=llt(R-Hl \CALL Hlldl(?) , ll~ll2l•Xl ~ UD11Zl=U:Jll2l*I~-Hl 

~=1.3tR:IIfl \ '1~='1+1 
~l=N+l-M \ ~1='11+1 

CO 14 NN=ft,M2 
C•l.-FUNIN~I*H*YI1 2 . \ 01=1 .-F•INI"l'I- 2 1+Y+ Hil 2. 
C=2.+10.tFU"'I'I"1-ll* H*>ll12. 
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L1 NN I= I C *U ( 'I'l -l I-" I* I( '1'1- 2 I I I n 
lit LD ( N'll =I rt •Jl ( 'l'l-11-~l* ' ll I ' 1' 1- ?l I 1 ~ -

1 II*H *fH ( 1)( N'l-? I+ I ' . * 1J ( 'l'l- I I+ ' J( 'J'I I I ! '> . n 
CD 11 >4 ~= 1,'1 1 

1\N= ~I -'1'1+ 7 

C= ·I.-FU"' I N'I+II*H*Yfi Z. ' '11= 1. - F ll!'·li-11 *H*I lfl 2 . 
C= 2 .+1 ~ . H IJN ( II!' !) *H *I' f1 2 . 
L I I 'I 'I I = I C *"11 I 'I " - II - r * J I I ~ '1- 2 l l f , I 

13 LD11'1Ml=IC*U Oll 'l f'l-1l - 'l* 'Jll( '1'<- 2 l lf >I -
I "J*Y*H*I 'JI('I'1- ? I+I " .* "ll 1 '1'1 - 11+ '11( H ill ':> . I'll 

S =l.-F U~1 ('1+Il *>l t H f 6 . $ ) 1=1. -F J'H "'-Il"' IH•H b . 
S L I = S * U I M + 11 - S 1 * I I( '1 - I I ~ S l ? = S * . J 1 I ~ I - I l - S 1 * \1 I I '11 + I l 
CF R IV = I S* 1J1("+1l- q* · Jrl ( ~ -1l +ll*'l*" *l l( '\ +ll- II I M- 11 lf J .l* IJ II'11l 

1 + S L I *UO I I '1 I l- I S * ll 11 ( '11 - I 1- S I * " Jl 1 I ·11 +I l + ~ * Ht 'I* ( U I I '11 -I 1- 11 I '11 
Z +tllf 3 .l*U I Ml- SL ? * 'I'l t 'l l 

CFUN= S l1*U11MI l -SL~*' J( '11 
H TU~N 

F. NO 

FU NC TIO N O (Yl 
TH IS FU NC TI"l'l CHCIJ LA'"'l T ' ~ " P'l TE 'I TI AL 

C n M M ON f P, Ll f R 'I< , 0 , 'l 7 , l T, ~ K , V <l , l, ') l 
~ =X 

EX =FXPIIY- P(>I ) f'l7 l 
FXl = l. +E X 
l=A ~ *V 0 
C• - UfEXI 
C• O+O * ZT*Sl* EX f!E X1 * ~Z*Y I 

C=O +l*l l +1 III Y*Y l 
RET U~ N 

END 

SUBROUTINE Hlf S , OL, ! l 
CAL CULHES HA'lKE L Fll'lCTIJ' I Il l I Z l 
Z - ARCU~ENT, <; -VAL UE or HA'I'<f l FIJNC T IJ 'I• 1L ='lH I 'll 

( 0 P1 P l E X ) , 'l l , ')I J" , <;' I M 1 • r. ~ , C K I • A l • 'c , ' 
C O MM ONf ~L lfR ~ . ~ . ~z , zT ,A K ,v 0 ,L. SL 

P1 = 3.l4 ~ S U'1=l .S'i11 "11 =3 . HK =1. ~ Al= l :l . d .l 
CO l I = I , l 
CK =CK *I I* II-ll - L * I L +1llf 2. f Al f ~ fl 

CK l =C K*IIZ 
SU"' =S UM+ CK 
SUP1 1 =SU M l+ CK I 
CE=CEX P!AI*I Z-P I* Lf2 .ll ~ D L =C!:* I AI*'>U~-'; ' J '• ll 

S= SUM * CE 
RE TURN \ E'I D 

SUBP OUT IN E ~ J('),[ll.Zl 

CALC ULATES FU NC TI ON J = I"I *Z f Z l **I II ' I * Ill Z l 
Jl!Zl-B ESSEL FU'lCTION OF l+lf 2 O~JE' 
Z-ARCUMENT, S=J!Zl• DL=D J! Z lfDZ 

COMPLEX S.DL,z,SUM, SU"'l• CK . CK l, l l 
COMMONf8LlfR ~ .P.O Z ,zT,A K ,V 0 •L•SL 
SUM=l. S SUMl= ~ . S CK = l. 
DO l I•Z • b • Z 
CK•-CK*Z .. Zf!fii+Z.*L+l.l S CKl =CK *I $ 5'J "'=SU'1+ CK 
SUP1l=SUMl+CKl 
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ZL•Z**L ' S=ZL*Z*~UM S 'lL=ZL*IIL+l.l*SUM+SUM1l 
RETURN S EN'l 

SUBROUTINE EIGFUNI~I 

COMPLEX U•Ul•W,CONST 
C I P1 ENS I 0 N R F I I 10 I' I I , A F I I l ~ 0111 I , X I I J 11 I, 'l ~'I I Ul ll , 2 l 
COMMONI8lliR0,R.OZ,zT,AK•V0•L•SL 
COMMONIBLZIH•N•VI100ll•DERIV 
COMIIflN18LHU!l0~ll•IJlll01ll•'1•'11 
CONST•UIMliUll"lll S Nl=N-l • 
CO Z I= l• N 

Z XI II•H*I I-ll 
CO 1 I=II•N 
J•N-1+1 
Ll ll•CON'iT*Ull Jl 
CO 7 1•1•N 
Rfllll•REAL!UIIl*UIIll 

7 AFIIll•AIP1AGIUill*Uilll 
CALL SPLIN3(X,RFI.ORV•'Il•N•RFI 
CALL SPLIN3(X,AFI.ORV•'Il•N•AFI 
CONS T• CMPL X I RF, A F )+nHL I W *ll. l *U I '11 l * ' Jl 'll l f 2 . I W 
COHST•CSORTil.fCON S Tl 
DO 3 I= 1, N 
Llll=Uill*CDNST \ RFI!Il=REALIIJ!Ill 

3 AFIIIJaAIMAGIU!IIl 
PRINT It 
PRINT 5• IRFI I I 1•1=1• '11 
PRINT b 
PRINT 5, IAFI I I 1•1=1•'11 

It FORMATII.t0X.Z7H~EAL PA~T OF EIGEN FIJ~CTICJNI 
b FORMATII.t0X.30HI'UGARY PART OF EIG Etl Fll'l CTI Cl lll 
5 FORMATI10ElZ.'tl 

RETURN S E NO 

SUBROUTINE SPLIN31X•Y•DE~IV•N•'lC .v'lFINTl 
CIMENSION XIN C I ' VINCI • OERIVINC, z l 
DATA ZERO.HALF•ONE.THREEf0 ••• 5•1·• 3.1 
DATA THIRD , SIXTH f .331333331333333 , .1bbbbbbbbbb hb b7 I 
1\XY=N 
SECO 1= ZERO 
SECDN = ZERO 
BET 1 = 0 N E II !JN E + H H F * I X I 2 l -X I l l I f I X I 1 l -X I 2 l I l 
ALFl=BETl*IONE- IIXI2l-XIll lf!XI1l-'t.!Zlll**2l 
BETN=ONEIICJNE+HALF*IXI~l-XI'l-lllf!XI1-li-XIN-211l 

.llFN=8ETN*IONE- II'<Cil- XIN-lllf!XI rl -11-'<l'l-Zll 1 .. 2 1 
1815 OERIVI1.Zl=SECDl 

DERIV(N,ZI•SEC ~N 
OERIVI 1.11 =ZE'l.O 
OX PLUS =X I Z l- X I ll 
IF I OXPLUS.CT.ZERCJI J fl TCJ 1n2 ~ 

IN= l 
1821 OYPLUS•IYIZI-YilllfDXPLU S 

IU=N-1 
CO 101t0 I=Z• IU 
DXP11N •DXPLUS 
CYMIN =DYPLUS 
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CXPLUS1Yfl+ll-V( II 
IF (!)JtPlUS.GT.7E111) ';1 r~ 1 J11 
lNt I 

1113~ CXINV tQNE/11X 0Lll'i+~X"'I ' Il 

C Y P[ US= I Y I I +I I - Y I I l l I') X' L U '; 
Ct-VDIF•OYI'IV+( '1Y Pl JS-JY'1I'Il 
AlF •f'Al!'*'lX I'IV* 1Y'1!'1 
PET •HAlF-U c 
IF I I.E 0. ~ I D IV" I F • J I V' IF- T ·'I ~ HAl" *fl r 0 IV I I , 2 l 
IF II.EO.IUl 'liV'11F•r>IV11c-r•ttn+~cT"1[PJVI'I,;>J 

IF II.EO.?l Al 0 •7EP: 
IF II.N<.""l ';'l Tf' 1~J? 

EfT=Q~T* Al Fl 
Cl-VDIF=~IV'11•+~ET1 

CO T'J 1~35 

1032 IF II.NF.I:Jl Gl T1 1 '35 
llF•AlF+ALI''I 
CIVDIF=~!VliF+ ~(T ~ 

103~ CXIIIIV •'J'IE/I l 'lr+Alqlcr>IV II-1o1ll 
CER lVI lo1l•-1X I 'JV+qrT 
rERIV( lo:>l• "XI'IV+IT 4~~ c *11V'llf-I, L 0 *1PIVI 1-1,?11 

104?. CO'HI'IUf 
10se en 1~o~ t•?.tu 

J•N- I 
Cf Q IV I J • .' l •'F ~!VI J, I l t ' f o I V I I+ 1 • 'l + l : ~IV I J, ? l 

10b? CONT INUf 
C F. ~ I 'I I 1 , ? l • I I X I 1 l - X I 1 l I I I X I 1 l - ~ I ' l l l * i) r > I V I 2 , 2 1- ! ( X I ' l -X I I l l I I < ( 1) 

1-XI ?l ll+r"lf 0 I V! '• > ) 
CEQ IV I 1\l, >I =- ! I tl '' l -X ! 'I- 1 l l/ I Y I ·1- 1 l - < ( 'I- ? l l I * ' J E" I V ! 1- .> , > l +I I X I ~ 1- Y 

1('-.- ?. II/ I X I '1-1 1- YIN-, Ill* ~ f, I V I '1-1, 2 I 
107e ~OFI'IT= l fDl 

CO 1 ?1R~ l= 1. IU 
C X P lll 5 = Y II + 1 l- X ( II 
CY P l US = Y I I + 1 l - Yl I l 
f!V!'IF =!' Y0 lll 'i l WPl ' )) 
C f Q IV I I , 1 I = fll V ''I F- 'l Y "l' I<;~ I T ' l I ~ 1* 'f ' I '/ I I • ' l + <; I X T" * 1 t ' I V I I + 1 , ? l l 
CXPliJS=HtlF* ''X " Lll~ 

~ 0 F I NT= V rF I 'I~+' v P l 1 J' ~ I Y I I + 1 l + Y I I l- ; · l I q 1 * I 1 [ ~ I IJ I I + 1 , ' l + J[ > I VI I , ' l l 
1CX 0 ltJS+*?I 

lillie CONTI'IUF 
ZI'II'IV CONTI'IUF 

HTUolll 
FNIJ 

COMPlE'<: FIJ'ICTI'l'l "'ll I Z l 
CO"lPlfX lo51J"l, <; IJ"'1• )' J'1', rK ,': ~ 1• 'r 2 ,hio ' L• ' ll > 

c 0'1 M lN I B L 1 I p ~ . D, f) 7. 7 T. h ~ • v l, l • ~ L 
SU"l•1.! 5 '1 '11='.! ST.P='. Vr =l. ",\J=Il .,Y.l 
CO 1 I= 1 •l 
CK = f I(+ II* I I-1 I -L * !L + 11 II '. I A II II .' ; r q ~'~*I /1 
SUM='iUM+rl< • 'i'J'1I= S11' 1l+ ~ ~l 

SUM?•5UM2+(K ! 
Cl= A 1- 51J"l1/5 1J .., 
Cl2=-l.-?. H I•~ ~1'11/ 5 1'1+', ' !'1 2 1 :;• n 
CHL•'ll+Z*I'll?-'l*flll 
HTUQN t F'lfl 
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