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Chapter 1 

Introduction 

The programS used in this report are: 

ZEROPOINTODD ( see [2] ) 
ZEROPOINTODD2 

iUGENV AUJEODD ( see [2] ) 
IEPTHODDl 

lEPTHODD2 

ABCD 

AmF 

PLOTLAHBDAQ ( constructed by I.C. Ongers ) 

RADABCD 

RADAIEF 
,I 

WithZEROPOINTODD and ZEROPOINTODD2 we can determine the cut-off 

frequencies and with ElGENVALUEODD (and ElGENVALUETEST) the phase

factor for the anisotropic waveguide .• The programs IEPTHODDl and 

DEPTHODD2 give the depth of the grooves of the corrugated \vaveguide 

for the even and the odd modes respectively, the programs ABeD and 
, . ' 

AIEF the ohasefactor,. 1.1Tith PLOTLAIVlBDAQ "Ie are able to plot the· phase

factor for the corrugated as well as for the anisotropic vrd.veguide. 

RADABCD and RADAlliF compute the radiationnatterns in the E- and H-

. plane for the even and od(i modes respectively. 

To determine the ~ronert1es of the corrugated v/aveguide l,1umeri~J.]y 

is rather exnensive because most of the ,.,rograms take a lot of nro-

ces 1:' or-time •. The calculation of one radiationnattern :takes about eigbt 

minutes. the determination of the curve of the dominant-mode phase

'factorabbut trIO hours. For the construction of antennas for exoerimen-
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tal work we only need to as certain the deuth of the ,R7'ooves, ''Ihich 

may be done vii th the nrograms IEPTHODDI and IEP'l'HOD1l2.. If we ,·rant to 

be sure that the given frequency is above the cut-off frequency of 

the dominant mode we have to compute the cut-off frequency with 

ZEROPOJNTODfQ. 

vJe shall now describe the programs in detail. 

Chauter 2 

ZEROPOJNTOD1l2 

tr or ZEROPOINTODD see [2] 1 p93) 

This program calculates the cut-off frequency of the eEH""" and oEW",,,,-, 

modes, for n .. odd .. 

These cut..:.off frequencies are determined' by the zeros of the Nathieu

functions: 

(1.1) 

(1.2) 

, First of all, the program computes in a given interval of q the 

Hathieufunction and stores these' data in an array" Then it searches 

for a change of sign and if it finds one it computes the zeros. Except 

for the ~-1athieufunctions. the program is in prinCiple the same as 

zEROPOINTODD[2]. 

HAcHEPS 1-36 , needed in the eigenvalue and 

fouriercoefficients of the l·iathieufunctions 

eigerivalue of the Fathteufunction 

- not in' use 

- not in use -

lOlvest order of the hathieufunction 
, , 

highest order of the Hathieufunction 
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DUN 

IYJAX 

ISTEP 

IELTAQ 

TELlER 

KSI 

Q 

EXC 

A [0: II-iAX J 
B [O:IIWC] 

N 

ZEROCCE2Nl(TI10N,KSI~Q) 

ZEROSSE2Nl( n'JON ,KSI,Q) 

SQRT( 4Q ) 

2SQRT( Q-) COSH( KSI ) 

\ , 
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q-interval 

number of eccentricities 

q 

eccentricity 

array for q 

array for ~2r\+1l~,'l) 
order of the Mathieufunction 

orocedure to compute G. (l: Q ') 
~"'~t "I," 

procedure to compute Se1.n+ I (~. t ), 
kh 

ka 
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1\ TOO II 2 
.= : : : = = : = = ~ = = = 

'eEiOIjIj' 
'F IL[' OUTPlIT i 

'ktAL' w~ChEP~, L, ~l. L2 ; 
'i~f£w[H' IMln, I~AA' .ISTlP, llEL1A~' h-r~. N~AA.,"i 
MACHEPSI= 2.*\-36») 
'~"INI" li 
~'r··.J..x I" ·s; 
IMl1'>:= vi 
1~,A.u=30(;i 

I!>Tt;YI" :; 
iJ[L-TA<,iI= 10; 
'Cj£ .. IN' 

ft £"TEkN,!LS 

~ ••• eO."""'.O'·'Il··"""'."."""".""'.'·"" ••••••• 
'hEAL"PH~C(U~HE'LE"ClC[2~1 (T~C~, K5I. ~); 
'VALU('TKDk. ~SI •. g; 'I~TcGER'T~~Ni 'ntAL' ~SI~ ~; 
'D£~lN"hlAL' 'uR~.~I.hl.Su~; 

'A~kp"F(~;2(;J. J[Glq~]; 

LI= E1GE~VALL£Ct2hl(TnU~.Q); 
Fuu"l~RCOt.FC£(~I\T~nh. Q. L, 2(;, F, ~Ck~)J 

JAPLLSN{~*SQRr{Q)*si'~CK51). ~, q~. 10. ~}J 
lL~UCCl2h1 1= CCE2hl(hDR~,~e'F ,~)/sr~~'KSI)*COS~(KSI)J 

• u,< U ' l t k (, C C E 2 Jd , 

\j: •• e .............. II e ......... e ••• ~. II •• 6 ............ III ••• *' ••••• , ••••••• 
~",o •••••• G'~""."."." •• '~"" •• " ••• '.' •• "6"" •••••••• 
·klAL"Pk~CEDURE·LE~U~SE2~1 (T~C~, ~~I. GI; 
'VALU£tT~GN, ~SI' ~; 'I~TtGE~'ThLh; '"tAL' KSI. GJ 
·~[GIN"RLAL'· ~OR •• Ml,Nl' 

'AR~A"F[ut2CJ~ ~l~142l; 
L)~ EIGEh.ALLt5L2~1(TnO~.~); 
F!.JUri 1 [RCOtFFSE2i\ 1 (hOi" ,,;. L, 2C,' F, "CR~)) 
JAPLL~~(2*SQRT(')*SIN~(~Sl)~ ~. ~~. Ie, ~); 
Z£RG:'SE2Nl' :=:;'S£21.1 11,["".;10 •• ,..,); 

'(fH)' ZERG~SE2"'1; 

. .. 
~ •••••••••• & •••••• " •• , •••.••••••••••••••• , •••••••••••• •••• 0..,. 

·HEAL·~SI. G.E~CJ 
'lhTEwER'l. N.TELLER' 
'~EAL"ARRAY' A{Cll~A.J 'b(CII~AX]J 

'FOR' TELLERI:l 'STE~' 'L~TIL' 'u~' 
• !:lEG 1.-;' 

lXCI- 'CASE' JlllL~·l 'Of' ( 0,eOb')' 
ltROI~AB{ ExC*CGSr(ri~I)-l.KSI,C.IO. '-10,--10)1 

'~Ok' NI= hNIN 'SIEP' 2 '~~TIL' h~AX 'UO' 
·a£GI~'~HITE(~LTPuT.<1.12u1"··» )' 

~nITE(CUr~LT.<20.1»; 
""IT£(~UT~Ll.~"E~~Lci£A~_~CC_5ULLTlUh2"»J 
... n ! iE \ (0 U r ;- L T( S PACt ( 'j ) j I ; 

.~!T[(LUT~ur.c"~="»; hNITE(tUTfLT.<El!.ll>, N)J 
hri[T£(U\.;rruT.c" ____ ft5'="'}' hHITE(G~TPUTf<E18.11),KS1); 
".~1IE(LlITP\.;T.< .. ____ £X~=·,> I; , 
l-r<rIE«(;l;Tt'LT.<ElI:l.ll>.I/CGSH(K51) Ii 
..... L f E {(] U T P L T l SPA Cd;? ) J )J 

t.+++++++.+++~+*.+.++++++++.+++.+ •• +++++++.++~+.+++++++ ++++++ 
rl"IT[COuTPUT.<I,l~Q("·"» I' 
MHITE(OuTPuT.C/."1"'.lU."~",XIU.·CC~2hl. __ •• "> I' 
"kLT£COl,iTPuT.<X2C."l"», 
'rOM' 11= I~I~ 'STEP' IST£F 'U~TIL' IMA! 'CO' 
'~EwI~' QI~ I/CELTAw J 

'Ir' I 'E~L' U '~H£N' ~'=f·J; 
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-7-

(~ •• ~:::i.Q)J 
xl~.fe.~.~)O.tiC.lC>, 

llA(!l.IHll ); 
~HIT£(U~T~uT'<'lC,El~.ll>·L); 
'~~U' CCE2~1~~I~T~ftLC~~IT1C~; 
~~ITE(OUT~UT,<I,lua("-H» I; 
~++++.~+·+··+++·++~++t~++t+++·+~·····+·~·++++··!·++··+ •••••• 

t+·+++·+~+++·+++++.++·+·++~++++·+++.+·++·+++++++++++++ ++++++ 

N"lTl(D~TP~T.~ "I",.lC,"~".xlO,"C(E~hl. ____ (~I". 
XIG,'fHh",X1C,"~At'> )J 

'F~H' 1:= I~l" 'SltP' ISTlP 'w~TiL' I~~x·ISiEP 'OL' 
'b£("P,' 

'If' SIGh( ~lIl ) '~LQ' SI~~' ~l 1.lsTt~J 
'THE'" 
'!:lEGIt<' 
lEHCi~A~\ ZEKOCCt2t<1 (~'KS1,~jp~,A(ll'A(I+lSTEPl,~-lO.~·lO)} 
nkllL'0urpuT.<I'l3.q(xe,E1U'll»,I,~, 

lERGlC~~"l (~.KSl,~). 
~(,:F<T(4'\;). 

£·Sg"T(Q)*C~~~(~Sll ); 
'It<l;' ; 

'~ku' lL"OCCt2~1 C.AL~~LATIlJ\i 

'1;.1'>0'; 

'rOk' ,,1= I'>~l" 'STEP' 2 'uhTll' ~~AX 'eG' 
'aEGIN'~R&T[(L~TfwT'<I,12~("-"» )1 

."lTE(OlTP~T.<20Xl>IJ 

."ITE,U~TPLi.<"~UkGtEA~_CDC_~GLuTIU~2"»; 
nnITE(CuTPLT(~PACt(5)l); 

~"lTE(OUT~UT.<"h="»; .RITE(CUT~UT.<E18.11>. ~)} 
n"ITE'G~TPuT.<"_. __ KSI="»J ~HITE'CUTPuT.<Ele.l1>,KSI)J 
nkITE(OUTFUT,<". ___ E="»; 
~riITE(OUTPUT.cEle,11>'1/COSHCKS1)J 

"nITECLUTFUT[SPACE(2IJ)J 
~ti~~t%%~~~~1l~~~i~~~~~i~~~i~%~~i~1~tliS'ti~~~~t~i11%' %~ttl~ 
~HITE(Gui~uT,c/.luU(~-~}> )J . 

• klTE~DUT~UT,c/.~I" •• ~O."~".XlC.HS~E2~1 ••••• "> )J 

~KITE(UUTPUT'<X2C."L"»; 
'FOH' 11: 11\11f'j 'srEP' ISTEP 'UNTIL' l/l'AX 'DC' 
'bE~I~' gl= l/C~LTAw J 

'IF' I '~QL' O'lMEN' wl=~-JJ 
HIli" I.li 
~rIJlj lE~C~SE2~1 
HHITE(CuTPU1.<1,13. 

( f •• II S 1. r;; ) ; 
xlc.~e.q.Xlo.tla.10>. 

1.HiJ>t:(I] )J 
riHITE(w~TPUT'<XIC.£lo.ll>'L); 
'£~U' SSt~Nl 'AlCuLATiG~; 
wriITE(U~TPuT.<I,luO("·"» lJ, 

~~~'~"~~'i~~~~~t'll~'~I~l~'~~'~l~~l~~t~~~%~l~~l%l~%~~'Z~i~~ 

~HITE(UuTPuTe ~PACE(5)l ); 
%~llt~'~~~~11£~llbl~1~~~'1~t~lJ~~~l~~ll~1~~t~I~'l~I~'1~11'11 
~~IT£(uuT~UT.< "I~,~lu."Q".xlU."S~l2~1. ___ .{~)". 

X10."H~".XIu."~An> )1 
'FCR' 11= IMI~ 'STEP' ISTEP 'uNTIL' I~Al-ISTEP .cc' 
'8l~ I I, ' 

'IF' SIG~( ~[I] ~~L~' SIGN( be I+lsTLPl 
'THEh' 
'BEGIN' 
ZERCINAB( ZEHGSSt2Nl (N.~SI.U).,.ALll'A[1.ISTEP).'.10.'.lC)J 
nRITE(OUTF~T.<I.!3,4(Xe,EIB.111>.I,b. 

'EI)C'; 

LEROSSE2Nl (h,K5I.GI, 
:'i.lFi T( ''*1,1), 
t.~~KT(~)*CG:.r.(K51) ); 

'END' ll"LSS£~~l LALCuLATIO,,' 
~1~~~~~'J~'~lbIIJ'lltAS~I~'~~~'tl"711~~I~~~1'1~~I~t~1~~l~t~ 

• t. r'iG • ; 
'tl,U' 
'e-NU' 
't:r~U'. 
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Chanter 3 

'. EIGENV ALUET£ST 

• This nrogram has been used in the numerical experimenteof Part I, .... 

• ChapteI' 2. It merely calculates the zeI'OS of the determinant: 

at a given· interval,: . 

LAMBDA 

N 

M 

IE TERH ( LAMBDA,A,AA,N) 

A,AA [O:N,O:N] 

FC~ FS [l:N ,O:M] 
. . RTR; RTI [O:N ] 

LU [i: N, l:N] 

KSI 

Q. 

EXC 

KA 

EETAPOINT 

IET 

i, j, L 

I11AX 

A& - A J o 

0'rder 'of the matrix 

M = N + 10, max. order of the 

Mathieufunction 

(1.3) 

nrocedure to comnute the deter

minant for fixed value of X 
matrix AB 

,fouriercoef"ficiEmts 

- not in use -

- not in use in main program -

in procedure IETERM : croutdecom

position . 

q I:: qc 

eccentricity 

ka 

~':: ~/ kl> 

determinant 

ancillary variables 

number of eccentricities 



-9-

LAr-fBDA· 

iELTALAHBDA 

LAMBDASTEP 
A -!' 

LANBDAHIN 

LAMBDAViAX 
~ 

ii 

LANBDAARRAY array for A 
IETARRAY array for' determinant 

, 

• 
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" , .: ~ r 
: :: ::: :: " 

, G E u : .\ f • F I lEt '-~ 1." T "" ~J r" 1!.: 

tR~~L· ~A~~£P~, L.~~DA; 
." 1 ~~ T t G F i{' 1 ~" ~ ; 

;.1 ~\ C t"l f P ~ ! -= ;. ~ * ( :.. J:i ) ; .. 
" : ,: l:~ ; 

':;[~)!...:".I' ~ 

~.++.+ ••••• + •••• + ••• 4.t+~.+t++4++++.++ •• ++++.+++~+ ••••• +~+ ••••• + 
·~~H(j(t~··L;rit.tf!~""j.i:;ji.\,.:" .(~l, ., 4, ~, ':C,. F5); 

." v A L t! i ' "j' rt::.; l)t "." ·l i ""'f ;:- iA L • ;;, r: S 1; "r '\ T :' ~j f ;~ t/\,o ,'-I: 
tp~i'tAl'tiArJt,1t'l,' FCI:*,.l. r-S(f>:, It]; 
, ..t·E ( .. 1 ;'~ • 

·~~6L.t L.S, ~.o~~" ~. ~; 

, A ~ ~'..1" Y , r" ( .t : :! 1'" '>j ~ 1 : t·, 1: 1 : \ J" eel ICC;:, s s r 1 : >~ 1" ..J r () : 2 • f/ .. :1 J , 
t·. I' :,:: ? * v .. 1 ; 

'f!J!1·J:=llST£~·?·~~·rILt~2 

f DO' • Qt!J r /' f 

l:: ;:[;.':!'"I-L'J£02d( I.'~)i 

.·Jl.~rfI4CnE~~Ci21\I(J' ~J L~ ~, f, ·~Cw~); 
~ Ii ~ :\ t"]t;o·~ : 

';Gg'~;=n·S7~~'1·J~TIl·~·G~·~C[CI+ll'Clv·? Kl::::~[KJ/~OR~J 

L ~ 1 ( ( I • 1 1 • i) 1 J • ;. 1 : " ( h : "C C t ~ " I ( ~ , " • r • oJ ) ) • C C S f' ( io( S I ) IS 11';" ( K S I ) ; 
C~i[~I+I)·nlv·?]:"(CE~~IPul'T(P. M. F, JI*2*SakTCQ). 

CCS~SKSl)*'2/5I~h(ftSI 1·~/SI~~(KSI)**2J 

• ~ (1!~' ;(: ~o 

S:"S~F(,n; 
S I "s ,>' t J J ; 
C(.l[(i+l) 

C~d il+1) 

, 5 TE!'-' 

• t i''; ~.) t ; 

'FGR·I:~1'~TF~·.2·u~TIL·~~ 

'ntl"clEGJ,,' 

• U!\T I L. • 

,J j:= celt 
2 J:= C(;<[ 

:Y 'no; 

( r .. I ) 
( 1+1 ) 

• r; I v • 
• G I v ' 

L : = f I'; t. ~; .. ~ l. "f S t ;; " I ( I.:;); 
FUUR1[~CO~FFSE?~1[J. ~, l. Y, F. ~Q~~); 

~ ; = J\ l,i K "I ; 

7J * S; 
21 * S; 

·fU~·ri:"G!srF~·l·u~TIL·N'CO·FS[(I.l)·UIV'i. KJI='IK]/I\CRW; 
S~l(!'1)·L[V·2):=S~£2~1(P. v, F, J)/SS~2!\lPOINT(Q. w, F. J)I 

(2*COS"(KSl)~SGRT(g»; 
• t~!\, 0 t i 

'FOR'I: I'STr~'I'u~T1L'\ 
·UUf·FORtt\t::l'5rE'~·lfL.I\TILtr.; 

• L; \} t t dE. \1 T ,,</ • 5 : = \) : 
·;i]~fi~:=O·S1[Pflfu~1IL'~ 

• :J C • S I .. S" ( ;:: *;; • 1 } * F S [ 1 , ~ 1 • Fe! ~ I " J ; 
v(l> i\JI"S 

• t:: l'~' C • ; 

'fDR'l:~l'STF~'l'u~TIL'h 
·1)O+t~iJl~'~:=l'ST~~'l·L~r!L'N 

'o'n' fo£(11""Ss=C~ 
, F .1 11 f h : :: ~ t ~ T t_ .... ' 1 ' i; \ T i __ • r\ 

'tt)O'Sl=~+SS.t~;~vtk' Ij*v(R, t<]; 

A[ i, r\ 1;" S. C (. i [i\ J !I;.~ 2 l Il; 
f t i'. r. • ; 

t t: 1'( (It f ~ L L L 'J I";::' ; 

~++++··~++++.++++++t+~++~~.+~++~+~+.++.++++++++~.+++++ +++++.++++ 

';(L':'L' t~RuCt~Our;f f :"Ji. fr:r<1/( L~'JrlDA' A ... ~A, r.; j; 
• 1( AL.:I[ f tli; 

1"(~AL. t t.A/'f~i:jA; 

• INTFGEfi' ,n 

'ARRAY' Alw,.j. AA~*J*] 

':3EG1Iv' 
• A ~' r, A '(. l.. U l 1: ,of , 1: :',1 1; 

'tI{~·fiG£~· ·A~~At· ~l l:~ J.: 
• liH ,:', li,! 1, J 
, ~ \"j n t. E " < f .j l f; (~ Ii L 1\ .:J :; 
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'0: \.i~' ..J':: 1 '!:.:' Eo; f • Ii; 1 1'...· 'S .... ~. 

Al\t ,J.Jl ::; i,iJ/*,J}-l '.,.; .. I'";t'.; 

C :H .. '.J r iJ lC C ,,'- ': s J ; , • '., \. \. ;,", L ~, t', ;, - 1 oj. S i" G \; L.A f. ); 
D~~Tt'"1r1:'::; ~,·,iJ:jT,i~:T:::'~·.Aft.;~i\T( 1. f"" ~t ... ';;)i 

• ~;'"..; t _;:: rEp'",,; 

• C (} ,oIIl"q:. tj !' 7' ,. ~ ~ p '-{:' \: .., :4~' r. c :" '0 L "j ~ S T j- ~ t; L 1 :. M- " 1 '\ ~ \ reF T p.i £: ¥ 'A T 11 I '( F' G" 

. t fj f. G I '\J .. 

r I Xc. 11 'J ,lot L ~ F t:" ~; ; 

LIJ~l;'\Jj 1:1,;; 
• 'f E ... \.... .:::.; I .... " xC, "I" tll 1.4 f- r I ,,r. C l T. Li f L TAL A "!3 C A , 

.tI',Ti:\ir-n' I."':, L, L"t"'~D,~5Tftl, LAfIBCA;.,I\., L·AWl1n~Mp.'X, II-L.~AXJ 

ijf,~~'T~~!~L~~f ); 
t r-!::""(' L::::: 1 ':) T f 0 , • l;~. r 1:...· \ I. It ~ .. C Q ' 
i ~! ~ G 1 i; t 

r:·r~';( l;\'I",~jC ); 

I~-~I~I~( ~xC.COS~(~~1 )-., ~~1,C.1U.p·10.s·10 " 
c .. ~. ~ ( J !'.- , I , ':: 1 i 
;~E~I.)(rllo.I" l.t;}!~!l,.~,rr, 

f(t:,;1.:Cll •• /, LA;i,.,OA~'I. 

, . 
, J 

) , 
t1 ;:- "" ,) ( r;",1 ,I" L l.l :: I_i IJ A 5 1 t ~ J; 
;;FIl:)( I,.!- /,. ~fL ritL:~<:jt-:::t. ); 

~41i[!L:~;TnLT,<II/'1~~("-~)~ )J 

"RUUG'i!"Ll1:-,>\iP{llJ U 
w ii I T £ ( l;., 1 "\. ':" , < I , ., E " -, • L 1 iJ • 1 I , ~ 1 (;, •• K S I = ... F: 1 th 1 1 • X 1 C • 

" ,,; :: ... t: 1 !l • 1 I >, F XC. t{ ;i I , G , I 
1., If i (~ ( L:: T;:' L T , < I, H L 4;1 ~ D _M. f. , X? C p n U E T f1 > ); 
rrLLCDu~( ~. ~SI. ~. A. ·u. Fe. FS JI 
t F' LJ ,,, j: '" I '; s· T t: p' 1 'lJ i' TIL' N • II C. ' 
'F0H' Jla! 'stEP' 1 'u~Tll' ~ 'cc' 
AAlI.,;1:= r.(1.JH 

• )J E~; 1 ~ • 
·I~~.Y' ll.~G_ARRAY. nLT~AqA'(la~BO.~INILAM~n'wAX1J 

'F~~' 11:= LA~~nAMlft '~T~P' LA~BC_STEP 'LNTIL' 
LAWECA~AX '08' 

'Q,;C,j\' 

~h"'Mli41= III Or·L r~LAI'iiD.; 
:':ET:: U£lERrJ( LAt.-HtJA, 4" AA, !\ ); 

.ql r~(CLTPUT.C/.2(t:ld.l1,_IC». LAMRDA.DET l~ 
LI~~G~.Gri~Y[lll :: LA~ADiJ 
~F:TI~qAYlrl] I. S£J; 

, F>Ii:) , L ;.. 1/ H n A s 'r f '" ; 
't H i f.~ ( l. tJ 1 P to. 'f ~ <./ / I ,1 x 5 _ tf L A I'; ~ C A" , x 2 0 _ .10 F T = 0 u » J 

.... Ii i 'j [ ( t Iii T r"l l, j , < :( ~ ~ , H ~ ETA ~ C r t\ r H • '( ~ G _ ft K A H :» J 
';:dt~' If:" LA'lddAI'Il\ '::,T"p ,. L#~fiCI>ST EP 'UI\ TIL' 

L I. ~:; ,; A" II X· ... A v,;(; A:; 1 t f' 'r. 0' • 

'!~' ~!G~( )iTMH~_'(JIl) 'h~Ud SI~k(DET.R~A,rII. 

L A n!l; A S T E P J ) 
, 1 ~~ £ ;1' '" 

t I.J t: G j '!'. t 

l 1.- r~ r: I <,; A I~ ( !) t: i [ ;:. <J ( LA'J ~ D A, A. A A" ;,)" L A 1.J E n A, 

~'~~~'."H.Y(IIJ. L~~jC.I~~"lll+L.N~n4STfPJ. 
"-la,~·lO )J 

~111[(LL[?jT,C/.;(~lB.l1 •• 1~i>. L'.POA, 
eET~ij~' LA.PC~ ••• lA, N) ). 

'Ti' LlvHUI 'GTrt' I 'rf'E~'· 
.~rTr(luT~0T.<?(Eln.ll,X1C»,sg~T(1/LAI'E~' ), 

?'S'NT( Q*L~UHJA/(lA~8nl-l'} IExC', 
f ~. '_. '1 1 ; 

t ~ "." II 1 Z t. i~ r P u I ~~ T j 
• F ~'; , ; 

t E ,\ D ' ~.- S T '"' ,.. ; 
t £ 1.; ~l f Pin; ,;:~ 10 v ; 
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'Chapter 4 

LEPTHODDl L DEPTHODD2 

The program IEPTHODDl computes the denth of the p;rooves,for the even 

~ modes ( eo E /.I "'WI. ), DEPTHODI?2 for the odd modes ( 0 E "nl'<'l. ). For this 

depth the waveguide is anisotropic" 

.. 

The eccentricity e1 and the frequency kat must be given beforehand. 

Then the nrogram comnutes the eccentricity e 1. ( and several other 

quantities such as e, - e1 , b1 /a~ ',~~ tee.), as the zero of 

the function 

(1..4) 

for the even modes, and fot' the odd modes the zero of the function: 

(1.5) 

It also checks the result by substituting the obtained value in 

this function, which result should then be zero or a very small valu'i:'. 

KSIl 

Nom'1 

FX 

EXCl 

EXC2 ' 

Q 

KAl 

KA2 

PI 

K 

normalisation factor of the Mathieufunction 

function. (1.4) or (1.,5) 
eccentricity e.., 

eccentricity e 1. 

initial value of FX 



. "!' 

.. 

I ~ 

I!I' 

L 

A 

B 

G 

D 

H 

Xl 

X2 

00 

B} 

, . TV/ONI 

i 

M 

. TELIER 

KK 
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eigenvalue of the Mathieufunction 

S~ Z .. H ( q1.' <:\,,) ; GlU1 (~2}t.,) 
G~:~. ( ,~, <:to) J F4P.j' 2"., (~, ,~) . 
Sq,'ln., (q .... ~o) } G.''tr\+. (S;" ~~) 
~t"4' (~z.. qo) ~ ~'1~+' (~l'~Q) 
step distance of ~: ( in searching opt,imum ~z. ) 

- not in use -

- not in use 

-:'Q1 'I: , lower limit of ~ 

ci1.-H : unper limit of ~. 

order N of the mode 

- not in 'use 

order of the Mathieufunction 

number of eccentricities 

ka" interval 

F [O:M] fouriercoefficients of the Mathieufunction 

J [0: 2 .. H + 2] Besselfunctions for the M .. f. 

Y [0: 2.M + 2] . Neumannfunctions for the M.f 0 

DEPTHl( KSIl,KSI2,Q,A,B,C,D) procedure which computes the value of 

the functions (1.4) or (1.5) 



~\ 

,., 

,IEPTHODDl 
:;. ·SCI' lt~tL,,~tlk'\f 

, .) t. u 1;,,' 
t f' 1 '-~[ t U l· -: j 

t "\ t.,I,;L t ~ j.o \.. ;"r_ r-.;;; 
~At'hl~~:= 2.~\~3t); 

'ut.:,1 I • t 

• ~ l. ;"l.· 1<.SI LIK::;:;' j ~1!\UH"'.'t Y., 

l'ClILXCL·~'~~l~~~" 
r 1 , K,,, L..' 
,..'d'[';;'r- .• 
11,1.£, 
L''')'l~u; 

, 1 !'~ T L \; t to(. T "lJ i~ 1 , j , :;, ; T L t L i "." II ~ 1\ i 
'I, ::;; ~ v; 
• ol \J 11, I 

, " ~ A'L ' , ,. "r< ~ Y' f l " : ,< 1, .,J [ J : (! • p' + 2 1. Y ( ;, I 2" i' + 2 J i 

~-----.---~-~-.--~-----.--~.------------.---.-.----.-- .. _-_. 
tK~AL·tPn~ClOuk[· ;Jf~l~l(ASll,K~I~,~,~,~~/C,~); 
'vALuf' ~SIl.~SI2'~'c.CI '"~AL' ~S!1.~5Id.g.A.~.C.D' 
·t:1t.ulN t 

JA~LlS~(~·S~~i(G}·Sl~M(KSli).~.2·M+2"~.~); 
~l=~~t~ l\~CR~.~.f.~); 

JI~L0~~( S~krl').~X~'-KS12)'O.~!1.lO.~); 
H'lJS,,(Si.t',T(Q)*£Xr>(rlS12)."+1o 10. Y); 
J:= ~£Y2~1{NQ"~ ••• f.J.')' 
UiPT~l := A*8-C-O 
't. ",,' Di:.F- To, 1; 

~ , __ . ________ . ___ e-.--_"_~ __ .~ __ . ___ ~e-a_ .. ___ ... _a ______ . __ ~ 

~nlrE(UUT.c/,"lV~~"> J; 
11:== 0,,06) 
Pi:; 4~~i~~TA~ll'J 

hJui, II = U 
RnlTE(U~T,<I."T~GR1=".~4.1l., rNU~l )J 

• Ui .. a:I;,;· 

',lid' ltLL£;c,:=l '"TE'" 
• r.::i:. ~ I 14· 

£...<.(.1:; 0.VlcOI.~j 

'1.,.,T1L' 

llh~l~~b( E~Ll*CC~M(~~11)~1,h~11'v,lJ~~-lC_~·-1~); 

~nlrl(~LT.</."lXCI=n"d.FIC.l~/."~~ll=",Xq.~lU.l'/."~1IA1=",X4.flO.7, 
1,"A,ltl"",(i.",ILi.l>, iOX~l.~Sll' S~krCl-t.XC1*":<). 

1/S~"r(1-ExCl*~2J )J 
~klri(D0Tft<I'~~Al·,,)~_"tt~t'·_Xj~·'1~Al~~~2'1, J4,~'i.C~"_X4p 

uK;;, 1 2 H , ,,4 , U t X ~ 1 - t.~ X C 2 '. , j, Lj-,. '. t;1 2 I A. 2. H , 1. ~ ,. H i1 2 I t! 2 H ; X ~ I n 1\ U l. " > ); 

t~~~t ~K:= lv 'STt~' 

t;j[ u.l; .. ' 
1'\/d:= ,,1'.1.10' 
~t= lKA1-£X(1 t.~/~; 

t "" , ..;u 

.. :" .. 1 G E" y A L iJ S £ 2 ~ 1 ( Tn U r. 1 • ;.; ) ; 
fCU~~El~C~~FF~ 2~1(T~01\1'~/L~VpF,~ChY); 
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~.~L0~~(~~~~rlT(C)*Sl~"(~bll).' .~i~.~.l~,JJ} 

~I. ~.S~"T{~)*CG~r'KSIIJ.SSl~~lFCl~r(~L~~.M.F.~); 

~~PLu~~(S~I,T(~)'~)P(-ftSll).~.~.2 ,1u.~)J 

Y~LU~h{5JKI(~).£X~(K511).~.2 ,10.1)' 
c:=G~'2~~PGI~1(~GR~.M ,F.~,f.~Q~T(~)*tkP(·KSll). 

S~KT(~)·t~P'K5Il) )' 

KSI21=~Sll; 

K:=FA:=D~~TH'(KSll.~~12.w.A.a.C.C); 

'~HILE' Si~~(~) '~~L' SI~~(~X) 'OG' 
'ot~IN' fl:= UEPlHl(ftSll.K51~.W'A.6.C,U); 

~Slcl= K~I~+ H; 
'l~O' FU~~TIEw~~LGG~J 

u:= ~SI.; 
:= KSI~·~; 

'IF' ZE"Ll~A~( UE~TNllKSI1.KSI2,Y.A,8,~.C), 
K512,uG.B~,p·1C.~-10 ) 

'l"~N' 
'o~GINt 

'E~O' 
'~hJ' 
1Ei,~' 

,~~U' 

'[~j' • 

lxCil= l/CUSH(KS12) I 
RHITL(O~r,<I,~(rlQ.7,.1». KAl,KA2:= KA1*EXCI/EXC2, KA2-KA1, 

LXC~, K~l~' EtCl-[.C~. • 
5'~;(1-iXC2**2)' I/S~KT{1-E~C2**2), 
UEP1Hl(~511,~SII.'~,A,d'~.D) )J 



• 

mPTHODJl2 

& '~~1' IhEL'~H.~' 
f t;l \J l;~' 
• f i ,-t: I lilJ 1 ; 

I 
'htA,-' ",lC/-EP;); 
~ALhE~S;= 2**\-3¢JJ 
'llt.lil,,' 
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i 
kSllJ~~i~,~~~u,FX,i~Cl'l~~2, 

~L.K.~,~.ftAl'hA2' 
,1("M,C,LII.~ 

~!/x2/~,1'''!' 
tj I,. :3l>; 

'l~TE~[k' 1ft~"1.1.~.T~LLEn.~K; 
" I" cu; 
, fj t.." 1 '. t 

fn~~ltf~'<I,~yt F(0:f~]' JtJ:2*~.2J' Yl~:2.~.2J; 

IIIZII~111~I'hall'l;1h.1'AI!.t~I~IJ1IJtl~I'~III~I~~1 

111~11'1Z'IIIJ'J"'I~II~I*'CI'Zt~111111111t'I'I~II'~ 
'"l~L~!~kuCE.UuNE' ~EPI~l(~Sll.~~I~,~.~.~.C.U); 

'v~,-UE' KSIl.hSll.~'o.C; '~LAL' KSI1,~~ld.Q.A,B.C.C; 
, :-:It: \>1,,' 

JA~LU~~(2~SQK1L~1~SlhH(KS;~).U.2·M·2'~C~~); 

~ : '" l: C £ 2,,1 ( 'j(j 111", "', f • " ) * C U S r: ( '" ~ 12 ) I 5 I 1\ ~ ( "512 ) 1 

JAP,-U~~( SQHT(g).~~P{~"S12),O.~.I,lG.~); 

YP'-USN(Swrir'Q)*cxP(ftS'~).~·i.10.Y); 

Dl- F[Y~~l(NO"~.~.F.J,Y)1 

0lPTHl := A*d-C-C 
'Er,L)' l)EPTicd' 
'Ak~"~lll'laa'I""la'IIII~lla~I.I'I'.I.I~I~lltl~~% 
1IIIXIIIJIZ'la~'lbIIIII11X.II'IIII.'III"IIII~II'II~ 

rot:= o.o[j; 
P11~ q.ArtCTA~Ll)' 

r"w:," :=:1; 
rlHIT[(uuT,c/."UDu"> ); 
.nITE(uuT.<I.·T~G~1=ft •••• '3>.T~D~1 II 

'OG' 
'''lll I:.' 
ExCl:= 0.'718(;12, 
Zl"UI~A8; EXC •• CGS~(KSll )-1.KSII,u.!0.~·lO.~·lC)J 
NkIT£(UUT,c/'"l.Cl=",.~.FiO.7.1"'hS:l·".Xq,V10.1"."al/A!=".X4,F1C.7. 

1."Ai/tll;::",A .. ,Flli.7>. t;.'(~l.KSrl' SG;RI(1-E.XC1*"2). 
I/S~RT(1·EXC1**2) )' 

~KITE'OUT'</"'KA1"_X5,tfKA2",x5'·'!(Al·KA2", x4,ttExC2 t',X4, 
"~SI2",~q'"l.CI-[AC2",,~,"u2/A2"'A~I"A2/e~".X •• "~~L·> )J 

'fw~' KK:= lD 'ST~P' 1 '0~TIL' 2~0 'CU' 
• b t. (, I ,~ , 

;,/,11" ~,{ /1 C I 
~:= (K~l.L'CI).·~/q; 

L:=E1Gf~~~LGcLE2~l{T~ON1.~I; 
t Ui it II r,': U L r F L L",\ 1 ( T \, 0 ,; 1 • 1,;. L • ~ • F • 1\ C r;" ); 



'rd-dLi' 
'uluI,,' 
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.; ;. t' L. U ~ '\ { ,,'. :, r; ~ r ( " ) • s I ",:, ( 1\ ~ r 1 ) , \, , d • ~ + d , 1 (; ..... ) J 

(;= -CC(~~l(~~RM.V,~,~)/(SI~~(ri~Il)··~)+ 

d.~'"r{~)·S'~rl(KSll)·( tLS~(K~11)/SI~M(KSI1) 1**2* 
C C Ie. J 1\ \ ~ L; 1:. T ( 1\ G" " • rt , F • J ) ; 

~.~luS~(~~~Tl~)'~XP(·KS'1).O,M+2 .IO,~)J 

YPLV~h(S i~I(~).~~P(~S'l)/~+~ .\C.~)I 

~:=t~Y21\&PCIAT(Auri~.~ 1~'~".S~NT(~)'~X~(·KSI1). 

SyNTl~)*~xP(K511) JJ 

r\SI2:=«~rli 

~:=~~:.CiPThi(~S'1.I\SI2.~.A.b.C.C); 

SIG~(K) 'i~L' ~[~~(rxf 'Ou' 
Fx:= CEPThl(ftSIl.~SI2/~.A.b'~/U); 

~,S12:" ..;:.12+ hi 
't~~' fUNCrlt.v~RLDuP; 

\,0";1= tlSIl; 

~(jl;:: t\SU-h; 

'l~ t ZlNuINAti( OfpThl(KSI1.KS'2.w.~.~.C/~)' 
K~12·0G.uG.~-10 •• -1a ) 

txC2;= l/CCSr(KSi2l j 

~RITL.(C~1,<I.~(F1D.7~xl». ~Al'K.21= KA1*EXC1/EXC2, KAZ-KA1. 
ExC~, ~SI2. l.C'·ExC~. 

S~~1(1-EAC2'.2)' 1/S~"r(~-E.C2.*2',· 
CEPTH1(r\~11.KSI2,Q •• ,~,C.OI lJ 

'£~U' T~Gh Llu~ ~ LGuP; 
~~IT~(OWT,<I'100("-H» )i 



... 
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Chanter 5 

ABCD I AIEF / PLOTLAHBDAQ 

The program ABCD computes thephasefactor for the corrugated waveguide 

for the even modes, ABEF for the odd modes.. PLOTLAl'1BDAQ produces the 

graphs. 

We shall only describe the nrogram ABCD for AEEF ha~ the same strUcture • 

. The program ABCD computes the zeros. of the determinant: 

o (1.6) 

This hanoens in the nrocedure IET( lJI.MBDA,KSI1,KSI2,QC,AA,A,N), ,.rhile 

the procedure FIu,oDDAand FILeD calculates the matrix BA and CD respec

tively ( for the od~ modes FILLODDA computes the matriX AB ) .. For a 

given value of q: qc the program determines in a given X-interval 

'~he dete~ant.After this it ~earches for a change of sign and com

putes the zero .. 

The matrix BA is a function of qc only, the matriX CD of qc and qo " 

. The evaluation of the matrix CD is more extensive than the matrix AB, 

so it seems to be rather convenient to compute matriX CD once and keep 

AB variable .. However, in that case IV'e must know ~ and qo beforehand, 
I, 

which imnlies thatqois constant. There is no severe objection against 

this, but we want to obtain results \'i'hich are comparable tdth those 

of the anisotronic case ,,,hich means that qc: is constant" 

Then it is easier to observe the influence of the grooves, which infact 

is embodied in the matriX CD. Thus 1...Je keep ~ constant, and make A (and 
».. 

thus q,o!: qc: -;::::; ) variable. This imnlies that V/f3 compute the matriX AB 

once and vary the matrix CD with ~ 0 

The program punches on card the data (" "qc). The last card contains 



• 
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the text "EINIE VAN EXC2". This card must be removed before using the 

data set for the program PLOTLflJ{8~Q. 

: FI110DDA 

Q 

KSI 

N 

A [l:N,l:N] 

FS[l:N, l:MJ 

SSl [l:N] 

SS2 [l:N] 

M= N + 10 

CCl [l:N] 

CC2 [l:l'D 

F [O:rvu 
V [l:N.l:N] 

FILLCD ( or FILLEF) 

Q 

KSI1 

KSI2· 

N 

CD [l:N ,1:N] 

EF [l:N,l:Nj 

M 

FSC[l:N, o':v~ 
FCC[l:N ,O:M] 

SSlC [l:N] 

SS2C [l:N] 

ccic [l:N] 

qc 

~i. 
order of the matrix 

matrix BA ( or AB ) 

fouriercoefficients B(~) 

Se z .... (~, '~L) 
~~"~I (.t. ~c.) 
max. order of the I'iiathieufunction 

G-z "'+, (ct I , ~J 
~~n+\ (ct) ,cd ~ 
fouriercoefficients 

rratrix L (see [2] ' AT)")endix D ) 

order o£ the matrix 

CD 

EF 

max~ order o£ the IvIathieu£unction 

£ouriercoe£ficients S (~, ) 

fourierCoefficients A (~,) 
Se (~')~,) 

1"'~1 

S'e'2 'l+\ (~,,~L) 

Gl~1 ( ~\ .~l) , 
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.. 

CC2C[1:N] 

NN[l:N] 
l-l}1 [l:N] . 

YT [l:N, l:N] 

ZT[l:N.i:N] 

ZTINVERS [l:N .1:N] 

next: YT and YTINVERS 

YT [l:N.l:N J 
YTINVERS [l:N,l:N] 

CD[l:N,l:N] 

ZT [l:N,l:N] 

ZTlNVERS [l:N,l:N] 

EF[l:N,l:N] . 

DET 

mainnrogram: 

II-fAX 

EXCI 

EXC2 

QHIN 

QlviAX 

QSTEP 

IELTAQ 

111lN 

LHAX 

LSTEP 

illLTAL 

L 

- -20-

G. ~n4' . ( ~.,q.c ) 
l! f .~-1 (see 2 , p146) \ 

M f .. ~_1 . (see 2 ,p:J..56) 

'(I 
'= 

procedure which computes the determinant 

of I( BA-"l)-(l-x)CD I for the even modes 

and I(AB-AI)-(l->-.)EF I for the odd modes 

number of eccentricities 

eccentricity· e" 

eccentricity e1 . 

q -interval 

-interval 



• 

.. 

HAX 

HULP 

lliTERN[ 1 
.J)i,HBDA.ii.HRhY [ ] 
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maximum of N eigenvalues for a N x N matrix 

preceeding value of determinant 

array for the determinant 

array for Ileigenvalue u 'A C it is not neces-

sary that the arrays are completely filled. 

iJhen we rave found N eigenvalues-- i.e. N 

time change of sign--than at least all the 

other eigenvalues are not valid (in this 

statement it is assumed that we decrease the 

value of A 1<[hen searching the changes of sign) 
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AlaCD '-
£ 'SET' TWlFlf',\RY 

'::\EGIN' 
'FILE' oUr.I~(KIN~=RE'JE~); 

t F I L E J ? U '~ C. rl ; 

, r ~ T E r~~- ;~ f ;~" ~4 ; 

, rt [ A l' '-1 ,\ (~t If: P ::. ; 

~1AC'1L 1'5: 
,,:04; ~1: 

'J[GI;~I 

? It" ( - .~fj); 

I; t 10 ; 

fCOM!1f;"'T~I:, ""f)i;";'.!" ~~LCdtArE:, r'~r: "'IA'iiCFAi;lfJR FUR THE CORflUGAT[!} 
ELL: ., rIC AL ,.,; Vi:: ,i'J 1) L. I, '- 11": l' uri S T Ii [ 1 UW S OF THE IJ U [;l 'H N A:-l T 
or [(.\[l-l>I)-(l-LlCD]=1.:n r, fIXe!) IjLTHE INfERVAL Dr L IS GIvEN 
iH UlIN ANO UQX. INPUT IIi "!I'll A'lE 1'1.AX.WIHCH IS THE "U;<\SER 
or or. EXC1.[XC2.QC.l"I~.~MAX.LSTEP A~D DELTAl; 

'REAL'Q[.~O.KSll.KSI2.EXCl.EXC2.nELTAL.LAM3DA.OETHUlP.AULP; 
'r:HEG:::fPI2. "lAX. lQ?iERLIMIT; 
'INTEGER'1.IMA~.L~IN.l~AX.lSTE~.J.K.L; 
'INTEG::RI (J'~u,.Qr'1:\x.QSTEI'.OEL TAl); 
, II R R t,.'f' A. CD. A A ( 1 : N, 1 : N J • r S C [ 1 : N , 0 :~" 1, ::; SIC, S S 2 C ( 1 : N] ; 

~----------------------------~----------------~--------------
Z'.++++ttf+.+++++.++++tt+f+++.++++++++++++.+.+++ •• +++++++++++t++++ 

• P ~ 0 C E J lJ R E 'F ILL 0;) rJ A ((), K S I. II. A • ~1 , F 5 , S S 1 • S S Z ) ; 
, IJ ~ L J E' ,). II S I. f;. ~H '" E A L • '1, K S 11 '1 NT E r; E H' \i. I',; 
'ARRAY'ACo.*1. F~)[·.*J. ,51,$52[*J; 
'SEGIN"INTEt;ER'r. II. NZ. R; 

'REAL'l. S. ~DR~. ~; q" RAY' F[ 0: M J, V (l : N.l : fJ], C C 1 • C C? [ 1 : 'I ] • 
• AR RAY , F C { 1 : N • (' : M 1 ; 
;l2:=2*/<-I; 
JAi'LJSIHZ*SQRT(Q)*SINH(KSll. 0, 2~;4+,>,. 10, JH 
'FOR'I:=l'STE?'2'Ul\;TIL' N2 
'OO"~EGIN'l:=EIG[NVAlJECE2Nl(I. I); 

FOURIEFCOf'FfCEZ'HU. C). L. '1. r. :'JlJRMH 
f ' r n '( • II: 0':; T [P '1 ' UN TIL. ' HID [JI F cr ( I + I )t n I V' 2. K 1 : "F [ K II NJ iH1 i 

eel( ( r. 1) , 0 I V • Z ) : = ( Ii: C C E 2 ''ll (·1 • :-I • f •. J))' C U SH (K S I ) / ;; I "i H ( K S I ); 
CCZ[(I+IJ'DIV'ZJ:=CCE2NIP0INT(1. ~. F. J)*Z*SQRT(QJ* 

COSH(~SI)**Z/SINH(KSI)-H/SINH(KSlj.*~ 
'Ei~D'; 

, FO R I I: 1 t S T E? I 2 i 'J N TIL' N2 
'OJ "3EGi~·l:=EIGENVAlUfSE2~1[1. Q); 

FOiJRIERcoc:rrSE2:>Jl (I. fl. L. 'I, F. 1IJf.!IHI); 
• FOR' K : = 0 ' s r E? , 1 • UN TIL' M ' J'l • r 5 [ ( 1 + 1 ) • 0 I V , ;;>. K]::r: r [ II J I NO R H i 
S S 1 [( r + 1 ) , 0 I VI 2 J : = SSE 2 N 1 ( l • "I • f • J ) ; 
SSZ[(I+ll''lrV'ZJ:''SSE2~IPalNr(1.M.f.J)* 

( 2" C C ~,H ( K S 1 I " S () R r ( Q I ) ; 
'[ NO' i 

'r:)R'!: l'ST[P' l·tJ.~1ILP~ 
, no ' , F 0 ~ t K: ::: 1 ' :""1 T L P 1 1 f U j~ TIL 1 i~ 

• ;1 0 ' , !} [ r:: ! rj' ;"):: ::; I) ; 

t !" 0 H1' f{ : :! t) t ~ J r P' 1 • tJil T ! L ' l1 
t1l;j , f) : ::: ~J .. ( I" R + 1 j". r ~t r 1 , ;~ ]. r c r ~ 11 R J ;" 



,., 

• 

'II ( I. ~,): = '> ; 

I f f~l) f ,= 

fF')~" i:::i t:",fCP' IfU~irlt f:J 
, DO • I r ;);~ t r:: :: 1 ' ',T!: r· t 1 f U~.f 1 I L r '~ 

f D -J t , f: t. f,") r '~t ~,: :;:; 0 ; 
'f 0 '/ fC, : 1 'ST E ,. I 1 I U '-IT ! L ": 
, fJ i) j ',: " S • eel I IJ] • V [ I "i, 1 • if ( /.; • II II C C'i' [f.( 1; 
/J.( I # f.J: =~.S51[ :-~JlSS2~'!}; 

, E;~ iJ f ; 

'E'l') 'FI LLCO:H,; 

Z.~.+.+.·.++ •• t++++.t.t++++t •• + •• ~.+ ••• ftf+++· •• t.t+.·f+ •• t •••• ' ••• 

i~ t • + .. ++ .. + t t .... + .... f .... t ... + .... t- .. t .. t ...... '*' + t -t ........ t. t -+- .. t .. t .... t ........... + ......... + + ... + *' .. + + t ... + 
'Pi{:JC[DUR!':' FILLCi)( (Jr;, r;~Ii. KS12, ~,. :J. M,rs • S511:, SS2C )i 

, V A L tJ E " Q 0, K 5 I 1, .< S I ;:. N, M; 
'1£Al' QQ. KSI1, KSI2 ; 
, I T·~ r .t. Gi:: n' N # t4 ; 

I ~rtRAY' CO[*,*]. rJC(".]' SSlC.SS2C['] 
'at: GI N' 

'BOGlEAN' SI~;G'JlAi\; 

'REAL' L,~;~BOA. NO!H1. S,BTQ. VI, V2, \}3. V4, Xl. X2. x,~, X4" S , 
V6. 17 .V5,X5.X6: 

, A R RAY' f ( (\: 'i 1. r S (l [ i : '·1 , J : 111 • Y Z , Y 5 [ 0 : 11 + 2 ] • N N ( 1 : PI ] , 
Yr.'TINVE~S, LU, Zl[1:N,1:~1.JL.J2.J3,J5(O:2*M+2l; 

'UirEG>'R'·ARRAY' p[l:rn 
• I NT E [, E R ' J, L • "(, R • J i 

SaRTO: SQPT{Q!); 
VI:: ~·SQRTQ·SINH(~S[?); 
V 2 :::: ? S Q R T fJ • SIN Ii< K S I 1 ) i 
V3:= S~RTQ.EXP(-KSI2); 

V4:=Uv/V3 ; 
V5:= 2*5QqTg*COSH(~Srl) 

Vb:= SQRrQ~EXp{-KSI1) ; 
V7:=QO/V6 ; 

JAPUJSiH '11. O. 2*M+2, 10. Jlli 
JAi'LUSN {V], (>. M+l, 10, J2li 
Y P L J S fH V ~, M + 1, 1 fJ , Y 2) ; 
JAPLUSN( V2, 0, 2*..,,+;::,10. J31j 
J APlU'iiH Vb, 0, 'l+2. 10, J'5); 
YPLUS~H vr, M+2. 10. )'5); 

, F Oq· I: • S 1 E P' 2 I U iH I L' 2 * il-l '0 0 ' 
'8EGIN' 

LAMBDA: EIGE~V,\LULSE2Nl( 1,QO ); 
FDURIEQCOEffSE2'H ( I, QO, L A,~gOA, 'i. f, ',OR'1 ); 
'FOR' L:=O 'SlEP' I 'U',TIL' '1 '00' 
[stir ([+lJ'D[V' 2.LJ: r[LJ/NOR~; 
Xl:: 'jST2Nl< 1, :1, E, Jll; 

X3!= 
~ 4 : 

SSE2!H( 1. '~. F. JIl; 
V~#SSE2"lpnINT{ 1. M. F. 

X5:= GtY2Nl( 1. M. F. JS.YS); 
~ b:" :,j [ '/ ~ tH P ell NT! 1. I'.. f. J'j. y'" V.,. V 7 ); 

iIINl (I+1)'OrV'2 ]l= (4.X2-Xl>Yf,)/( X3*X?-'i.l.X',I; 
't:'n'IsT ?: 

'F O'{ , 
'Fin , 
't3£G 

S 

I: 1 
K: ~ 1 

N 1 

;:;:.J : 
:ll~ • R: 

t STEP' 
f:> n:." i 

'U"TfL' N '!lO' 
, u r~ TIL' i~ tuG' 



i 
~ 

I 

S: :) +;. <"; r) [ I , (1 1 • r ~ c [ 1~, R ] 
YT(",I] .- ,; 

t [.;~D t ; 

r;,,'JUT0EC,):"::>1:,rf!C'~( 1, :~, n, LJ. ~>, ~~CHi:,)S, SINGULAR); 
'IF' 5i~~UL.R 'THE1' 

~QiT[(JUT .<1, "S!~~JL'R-?~0C[OURE-CD·> 

'C:lSEi Cr!JUTUJ""ERSC'l. ij. LU, P. nl'lv.'CRS ); 

, f J~' I: = 1 . , S T::-r • 
'fu,' J: 1 I~TEP' 

'3C:G IN' 

, U r,T I L I ~; ':1 [I 
'V'HIL", ';;Q' 

Y T( I • J J : "N N [ J J • Y T[ I , J J I J S1 S r n; 
fTINVER~(I.jl YTIN'JEflS(I.Jlk:':;IC[Jl 
• E'W'; 

'PTi' j:=l 'STEP' 
',rl·;:':' J:"1 '"T;cP' 
• (j c:rj{:, , 
:i: =0; 

'UNTIL' N 'nri' 
tUN1IL' ~.J ·;J~lt 

'fOiP R:=l 'STU" 1 'UNTIL' '.j -llD' 
S: =5. YH I. R] .. YT I NV'c:f\S [H. j}; 
CD [I ,Jl :S; 
'E ND 'j 

'END' PR,]CEDURECO; 

~+~+.+++t+t+++.~t++++t++++++f+++t+ttt~ti+++++t.+ft+++++++.+++++~+++++ 

%.~+ ••• '+~+++~++++t.+++++.t++++.+t+f+.*+.++++ ••• ++++++ ft.+.+++ •• 
'REAl'·PROCEDURE'DET(LAHBDA.KSI1.KSI2.aC.AA.A.N}; 
·VALUE'LA~8DA.QC.N.KSIl.K512; 
'REAL' LA~anA.QC.KSll,KSI2; 

, I :'i T E GC R • N; 
'A~RAY' AA,Al" •• ]; 
• 8 E GIN' 'I NT E G E R • • A R RAY' P ( 1 : !J] ; 

. . . 
'REAL t 'ARRAY ·Cf).Lur 1 :N.l :NJ; 
'INTEGER'J.K;'REAL·Qa; 'BCOL[AN'SINGULA~; 
00: QC.LAM8DA/(lAM~DA-l); 

FILLCD(Q0,KSI1.KSI?N.£D.M.FSC.SS1C,SSlC); 
'FJR'J:=l'STEP' l'UNTIL·N·Dn'AA[J.jJ:=ArJ,jJ-LA~aDA; 
'F0R'j:=I'STEP'l'UNfIl'N'DG' 
• F :1 R ' K : =: 1 ' S T E? ' l' uN r IL • N' DO' 
C 'H J • K i: A A ( J.!' J - ( J - L 4 '1 B [) U * CD fl. ~ ] ; 
CR OU Tor r; U MP 05 I T I -PH 1. >.; • c ;} • L U • P • >: ,;: iiC P 5 • :, ! ~I GU L ~ R) ; 
• 1 F ' :; I N Ii U L A f\ • T 11 [ N ' W R I r [( fJ U T • < I ... "j ! W. U L\ ,l L' ( r [ Ii M [ NAN T ft> ) ; 

n[T:=CROUTn(rE~~I~AN1(i.N.LU~P); 
• 'C N ,l' PH [; C E D IJ R E [) f r; 

IMAX :·"'1; 
~RIrE(nUT.<I."IMAX ·.141/~.IMAX}; 

',OR' I: =2 'STEP' l'UNTIL' Ul·'X'O~)I 
'BEG! N' 
£~Cl:= 'CASC' 1-1 'OF' ( ().'113012 ); 

EX C 2: " teA SE" I -1 • OF' ( (;.00 f> ); 

QMIN:= 'CASE' I-I ' nr' (25 ); 

Q/1AX:: 'CAS[' r -1 • OF' ( 45 ) ; 
Qsr£P:::: teASE' r - 1 'or' 1 ) ; 
OELTAO:= 'C A <; (. I~l '') F • ( to ); 

LMIN:= f C A;; , I -1 ' Df ' ( 101. H 
LMAX:= ,t..i\;" , I -I f f!F t ;~'J 1 ); 

L YEP:", • ,;t. ~ f I-1 I ]f • ( ) 
(. J; 



' ... 

DElTAl:: 'C45':' I~l 'ljf' ( II),i ); 
Z [ R ~ I ~~ A E ( E XCI ir r. C1 j tie ;~ ~ 1 1 ) -1 ~ K 
IE ~ [1 I N A~, ( E XC? * C U 5'!H K S I 2) -1 • ~ 

'FilR' I 2 :" Q ': 1 :~ ,:; T l P' J S T ~ P • U NT I L ' 

I 1 ,0, 10. ') - F" :;) -10 ) ; 
i2,J.IC.~-ID.@-lO); 

;",\X tr) iJ. 
t 8[' G r :~. 
JC::12/ELTHi 

f E 'JO f ; 

Ii? I T E ( r, IJ T ..... / • ~ f: XCI =' ... f: III • 1 1 , x'j • - K, j I 1 " ... r I ,'l .1 1 • 
1,"ZXC?="_~13.11,XS."KSI2=",E18.11. 

I,"~C :;n .. ~·1.9.11, 

I , .tL t.!~' [;,~L : 1.1 T T ::;*' '" t~ 1 ~. ~ 1 " 
1~··tJPP[~L1KIT ~" 1~.1!>. 
(XCl.~5Il.EXC2.K~!2.~r,L~IN/OELTAl.lMAX/DELTAL); 

~~ITE(GUT.<I/I.nlAMdOAR.X ."n~TEqMINA~T"»; 

r,l t L '~I D n·\ ( Q C·, r,.:; r 1 ,. t~ ~ I~ , :,~ .. f ~. (. • ~.1 C, 1 C • ~ ;) 2 C ) ; 
, r 1 ii • J : " 1 • " T f r • 1 ' : J .'j T [L • t, ' 0 ' I • 
1 t, \') f'{ f :\ : ;;: 1 ' ;,; T f. I.) t 1 f tJ i~ I : L ' N 1 J) ~ t 

A ,~( .).!<; ] : ~ A f .J , 1\ J ; 
"I L I, IN' 
'ARqAYllA~qUAARHAY.DET[RM[n:(l~AX-LMIN1'DIV'LsrEP1; 

'1AX:= '1; 
f1 Ul P : = IH. T [' R M [( L 'H. X - L '11 tJ )f ill Ii' L S T[ P J :" !) E Ttl '-I L f' : " 

:) L TiL 11 A X in Ell AL. !\ 5 I 1 • K ~ I 2 • {1 C , A A • A. 'I) ; 
LAt~fJI)AAKHAy[ (L'!JlX-Un"ll 'f)IV' ISH!" J:::: LMJlX/DELT",-; 

W~ITE(1U1.<1.2«(18.11.XI01~.L~AX/UELT.L. OETHUlP ); 

, ;i Ii I LE' ~.j'\ x' I L S S I ~ 'A '10 I L I G T :" un" I 00 I 
• g so: G [ N • L A C1 HI) .~ : ::: II 0 E L TilL; 

JETHULP:=OET(LAM3DA,KSI1.KSI2.QC.AA.A.N); 
'I q I T [ ( J Ij T , < / , ,> ( [1 S. 1 1 • X 1 iJ ) > • LAM 13 D .\ • 0 E T H U L P ) ; 
D[TE~M[[L-lMIN)'DIV'LSrEPJ:=OETHUlP; 

LAM~QAARRAV[{L-LMIN)fOlV'LSTEPJi:::LAM80A; 

, 1Ft S rr; H r: 'J L;» I 1\ Eli' S 1 G N ( 0 E T H U L P) • T fl EN '. M A X : "Mt>. X + 1 ; 
Ii UL P: DE HlUL P; 
lChIERI.IV,IT:::: U 
L:= L-lSTEP; 

't: .'10 'l AI1.'l.r) A SIt: P ; 

wRIT~(OUT.c//."MAX ".X4.I3>.MAX1; 
• X 25 • " BET A P ~ I in ... )( 20 ... K AI" > ); 

'F,)R' L:= {(LMA:(-L'1{'1) ',)1'1 ' L:;TfP-ll 'STEP' -1 'UNTIL' 
(l I); r C: tIM IT - L H : ;'/) , 0 r v I L S T E P • 0 f) • 

'8: G 1 :'J' 
'IrISIGN(O~TERM(L)J'~EQ'SIG~(D[T R~rl'l J) 
I r HE:P • a E G J N ' Z E R :J I ;. Vl ( D l T ( L I< M 'l [) A , K S I 1 ,K:; J 2 • Q C .• A A • A • N ) • LA WlfH • 

LAHDGA'RRAYrLJ.LA~qOAlRRAY[L·1].~-la.~-10); 

1If! IT E ( OU T. <I .1 ([ 1 il • 1 1 • Xl () ) >, L MHlJ ~); 
Yi R I 1 ,= ( p U :~ C H. < I • 2 (E 1 fl • 1 1 , .. , rt ) > • LA .... bOA. Q C ) ; 

I IF' L 4 '1 'D A' G 1 R ' 1 I r:1 r: N • 

'[ riO I; 
'E "Iil' L L () OP ; 
t~r~p'; 

\oj rn T E ( :] U T ,,, " ( ::: 1 9 • 1 1 .)( 1 0 ». ~; Q fH ( : fL .\ ~ 8 :J A ) , 2" S Q R T (- ') C" 

WR!TE{?U~~~.(/.n [INOE-YAn-EXC2~".E!3.11>,rXC~J; 

'E :,,) • I l (iJ P ; 
'END t; 



" 

$, 'SET' Td~~L!ji?A,~Y 
'H[GI~P 

'FILE' JUi.[\(Kn,f)=REA,jE~); 

'flU:' "'JNCH; 

, j .: T [ GeE i\ TN:, ~!; 

tR t'.L' i1ACHt:PS; 

.'i.~~C0[r":-;:~ 2k"(-30); 
',: = 4 ; "\: ~ N + " ;') ; 

'C[)"I~'~i:,JT'THlSf',!")';!'A:.1 ;:ALC'.Jl~F., L; n'i~ FACTUR FOR [HE C::lqHUGATD 
f. L l. r .., T ;!; .\ L flA V r::;!J! '1 1::. IT '.: !~ f' U T T Ii ': Z <:" 0 S '} F T;; E 0 f T E R '11 N A f',j T 
i,V [£:,8-L'l)-(]-Ur: l"',.r; "I< ;, .T1-l[ I'nEI7VAL GF L IS GIvE 
jf L~l', Alq) LrlAX. p,puT': 61,11 ARE H14~.wi1ICH IS rilE 'JU,~aER 

fir I?C. f.zCl.[XC2.r"C.tV,[I"',11AY.L<,r[p A/l:O DELTAL; 

I n r:. Ii L f:1 t: , t; 0 ,. ~ ", I 1 ,. K :'. It, F ~ C 1 , ~ 'I. C ~ ,. i)l;' L TAL ~ I '~"E~ fJ fl , D [ T H U IF' "rl Ul P ; 
fI;-.JrEG~:~H' l? r1AX,. l!:J:";[:~lll~!T; 

• IN T [ G[ q. 1 , I M A X , L 1 I i~ ,. L 1,1 A X J'L ) T r p ,. .J ,. J\ ,. L ; 
, I NT E lit: fl' 'J'lI ',:. :; ~ A X • () '; rr p , tJ E l. r A ~ ; 
, A q RAY' A. [r , A A [ 1 : t-;. ! : :! J • FCC ( 1 : I. , I) : '1 J , eel C • C C 2 C ( 1 : 14 J ; 

4·--------~----~--------------------------------·------------
%+t+++++~+++t+++++++++++++++.t+++++++++++~t++++++++tt+++++++++++ 

'PRJCEDU~E'rIllQDO~(Q, KSI •. N. A.H.FC,CC1,CC?I; 
'V4LLJE' Q, KSI. N. Hi 'REAl'Q. Ksr; tIfHEGERq,j, '1; 
'Ai,R;\'('A[k,*J. fel","], CC1..CC2(*Jj. 
'9EGIN"INfEGf'.'I'l. K, NZ, Ri 

'RE AL 'l. S. f~[jfd1, H; 
, AR RAY' F ( 0: I~ ]. v (l : N d PI). S S 1 , S5 Z [ 1 : N] • 
, AR RAY' F S [ 1 : N , 0 : H 1 ; 
'12: 2*N-li 
JAPlUSN(2~SORT(0)'5INH(K;;I), ,J. 2*M+2, 10. J}; 
, FOR' 1 ! "1 • S H P , 2 ' U ~H I l "12 
'OO"QCGitJ'L: IGEN'JALdECF2Nl<l. Q); 

rr:tJPI 11':OtTFCE20illl. 0. L. M. F. NORM): 
, r fI f~ I i\: ",)t 'l T [" , 1 • U·; ; I!. ' M' iJO • F <:[ ( I • 1 ) , [) I V' ;:. II J : "r ( K 1 / 'Ifl fltH 
eel r ( r + 1 ) , ;j 1 ~ , c J: (I.: ~;: c [" N 1 { 1 • '\ , f , J } ),. C I.J :,H ( r, S I ) lSI N fl (II S I ) ; 
C C Z [ ( I + 1 ) • 0 I V ' 2 1 : "c c r .'tIl P n I'J T( 1. M. F. J) .. ;: ... ', Q R f( (J) • 

, C US H ( K S I ) u';: I S I \jH ( K 5 I ) - fi / S r N IH K:; I ) * * 2; 
• (NlJ t ; 

'F']'l'I:=I'SfEP'?'UNTIl'N2. 
'D:J "t1EGIN'l :=f. iCE"VALLJESf2NUI, Q); 

f 0 'J ''11 (R C DE f r S E 2 In ( I. O. l, 'I. f, NOR;1); 
• fUR'K: (" ~TEo, l' ClNTIL' H' DO'F S( (I +1)' 01 V' 2,K 1 :"f [:O/NORI~; 
SSI[(I.l)'DIV'2J:=SS[~Nl(1.M.f.J}; 

SS2( (1+ 1 )f01\" ZJ: S<;[:Z"llPnI'H( 1.~i,F .J)* 
(2.C0SH(K~I).SQRr(Q)}; 

, 'END': 
, F 0 ,~, I : '" 1 ' ::; T E P , 1 I UN TIL' .!\j 
, 00 • , F Ofl' K; " 1 • S T E P , 1 ' U" f i l ' t~ 

I :J I) , • BE G i IJ' S : = 0; 
" r (1 R • R : ~ 0 ':51 P' 1 ' U i, TIL' M 
, D [J , 5 ! '= S t{ 2' R • 1 ) • r S l I • R J * f C [ K, 'lJ ; 
., ( I. r, J: S; 

• f :~ ') , ; 
'ro~'!: I'ST[p'1'U'nlL'~!" 

''10 "F!)[I'r::=I' TEP'l'LJNTIl'N 
t ~) 0 f , ~! f G i ~~ t : {) ; 

, r () il • :, : = 1 • S l' [ '" I f U 'Ii TIL I 'J 
, :) r; • :/: = c, + ~:; 1 [ R 1 • V r 1< • r 1 * V ( H. K 1 I:,~; 2[ R 1 ; 
Arl~ Y.J:"S,C':![:{)/CUIlli 

., r ~,jD' ; 
t ~ t.,,;j , r I 1_ :. n D:) A i 

x, ..... ++ .. ,. ...... +++f ... itt ... +++*+-t ..... tf .. ft++ .... ++t .. +++ ......... t ... t ..... tt .. tt+t 



.. 
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X.+.+.+t •• + •••• ~+ttft.+ ••• ~.+.+~+++ •• t+t++t+.++.+.+++t+.++.~t.++tt++. 
t P Rue " Q II ;n~' f I L '- r r { Q i_~' J' K 5 I 1.' K:} I ;~, \i, F: r. M,. r c c, eel C, . C C 2 C ) i 
tV ,';IL ~J r" 1 {~:; I' :\:: I 1 # ~~~)! ?, ~~, '1 i 
, H r ~ l' .:; J, ~ () I 1, ~:1 I (:. ; 
trl~TEGrk'1 ;~,'!1; 

'AHRAY' "(1t.".J, ~~ccr.,!l:-JJI CCIC'/lCC2\:( lr l 
'gEGI~~' 

'BOJLEA~' SI~GULAR; 

'f1E41..' L.\"8:)A, ',1':'<", SijRTG, VI, V2. V3, V4, Xl, X2, X'3, Xl" S , 
Vb, V7 ,VS~X5~X6; 

, A ?f( A Y' r [ r: : :- ], r ( :j [ 1 : I., I) : M J , y:? • y 5 [ () : M + 2 J , "i M ( 1 : N 1 , 
Z T , 1. T i ;.J V [ " S. L U ( I : :'1. 1 : ~'l J , J 1 , J 2 , J ) , J5 (() : 2 * 1'1 + Z J; 

, I '-IT r;'J r:: ~ , , A R 'l: A Y' 'p r 1 : );] 
'i!'.JiE:""lt:it' r, l,. !\, a "Ji 

Si)iHO: = ')(jRl(i)(J); 

VI:= ?~QRTQ·S[~~{~SI21; 

V 2 !:= ~.~.:, \i R I :i k ;J I ~~ H ( (, :, I 1 ~ ; 
vs:~ \~RT1'[Xp[-K~r~); 

V" :)1) I v,~ ; 
V5:= ?~;~J~T!)*cn5~1(K5Il) 

vh:= ,.,[,;/fej*[xp(-r.SllJ; 
V 7: = 'j:) I 'If, ; 

.J j, r l U S I. ( V 1, C. ;' * Yo +;:; , 10, J i ); 
JPLIj':;:V ('J,$. 0, 'Hl. 10. J?); 
Y f'L :J S !J( '; 4 , ~l + h j<" Y 2 ) ; 
JAf'lllSN( V2, ~J. 2*~+2, 10, J.n; 
Jft~lUS~( V5, 0. ~.2. 10, J5); 
Y PlIJS"I( v r, ~lt2. 10, ':'5 H 

• FOR' I: = 1 'S T E P' 2 'U N TIL' 2 * N -1 '00' 
'BEG DI' 

lA;~8D4:= EIGEN'IAlUECE2~H( 1.(;0 Ii 
FOUPI'::RCOEffCEZ'lH I. QO. L.UISD/I, 1'1, [, NOKM ); 
• fOR' L:" 0 • S T E P' 1 ., U" T r L' rl '00' 

,F CO ( (I + 1 ) , J I V' 2. L J : F [ L J I,~ CR ~1; 
Xl;= CCE2N1( 1. M, F, Jl)*COS~(KSI?)/SI~H(KSI2); 

x,:" CCr::2NU 1, "'" f. J31·Cf)SH(K~;Il)/SI\jH{KSIl>; 
X4:=-CCE2Nl(l,M.F,J31/ISIMH(KSIl)"21+VS'COSH(KSIll/SI~H(KSIl)* 

, CCEZN1POI"IT(l.'1,f,J3J; 

X5:= f['f2Nll 1, M. [, J5,Y,)I; 
K&:= FEY2Nl~GI~T( I. H. F, J5.Y5.~b. V7 ); 

~'1 H ( (1" 1 ) ''J: I'''; , 2. ):::: (X 4 t X ? - Xl" X~. ) I { X 3;. X 2 ... X 1 k Xl;' ); 

'(;,j) 'lST["; 

'FOR' 1:=1 'STEP' 
'rem' K:"l 'STEP' 
''1EGI'l' 

s: e; 

'U'JTIL' /II 'DO' 
, 1)"'1 Il' N 'J G" 

'FUR' R:=O 'ST[P' I 'UNTIL' M 'on' 
5'= S.FCi)(!,R)·fCCO:.ilj 
;'TO.,r] .- :,; 

'£ND ,; 

CP,OUTOECOMPDSlTIOiH 1. ri,'n. LU, P. MACHEPS. SINGULAR); 
'IF' SINGULAR 'T~E~' 

\-len Tf::: ( 0 u,r 
'ELSE' CROUTlr,JVlRSf(!, ~"~. 

• <I, "51 NGUl A'l-PROCEDURE-C on> 
LU, fI, ZT I.'JVE,~S ); 

• F 011' r: = 1 'S T E P' 1 'U N TIL' N • 0 0' 
"lN' J: 1 'ST[P' 1 ",H<TIl' N 'no' 
, rj r I~ I I-.J ' 

ZT(I,jJ:c~"lfJJ+n(l.jJ/CC?C[Il ; 

I f I ~J 'IL H ::.r I " J I 
,~;.J'} t; 

'F or. , 1 ,= I t ') I L 
'1'1];·: , .J' , 1 ' :; T ! 
'B ((1 1:-': f 

~:::.1 ; 

f' , 
P , 

f F ~V· , r~ : , ,'; T ~'P t 

'urH IL' H tf):!t 

t0~irIL' '" 'lH)' 

I • 'J NT I L • ~i '[)fl' 



.. 

t. r [I • .J I , ,~ :,; 
• f;~) , ; 

'EriD' ?R0C~JURE rr~ 

1. ..... i ..... + ... + .. + t i ... + + ....... to t + + T + .. + ...... +- ... t f ....... t ..... "''' t .. + ... + i- .. "f + .;. .. ' .... + t ...... +- .... i + .... + + + ... 
X++++++·+++t·ft~+.++++t.+t.tt.~++.t+.+tf++tt.+.+++.++ • • + ••• +.++++ 
, q::: A L ' , P il .J C E [) U f\ E ' 1 c: T ( L A'~ dO A • K :; r 1 • ~ ::, 17. • Q (. • ;, A • fo 'I ) ; 

• VA L U E' L A '1 S ') A', (, c. :;, ~ '> : i , ~ :, r 2 ; 
'REALI lA~ou",,"'jCJJ;\~rl,KSI2; 

i lNTEfJt:R'~i~; . 
'ARRAY' ~A,Ai·,· j; 
'BEG!".' 'I".ITEG!li·'A,(;~A'(IP[l:NJ; 

,,~ A L • • 4 F." ,n '[! • L . j[ 1 : :, • 1 :', J ; 
-; r ;~ T [' f} r r< f .J, r ; t R t: ,\ l ' \) \); 1 i.} U U L LAN t ~I t N (i ! J l A ;( ; 
,,:) : 0 'I C • L I, " i~ Ii ~ I ( L A'1 ,,[) A - I ); 
r ILL;: f ( :i r) , l'.:, ! I , ~ '> 1 ? , N. r'i ,.4. I (' r: • eel C • (: c.' C ) ; 
• r [l i': • J: .1'" T i: f' I 1 • ,J~; T r l ., j , :) (J' "A [ J • J 1 : = " ( J , J 1 - l A "1 B D A ; 

, f L.i H • .J : = i • S T!:. P • 1 • U,' T Il ' N ' L 0 ' 
'fUH'~I·l'D'EP'l'U~TlL'~'CU' 
tF[J~~JI •• A[~.K]-(l·LAMeD~)*EF[~'~l; 
CH~uTD~cav~OSlrICft(l,~,Ef'LL.P,~.CkEPS'~l~GLLAk)J 

'IF·SlhGGlArlfTHE~'.~ll~(CLT.c/,nSI~GLLA~.CETER~I~.~T·>)' 
0EII·C"UU1CEIER'I~.~T(I.~,LL,P)J 

r"AXI=li 
'FcR'II=I·STEP'l'uhTIL'I·~X'DU' 
'b£bI~·hRITE(~LT,c/"IMAX=".II,I//>,I~AX)' 

ExCl:= 'CASE' I-I 'CF' ( U.91dOlt )1 
ExC~I= 'CASE' I-I 'CF' ( ~.80o )1 
QMI~I= 'CASE' I-I, 'CF' 395)' 
QMAXI= 'CAS[' i-I 'Cr' ( 410)) 
QSTlPI= 'C.Sl' I-I 'GF' C 1 )J 

DELIAW.: 'CASt' 1-1 'Off { 100 )1 
l~INI. 'CASE' I-I 'OF' ( 101 )i 
LM~XI. 'CASl' r-l 'UF' ( qOi ,J} 

L::.TEPI= 'CASE' I-I 'Or' ( :.I H 
DELTALI: 'CASl' I-I 'uF'C 100 )1 

ZERO IN A8'ExCl*C05H(~Sll)·1.KSI1.C.1C.~-lO._·lO)J 
LERO IN .5(EXCi*COSH(~512)-1.~S12.0,lO.~·lD.~-10lJ 

, f lJ Ii • 12 I = Ill>'![, ':; n: P' Q 5 T £ f' • lJ!\ T rL' ... f' A X 'u G ' 
'btGI,~' 
OCI= 12/DEllA",; , 

NHITE(uuT,<I,"lXCl z ",E16.11.x5."KSI1:",E1B.11. 
""E~C2:".[1~.11'15."KSI2·".Ele.l1, 
1_"wC __ =rt#£la,ll~ 
/'"LOftEHLIMLT=".Ele.ll. 
l.nuPPE~LI~IT·",Eld.ll>, 
~XC1.KSll.EXC2'i\Sr2,QC'l~I!\/CELTAL.l~AX/DELTAl); 

NHrTE(UUT.CI/I."L.~BDAN,X25,"UETERI>'I!\ANT">lJ 

FIlLODUACQ~.KS1).~.~.I>',FCC.CCiC.CC2C)' 
'FGR'J'=l'STEP'l'U~Tll'N'~G' 
'FOR'KI=l'~TEP'l'U\TIL'N'OU' 
AA(J,K j I:A(J"< Ji 
• tiE GIl; , 
·A~RAY'LAUHJAAH~AY.CET(R~[U:(L~AX·LWl~}·GIV·LSTEP11 

"A.U = U) 
MULPI= OET£"~[('LMpX·L~J~j'~!N· lSTEPI I: DETPuLFlg 

u£T(~vAX/JELTAL, KSl1'KSr~.QC,AA.A,N); 
LA~dDAA""AYL (lMAX~Lf'I~) 'CIV' LSTEP Jla LM~X/DEL1ALJ 

~kJTE(u~T.cj.2(EIH.ll'X1U»,L~AX/ClLTAL' GEr~~lP ); 
L:= i.."'''~·U;TEt'; 
'~HILE' ~IA 'L~S' ~ 'AND' L (GTR' L~lh 'CC' 
'BE G I i,,' l. A'" tiDA : =ll DEL r·AlJ .-.","~-, 

DETrl~Lwl=oET(LA~BCA."SI1.~SI~"C'AA.a.~)J 
nRlrE(DuT.(/.2(El~.ll,X1C».LA~b~~'OEr~UlP)J 

UETE~,1'L-L1I~)'Ulv'LSTEPll=ClTHuLPJ 
L.~DJA.n~AY(l-L~lh)·C!Y'LSTEP)I·lA.~CA; 



(' 
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'If' SIb~(H~LP) 'NE~'S'~h(DE1~~L~) ·THEN'~AX.='AX.l 
~\JLf u uETI1LL.P; 
LOr.E;1LII'I T,l" U 
1..1" l·L:.H:PJ 

'EI\O'LA;"/jOASTEI'J' . 

"HITECUUTicll'''~AX=~.Xq.I3>~~AX)J 
' ... R 1 T E (u l; T ], < III • .. L A 1>' il'D II"" " ., • X;: 5 ... Ii E T II POI NT" • x;: 0 • "K II 1 .. > )J 

;..~ ,: . 
, ni H' L I = (' L. ~ II x ~L Ii I r,)' j 0 I V· L STEP .. 1 )' , S TE 1" -1' f, I.J N T 'I L ' 
" , • ( LOn E H Ll r' IT .. L'" 11\1 'a 1'i • ,L S TE f' I 00 • 

'tlEGlN' , 
'If!Sl~~(OETE~"(L})'I\EQISIG~(OlIER"'[L.l]1 . 
'ThEN··HE~IN'ZEROI~AA(OET(LA"'HUA'KSI1'K512,cC'AA.A~~I,LAUBDA. 

LIIMBUAA~RAYCLJ'LA"'BbAARHAY(L~lj.@·10'@-lO)' 
~RITE(LUT.<I.l(EI8.11~X10J>. LA'SDAI' 
HRITEtf'I.JNC~.</~2(E18.11'"~"l). LA,..eOA.QCIJ 

'IF'I,.A'HOA'GTfi'l'THEh! '. 
~HITE(O~1~<2(Eld.il'X10».5QRT(1/LA"'80A).2*SGRT(QC*' 

, LA~aOA/(LA"'eOA·ll)/Exci)J 
'[NU'; 

, 'ENO'LLllOPJ 
" I[ND'~ 

'{ND') , , . 
riHITE'~UhCH'~/;".EI~D~·VA~-[XC2a"iEld.l1~.[JC2)J 
'EI\O'lLOOP,' 
'EIliD'.';' 

t LNO I H 

. ? 
i 1. ;" n .. ;, . 



.. 
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PLOTuj'ffiThi.Q < (constructed by I .. G. Ongers J 

, 
.• This program nlots for the anisotropic as well as. for the corrugated 

. waveguides the (A ,q,) solution and the «(", ka) transformation. The 

. data set is obtained from the programs ABCD and l~BEF or from ElGEN-

VALUEODD" Each dataset contains (X ,qc) values , only.. On each card 

one nUmber-pair" The data set should be closed by the figures 3000, 

3000, (do not forg~t to remove the card with the text "Emm VAN . 

:SXC21l ). Each data set should be preceeded by "mode", "rhich is: 

o for the anisotropic case 

1 for the odd-modes of the corrugated waveguide 

2 for the even modes" 

Then foll~i figures which giv.e the scales of the several axis. The ' 

\",ho1e data set should be tJraceeded by a figure which give· the .number 

of the data sets involved. 

example 

Suppose we have tt'iO data sets, one for the anisotronic case and the· 

other for the corrugated case. 

2, 

A., 

0,10;1,0,5,0 .. 5, 

0,20.,1,0,,1,0,,1, . 

0.f5768, 

• >.. ,C1.: ~ 

.. 

two data sets 

i .. e. "mode": anis otropic case 

. qc interval from 0 to 10,· "dth 

step 1; " interval from· 0 to 5 

with step 0.5 

ka interval from 0 to 20, with . . 
step 1, ~ J.nterva1 from 0 to 1 

with step 0 .. 1 

eccentricity e = 0"P:768 

. data set 



.. 

• 

A ,q,-, 

).. ,q .. , 

'A ,q(., 

3000,3000, 

2, 

0,20,0.5,-6,6,1, 

0.9100, 0.806, 

A ,q" 

A ,q" 

A ,qc.' 

• 

I> 

A ,q,9 

3000,3000, 
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lock of data set 

even mode 

O( qc< 20 qstep : o. 5 

-6< X< 6 ; ).step:: 1 

0< ka,< 40 ; kastep :: 2 

o <. ~ < 1/; pI step: 0.1 
e,":.0.9180 ; ez=0.OO6 

lock of data set 
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PLOTLAl.fBDAQ 

.... r.. A 1. 

't 1 ... [ • i ." ;.:....,.;} . ( " ~ .... T 1 ;- J" 

1 ...... 

"~ '-. 

, ..... ', ,', • J.; 
.. 1' f . } . - ". L •• 

t. 

t .. J .• , ': ", r' ..). T;...'· i ', .... , t, 

:... ,. · ... ).:1·,' ... '; ',f 

" ". L ' f; 
, ...... L..' ':':"' ':! \ '( • l. \ ',,- " J (. I. 10 • j .' 1. ".!) 

'('..J··'JL:·f~' ...,,_, .... ~'i .• ·!,J')~~;~'! ... ,;il :,,"L J.)1.il,.:1.* ,·lJ,}t.=l 
'j .·...,.::.t 

'\ L_'\ ~ 11 j ,. I ,~ :'j, '.J :~ .' J 

:' L J;. (:.J -~ I .~ v '1. I' .' I,\) .... ;~ ! L " , ~ :, J ' l~ i\ i"1 t. :: , L i\ 1'J f L!J ) ; 

,', L)~ .' ~ l >J .. ,. , ,',,, 1 " ... \ 1\ . ", •. " ,'\..:. r ,_ i' , . ,\ L '( '" '\ 1 1"; ~ ;~ '( r" ".\,~ ~, ,. d ... T A S r F t" ) ; 
t 1 r ~ . I ~: J L. • .:: ,) • 1 , :!. i" t ';:;:. ! It, r· " I .. l_ f· \. ) 

f L.l... :) r ' :( L . v ( '" ,',; I' I It:·, C ....... \ I" ,~ ) ; 

~rl~~J0~~.<II/,-t J~ij ~4~. I"'> )j 

~ i. j, I. 1 ''',: I.' i-\ C r, I i ~ ~ ( P \_ ~'I' i .' .\ , :,) • (.... J; 
;-,;\: I ~ :) L ,J I 11 ' .• , .' , j \. J (' ':" ) ; 

l t ~ I ... L oJ r> i\ \... t,'. ( ~ L ~'j I I ,; I '", ~ J ( ... ~:.. ) ; 
u~·'.i.. T~ A I ("'f...ij r ,..;;~,.(, 2~, .1.1, d; I:'" ,t.); 

A'::' S ( i-" L .. 1 ;. ':, ~ ,.) JI / ,.> ~ .J' l ,.I : ;'" :' ... , 1. i'~ J ,I oJ J I c..:..1 • _ I ,J ,.; .L . i ~ \l, 1.~ A ~ : T j'( Jj L .. ; 
't f<.L Z; L : .I I 

X. l :) " t' L .. ; r, .:''; .:. '" II :..' J. ::':" \. l... \:' . M: ... l. II; l. f : ) I to. A ~ Sit.. r , U' ~ ;\ ;-i :,~ ,I..\. Y. ,. L A ;.~ i'! I j~" 
·tA~S""'1I· ..Je'))' 

'£ft"!~'lV'-='}' fit. . ,.' ~ 

',L'~ .. \'r'L,-Jr,"l/!.·l' l~.,t-" l,;),nr:-", .),~,t..xC ); 
.. l ~ j /' , ! • ~ J ," 1 ~ iJ .•• ~ _ A "J { S') r'~ 'J ~ L L .. ~t ) ; 

... r.:.. .. , ( j " • .I T '- ~ ,~ i. • ,~ ~ .. ~.J II : J' 1... .... ! ,:: "~ ,) ; 

;. i' L .. '..t ) J ',j< ,.,' .,J ...:; ) .,' 

: r ~ I. • ( I:~ I .. j T .. ' i' ... , l. "j; i" ',.) II t.:.. A \" .~:::" ) ; 

,', L....;:.l ;i ~ ; j i r 1":" J. , 1 'f. j. 1 f6 ~, it f" • ":i fl .,. II £. XCI) i 
'~L ,; ,:f ~ i 'I, l ~,~ L <0',,, l "J,ttF,f ~ ;"i'. r.:(C2')i 

J·Jl..=t '::!'w '.t "-'j:,. 't'i':,"~~JI" 1~'l?~:)'l;,),n .... uaut') 
"> ,),!l.:::: : -!, 'j ;~ •. ~! ,,_.< I;' "!_Jr /!..: j • • "c.:';: Ii J; ·! .. £Vt..'1· f

) 

,: ! : 4'~ :') J \ (: _ \, " 'j, -<- . ~ ! ~ 1_ ,:'\ :: ~ 1 :',., -4 1':-.. '(, L j~! .\ ,'. ) ; 

l' 



,. 
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'i. ....... " ,j I o' I J ,'~; 

l:~ -..: :. - 1 ; 

lL,.,~"L' i') .. (~.;. ( •• t!~ it 

L L \.. \.. i" i ... , . f I,,, ( ,'" t. ~ r );' 
.,)'\1 ,.~ t .. '., '" . 1) 

; _ . r 

).J ~ '.;. ,\..J ~!,. '} • J" ,) ) "" . ~ ) ) J 

; , Il~ ,t t \J ) I ..; , '1 c.."; f ; 

J I:.,. r : ,,~ 

}".;' T.c .. ~ r \. ) ..... J r,. "::'}~ " ~:~ .';" 'i, ,,"",,~'.); 

\ T l 

i..' . t'4 J :, ". l :;.. ( 1'· ' ..... -: , ; , J.''' ~:.> II .,; 1 ~ ,,' f'.. . i~ / - .' M :: .. J I r~ J~.:.) r ~ ,.),. J" r\ ~ :", I .'~ , 1'\ f'\ "1 fit. 1., , r Ii J £. ~ , 
., ~- .. , L .,. .. ~ ), 

\.I I -l ~ J., 1. ., ( r L.; : ; "J l' t: .,.1 ~ ..J .. . 1 1\"': t.. [,', 1\ ,,-.' j t. T ,~ :, 1 : i ) / ,j i:. r ,~..) T l ;,l, i) 1'~J t.. T A ,') A x, '.1 t:: T i\. t,~ 1 
I '{'J! I, 

1': t . 

, , ) 1 ~ , r'O \'1 fL" J (r'l., r I 1,.: .' i • J ~:, 'l " .) • I't. , ... _::: f. ) ; 

'1\'\' dL -J,'L..·.J~(t'!_~J~;~ . .-:"lfiu,..f~l;v,"'fu;b~ ... 't.X(,;. ); 
\ iT ...... ( i C ~ _ .J ';' , ! I ~ 1 , ~ j" 1 , U I " .... ~ ,i l S : ',I T :>( l; ~ 1 r: .. tt ) ; 

.. .... -
:. (.. :) i .. ~ ~ >~' Ii ,'1 ,1 T t, ,J. I f 1- i... .; i , 1 ~ ; ... I ~ :r~, i. " 'j # ",I... '< \.: 1 .;:. H ); 

,', .( ~,~ L I: f' ;_ I): ~ ~ .... '.j ( " ~l ,~~ -'" , t ... It . t , 1 , V I ., F " II b ,. -4 ,. t. .x C 1 ) i . , • T : t .j (; / ... :" T :. _\ t ~ 1--1... 'J T , 2 j} 1 ,. t'.:), 1 , 'J" " __ u 0 Ll 0 ) 

". 1 J,. F f .' oJ i:' ';.:. {. , r '.i t u'( Il, r:,.." ,t,' . to. ,j i_ ,) 1 ,2 s' 1 .. t!. '.J ~ 1, J, .t .. f "/E.: .. " ) 

;".- " f i .1: :n ... · .. {. t ...... ; L ! .. :. . I" 
, ~.: ,j ~, ( ! :.. 1 ' ,") r '- \.; , : ~ t_" i ! j.; t r', t. ,: ' 
t 'j L. l.i '1 t 1 1 .. - 1 ,_., _ ( .. J. . I t 1 J ! 

[, J i '-. ,~, ! ,. = ! I .:::. '.; h " \, L H I ~ .... l 1 ) I • 

, t. t~:..." • 

, ~ ".; '.' t ; 

\.. L.. ... u ,J ~ ~ I t... f...; ('- ( ... ~ 'j r ); 
... '_ ~j" ~ ~ ~ l '" T..; ...... f; L .... ' r i j 

,).".1 '·',;,'L;,(,' ); 
'" '( ~f' , 

_ ,,.} . 

, <\ : " .:. • .} ., " r, i ~ l • J .• I. " ,4 \. f • J / ( L ~ ,~ ell J wi) ) 

f 1" ' ,; ',.~ ,) r ~ -. I' f r I t.'. , t .-; ~ : ;.;. t, A It. j. ( t £: L S. t.. J 

"'\ I" K .~ I L ,'. C 1 ; 
, it-' .~ t.\. ' L i:.. ,:~ , r\ '\;.1 ., i. ' A.! ~ I) • KAt !.J T t~ , )\ A iVl I N 

t l~l'li.i' _~t T fJ.' L..::' ,J t [;r..T ,\ •. ,;d;· H~';I-) t tjETA 
f 1.:1 r'i t J L r !\ !tli ~ t Tit E'.IJ t 

,).-< i\ .J P ;";.1 .', T ( '~J L oJ T • ,{ A' d L r A, j. ) ; 
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Chanter 6 

RA DABCD/RADAEEF 

\iith the program RADABCD we can compute the radiationpattern of 
. EK", 

the even modes (e """), with RADABEF that of the odd modes. The 

. ( ~' , ka ) solution and the corresponding ( ~"qc) solution is 

known from the calculations ",ith ABCD and AEEF. Now 't<fa have to find 

the corresryonding eigenvector ( see nartI, Ch. 3) to compute the 

aperture fields. Then "Te are able to comnute the radiatil?nnattern .. 

We shall discuss here the ryrogram RADABCD. 

We use the ,.,rocedures FILLBA. and FILLCD. Procedure FILLBA is the 

same as FILLODDA of the '1rogram ABCD, excent for the outnut arrays 

FC, BB, No.Rl-lCffi and NORMSE, ahd the last statement of the procedure 

which is the construction of the array BB. The procedure FILLeD is 

the same as the one in program ABeD. , -

We construct in ABeD the llla.trix 

(1.7) 

and A,satisfies the equation 

(B A - CD) - A.. (1 - CD) =0 (1.8) 

Actually, in ABeD we used 

o (1.9) , 

So we have to find the eigenvector from: 

(1.10) 
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{ lsA ~ c D)( 3~CDt-"~ 'J} !. =0 

b1Lt 
-= (J - CD) b - -

Now' lie construct in this program the matrix 

This is Dossib1e with the ~rocedures FILLEA and FILLCD for both 

Q and q :; Dc..' ~ are kl'lown. The matrix BA only depends on q c , -c 0 1 ).,-1 

which is an indeoendent variable. The matrix CD denends on both 

q and a .. Therefore we need to transDort the fouriercoefficients 
C • 0 

calculated in FILLBA to FILLCD, which hapnens in the array FSC. 

(Later. both kinds of fouriercoefficients are needed in the cal

culation of the aperturefields, as well as the normalisationfac

tors NORl~CE and NORlf~E).. Now the orocedure NONSYNEIGENVECTORS com

putes the eigenvector ~ .... This procedure first computes all the 

(l.ll) 

(1.1.2) 

(1.13) 

-1 
eigenvalues of the matrix (BA-CD)(I-CD) and stores the real parts 

in the array RTR and the imaginary parts in the array RTI. Naturrally, 

onlY one of these eigenvalues is equal to ~1. This eigenvalue has 

to be found again first .. lile have to take the corresponding eigen

vector out of the matrix U where all the eigenvectors are stored. 

( To the ktl eigenvalue belongs the kl~ column). Now \~ must deter

mine the eigenvector £ from (1.12): 

_1 

l1- CD) . blt 

We also need the eigenvector a (see [2 J ), which may be found by 



-36-

comnuting: 

A - (1.,14) -
, and the matrix! i5 the array BB which has been delivered by 

the nrocedure FILLBA. Then forcomnleteness we check the zero

vector of eq.(1 .. 10). 

The next sten is to compute a matrix of f~eldpoints of the aper

ture. Thus we need the formulas of the fieldcomponents ( [2], p13), 

where again r.''iathieufunctions have to be computed. (The abrivia-

t ions s 1 to 5 C( are the same as those of [2J, pI3)" The re st is the ' 

same as for the anisotropic case ([2], p1l5). 

For the odd mOdes in RA~.EEF. the fieldcomponents have to be changed, 

see [2] , p 14, and for the, radiationpattem we now have (see alsC) 

[2] ' p39): 

N 

NKSI 

NETA 

NTHETA 

E 0 ( e, 'tTl.,. ) = 0 (1.15) 

(1.16) 

order of the matrices . , 

length of the MathieufUnctions 

number of samples in , -direction in the 

ape rture plane 

number of samples in ~ -direction in the 

a perture,nlane 

number of samples over the angle f) of the 

radiationpattern 



.. 

TELlER· 

BA 

BB 

Al 1 
A2 

CD 

ill 

Fe 

FSC 

AA, 

U 

BETA 

EKSI 

HE:TA 

HKSI 

RTR 

RTI 

B 

X 

Y 

NORMGE 

NORMSE· 

SSlC 

SS2C 

Fl . 

F2 

JJ 

SI 

CO 

EXCl 

EXC2 
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number of eccentricities 

matrix BA 

matrix A 

ancillary arrays 

matrix CD 

matrix for Croutdecomposition 

fouriercoefficients A: (~(..) 
fouriercoefficients B: (~" ) 
ancillary array 

eigenvectors 

Elf.. 

E~ 

U'l. 

14~ 
array for 

array for 
. .. 

original eigenvector £ 
vector a 

. 1 
vector £ ~ (I-CDf b'* 

norm. coef!. for the Mathieufunctions 

norm. coeff. for the Mathieufunctions 

Se (~I1~C-) 
Se

l (~l ,'4" ) 
A: (<:\t.-) 

1l: ('f(.) 
Besselfunctions for the MathieuftUlctions . 

~ine functions for the HathieuftUlctions 

coeine flmctions for the NathieuftUlctions 

eccentricity e 1 

eccentricity e 1 



QO 

SQRT~C 

EIGENV 

iliTAPOlNT 

KH 

l'..Al 

KSIl 

. KSI2 

KSI 

ETA 

IEThSI 

IEIETA 

THETA 

IE LTHE TA 

THETAHAX 

NOR:ivIl } NORI,,12 

NORI.fS } NORHC 

FlliLDl/FIELD4 

51/34 

5 

CT 

ST 

DELTA l 
HULP J 
H 

.PI2 

qc 

qo 

~ 
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eigenvalue At(input) 

~I:: (\/~o 
kh 

step in· 9direction in aperture plane 

step in t direction in aperture plane 

beamangle 9 
step distance of 9 

max .. value of e 
. ancillary variables 

norm .. factors of the H.f .. 

fieldcomnonents 

ancillary variables 

unnormalised radiationpattern 

cos( g ) 

sine l} ) 

ancillary variables in searching the correct . 

eigenvalue 

ancillary variable 

1.1t 



RADABCD 
! 'SET' !)£I.l 
i 'SET' THEL.IBRAI1Y 

• tlEl>lN , 
'FIL.E· OUTPWT,PUNCHJ 

·RtAL.' !o!1IL.HEf'::oJ 
'lNTEbER' N#MI NErA'~KSI.NT~ETAI 

~AeHE~51;2**C·36)' 
1i1"4; 
"41= N+10J 
Nt\Sl,1: 10; 
NETAI .. It:lll} 
"ITHETAI" 'IS} 

j 
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,.-- ____ ._ •• ___ ._ •• ___________ •••••• _~. __ •• __________ • • _______ •••• G ••••• 

'PhvClUUHE' FIL.LSAC Q. KSl. N.aA, ~. Fe. FS,8~. ~Dri~CE. ~OR~SE,SSl,S5iIJ 
'V~LUE'Q' KSI, N' MJ 'REAL'O, K5IJ'I~TEGER~N' ~; 
'ANRAY' SA. FL, ~S, BbC.,-]. NOANCE. hOR~S£. 551. 552[*] J' 
·~EijIN·'lNTEG~H·l. 1'., N2. RI 

'AHHAY'F(VI~)p V[lIN,lIN]. eel.ce2llIN), J[OI2*M+21i 
·HEAL.·L., ~. NURM. HJ 
N21=2*N-li 
JAPLU$N(2*SQRTC~)*5INHCKSI), 0, 2-.+2, 10, J)} 
'FOH'I'·1·STEP'2~uNTIL·N2 
'OO··tlEGIN·LlaEIGENyALUECE2N1C!. ~)J 

l'uuRHHCOEFI'CE2NlCI, \il, L, M,' f, I'.L"~)} 

'rOR·KI=O·STE~'1'UNTIL.'~'UO'FCt'I+1)·ulv·2. KJlaF[K1) 
NuRNCE( (1+1) 'Dlv' 2l 1= ~U~,J 
C'1[Cl+l)'OIV·211=CHI=CCE2Nl(1.I',f,J»*COSHCKSI)/SII\h(KSI)J 
C~2t(i+l)'OIV·211=CCE2NlPwINT(I. ~. F. J).2*S~"T(Q)* 

COSH(KSI)~·2/5INHCKSl)·~/Sl~h(KSI)··2J 
'ENU'; 

'fOk'II~1'STEP'2'UNT!l'N2 
'uO"~EGIN'LI=EIG~NVALuE5E2Nl(I, ~); 

FuUHIlRCQlFfS~2Nl'1' g, L, 1", F. NORI'" 
'FOR'KICO·STE~·l·UNTIL.·~·OU·FSt(l.l)·OIvt~. ~11.F(K1J 

NURMSEC (1+1) 'DIY' 21 I. NOH~I 
S~1[(1+1)·0IV'211·SSE2Nl(1.".F.J)i 
S~2C(I+1)'OIV'211~SSE2NIPOINT(1.~.f.J). 

(2*COSH(KSI)*SQHTCQ})i 
'END'; 

'fO~'II21'STE~'l'UNTllfN 
'OO"fOR'KI~1'STEP'1'UNTIL'N 

'Uo"I:IEGIN'SI"'OJ 
'fOR'RI=O'STEP'l'UNTIL'~ 
·uO'S'DS+(2.R.l)·~S(1.H]·FCtK.RlJ 
vel. ~ll=S/( NORI'SECIl*NORI'CECKl )J 

't-NO', 
'FOR'II=l'STEP'l'UNTll'N 
'OO"FOR'KI.1'STEP'l'UNTIL·N 

'UO"tiEGIN'Sh'OJ 
'FOR'HI:1·STEP·1'UNTIL.'N 
'UO'SI=S+CCICR1~Vtl,Al*Yt".Rl/CC2tR1J 
BA[I'Klla S*SSl(K]/SS~(IlJ 

tt.ND'J 
·fOR·II.l'STE~'I'UNTIl'N 
·UO'·FOR·KI.l'STE~·l'U~Tl~'N·~O· ~e(l.Kll= V[K.ll*SSl(K]/CC2tIJ , 

'ENU'fIlLEl.O 

,_ •• __ • _______ ~_ •• _ •• ~. ___ •• _ •• __ ••• ______ •• ___ • ____ o _ ___ • __ a __ M ___ .Me •• 

'PRoelOURE' fiLLCU( 00, KSI1, KSI2, N~ co. M,FSCi SStc. SS2e )J 
·YAL.Ut.' QO. K~Il$ KsI~. N, MJ 
'NEAL' QO. KSll. KSI2 , 
• .INTEGER' N. M J 
'AkNAY' cot*.-]. FSCCw,.J, SSlC,SS2Cl*l 
'i:j£GIN' 

'BOOLEAN' SINGu~ARJ 

'NEAL' LAM~OA' NCRM, SQRTQ, vl.~2. v3. v4. xl. x2. X3, X4. S , 
vo. V7 .V5.X5.X6, 
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'AMRA" F[UI~l. fSU[1IN.01~),Y~"~LOI~.2J,~~[11~1' 
YT,:YTINVf.RS 1 Loin Z1[1IN.111',),..11,..1':'''3 • .)5[0·'2.'''.2]) 

.'INTEGER"ARRAY' ~[11~1 J' . 
'lNTEG~R' 1. L. ~. R • ..IJ 

~QriTQI. SQKT(Qy)J 
Vll.2.5QRT~*S'~HCftSI2)1 
V2l. 2*SQRTw.S1NH'~SI1); 

. V 3 1= S<.i R T Q" E)( P ( • r\ S 12 )J 
V"P::QO/V3 i 
V51= 2.SQRJ~*C~5H(K~I1) 
Ybl- 5~RT~w£xP(·KS'1) i 
Vll"QO/l/6 j 

JAPLUSN{ V1. O. 2*M+2, 10. J1)1 
JAPLUSH(V3. O. M+1, 10, J2)' 
YPLuSH( V4.M+1; 10,T2); 
JAPLUSN( V2, Q, 2*M+2, 10~ J3)' 
JAPLUSN( V6, 0, M+2. 10. J5») 
YPLUSN( Y7. "1+2, 10. Y5)1 

'F~R' I,a , 'STEP' 2 'uNTIL' 2*~·1 'DG' 
'6£.Gt",· 

LA~eDAIQ EIGENVALUESE2Nl( I.QC )} 
FOUHIER~OEFFSE2Nl( 1. QO. LAM&DA. ~. F, ~URM )1 
'f~H' LleO '5T[P' 1 'uNTIL' M 'UC' 
Fsot (1+1)'OIV' 2,L)'a fCLl/NCR.' 
X11= 55t.2Nl( 1. M, f • .)1)) 

Xll= SSf.2N1( 1. M, F. JJ)i 
x~'a v5*S5E2N1PwINT{ I, ~, ~. J3)} 

x5,a G£Y2Nl( j. M, F, J5,Y5JJ 
x6,a GE'2NI~OINT( l, M, F, J5.Y5.V6, V7 )1 

NNt (1.1)'Olv'2 11= (X4~X2·XI.X6)/( X3*X2·~1.X5ll 
'[NO'I51EI'I 

'FOR' 1'-1 'STEP' 1 'uNTIL' 1'1 'DO' 
'FUN' ~I=I 'ST~P' I 'UNTIL' N 'DO' 
'8[GIN' 

SI .. O} 
'FO~' RlaO 'STE~' 1 'UNTIL' M 'OQ' 
51= S.FSO[I,Rl*tSCt~,Rl 
YHfI..I) I .. 51 

'END" 

CRuUTOECOM~OSITION' 1, ~. YT, Lu. P. ~ACHEP5, SINGULAR}' 
'IF' SINGULAR 'THENt 

·~RITE(OUTPUT.<I' «SlNGULAR·PN~CEO~RE·CO"> 
'ELSE' CROVTINvE"SE(1' hI LU, p~ YTINvERS )i 

'FOR' 11-1 'STEP' 1 'U~TIL'N 'DC' 
'FOR' Jlal 'STLP' 1 'U~TIL' N 'DC' 
'8EGIN' 
YTlI'J]I=Nn[JlwYT(I'Jl/SS2C[ll J 
YTINvERStl,J] ,.YTINV[RSCI.Jl"S51CrJl , 
'ENO'I 

'FUR' 1·,=1 'STEP' 
'FQR' J,-1 'STLP' 
'BEGIN' 

'U~TIL·. !Ii 'OG' 
'Ur-.TIL' N 'DC' 

51 .. 0; 
'FOR' klca 'STLP' I 'uhTIL' N 
51= S+'TtI'RJ*rTIN~ERStR,J1J 
COtl,J]':: 51 
'END'; 

'ENU' PROCEDUnE COJ 

'I)'" 

'kEAL·'PRUCEDuRE·51~P~Oh'l,J.X.T,F.Y'A.B'h".D,')J 
'VALUE'A,H,~.C'O'M;·REAL·X.',FXY'A,~,C,OJfI~TEGER'I.J.h,~1 
'6[GIN"INIEG~R'Fl'F2I'REAL'MX'HY,S/Su'J 

HXID(~·A)/NJH'I:(O-C)/'JF11.4;SW,I.OJ 

'Fuk'JI=O'~TEP'l'UNTIL'M 
·OO'fH£GINtFll.·JF'Fl'£QL·4'Tk~~·(·lf·J·EQL'O'Ok·J·EQL'~'r~EN'1'ELSE' 

. 2)'t.LSE'4, 
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YlaC?J*HY;11=OJX1&A;~I~fxYJll.hJXlae)SI~S+FXYJr21.2J 
·Fu~·112h·l·STlP·Dl·U~TlL·1 
·oU··etGIN·XI=A·I·HXif21··lf·f2·EQ~·2·rH£N·q·£LSE·2J 

SI-S.f2*fXYJ 
• £ •• 0' J 

SUMhSutHf'l*SJ 
'£NO'J 

SIMPSO~I·SUM*~X*HY/9J 
'Et;U'SIMI'50l'tJ 

I---···-··--·-···----··--···e.---.~._._.~--.--- ... --...•.... -..... ~ ..... 

'FUM' TELLERI=l '~TEP' 1 rU~TIL' 2 '00' 
'bEGIi~' 

't:!EGIN' 
'AR~AT' dAI 8~. AI. A2. COl LU 

FC, f!>C 
AAI U 
EETA, EKSl, HETA, H~SI 
Rr~,RTI 

~, X, y, ~OH~CEJ ~C~~SE.SSICI SS2C 
fl, f2 

'kEAL' 

J.J 
S L. CO 

EAC1, 
E)(C2. 
OC. 
QO, 
SIoI~TQC, 

UIiENv, 
8t:TAPI.iINT, 
KH, 
I<Al, 

KSll. 
t<!>I2i 
KSI, 
£ TA. 
LlI;:LK51. 

, OELO A. 
THETA, 
DELTI1[TA. 
THETAMU, 

tlNTE~ER"AHRAY' P[OIN)) 

'~oaLEAt;'slNGULARJ 

'lNTE~ER'l' J, R, ~,ll 
'LA8EL.' E)(lTJ 

hOR"'1, 
NOR,..,V 
I\QR",S, 

1\0""" 
F'IEL01. 
F lE1.0Z. 
F IU03. 
F lELO", 

(1 II .. 0 11"1 • 
(OU..O"';J. 
[UlhKSl.0INETA1. 
COINJ, 
[11~h 
[OI",J. 
(012*M+23, 
(OI2*M+2H 

51, 
52, 
S3. 
S~, 

S, 
eT, 
ST, 
DEI. TA, 
HULl', 
H. 
1'12 ) 

EXCII: 'CASE' TELLER-l 'Cf', O.8768~7, 0.876847 )J 
,E XC 2 I" 'c A IE' TEL L. Eli· 1 I 0 f t, (J. 8, O. 8 )J 

ZEROINABiEXC1-COSH(KSll)·1.~SI1.0.10'~·10.~·10)1 
Z~ROINA8(~Xe2*COS~(KS12)-1·KS12,O,101~·10"·10)J 

FI21m B*A"CJA~(l)i 
OELKSlt. KSII/NKSIJ 
DELETAI: ~*ARCTAN(l)/NETA; 

THETAMAXI= ARCTAN(1)*4J 
OE1.TH~TAI. THETAMAX/NTHlTAJ 

Qel. 'CASE' TlLLE~-l 'OF' ( 2.9~ 2.~ ). 
SwRTQClc SQRT(wC)i 

EIG~NVI" 'CAIL' TlLLEK-l 'OF' ( 
1.21~~44868. 1.192052676q~ )J 

QOI"Q~*EluENV/(EIGENV-l)' 
KAl'. 2,.SwRH<;iO)/EXClJ ' 
KI'II: KAl-Exe1i 

WHITE(OUT~vT.<I,«ExCla",Ele.ll. x5, hKSll-". E18.11,1. 
"EXC2"".E1S.111 
"i/C._"«,EUl.lll 
"L.A~8~.·~.E18.111 

~~O •••• ·".E1b.lll 
"dETA~OINT="ll18.111 
"KAI._ •••• "",[18.lll . 
"K.2 •••• __ =q.~18.11/»#ExCl.KSll.£.C2.~C' 
EIGEt;v,QO. ' 
1/SQRT(EluEI\V)#2*SQHT(QO)/EXCI.2*S~RT(QO)/ExC2)1 ' 

fILL~A (Q~,KSI1.NpBA,~.FC.FSC'~~'NCH'tE.~UH~St.SS1C,&S2C}J 
~ILLCu(~O,~SI1'KS'2,N.CO'M.FSt,SSlC.~S~C)' 



• 
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'fOR~ll=liSTE~'l'v~TIL'~'~C' 
'FOR'~I=l'STE~tl'~~Tl~'N'UC' 
'!:lEG If.' " 

Altl.~]la .~CO(I.J1J 
'Ir' I 'EQL' J 'THEN' Al(I.J]'# Al(I,Jl+1J 

'END'; 

CRCUTuECC_PUSITION(1.N.Al.LL.P.~AC"EP~'5IN~ULAR ); 
'IF' ~INGvLAR 'TMEN' 'eE61~' 

.RiTE(QLTPuT.<I."SINGLLAR-IN
(I-CO)"»' 'GOle' EXIT, 

'EI\O'; 
CHOU1INVE~SE(1'N.~U.P'A2J; 

'fOR'll=l'slE~'l'~NTl~'N'DC' 
'fO~'JI.l'STEP'l'UNTlL'N'DO' 
Al[l.Jll-dA(I.Jl-CD[!.Jl' 

'fOR'!I.l'STEP'l'U~TIL'N·OC' 
'~OR'JI=1'5TEP'l'UNTIL'~'uC' 
'ilEG I,~' 

'£NO'; 

51 s U} 
'FC~' Rial 'STEP' 1 'UNTIL' ~ 'DC' 
SIO S+Al(!.Hl*A2(k.J]; 
AA(!PJ]lmBA(IpJll= 51 

:';&'. --.-- .. -. --- .... __ •• -.l1li. __ a ""' .... _ ...... _ ... __ ca __ •••. __ ... "" ........ _. III _D" ._ .. _ 
~, DE OQRjPRON£LIJKE MATRIX bA 
~~ IN Al 51AAl (8A-CO) 
~1 IN A2 STAAT (I-CO)**-1 

IS NU VEHtd£TIGD 

'~-.--_u .• ___ .•.• ___ .~ ____________ . ___ .• _. __ .. __ . ______ . __ .* __ ~. 
. , 

O£LTAIDAe5(ElbENV~RTR[ll)J 

111=1; 
'FOR'11=2'STEP'l'~~Tl~'~'Uu' 
'bEG 11;' 

"VLPI= ABS<EIG£NV-HTR(lJ JI 
'If" nULP 'I-SS' DELTA 'TME"" 'BEGI"" 

DELTAu HULPJ 
1 I I" H 

'EN(l'J 
'E.NO'1 

'If" K1I[l!] 'NEQ' a 
'THEN', 'BEGI~' 

WRITECbuT~UT#c/# "RTHc".A10."HTI="./~ 
2'~18.11.XI0»,HTR[II1. 

'GOTO' ExIT 
'EI'U • 

'ELSE' 'elGIN' 

RTHIIlH 

bETAPoINTI= S~~T<liRTR(lI] )J 
~RITECOUTPUT,<II,"BETAPOINT.", Ele.l1.11>. 
BETAPoINT )j 

'fOR' 11-1'SIEP' 1 'UNTIL' ~ 'DO' 8tlll= wtI,II1J 

i 1- _ •• O_ID _ .. e_ ........ DB""" •• -._ ...... - ..... a. -- _______ ._ ... _ 0_ CIlI_" --- ----. 

~HITE{OUTpUT'<II,.5."HTR".Xl0,·RTI·.Xl0."~lGENVECTDR">lJ 
'F~R'II.l'STEP'l·UNTIL'N'D~' 
'tlEGIN' 

~RITECOUTPUT.<I'E18.11>.RTRrIl JJ 
'If" I 'EQL' II 'TH£~' wRITE<UUTPuT,<"«<"» 

'ELSE' hRITECQUTPUT.<X3»' 
hRITE(OUTPUT.<E18.11,~3.E18.11>'RTI'lJ;B[I] )J 

'END'; 

'fOR'llml'STEP'l'Ui'tTIL'N'UO' 
'tlEG I i.' 

SI"U; 
'fO~' Jla! 'STEP' 1 'UNTIL' '" ·OU' 
SIB S+A2tI.J].eLJlJ 
'1'[111'" ~J 

't.NU' B Va::.CTOid 



'fOR'li.l'STEP'l'~~TlL'~'UC' 
I oE G I J'<' 

Slcu} 
'FO~' JIG1 lSTEP • 1 '~~TIL' ~ 'CO' 
51= S.SoCI.w)*Y[J]J 
.tIt l = bETA P OlhY*SJ 
cAtlII)I. BA(I.I)-HTKCIIlJ 

'(NO' A vtcTOk) 

~~lTE(UUT~UT'<I/Y~MEL.E~KUH«'l10.3'Xl.«~«>. D[LTA/ 
ElG[/\V-I00 H 

nHIT~(CUT~UT'<11«1"'Xl0. "~~LVECTbH"»J 
'FDR·11.1·STEP'1·~NTI~·N'DO' 
• £lEG Ir.· 

Slav} 
~VC"' JI=l 'STE~' 1 'LhTIL' /\ 'CC' 
sl=~I.eA(I.wl·YCJli 
~RlrE(OuTPU1,<1413'XB.Ele.ll>'I. III 

'END'; . 

h"ITE(GUTPUT(~KIP(l)J)j 
'FOR'll=O'ITEP'l'u~TIL'NKSI 
'UO"oEGIN'KSll=I*OEL~SI;'IF' I'EQL'O 'T~E~' KSllc~a6J 

JAPLU~N(2oIQAT~C .5INh(K~I)JO,2.~.2.10.ww)J 
~~ITE(OUTpUTCSPACE(3)J )J 

~HITE'OUTPUT.c"KSl,ETA,X'Y.EETA.EKSI,hETA."KSI="»' 
'fOR'JI=O'STEP'I'UNTIL' INETA 'OIV' 4 ) 
'UC"bEGIh'ETAlaJ*UELtTA) 

SI~COS(ETA.~'~l'CO») 

Sll=521=S31.S41~OJ 
'~CR·RI·l'STE~'l'U~TlL·/\ 
'UC"dEGI~t'FUR'~I:u'SltP'l'u~TIL'~ 

'UU·'bEGI~IFIC~ll~FC(K.Kl' 
F2CK11-FSCCR.K1J 

'l~U'J 
NOR~SI·~CR~~ECR1J 

NUR~'I;~CR~CE("ll 
~ S31=S3·XlRl·(hlcCCE2~1(1,~.Fl.JJ)l· 

COSH(KSI)/Sl~H(KSI)· 

Cl2N1FCINT(~GkMC.M.Fl.SI)J 
Sll.S1+X[R].CCC£2NIPCINT(1.~'Fl.JJ)*2* 

~ SQRT,C *COSH(KSl).*2/SIh~(KSI)·H* 
SlNHCKSl)**2)*CE2~1(hOR~C.~,FlICO)' 

S21.S2+Y[Rl*SSE2NlC1.~.F2.JJ)* 
SL2NIPCINTCNORMS.M,F2.CCl, 

S41.S~+Y[Rl*SSE2N1POINT(1,M,F2.JJ)*2* 

COSH(KSIl*SQRT~C *SE2Nl(NORMS.~,F2. 
sn, 

'ENO', 
FIE~Dll. EETACI,J11= Sl·BETAPOI~T*S2' 
FIE~u21. (KSI[I.Jll=*S3·BETAPCINT*S~; 
FIELD31: HETACI.Jllc*8ETAPOINT*S3-S4J 
FIE~041. HKSI[1.J)I=-dETAPOINT*Sl+S2J 

EETAtl, NETA 'OIV' 2-JJI= 
(KSler. N£TA 'OIv' 2-Jl'= 
HETAtl, NETA 'Olv' 2-wl'= 
HKSICI. NET A 'Dlv' 2-Jlla 

Ethtl, NEh 
(/ISHI, NETA 
IIlTI\[I. r-.lTA 
HtlSIU, "'I:.T/I 

'UIV' 2+JJI" 
'OIv' 2+J]I= 
'Cl~' 2+.,1]'" 
'OIv' 2+JlI" 

(ETACl,I';ETA-Jlle 
EKSIC1,NETA-Jjl= 
HETACI.NETA-Jll= 
HKSl(L,hETAeJ)I= 

FlELOlJ 
-F lEL.OV 
-F IEL.03J 

F n;LOIIJ 

-FIELCO 
F'lEL02J 
FIELOlJ 

-F IELD4J 

- -flELDlJ 
-F lELD2I 
-F IELC 3J 
-FIELC4J 

wRITE(cuTPUT.c/,2F8'~'X3.2Fa.4.~(X2,Ela.l1». 

'ENO'ETA) 
't;r.O'K51J 

KSI,ETA. 
COSH(KSl)*COS(EJA).SI~HCKSI)·SIN(ETA), 
EETAtI'Jl'EKSltl.wl.~ETAtl,Jl.HKSI(I.Jl)J 



~~ITE(OUT~UT[~KIP(1)J)J~H1TE(~~TPUT#e"ST~ALI~~SOIAGRA~"»J 
~RITE(U~T~uT,e/, "THETA",.IO, "FI.O·PLA~E",x10, 

"FI=90~DEGRElS-PLA~E"> II 
'FOR'HI=O'STEP'2'~~TIL'~lhETA 
'UO"bEGIN'TH~TAI=R.DELTHETAJ . 

CTI=C~S(THETA)J STI=SI~(THETAll 
S31&SlMPSU~(I,J,K~I,ETA'(SINH(KSIl*COS(ETA).(HKSl(I#Jl 

.CT*EETAtI'JJ)4COS~(KSI)*Sl~(ETA)*(.HETA[1.JI. 

CT*lKSICI,JJ»*CGS(K~·COSH(KSl)·COS(ETA)*ST), 
O,KSI1,~KSI,O,fI2,NETA)J 

S~I=S.MPSU~(I'J.KSl,ETA'(Sl~H(KSI).COS(ETA)*(HKSI(I#JI 
eCT*EETA(l'JJl+CO~H(KSIl*SI~(ETA)*(~~ETA[I#JI

CT.lKSI(I,JJ»*Sl~(KH·CGSH(KSI)*COS(ETA)*ST). 

O'K~Il'~KSl.O#PI2,NETA)1 
S'~S3*·2·S~**21 
'IF'R'EQ~'O'THE~'~GR~I'=SIS.alC.LUG(S/NORM1)1 
WHIIE(OUTPUT(SPAC~(l)I)1 

~HITE(OUTPUT,e/,13,x3,FI2,.>'~*H,THETA )J 

wHITE(OuTPUT,eX5,l18.11>'S)J 
Sll·S1MPSU~(I.J,KSl,ETA,(SINH(KSI)*COS(ETA).(EETA(I.JI 

.CT.HKSI(l,~l).CUSH(KSI)*Sl~(ETA)*(.EKSI[I.Jl+ 

CT.HETACI,J]»*'GS(KH*SI~H(KSI)*SIN(ETA)*ST). 
O,KSI1,NKSl.O,PI2.NETAlJ 

S21=SIMPS~N(1,J,KSI,ETA,(Sl~H(KSI).COS(ETA)*(EETA[I,J] 
-LT.H~SI[I'JIl.COSH(KSI).SlN(ETA)~(+EKSI[l,~J+ 
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EXITI 

'END' 
'ENO'T~LLEk' 

'END'; 
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l 1 : 1\ • 1 I r, I • 

[1 :",0:"]. 
[CIf\,Oll\j, 
[Clf\KSI,CIt.£TAJ. 
( \; I f\ 1 , 
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'E",,;; , 
tLLSt:' '~t~ljI~,t 

, ,; i: I ',:' c: X IT; 
~;tle.ll'X10».~TR(II). ATICIIJ)J 



i 
j. 

-47-

ctipCCI~r:. ~k~lC I/~Tn["J " 
"';.:: ! r!, \ :j u ~ ~ ... f ._ '" I I , ., !! E T .\ ~ ~ ! ~::t •• # E' 1 ~ • 1 1 , 1 I ) , 
~ £ ! P. ~ iJ I ~ " ) j 
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~uri~C'=N[~~Ci[~l; 
S 3 ; = S J .. l( ( Ii J • ( h : =C ~ E <: ~ l,tJ , ",,_U , J ~ ) )., _ 
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