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FOREWORD
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theoretical analysis and discussion of the solution. Volume iI, subtitied
""Computer Program,' presents a listing and discusses the details of the com-
puter program.
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ABSTRACT

. The response of a hollow circular cylindrical shell of arbitrary thickness, in
either an elastic or a viscoelastic medium, to transient dilatatinnal and shear
waves (and thzir superposition) is presented. The solution is valid within the
scope of the linear theory of elasticiiy or viscoelasticity. The technique for
obtaining the solution relies upon 1) the construction of a train of incident pulses

. fxcmm steagy statc compenents, where each pulse represents the time history of
the transient stress in the incident wave, and 2) the existence of a physical
mechanism that, between pulses, restores the disturbed particles of the cylinder
and the surrounding medium to an anstrained state of rest.

The influence on the cylinder response of the following factors is discussed:

liner thickness, cylinder-medium impedance mismatch, viscoelasticity in the

medium, and incident wave form (step pulse, rectangular, triengular, linear
rise-exponential decay).
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SECTION I

QENERAL DIJCUSSION OF PROGRAM

A. Program Logic

The program preaents a rather formidable appearance, principally be-
cause of 1te length, but the central 1dea 18 quite simple - for each
of the triples (#, # ,X ) specified by the inpur, the terms of a
double series are computed and summed. Actually there are five dis-
tinct series for each (s, 0, x ), and since each series is a double
series, the indlvidual terms can be regarded as dependent on six
parameters, viz, » .8 , and x, two sumration indices, and a final
index to distinguisn among the five sums, It 1s this six-way index-
ing that lies at the roct of the difficultlies encountered in prepar-
ing the progranm,

Perhape the most straightforward apprcach would have run along the
following lines: choose P, 0, and X; then generate the successive
terms of the sum for #, ¢, and x and perfourm the addition. Of course,
five. sums must be provided for, but this could be done without undue
complication, The decisive consideration against such a procedure 1a
the unacceptably high amount of computer time that would be required.
The calculation of an individual term has much in common with that of
many other terms, and it would be pointless to ignore the possibility
of exploiting the similarity. Although we have not attempted to form
a close estimate of the time-saving made possible by the procedure

ve adopted, a factor of 100 appears to be conservative. Denoting the
surqation indices by p and n, the over~-all arrangement is as follows:
p is fixed. then e, and then for each n we form the terms of the five
auns associated with each ¢ and x and sum over n; s then takes on its
next value and when # has attained its firal value, p is incremented,
If k 18 the indax used to distinguish among the five sums, then the
order of variation of parameters ic p,#, n, ¢ ,x, and k, with the
understanding that p is the "most permanent" index and k the moat
rapildly changing. This arrangement is not necessarily clsimed to be
optimel, but it seemed to represent a feasiblie compromise between

the (sometimes conflictlng) requirements of speed and convenient use
of storsge.
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Our discussicn of the program is confined to a few medor itoms 4n the
bellef that a detailed description would be inordinately difficult to
follow. As a supplement, we have included two flow charts (at dif-
ferent levels of detaill) to facilitate underatanding of the flow of
control,.

It 18 widely recognized that the accurate summation of a ccnvergent
series 18 a severe problem. Care must be taken that enough terms ars
added and also that the computed partlal sums bear some resemblance
to the corresponding exact partlal sums. In a strict sense, both
problems are insoluble 1n a general setting; rfor a computer prog:sam
can "see" only a finite numbar of terms, and unless these terms are
in some sense "typical' one cannot be certain that significant terms
may not have been omitted. Turthermore, the computed sum of even
three numbers may bear no relaticn to the true sum, so that even when
a particular partial sum les i{tself adequate, the computed partial sum
may have no correct digits. These considerations indicate a need for
caution, and we have acted accordingly.

Our program faced two additicnal complicatlions in that the serles in-
volved are double series, and in the need for "simultaneous" summa-
tion of a number of series. In describing the process, we attempt to
maintain a degree of clarity by momentarily neglecting the fact that
many series are belng treated a2t once.

There are five input parameters that govern the summation of the
series. These are NACRCY, KAPP, MITAP,KAPN, and MZTAN., NACRCY stip-
ulates a negative power of 10 that is to be an approximate bound cof
the relative error (NACRCY = 3 indicates, for example, that an
attempt 1s to be made to keep the relative error btelow the level of
10-3, or roughly, to attain three correct significant digits), KAPP
48 the maximum value that p (a summation index) will be allowed (if
satisfactory convergence appears to take place earlier, p may stop
short of KAPP), METAP is the number of consecutive "small" terms
required to halt the addition ("small" is defined later). For each
p, we sum over the index n, up tc a maximum of KAPN terms, with the
provision that if MBTAN consecutive "small" terms appear first, the
summation over 11 18 stopped.

Associated with each double series 1s an integer that plays a dual
role. Por present purposes, des:lgnate the series by D2 and the cor-
responding integer by K2, The primary function of K2 is to preserve
a record of the maximum size reached by any of the terms or partial
sums of D2. Explicitly, K2 starts at zero, and during the summation
1t maintains a value of 128(m + 128) where 2M is the smallest power
of 2 which i1s larger than the terms and partial sums of D2 so far en-
countered. The number 128, which 1is itself a power of 2, is
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convenient for use on a binary machine, and the multiplication of
m + 128 by 128 sarves to zero out the low-order 7 birary digite of
II2: these d1git poritionr Are uaed for annther mMirnase . 8 newlwy
generated term is regarded as "small" if elther of two conditions
obtains:

1) the term is smaller than TPL times the corresponding
partial sum; here TPL = .1 x 10-NACRCY

2) the term is smaller than 10~/ times the power of 2 (m)
specified by K2. Yor "row" summation (1l.e., -over the
index n, rather than p), the factor .5 x 10~7 18 used
in place of 10-7.

Before elaborating on this definition of "small", we note that the
seccndary role of K2, for which 1ts low-order 7 bilnary digits are
used, 1s to keep track of the number of consecutlve small terms en-
countered; when this integer reaches METAP (or METAN for n-summa-
tion), the addition and generation of terms for the sum 1is stopped.

Roughly speaking, Criterion 1) states that the term has no serious
influence on the corresponding partial sum. When thie 1s true of
several consecutlive terms, 1t furnisheg evidence that the remainder
is small, or that the partilal sum is adequate; an extra factor of .1
18 included 80 as to be conservative. Criterion 2) is an assertion
that the term is negligible compared to some of the numbers to which
i1t 18 added - not necessarily the mest recent partial sum, which may
{conceivably) be substantially smaller than some that precede 1it.

The intent of thla condition 1s to aveild the inclusion of many ad-
ditional terms in a futile pursult of better accuracy; for relativel,
low values of NACRCY, Criterion 1) will ordinarily come into play bve-
fore 2), but 1f NACRCY is 6 or 7, the second criterion 18 more real-
istic and should be dominant.

¥hen all the summation is complete, these "descriptlve integers",
i.e., the K2's, are redefined so as to estimate the relative accuracy
cbtained. The asign 18 positive if the p-series convergence appeared
satisfactory, 1.e., 1f MZTAP consecutive small termg were found;
otherwise the sigh 1s negative. The magnitude of the new K2 cannot
be greater than NACRCY and is often less; a value of m indicates that
the relative error 48 114kely to be less than 10°MT,

If the final value of a sum 18 consicerably smalle: than some of the
intermediate values, the associated K2 will be somewhat smaller than

Eraigpsl 28

R T

G AR AT =z D el e

Wy - <o U I AN U AR

DY L ERITIRE S e TR

PR YT WYe




would otherwise be the cage. Cancellation will have taken place,

and this will usually mean reduced accuracy, but by "rerembering" the
larger value, it 18 possible to assess how damaging the cancellation
has been,

There are three short subprograms used to moniter the convergence
orocedure. IBIG has two arguments, A and N, and 1ts purpoce 1s a
magnitude comparison. N is thought of as a "descriptive in:eger" so
that 1its high part represents a power of 2. If thils power ¢ 2 is

8 large as the magnitude of A, then IBIG(A N) 4s given the value N:
otherwise M is determined to satisfy 2M-1 S [Al<2W and the high pant
~of IBIG(A,N) is set to 128(M + 128) with the lcw. part (7 least sig-
‘nificknt bits} taken from N. 'TWZK has the single argument K, and
TWPK(K) is the fleating-polnt number 2 1f the high part of K is
128(M + 128). LLgWw aleo bae the single argument K, and ULPW(K) 1s.
Jus', the integer given by the low »rd:r 7 bits of . Ther2 rabgro-
gramg are given in P PTRAN, but equlvalent wnsembl;r langiage Drocrams
are easily written and operate much more qulckly. '

Aside from this convergence procedure, most of the coding 1s falirly
straightforward and not strikingly novel. Perhaps the most unusual
feature 18 the Bessel functlon computatiorn, and even here the method
has become almost standard. The p.ogram requires Jo(z), J (z),...,
for a given (pose'bly complex) argument z; there is also.a need for
Yo(z), ¥,(2),..., and for some scaled Bessel functions that we refer
to as Jn and ¥, but each Y sequence is easily obtained from the cor-
responding J sequence and the Jp's are computed in virtually the same
manner &8 the Jp's, so we discuss only the computation of Jg, Jy.
etc,, for 8 glven z. The baslc tool used is the recurrence formula,

n+1('-) --zﬂ In(2)-3, ,(2).

For a fixed z, thls formula can, in principle, be used to generate
J+1(2) for n2l, 1f Jo(2z) and J,(z) are known. Put the J sequence
decreases very rapidly with increasing n, while the complementary Y
s:quence increases very rapidly. Unless the values taken for J, and
J4 are exact and all subsequent calculation 1s also exact, the Com-
puted J sequencé will c¢ontaln an initlelly small, but eventually dom-
inant component of the Y sequence. For typical values of z and good
single-precislon approximations of Jo and Jl’ we often find a computed
"ulo to be worthlese.

It 13 possible however, to turn thls behavior to advantage; 1f Jg,

J1,«Tp are desired, one selects a suitable m>n and defines F, = O,




mel =4¢ With ¢ small but arbitrary, The recurrence formula 1s used

in reverse order to generate the sequence F Y Rﬂ v o 003F1) FO.

The F sequence then satisfles Fy = aJ, + ﬁYk for dme a ard 8 inde-

pendent of k; in varticular. wa rave ¥ = 0 ~aT, ! £1m, S0 That

vm
f; = -%ﬂ and we can then write Fk~-a Jk wlth relative error satls-

m
fying _
Fem e de | L [P || Im . | % Jm R
a Jy ady | Yo ?: T !m

If m 1s considerably larger than k, we will have!Jml<<luk and also
| Yiel<<| ¥m| 8o that the relative error is the product of two small
factors, and 1t 1s reasonable to assume Fy = aJy, at least for com-
putational purposes, In practice 1t is sufficlent to take m equal to
n+30 to produce gosd single precislon accuracy for fairly small z,
say |z| £ S0, To complete cn~lculation of the J's, we need only de-
termine the value cf a . This 1s done by using the relation:

Cuolz) + 27p(z) + 20(2) + eeess =
1n the form | e
. Fo(z) + 2P (2) + 2E43) +oeiem () (1) =8 ,'

Ifrconvergende or this series is overly slow - and this happens very
rarely, if at all - then we substitute a direct calculation of Jc(2z)

o yield «a -._Q This algorithm is somewhat prone to overrlow, 80
Jo ,

provision 1s made fou> rescaling the F sequence 1f necessary. 1If z 18

complex, then « 1s ordinarlly complex and caution must be exercilzed

ir dividing by @ . In the event a (= a + ib) 1s lurge, one should

avold forming 82 + bS, which may easily overflow.when a and b do not.

Recurrence techniguea for generating Beseel functions have been dis-
nussed by Goldatein and Thaler, # :

Another problem of computational 1ntereet'1s§the'solution.of a set of
linear equations, The subroutine LINSYZ has been used to accomplish
thie task. It employs & direct Gaussian elimination scheme, with so-
called partial pivoting. This means that at the kD stage, the pivot

- e e wm e e -

# Qoldsteir, M. and Thaler, R. M. "Recurrence Techniques for the
Calculation of Bessel Functions", Mathematical Tables and Other
Aids to Computation, Vol. 13, 65-t8, 1959, pp. 102-108.
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is chomen as the lergest element in the kth column, except thet
above-diagonal eluments are not eligible for conslderaticn. An in-
terchnunge oi TOws tnen takes place, 1l necessary, to place the pilvot
in the dlagonal position of column k. We then subtract multiples of
row k from “he suhamequent rows, sc¢ sg tc introducc zorcs into the
lower part of column k., After n-1 steps of the algorithm, the origi-
nal system of equations has been replaced by an upper triangular

.system whose soluticn presents no speclal difficulties,.

- The rolee of the subprograms IBIG, TWZK, LL#W, and LINEYZ have

already been described. For convenlence, we 1ist the remalning sub-
routines and briefly indicate thelr functions: :

BESSEL calculates the sequence Jolz), J1(2), ... J,(2)
for real or complex z.

TILDE tes t led Bessel functions J, (2),
?;?5?,??..§:<:§: and also Yq(z), ?1(2),?.., ?n‘z)

These functions are defined in Vol.fI, Appendix A,

‘equations (A;13).

JTIIZ 18 used by BESSEL AND TILDE to supply a value for Jo(z).

ZRHSP and RHSP generate the right sides, M, of the systems of - .
equations for n = 0 and n >0, respectively, 1f
the wave 1s dllatational,

ZRHSM AND RHSM generate these right sides for the shéar wave.,

Aside from these subroutines, the program employs. only the standard
library tape subprograms,

f B. Input Specification

The first card has the format (A6, 1713)., It should contain a six-
character code to identify the run, followed by 13 integers. The
code may include any :ombination of the 10 decimal digits, the 26
letters, and the various especial characters, including blanks. It 1s
reproduced on the output Lut has no other efrect.‘_The 13 integers
are, in order, KODEN, KTYPE, K@DFP, KCP, MAXPUT, KAPP, MZTAP, KAPN,
MZTAN, NACRCY, NR@ , NTH, and NMAJ; they should appear in columns
7-9, 10-12, 13-15, etc. The signlificance of KAPP, MZTAP, KAPN, METAN,
and NACRCY has already been indicated. K@DEN is tuken as 0, 1, -1,
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accordingly, as the run 1s to describe a simple dilatationral wave, a
simple shear wave, or a combined wave, respectively. The value
KTYPE = 1 18 used for a rectangular wave, KITYPE = 2 for a triangular

wavs, and XTYPE - 5 for un exponeniial aecay wave. For a combined ll

wave (KZDEN = -1), this value of KTYPE applies on*y to the dilata-
tional part and a new value is to be furnished for the shear wave;

we shall return to this consideration later. KZDP shonld be given
as 1 if a lanczos factor (®ee Vol, I, Section VI. £} is to be in-
cluded, and as O otherwise. With KOZ >0, there is a large volume of
intermediate output (see the sample output), If KCF < 0, the inter-
mediate output is suppressed, Similarly, if MAXZUT f 0, the maxima
(of the stress quantities) with respest to P, 0, and X and the over-
all maxima are computed and printed, If MAX@UT = O, this output 1s
not given. NRZ is the number of # values to be used. NTH ! the
number of © values explicitly given. NMAJ is the number of 'major"

X values given, but it is posasible to insert equally spaced sub-
division points between adjacent{ ¥ values, as discussed below,in con-
nection with the array INTERX. : ' T

It should be noted that all the floating«point input is to be given

in (E14.7) format, This applies in particiilar to the pavamete s E
Ez,...E ., and to the NRZ values of #, the NTH values of ¢, an; the
NMAJ valﬁes of x, which follow the firat card in the ordes glve

If NMAJ = 1, the next card is omitted, but otherwise there should ,
then ba a card containing NMAJ-1 integers in (2013) formut, - These
integers, called INTERX, indicate the number-of 1niermediate £ points
to be inserted between the given, so-callid "major" R ‘values. Spect-
fically, INTERX(I) stipulates the number of new poin,s betieen dMAJ(I}
and XMAJ(I+1).

Ir KTYPE = 1, this completes the input fbr a simple dilatational"or i
shear wave, or for the dilatational part of a combined wav», If
KTYPE = 2 or 3, two more (E14.7) cards are requires, wi‘h valves of
CTBIN and CAYIN or EMIN, respectively. No additional input 1s needed
for either of the simple waves, but if a combined wave 18 to be Ce-
scribed, sever:sl cards follow to establish the degired reletlon be-
tween the two parts. Firat is an integer card containing LEADX,
KEYX, and NTH values KEYTH., LEADX specifies the XMAJ value that 1is
to become the first £ for which the shear wave calculation is to be
performed, i.e,, XMAJ(LEADX) serves as this X. Similarly, XMAJ(KEYX)
designates X¥, the nondimensional time delay betwsen pulses. Next is
an integer card contalning the values of XTYPE and KC@ that are to
apply to the shear wave calculation, and then three cardc containing
PHI, AMPFAC, and a new Ell value. If KTYPE = .2 or 3, two additional
- cards are needed, with the new valves of CTRIN and CAYIN or EMIN,

: respectively. _ .




‘The correapondence between FORTRAN input symbols and the actual para-

[y sem - B . At - - - ® N - - - . .
meters umed 1li1 vie anaiysid [OLlLlOWB: I

_E(1) = P/R ' Tiner thickness to me

—y—ci ey

E(2) "E'hTr ' Inverse of non-dimensional 1/2
dm period of the wave form

E(3)

Poisson's ratio for the liner
E(4)

Possion's ratio for the’medigm_

E(5) = E_/E - Medium to liner ratio of Young's _ .
- m ‘ Modulii , |
- ' - o I N

E(6) = T/é - Liner to medium ratic of mass density . . _ﬁvf¢T9:
m

e S L e pemd s

A

Inverse of non-dimensional relaxation
. Cdm L time for shear stress.

"
o
f)

N

E(7)

E(B) - O Stress relaxation time versus uniaxial o A;JVle :

‘strain relaxation time e

3

E(9) =" Stress relaxation timé'versus'straid're- S
/h]_ covery time for uniaxial atrain o
E(10) = T2 Shear stress relaxation time versus shear L ﬁ{,;
na' : strain relaxation time SN )

E(11) = _ﬁﬂﬂﬁl . Nondiménsional rest-txmq T o

"

PHI = ¢ . ' Angle between 1ncoming diiatational and S ' -
E : . shear wave e SR : . : oy

AMPHAC = _° L » '_Amplitude ratio, shear wave to
%0 dilatational wave "




CAYIN = k Integer, describing the decay time of
triangular wave form; decay time =

(25

: oTBIN = Sm{t1-%0) Non-dimensional rise time for
. 7 b triangular or linear rise-exponential
. _ decay wave form .
. | Cdm dilatational wave

C = y
n { tm shear wave

EMIN = k Parameter associated with linear rise -~
exponential decay waveform and which
defines the time at which the stress in
the exponential decay portion of the

pressure-time history 1s negligidble, =3,

| e’¥ <<1,

C. Flow Charts

This subsection contains two flow charts, intended to zssist in
the understanding of the program's flow of control. .Chart I is
relatively brief; it attempts to convey a sense of the over-all
structure of the procedure and keeps the use of gpecial symbols
to a minimum, More details are presented in Chart 1I,
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SECTION 11

A, Generali Remarks

The efficlent use of the computer program depends in part on the proper
choice of some key parameters. These are KAPP, KAPN, MJITAP, MJTAN,
NACRCY, Xﬁ/b, and b/canT. In all the data presented in Vol I,
MJITAP, , NACRCY were taken as 4, 6, 4, respectively., These values
. were conaldered to be adequate for obtaining the plotting accuracy de-
sired. Although increasing the value of these parameters should in-
crease accuracy (and also increase the computer time), the exact 1im-
itations and effect of such an increase has not been studied.

- The accuracy of any computation is also dependent on the choice of
- KAPP since KAPP controls the Fourier representation of the wave form.
Xn general, KAPP was: chosen gs 101 for the rectangular incident wave
form, 200 for the trlangular wave form and greater than 300 for the
. 1linear rise expongntial decay wave form. These values were adequate,
- -in mogt cases, for obtaining approximately four figure accuracy for
ail the quantities of interest. KAPN was chosen as 50 for all the re-
-+ sults presented in Vol I. However, this value is conservative and in
.- most cases it can be decreased considerably. The determination of
" bfednT and cpto/b 13 discussed in the next subsection.

B;, calculation'or Auxiliﬁry Parameters

The significance of the parameters controlling “"rest time" and the
_wave form were discussed in Sec. V.1 and Appendix B of Vecl. I. In the
present subsection, the procedur¢ for determining the value of these
peraxeters 13 discussed for eash wave form. It 1is assumed that mater-
- 1al and geocmetric properties of the liner and medium are given (1.e.,
. .Cdm» Ctm, D) and that only non-dimensional parameters are discussed.
To facilitate the discussion, components of Fig. 2b, Vol I, showing
the various wave formms and associated parameters, are reproduced im-
mediately prior to the dlscussion of thelnave form being considered.

-
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RECTANGULAR WAVE FORM

Ty Te
LY T)

-] o #=t (reat 1ime oann}

h— 4 '
° ° Smi fnon gimen)
(ﬁm it )

a

tmte | ¢mbd . __L ‘m'o_l w

a | D) »

cgm for incoming dilatanioncl wave

tm+] .
Etm for ‘ncaming shear wave.

As mentioned in Appendix B, Vol I, any two of the parameters b/c

T,
‘emte/Ps € A/b may be chosen arbitrarily. In preparing input dagg for
ﬁ%ed problems 1t was most convenient to choose cnio/b and
cm A/b, the dimensionless "rest time" and pulse length, respestively,
and then solve for b/cgmT from -

b ¢n/Cdm (1)
2 R I R —
( T/ ( )

which is ottained from Eq. (5., of Appendix B, Vol I.

To demonstrate this computation for a dilatational incident wave, we
choor2 :

CAmb
dm“o . 20
b
- Semd . 20,
b ,

and find from Eq. 1, that b/cqnT* 0.01665667.

For most of the problems that were studied, 2cpto/b »L40 {with 20 ¢
camT/b £ 200} was sufficient to ensure rest conaitions before the
pulse strikes the cylinder. S
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TRIANGULAR XNAVE FORM
Tvs Tay

A

LA~

I-_.o.;.L|,-|..L_....iu|-1°l..'..—{.. 1°,J- -

o
Fao sl L]

"Fﬂ!FﬂFﬂﬂi%&hwsvananmq

B

¢ -.{Cum for lngomm. lllonnonql uim
Cym 107 incoming sheor wove

The parameters that define the wave form and rest time are °m(tl'to)/b’

k, b/cqnT, and cute/b. AL discussed in Appendix B, Vol, I, only three
of these parameters can be chosen arbitrarily. Sinée it 1is natural
that cp(t1-t,)/b and k are prescribed, we are free to choose either.

. a) b/éme, and calculate c,t /b, or
b) cpto/d, and calculate b/cgqT.

Again, for the triangular wa\: form it was most convenlient to choose
cmto/b 8long with k and cp(t1-t.)/b, and find b/cq,T from

b . Cm/Cdm - (2)
can® 2oty + (k+ 1) em(ti-te) ]
b b

where Eq. 2 is obtained from Eq. (B.6) Appendix B, Vol I.

Thus, for a dilstational 1ncidént wave, glven

= 0.021739.

ém(tl;to)/b = ] rise time
k a 5 and decay time of pulse,
. we choose Qcmto - 40,
b
* and i.nd from Eq, 2 b

camT




LINEAR RISE-EXPONENTIAL DECAY WAVE FORM

LIS
Gy v
T — - - -
1k '
| .-OH -ty .'I
man Al
0 1
ta o 4-tgtm = 1T-1p) |
P te I~ %o t T e
|

i M - em &
|ogie fomtiig satr, eath) |

cm.{c“‘ for incoming dilolotional wove
€1m for incoming shaar wove

Note: h is selectad 30 that the incldent stress is negligeably smoll o) 1T

: The parameters defining the wave form and rest time are b/cygnT, .
Y cato/b, cp(k/a)/b, cp(t1-ty)/b. Again, we are free to select only
, three of these parameters arbitrarily. Since cgp(k/a)/b and cqu(t]=-ty)/b
are elways given, we can select either b/cgnT or cyt,/b arbitrarily.

i As for the other two wave forms, it is again most convenisnt to choose
: Cpto/b and calculate b/cygypT. Thus, from this wave form,

| b . Cn 1
T C4m | ato R cm(cl-ts) R c&(k/if
b b b
Hence, for an incident dilatational wave, given
Cdm(]./a) ] cdm(tl-to) -

58 e

; c, t
" we teke k = 12 and d: 2 = 30

" .

and calculate b/cme = 0,010989.

L=

1
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C. Examples T ._;fp“

Example 1 - Preparation of input for a dilatational rect aﬂgﬁi&f*ﬁ&ﬁé .
followed by a rectangular shear wave. e S g

‘Given geometric and material properties are: e s

Slow Granite Medium (Elastic) Concrete Liner. . ;ﬂl;{ég_¥3;€;fﬁ

E = 1.0x 10° psi : E=2.5 x 108 Psi R

vm = .25 yae 2 . B

v, e 5.2 slug/ft> | Y 4.5 slug/ft B

B, 1 1o Thickness hs 2, 381 £E,

-n_-. T. T = 1.0 i 'V t
2 "1 "2 Mean Radius R=23,81 ft, . =~

0 v

or

2—‘1-“-12- 0.0 | Outer Radius b = 25 ft,
Inner Radius & = 22.62 ft.

1

Calculated quantities are:

: —_— -,5765 tt/sec. 1 1
Yy (1 - ) 1+ ) L e '

2(1 + v;) T




P.(,;.vj 5o

C o Cam 847 20
TR D

wWe.find S S | 0
b 1 ' g CoewlilL ‘u

~ Therefore, . oL R

If the duration or che rectangulur dilatational wave 15,
Ad..08673 sec., - " o | |

then . e ToEeno S T T T

Choosing cg4 tg’ ."26;- ;

R 1&4& 60 .01666667 TRt

o ;":c "T'-' m o 7 ) "_d Lok
@ 2-dmo + 4 A BN

,,),

The 1nput data,-as" ahown, coupled with the aelection of o,\l X p ints,
g oan be used for e dilatstionel yun alcne (changing KﬁDEN £ a1 to 0

Addit;onal 1nformat1:n required for the shear wave 13'\

i ‘?:-. 8

- To maintain gcnera ity, the ‘duration of the aheer wave 19 assumed to

he , el v s e e A &
: - i . R S, 5, Z'.
B i . R

: “,‘-'As : .014335 sec._ o § Do

. _Sdmd 4 w10, I

and we calculats

Cemfo 1 fem) f 1 Cam8s), 1y ues,

-

b‘ Sl 2 ._°dm . b/od T R

m

For an air 1nduced loading, traveling along the grcund at the super-

seismic velocity, U = 8500 ft/sec, the gngle between the dilatational
and shear wave is found to be ¢ = 19.7°, If it 48 aciumed that each
wave travels &pproximately 150 ft before . it strikes the cylinder,

then the shear wave strikes the cylinder 19 mil sec after the dilata-

,tionalwwave. The non-dimensional time delay 1s therefore found to be

gt

 ogy ¥ . 4,381,
ST
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T R T R

*
"0

'On empirical grounds, the amplitude ratio; @, , of the two incident

waves 1s tel'en to be 1/3, To complete the input information, » , ¢ ,
X peints are chosen. ,

" For the demonstration problem, five © points were chosen for the

dilatational part, Two extra @ points are selected for the shear and.

" combination part [specified by KEYTH(I)]., Pive major stations for x
‘'were chosen; one point (-1.0) before the wave strikes the cylinder, to

check that all stress and displacement quantities are approximately
zero, and a point, X = 4,381, corresponding to the time the shear wave
strikes the cylinder, It should be menticned that this latter point
is required information for all combination runsa An additional 24
points are also included [controlled by INTERX(151. Only one » point
i3 used in this case, » ={D.9047619, the inner surface. L
A chart with all input data for this example, is shown on the next two
pages, ' : - Cooreranl
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.-the following changes,

‘we finq

A chart, with sll input data for this problem is on the next page..

s e —— e

xample 2 - Preparation of input for an 1ncident rectangular shear o
wave. . ' - Jae
t .

t

The preparation of 1nput for this canse follaws from the diacusaion of =
a dilatational rectangular wave (dil atational case, Example 1) with.

< e
T,

1) KODEN =1
2) Cam®o N ct;mto
b b

ctm/cdm L ‘ : : B o “ .‘-A | {r;' 8

: . TS 00 LS
( ) S E T RERRE o S
IR A -
R X wdep ko e 4
o e PR AELERN 1
i 4
' ]

§

T

P
PR |

ST eamt Cemb o
Cca ) LR -\‘.g_

t with °tm9

LA : s . R e O V) T

¥ 1 ‘)-} e t - .4 ) E;‘ ! t - J- * b- -‘,‘ ¥ k
L
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mm: Preparatlon of inp-t for an incident triangular shear

E H‘;Tt uu.xn:. Sie
Medi,um' ' Porous ‘Sandstone (Elastic) Liner: Concrete ' .

B ‘- 3 0 x 106931 E«2.5 x 106p81 i

T e O 2 : '¢0-2 
; .7m . l& U& slug/rt3 ; . Yaus z;:l.u.g/ﬂ:3

# %1-0.1

‘te25 ft.

T R:I.se time = 10 mil sec ' .-
. Decay time = 50 w%il seo

' {
;En xkon‘-@imeqeioxml torm the parameters descrioing ‘the triangular wave
m are . -

-

T T oggltyoty) /o = 2.5468

k.' 5 . °

"",T"*"’ - -
FER .)v&'gji S

,
P
R
z 1y
WY

f'; “,é’ calcUlRte b/ c me from
S O B

! y _._- _\.'\_' c h . : ct__ﬂ\“ /c ' - .0081389. T
Clep T feet s TERR BT (i + 1)0mELE) T |
P -:.\;': '. . L ‘ ..._ e b . v —

.-.-__-,
[P

i To oomplete the Mtomation, we chooae thp. , #, X points at which
calculations are desired. In this example, three 9 polnts, onep
po:l.nt and tm) x major poi,nta are choaen.

"me mput fov a dilata’cional 4ncident triangular wave form tollows .
from traip dlscqaaion with the indicated changes. : :

N L - "L . o

N td L ' - R . -

y . e .. PR

AL L : . 2
) oo, e . L . .

“. . o PN .

B e e

;..ﬂﬂ,nq.‘mm lgrmem e e ey e !—“ e g eyt _--__.,.....__......._1




R N

1) K@DEN =0 l I
2j ctmto/‘b 'cdmto/b R '
3} bfeg,T = ' 1 ' . . ‘-
: T2c, T Cu &yt ) h
dm o é (k + 1) dm 1_ ,° ‘.
b ' -
The following chart contains the input data for this problem:

27
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Example 4 - Preparation of input for an incident dilatational linear-
rise-exponential decay wave form (KTYPE =« 3),

The geometric and material properties are “he same as Example 3.
Taramevers descriving vhe wave rorm are:

Rise time = 10 mil sec

decay time 1
constant p 50 mil sec

Therefore,
cdm(L/d) /b g 20.78,
and choosing

Cdmto / b o 30,

k =~ 10,
. - b 1 : L
~ ] / - '.‘: 001”.326 .
°mer cdmto'r+ cdm(tl'to)+ C g (K / @) PN
y b b - - - b

It should be noted that since Chiz wave furm 1s the most difricult
to represent, KAPP must be taken greater than 301 in order to ensure
proper convergence, : : '

The incldent shear wave case 1s handléd in an analogoﬂs,mhnner, with
the followlng exceptions:

1) K¢DEN . 1 :
2) cdmto/b — ctmto/b

cdm(tl-to)/~b ‘ ctm(tl'to)/b

- 3) b/cme is calculated from

e, /¢
b/cme - tm/ dm
\ Cembo +'°tm(t1'to) + °tm(k/“)
b b b

The input date for this problem are given in the chart on the follow-
. ing page.
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Saample 5 = Freparation oI input ror 2 rectangular wave when the
medium 1s viscoelastic. iy :

The preparation of input for a viscoelastic medium follOwé fogaally
from the elastic cases previously discussed. .That 1s, while R
a T r ' ' :
—t 1 and 2
P PR o
must be chosen appropriately, we choose the other input as praviously

discussed (using the same values for the other parameters, -the pre- -
vious examples in which B ' : '

¢dm

C (1§ Q LY T
_:L_z - 0, 01 - = 92 - 1,0
2 1 2

describe the elastic unrelaxed case).

Partly because viscoelasticity slowe down the process of strain re-
covery in the particular medium chosen, 1t is much more difficult to
pick rest times that are adequate to ensure that the initial condis .

_ ‘tiong are satisfled at the time of arrival of the pulse. However,

. this difficulty can be surmounted in most cuses by conatructing each N B
viscoelastic problem from two or more individual computer runs, For 4
the first run the duration of the pulse is made small, thus increas- -

. ing the allowable rest time and also decreasing the amount of creep
deformation in the medium, A subsequent run can be one in which the -
desired pulse length or any intermediate length is used. For each
suhsequent run the initisl conditions muay not be satisfied, but at
later times the results should be accurate enough to match thoee of
the previous run, Ultimately, the reasponse over the desired pulse
duration can be constructed in this way. .

An example set of data for a case for whisn this procedure was used
i8 provided at the end of this discussion. Xt should be noted that
the effects of viscoelasticity on the satisfaction of initial condit-
ions as discussed above were not severe for the trianguler and linear
rise exponentlial decay wave forms that were studieq,

The drocedure outlined above does not apply only to viscoelastic
cases, It should also be used for an elastlic case whenever difficulty
18 encountered in attaining sufficient rest time and when more refined
results are desired at early transit times,

Example input charts for a step pulse, in & viscoeiastic medium in-
‘volving two computer runs, are glven on tho follwwing pages:
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D, Special Considerations for Early Time Response (for Step or i
Reatanouiar Pulaea) P
The accuracy of the early time responses depends on the cholce of . b'j

"scaling effect" that can be described as follows: For a finite num-

in the incident pulse by a steep ramp. The parameter nT governs
the slope of this ramp relative to the size of the cylinder. That is,
in the scale of the cylinder, a decrease in the value of this param-
eter corresponds to a stretching of the ramp region in the pulse, Ac-
cordirgly the inaccuracies in the cylinder response due to the passage
of this ramp over the cylinder will occur over a larger interval of
time. By a reverse process, the accuracy of the early time response
can be improved, provided that the increase in b/cgnT does not de-
crease the value of cmto/b and, hence, the rest time, below an accept-
able 1limit, To keep the rest time within this limit may then reguire
getting & refined early time response with a pulse of short duration

il

i

: and then proceeding as outlined previously, in Example 5 to get the
_ complete response, In most practical applications where the maximum ]
l 1

.!

response is of greatest importance, the slight inaccuraclies introduced
at early time are acceptable, and,as in the example probiems presented,
the above procedure need not be applied. , , : .

.

.

l : KA:: to/v, and v/cqnT. The parameter cpto/b controls the “rest i
: time" wﬁile KAPP affects the Fourler representation of the incident ' 1
- wave. The parameter b/cq,T affects the early time response due to a 1
. ber of terms the Fourler expansion approximates the st;g discontinuity

PR WU PN

S P U P
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SECLTLON 111

FORTRAN LISTING OF PROGRAM

C RAIN PROGRANM

c DYNANIC STAESSES OF THICK CYLINOERS
O MENS TON ICQOI(IO.I!O.obl(lool’ﬂelCW”leol’OhOﬂ!plO. 150}
OIMENSION LCONLILO¢301, MCONLEL0,30)¢ NCONL(20,30), ICONI(10,90),
L1JCONLILO30ts LCONZ(S900+30)¢ NCONZ(3¢104307s NCONZII¢ 20380, -
2ICON2(5,10,30), AL(10430); 81(10¢30), C1(10,30)¢ GLILD,30),

I 3MLI10,300s AZ(3,10+30)s B2(3,10,300, C2(3+10:30)¢ G2(3010+30},
b : 4H213,10,30), JCON2({3,10,30)

3 : CINENSION F(39101,JP(3+10), COS'N”’QSI!P"”'

; DIMENSION XMAJ(10) +KEVTIHILOG o INTERX(D)

f OINENSIOK TADI30) ,TOE(3001,TCCI30)1,TGCI30) o THTIZO) -

OIRENSION RHO(3) s THETALLO) ¢ROAR(I0) ,TITLE(SR)oE(1)) )
DINENSION REJ(100), ENJ(L000, WASTELL100), 24QLB(100), BNQ28(100),
1840111000, BJO2(100), BRJI(100}, BIJI3(L00), BRINIL00), BIJAI100),
20JQ1R( 1000, BJO2R(100), DBYVQIBL2), OYQR0(2), OYQL(Z), 'm‘lh -
SORYIIZ), BIVII2) 4 BRYA(2), BIVAL2), OYQLRI2), GYQRNEQ)
OINENSION EL(12012),8M00202), XA ELOOD, R2(2000:s R3(100), X4{100),
1X5(31000, XKO(100F, XT7(100), ‘.(lo°'| X9¢30Q}, “‘ﬂ'l“’. lll‘l”h
. 2%X12(100)
CONMDN KCONL ,0L, KCONZ,D2
EQUIVALENCE (KCONLIL),LCONLY, 1“0‘.&(”".”‘"“0 QKCONICOOHO
INCONL) s {KCONL(90LR),SCONLY, (INCOMLE12000,4C0NEY, (RTONRELR),
‘ 2LCONZ) ¢ IKCONZIS01) o NCONZ), (NCONZ(L00L1/NCONR), (KCOMR(2TOLY,
¢ . JTCONZ) , (RCONZ(360L)oJCON2) e (DLULDoALD, (DLIBOLI 0L}, (DLLSOLD,
ACL1Y, (D1€901),610, (OR(12010,M10¢ (DR(1),A2), (024900),02),
S(02¢16010,C20y (D2€2T011,620, (D2(34011,M2)
T COUIVALENCE  (BCU1D L) o (BT2)E2) o (RIDIoEI) oIS EQ)o(ELS),E3),
3 LEEEON M) o LRITIET JUREQ) o0 o IRIP)o89),(ELL0)EL01,EELB LI ELIL)
’ CQUIVALENCE (NRDL,MRO) o (NTHL o NTHD ¢ INTLNT)
BQUIVALENCE (F,D1) 4 JPoRCONL)
::g&:ht!“ﬁﬁ cmo.vm.n.ml!u.nnuuhcuu.nnemn
[ 4
2002 FORNAT(AG,2013)
1002 PORMAT (191)3)
L1003 PORMAY (Ela,T)
1001 READ INPUT TAPE 7,2002,RUNL ¢KODENKTYPE,RODS Py KCO oNAROUT KAPP,
ANSTAP KAPNMETAN ; MACRCY ¢ NRO s NTH, NHAJ
NACYIsNACRC YL
TOL = L0.0¢{=NALY]}
- WK = 18IGLTOL,0)
IF (KODEN) 3999,4000,4001
3999 RUNZ2 = 4 COMBI
RUND = OMNED WA
[ ] RUNG o 652200000040
60 VO 4002
4000 AUNE = M DILAT
RUND <+ SMATIONA
RUNG = 8ML WAVE
GO TO 4002
4001 RUN2 = 6H SHEAR
RUN3 = 6H WAVE “
[ ] RUNG = 506060696 040
4002 WRITE QUTPUT TAPE 60‘00).!0'“olWoIUﬂ)oﬂUM.lW(N'RVYPEcIOOS'oKCO
LeMAXOUT ¢ RAPP (NET AP, KAPN, NS T ANy NACRCY s NRQ o NT HoNNAJ
4003 FORNAT (12MLIRUN NUNBER “/’I“tl.o“l’/”‘“ 'N’U"IIOQN KOOE -
iNn wryeg Xa0sP RCO AW -RAPR- .
2 ls’l' . KAPN Mt!ul!lllﬂ:d" NACICI o uﬁa
. 3 NTH NMAJ /6012770
. READ INPUT TAPE 7!.00’0(!(!.0"[.1‘.9 ('m.lhl‘lo”o.n ""f'l'!!y
MIol:NVH), (XRAJIL)eloloNNA ) . .
’i."'e outeur 'AP' 00!“.0(!("."!-!" ’
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1008 FORMAT (//5X,103H H /R 6 / COMT

- WR ITE OUTPUT TAPE 6,6009,(RHO(I ) I=1(NRO)
; 1009 FORMAT (///4H R40,5Xo1P3E18.T)
, WP ITE QUTPUT TAPE 6,0000,( THETALL) o1=1,NTH)
i 1010 FORMAT {//6H THETA(SX,1PSE18¢ 7/1LX¢1PSELS.T)
P WR ITE OUTPUT TAPE 6,011 4(XNAJ(T), [al,NMAJ)
} ] 1011 FORMAT (//711H MAJOR xa:n.sx.tvssxa.vlnax.1?5510.7»
: NMAJL = NMAJ - 1
i 'F (NMAJL) 3001,50%,499
! 499 READ INPUT TAPE 7,1002,( INTERX(I),I=1,NMAJL).
| WP1TE QUTPUT TAPE 6,L012+( INTERX(I),§ = L, NMAJL)
| 1012 FORMAT (//TH INTERX,5X,1015) :
500 XBAR(1) = XMAJ(1)
JAY = |
\ 00 504 1 =1,NMAJl
' IF (INTERX{I)) 3001,503,501
501 INTER = INTERX(I)
ENX = INTER + 1
DEL = (XKAJ{I+1) - XMAJ(I)) /7 ENX
i D0 %02 J.= 1,INVER
. JAY = JAY ¢ 1
- VAY = )
502 XBAR(JAY) = XMAJ(I) ¢ YAY*DEL
$03 JAY = JAY ¢ 1
| 806 XBAR(JAY) = XMAJ(I+1}
0% NX = JAY L
* FACT2 = €2
EMESE(S)
E(S)=ENE $({1.00E(3))/(Ls0¢E(4)))
EG=EMESEGS ( (14 0-E4)/ ({16 0+E4) (14 0=2,09E4) } ) #( (1, 04E3)
: 18 1e0~20 0%E3) /(14 0=E3) )
] : E(6)sSQRTF(ES)
4 €2 = F2 ¢ E6
} E(1)®(2e0-E{1))7(20¢E (L))

- BETA®E]
BETASQ=E 1¢E]
VMDUMS (140~E4) /( 14 0=24 0*EA)
SYMOUM=SQRTF (2, 0*VMOUN)
fﬂl B "'l-
TRZ = 0'
IZETA = BETA
. KEY u =]
! JUMP = 0O
F IF (KODEN) 507,511,508
; S07 KODEN = O
N KEY s 1
REWIND 3
GO TO 530 '
808 IF (KEY) 509,1001,510
i $09 KEY = 0
! - GO TO %30
: 510 KODEN = 1}
| GO TC %13
= 831 IF (KEY) %12,1001,1001
i 812 KtY = 0
. GO Y0 %30
313 aeao INPUT' TAPE 74002 1 LEADX \KEYXy (KEYTH(1) ¢ 1a14NTH)
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READ INPUT TAPE 7,L002+KTYPE,.KCO
REAO INPUI TAPE 1.1003.PH[.AHPFAC.EII
WRIiC UUTPUT TaPE OIRUUD pLEAUAYREY R o IKEYTHII ), [ ™ 1o NTH)
4005 FORMAT (35HL1ADDI TIONAL INPUT FOR COMBINED WAVE/f7/777/721H LEADX
1 KEYX/16e115/77776H KEYTH/Z1IX1018)
WRITE OUTPUT TAPE 646008 oKTYPE KCO
QOO& FORMAY (22H - KTYPE KCO/110,012)
. WRITE OUTPUT TAPE $44007,PH] JAMPFAC,ELL
4007 FORMAT {(54M PHI AMPEAC : CHT0 /7 08/
LIP3ELB T | - S .
INTER = LEADX - ]
- IF (INTER) 3001,516,514
514 DO 515 1 = L,INTER.
515 LEADX = LEADX ¢ INTERX(I)
516 XSTAR ‘= XMAJIKEYX)
NY = NX «~ LEADX ¢ )
INTER = NTH
Je=0 :
DO 518 1 - LyNTH
IF (KEYTH(I)) 517,518,517
317 THEYA(INTER+Ll) = =THETA(I)
Jd =g+ 1
INTER = INTER ¢+ 1}
KEYTH({J) = ]
518 CONTINUE
NTHOLD = NTH
NTH = INTER
" NEWTH = NTH = NTHOLD
00 SIS [ = JoNTH
319 THETA(L) = THETA(I) ~ PHI
GO 10 %3l -
830 NT = NX
-LEADX = |
531 ADJ] = FACT2
= _COUNT = Q -
TALLY = O : : L - T -
TAP = 0,
i IF (KODEN) 3001,%33,532
532 FACT2 = FACT2 * SVYMDUM ‘o,
- TRL = 0, |
TR2 = ],
LETA = -8ETA
523 TOT = Ell*FACT?2 .
ADJ2 =z TOV .
ANGLE = TOT - 2,eFACT2
Ell = ‘v_" 2."‘07 i
IF_ (KODEN) 3001,537,%534 " .
534 IF (KEY) 3001,535,53¢
£35 ADJL = ADJLESVYMDUM
" GO TO %537
536 ADJ2 = ADJ2Z - ADJLSXSTAR
$S37 00 3540 I = L,4NTH
- 540 THETA(I) = S0174%532927 & THETA(L)
. GO TO (8002.:550,%5%50)KTYPE
550 READ INPUTY TAPE T,1903,CTBIN,CAYIN
EMIN = CAVIN
v YITOV=sCTBINSFACT2
L YLTaT)LYOVeTOT
T2T « la - TOT
ACAPTSENIN/(1,0-TLIT)
GO TO (80U2+8010,0016) (KTYPE
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8002 WRITE OUYPUT TAPF 6,800)
8003 FORMAT {///17H RECTANGULAR WAVE!)
uu 0 suzu :
8010 WRITE OUTPUT THPE AyA0LL,CTBINSTAYIN - i
8011 FORNAT (///L6H YRIANGULAR WAVE///18H CoMTI-T01/8,17K, IHK/1P2
AFAHe 7). S C
. 60,TO 8020 -
. 8016 WR [TE OUTPUT TAPE s.aotv.Cta!N.En:N
- 80LT FORMAT (///23W EXPONENTIAL DECAY WAVE///6X, 1 2HC=HTL=TO) /8, 17X s 1HN
1/1P2ER8e TY
c CONSTANTS FOR L-~A'Rlx
8020 PIal,1415927
: - PLSNR0, 2696047 1, L e , S
" QloUM=P [#E2 , |
;OZDUH-QIDUM*SORTF((2.0-2.0'53'[(‘.0~Z.O*E3lI .
ELOVU= (2, 0%E3) /(16 0~2. 0%E3) -
CDOUM=(0.5=E4)/ (1, 0=E4)
QOBAR=E7#¢ 24EGS(E9~] - 3313333 8COUMSEL0) :
QIBAanT‘IEO‘FB*loonl.3333333‘CDUH‘(El00EG’l
. Q2BAR=1,0~-143333333CNUN
VDUM={ 1,0-E31/ (1, 0~2,0¢E3)
YOUM1=QUBAR/PISQ
YOUM2=E7082/P15Q
YOUN3aYOUM2¢ES :
voun«-QleAnaE7-|Esol.o)lplso
YOUMS=YDUM3#E8
YOUM&=YDUM2¢ELD
YDUMZ=QLBAR/PT '
YOUMBRE7SEQ/PL .
YOUMQ=VDUM/VMDUY , - : :
YDUNMLO=ETe(1,0-€10)/P1 : : : .
0340UMRP I #E28SQRTF (VOUN] /€6 - _ S ,
YOUMLL =E 5/YOUM9 T
DO 9001 12ZRsl,NROL :
ot 9001 127TH=1l,NTHL
DO G001 IZVml,NTL
A2(1ZR,I2TH,I2T)=0.0
LCON2{1ZR EZT4412T)=0
B2(YIZR Y L2TH IIT) 20s 0 : X
MCONZ{ IZRyIZTH, 127?20 ) Lo _ , b ]
G2(IZR 12T 11T) =0, 0 - B

vy Py s e 1 g . e e e e = £ 4
0 Kathe -
W ST - .

ICON2( 2Ry [2THy1ET)=0 o - . o j
H2(IZR W IZTH,[2T1 20,0 ‘. o o ]
JCON2{ 1ZR,12TH,12T) =0 : _ - o
C2(IZR,I2TH,1IT) =0, 0 , , : i
9001 NCONZ{IZRyI1ZTH,1ZT120 - L : ! N
¢ MAJOR LOOP ON @ . - : _ Lo
00 219 [P»l,KAPP : . : : }
60 70 (5002,9003,9003)yKTYPE _ ;
002 [F(IP 20K1P/2)) 21942199003 - _ .
9003 P=IP , _ _ - i
PP1»PeP| : I : g
COSST = COSF (PPI#ANGLE) _ - ' oL - P
SINST = SINF{PFI®ANGLE) - , -
JX = LEADX . _
00 1 ITT=L,NT o ..
ANGL = ADJISXBAR(JX) + ADJZ .
X m 4X & L
SINPT{ITT) = SINF(PPISANGL)
1 COSPTLITY)=COSF(PPI®ANGL)
4 CALCULATED QUANTITIES

38

k
.)



T ELTURYVP23U=0, 66 6666666¢Y5P22V

4031

4032

4033

,,,,,

HALFSQ = 45 & Q2SQ
PSQ=pep

- (X3 snen
vuntgg !‘.'Q'J"-!.‘PSQ! Q:s.ngg‘ ‘vmlgg'r"ﬁ’_‘.v"'u - .'n:sa

YVP)aYVPL/ ((YDUNS/PSQI ¢{ (YDUNZ/PSQ)¢1,0) +(YDUM2/PSQ)¢1,0)
Y¥PLla2,0%VDUNEYVP)

YSPL=( {YDUME /P S0+ 1. 0} /I YOUN2/PSQe1,C) ) eV DUNS
YVP22 [ YOUNT /P ) *( YDUNI/PSQ~1e0) - (VOUNllPSQ-OZB&Ri
1&(YOUMB/P2ET/PPL )
YVPZ'YVPZI((VDUHSIPSOI‘(YDUH2€PSQGLuODGYDUNZIPSQQI.OD
YVP 232, 0%VOUNEYVP2
VSPZI((YDUNIOIP)l(YDUNZIPSQ0lo0l)‘VDUﬂ9
YP22YYP2¢1, 333033338Y5P2

YPLsYVPLe1, 33330333¢YSPY

SP=YP2¢02/VYP|8¢e2

SPESQRTF (1, 0+5P)

S3P=YSP2¢e2/YSPLee

SSP=SQRTF (L 0*55P)

QIBARSSQRTF({L.0¢S5P)/YPLY
Q20AR=Q3IBARSPEQILDUM/SP

0ITIL=diY P27Y PLI/(SP+],00))*Q3BAR

QABARSSQRTF ((1,0+55P 1/ YSPL)
Q4BAR=Q4BARSPEQIADUM/SSP
QeTIL={IYSP27YSPLI/Z(SSPeLeO) ) eQeBAR
YYPLIUeYVPLEYDUNLL

YYP2MWavVvPZeYOUNLL

YSP12U=VSP1¢YDUNL L

VSP22UnYSP2eYDUNLL

ELAUSYVPLIU=06 6466666660 YSPI2V

Ql=P+QLDUM
015Q9=0Ll*Qqt
Q2=P%Q20UM
QISQ 02802 ! .

Usy=ysSe12u

UTU=YSP22V
EPDUNLaELBUZYOUML ]
EPGUNZ=ELTU/YDUMLL
EPSB=FPDUMLE YPLeEPDUN2 VP2
EPSOsEPSB/(YPLEE 24YP2082) : 1
SI=SQRTFIQ3IBAR®C2+Q3ITIL®%2) v
S4oSQR TR (QABARE24Q4TIL*%2) : :
Q3F=S)

Qé4E=Se

ANGQ3I=QITIL/Q3BAR

ANGQ&4=Qe TIL /Q4BAR

PHI3w-ATANF { ANGQ3)

PHI&=-ATANE (ANGQ&)

IF(KODEN) 4031,4031,4032
ABQ=SQRTF(Q3IBAR®®2:QITIL®*2)

CALL BESSEL |KAPN;ABO.FN!3.REJ\ENJoFNG
TF(ENG) 4035,4035,3001
ABQuSQRYF(QABARES2:Q4TIL*¢Q)

CALL BESSEL (KAPNWABQ,PHIGREI,EMJLENG)
LFLENG) 403%,4035%,3001

Q128=QisQleEl

d162aQ128%¢€

Q220s=Q2%Q2s€1

Q282nQ2208E1L

Q320038 ARVE2-23TIL®¢2 . ’
Q4 200Q4BARS®2-Q4T I ®e2

BSU“-O-SOELBUQUHU
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TSUMsQaS®EL 1USUT U
Q3PuQIBAR®QITIL
QLP=Q4BARSQALTIL
BRASUM=0, S*Q3F* (U 3RAR®UBU+QITILAUTY) .« -
BTDIT=0,58Q3E# (QIBARBUTU=QITIL*URY) !
EPST=EPDUM2* YPl-EPOUML &YP2 :
EPSTuFPST/{YPI#&24YP2882)
S00 & 120UT =] ,KAPN .
BJQIBIIZOUT)=0,0
B8J02R(1ZQOUT) =040
8JQ1:120UT)=0,0
BJQ2(120UT)=0,0
BRJU3(I20UT)=C, O
BTU3{1I0UT)=0s0
BRJ&(ILOUT) =0, 0
6 BIJA(I20UT) 20,0
C TILDE FUNCTIONS INDEPENGFNT OF ROt
. FNG=04 0
T LALL TILOE (KAPNg~1,BETA,040,8JQ18,WASTE,
18YQ18 +WASTE 4ENG)
1F{ENG) B848,3001 : .
8 CALL TILDE (KAPN,Q2,BETA,040,6JQ2B+WASTE,
LBYQZY + WA STE ,ENG)
H22 = 2. % BYQ2R(2)
TF(ENG) 9,6,3001
9 CALL TILDE (KAPN¢QLy140¢0.0,34Q1,WASTE,
LBYUL WASTE JENG) :
~ IFLENG) 101043001 ) .
10 CALL TILD:Y (KAPN,Q2,1e0y040,B.472WASTE, )
18YQ2WASTE ,ENG)
IFCENG) 11,11,3001
11 CALL TILOE (KAPN+S3,1,04PHI3,ARJII,BI43,
1BiY3,81Y3,ENG)
IF(ENG) 12,112,300
12 CALL TILOE (KAPN¢S4,1.0+PHT4,HRIS,BIJI&,
18R Y4 ,BIVY4,ENG)
YF(ENG) 13,13,300;

13 NSTAR=)
XROE=]
C D0 {O0P ON ROE
00 210 [RQE=]1,NROL
C TILOE FUNCTIONS ODEPENDING ON ROE

RCE = RHO(IRDE}
14 o 17 1Z0UT=] ,KAPN
- BIQLR{IZ0OUT) 0,0
AT BJQ2R(LIOUT!=04D :
18 CALL TILOE (XKAPN,Ql,RDOE G, 0+BJULR, WASTE,
16YQIR +WASTE JENG)
IF(ENG) 19,19,3001
19 Cuill TILUE (XAPN(Q2:RCE 90 04RJIQ2R,vASTE,
1AYQ2w +WASTE ,ENG)
IF{ENG) 20,20,3001
C ITRD ZASE ¥FOR ALL THETA AND T/7
20 G0 TO!4¢149031) ¢KRDOE
21 00 22 IEL=1,45
oD 22 JEL=1,4 .
22 ELUIEL JEL )G O
1" {KODEN} 3022,9022,702)
9022 EL (Lol ixQLlSQ*{{0sS/ELI*RIVIBI2)=(0s5*%ELIVUS1,0)*RIQLALL))

EL(1+2)3QLSQe((2,0/Q128)+BYQLB(2)~(0,5%ELOVU+l,0)eBYLB(1)) .
EL(2+1)=QLSQ%{0s5%BIQLI(I)-(0s5*ELOVUSL,0)¢BUOLLIN}
490




i

FL{292)20LSQv{(2.0/QLSQ)1*BYQL(2)=(0s5%ELOVU+1,0)*BYQL( 1))
EL231=B8SUMS (Q320%BRJII(L)I+2,0%Q3P6BIJI(1))
. ELZA=EL231-(BBSUMSBRII(21-BI10IFeBIJII(2))

FL233=RS IM&(QI2D0*BIY3({1)=2,0%Q3P*BRYI( 1))
LeT3U“ (Q320%uRYI (1142, 0%03P%BIY3(1))

ZL2345(2-0/Q3E )¢ (QIBAR*({UTUSBRYI (2)¢U.SUsBIYI(2))1+Q3TIL
1(UTUSBIY3(2)=UBLSBRYI{2)))

ELI2,3)32FL232+4FL233-FL234

EL(341)=(~QLSQ)®*0, 58301 (2)

ELU(3,2)=(=2,0)%BYQL (2}

EL53'=0.5%Q3E*(QIBARSBRII(2) +Q3TILEBIUNI2))
EL3322(2.0/Q3E)* (QIBAR®BIVI(2}1-Q3TILaLRY3(2))
EL(3,3)sEL331+EL332 3 '
EL261=BSUM*(Q320+B1J3(1)~-2,0%*QiP*BRJI(1))
14TSUM (QA20*BRJU3(L)+2-0%Q3PeRTI3I(1))
EL2&1sEL2AL~(BTOIFSBRIZ(2)+8BBSUMSBIII(2))
EL262=BSUM*(Q320%BRY3I{1)+2,0%Q3P+B1IYI(1))
1¢TSUM* (2, 0%Q3P%BRYI(1)1=Q320%2iY¥3(1))

EL2¢2=-EL 262
EL263=(2,0/Q3E )19 (QIBAR*{UBU*BRYI(21-UTU*BIY3(2))¢
103TIL2(UBUTBIY3(2)+UTU*BRYI(2)))
EL(2+6)8EL261+EL2624FL263

EL(206)m=EL(2+6) .
EL361n(~0,5)%Q3E*{Q3IBAR®BIJ3(2)-Q3TIL*RARII(2))

’ EL3623(2.0/C3F )*(Q3BAR®BRY3(2)¢Q3TIL*BIVI(2}])
ﬁ ) EL{3,6)sELIGL4ELIE2

} 7 R WL N R T { SN PR L O
L2

FLISs3)r=EL(24¢)

EL(&43)m=EL(3,6)

00 23 T1EL=]1,43

T1IEL=]EL+3

co 23 JEL=1,3

JUEL=JEL+3

23 EL(LIELyJJEL)SEL(IEL JEL)

CALL IMHSP (PyE24ES5,ES9EL1L,QITIL ,Q3BAREPSHEPST, VMDUM )
LiKTYPE ¢KAPP ¢ KONSPyCAYIRyTLTOMyTOT o TLT 4 T2T,RE L, EMJPERVACHPT)

GO TO 9024

7023 EL{L,1)2{0.5%025Q)1%({BJQ2B(1)~i1,0/€E1)*RJQ28(2})

ELUL,2)2065%Q2S9¢BVQ2B(1)-(2.,0/EL*RYQ208(2)

EL(2y1)2(0.,5%Q25Q)*{BJQ2(1): BJQ2{2))

EL{2+2)2(045%025Q;%(BYQ2(1})=(4,0/70Q25Q) *8YQ2(2))

EL231=Q4F* (Q4BAT*ARIGI2)+CQ4TILSAT I (2) 1 -U4207BRIG (1)~ 2.0%Q4P
1¢B1J4(1)-0420%B1Y6(1)42,0%Q4P*BRYS L)+ (~s0/Q4E)
2¥(Q4BARSBIYL(2)-Q4TILEBRYS(21)

EL231=0s 5%EL 231

Fl 2220QLE* (QuBARSBIJS4(2)=Q4TILPERIC(2)1=Q62D9B1J4(]}4¢2,0%Q4P
1¥8P J4 (1) +Q420%BRY&G (1142, 0%QAP*BIY& (L)~ 14,0/Q4E)
2¢(Q4BARSBRYL (214 QaTIL®BIYL(2))

EL232x0, 5%EL232

EL(2,3)=URUSEL231=-UTUSEL232

EL(3,1) = HALFSQ*8JQ2(2)

EL{3,2) = 2,%RYQ21{2)

EL(3:3)=(2,0/Q4E1¢(Q4TIL*ARYA(2)~Q4BARSBIYSL{2))
1=(0s5%QCEI*(QaBARSER IS (2)¢QaTIL*BIIA(2))

EL{2:6)m{=Ls0)®(UTUSEL23]1¢UBU*EL232)

. ELIELo(2,0/04E)¢ (QeBARSEBRYL (21 4+QATIL*BIY4(2))
110, 5*Q4E) ¢ (Q4BAN®BI J4{2)=QaTIL®BRIL(2))
EL(3,6)s-EL36I]
EL{S,3)m=EL{246)

. EL{6y3)=-EL{3,6)
no 702+ 1E€Lal )
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TIFL=TEL+)
D0 7024 JFL=l,43
YIEL=JELTD
7026 EL(ITIEL JJUELISEL(IEL yJELD
CALL IRHSM (PyE2+ES¢ESIELL14Q4TIL ) QeBAR,EPSH, EPST,VMDUM
TIRTYPZ yRAPP o KOOSPCATVING TITOTY 10T 9y TAiT9yT2ToREJe EMI L EMyACAPT )
9024 1F{(KCO) 27927,25%
25 WRITE QUTPUT TAPE 69269 ((ELUTod)gd=lsb VyIml 6 ) o(EMIKyl)yKu]ly6)
26 FORMAY ( 36HLTHF MATRICES FOR N=Q ARE AS FOLLOWS 777/
113H THE L MATRIX //6ELT¢T/ G6ELT T/ 6ELTT/ GELTeT/ &ELT.T/
: 2061 TeT//7/713K THE M VECTOR // GELTT/77)
: 27 CALL LINSYS (ELsEMy6,LERUR])
: IF (LERUR ) 300643006,9027
9027 IF{KCO) 30+30,28
T 28 WRITE QUTPUT TAPF 6429 (EM{Kol) ¢Kal o 8)
29 FORMAT (13H THE X VECTOR // 6BLT.T/7717717)
30 IF(KODEN) 7031,7031,7030
7030 X1{1)=0,0
X2(1} = O
X3(1) = EM({1,1}
Xe{1)=EM(2,1)
X5{11=0, 0
3 ) X&6(1)=sEM{3,1)
! ) X7(1180,0
: Xe{ly = 0.
XO(L) = EM(4,1)
XIOLLY=EM(S, ).
; X11{t)=0,0 .
! X12(1)=ERL{b, L)
i ‘60 TO 7032 ’
Ty Tddl XA{LisEM{Ll,41)
} X2(1)1=EM(2,1)
|

X3{1120,0
X6(1)=0,D
S XS(1)=EM(3,1)
- “%6(1)v3,0
XT(1)mEN(4,1)
XE(L)ImEM{5,1)
X0(1)=0,0
X10( 1) 2040 - .
X11(1)=EM(6,1) - '
X12(1120.0
7032 KROE=2 !
9031 IFIKCO) 9034,9034,9032
9032 WRITE OUTPUT TAPE 4,9033,R0E
9033 FORMAT (SHIROESEL4aT,5X,29HMATRIX=XSAR SRR, STT (SRT ,UR,UT FOR N=0
N '
9034 AL1=015Q®(0s5*ELOVU+140}
Al2=1. 0/ROF
Al3=Al1* (BJQIR{L)*XL (1) ¢RYQLIR(1)#X2(1) )=QLSQA®AL2*{BISLR(2 ®X1(1)
1%0,5+(2,0/015Q)8BYQLR(2) #X2{1)) '
AleaALLl#(BJQIR(L)SXT(1I*BYQIR(LIOXE(1) 1=QLSQ*AL24(BJQLR(2)6XT( L)
120.5¢( 2, 0/01801¢8YQLIR(2) #X8(1)})
Bl = o5 ® ELOVU % Q1SQ * (BJQIR{LISXL(L) + BYQIR(1I*x2(1))
B12=A12% ((Q1SQ/2.018BJQIR(2)OX1(1)+2,0®BYQLR(2)OX2(1))
813 = o5 ¢ ELOVU # QISQ ® (BJQIR(LI®XT()} + BYQLR(1)eXB(1))
Ble=Al2¢ ((Q150/2,018BIQIR(2)#X7(1)+2.08AVALR(2)¢XA(D))
: Cli = BJQ2R(1) ~ BJQ2R(2)/ROE
o C12 » BYQZR(1) = 4,%BYQ2R(2)/{Q2SQ%ROE }
C13 = HALFSQ * (CLI®X3(1) ¢ CL2#X&(1))
Clé = MALFSQ * (CL1eXI(1) + Cl2exio(1)}
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GLI=(Q15Q/72.0)*8JQIR(2)%X1 (1142,0¢BYQLR(2)#X2( )
Gl2%(Q150/2, 0)%BJQIR(2) *XT{1)+2,0%BYQLR(2)*XB( 1)
Nl - NALTOW * DuweRiZi

H12 = 2. & BYQ2R(2!}

H13 = HIL * X3{1) + H12 & X&{l)

Hid Hil & X5ii1 ¢+ Hiec & X10i1) l
H21 HALFSQ ¢ B8JQ2B(2) .
H23 H21 & X3(1) + H22 * X&(l)
H24 = H21 & X9(1) + MH22 X10(1}
H25 = H23 * COSST = H24 SUNSTY =
00 44 [TH=] ¢NTH]
33 IF(KCO) 36936434
34 THET = 5742957796 THETA(ITH}

- »

WRITE QUTPUT TAPE 6435,THET
35 FORMAT (/777 7TH THETA=El&.7 //)
36 KSTART=]
KSTOP=4
KWASTE=]
INDL =~ ITH
IND2 = 3#1TH - 3 + [ROE
DO &4 I1TTal4NT] -
IFI(NYVI=]ITT) 37437438
37 KSTOP=NTI
30 WASTE(KWASTE) = XBAR(ITT)
KWASTE sKWASTE+]
DO 410 INK = 1,5
KON = KCON2( IND2)
iF (KON) 40]1,402,402.
401 DL{INOL) = QO
60 TO 409
402 GO TO (403,404,40%5,406,407),INK
403 AlS=Al3¢COSPT{ITT)=AL4SSINPT(ITT)
DLUINDL) = ALlS & TR}
GO TO 408
404 BIS3(BLI+BL21*COSPT{ITTI=(BL34814)SSINPT(ITT)
DLCINDL) = B15 * TR}
GO TU 408
405 C15 = CLISCOSPT(ITT) - CLEuSINPT{ITT)
OD1(INDL) = €15 * TR2
GO YO 408
406 GLYeGLLeCOSPT(ITYI=-GL2¢SINPT(ITT)
DI(INDL) = G5 & TR]
GO TO 408
407 HLIS = H13 * COSPTUITT) = Hl4 & SINPTIITT) - H2S
DI(INDL) = H15 & TR2
408 KCONZ(IND2) = [BIGI(OLIiANOLIKON)
409 INDL « IND1 ¢ 300
410 IND2 = IND2 ¢ 900
INO1 = INDL - 1490
IND2 = IND2 = 4470
IF(KWASTE~T7) 9039,40,40
9039 IF(KSTOP=ITT) 44140444
40 AWASTFsel}
IF(KCO) 44,44 ,4)
61 WRITE QUTPUT TAPE 6,62, IWASTELIL) IL=l,6)
42 FORMAT (SXN,6F17.7)
WRITE OQUTPUT TAPE 6,42,(A11{ ITH, £21 129K START (KSTOP)
WRITE OUTPUT TAPE 6,462,(8L1( ITH [3) ¢ 13uKSTART 4XSTOP)
WRITE QUTPUT TAPE 6,42,48CL( ITHo I&) o [4nKSTART (KSTOP)
WRITE QUTPUT TAPE 6,42,(6L( [THeI5) o ISaKSTART,,KSTOP)
WRITE OUTPUT TAPE &,%2,(HL{ ITH I8 ) o 6K START (KSTOP)
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A4

45

9044

9047
9042

46

9030

KSTART#K START+&
KSTOP=KSTART+5

WRITE OUTPUT TAPE 6,43
FORMAT i/7/)

CONTINUF

D0 4% IZER=],NTHL
D0 4% JIZFRes1,NT]

LCONLY 1ZERy JZER)=0
MCONLI 1ZERyJZER) =0
NCONL( LZER, JIER )} =0
ICONLY 12ER,y JZER)=0
JCONL1i 12ER, JZER) =0
NSTOP=sKAFN

F35-1Q0

F3621,0

LOOP ON N

DD 140 NslNSTOP

IF{KODEN) G047,9047,9046

FNz=N

GO TO 9(G48

FN=N

EN=N

NlsN+l

NZ2=N+2

EN1sEN+l. 0"

ENM1=EN~1.0

I‘(N‘NS‘AR) 59|59|‘6

8YD1s=8YQLB(2)
BYQLB(2)={EN/(ENL*BETA) ) *BYQLB(2)~((0s 25*Q1SQ) /7 (EN®ENL) ) *BYQLA( L)
BYGiB(1)=8YD1

BYD2=8YQ28(2)
BYQ2RI2)={EN/(ENL®BETA) ) #8YQ2B(21=((0,25%Q2S5Q)/ (ENSENL))®BYQ2R{ 1)
8YQ2R(1)=8YD2

6yD3=8YQLl{2)
BYQL(2)=(EN/ENL) *BYQL(2)~(0s 25/ (ENSENL ) *BYQL(11¢Q1SQ
8YQ1{1)=BYD2

8YO4=BYQ2(2)
AYQ2(2)=(EN/ENL)*BYQ2(21~10s 25/ (ENSENL) ) *BYQ2(1)*Q2S5Q
8Y0Q2(1)=BYD4

BYDS=BRY3(2) .
BRY3(2)2(QIE/S3)*(EN/ENLI®(COSF(PHIB)®BRYI(21+SINFIPHIII®BIYI(2)}
1-(({0s25¢Q3E*#2)/ (EN®ENL) )1 #BRY3I (L]

BRY3(1)uBYDS

8YD¢ =R [Y3I(2)
BIY3(2)=(Q3IE/SI)SIEN/ENLISICNSF(PHIZI®BIY3(2)=SINFIPHIZ)®BRYI(1))
1-( (0, 25¢Q3E*#2)/{ EN®ENL) ) #BIY3 (1)

8ly3(1)=BYD6

BYDT=BRY4(2)

BRY4G(2) s (Q&4E/S4I S (EN/ENLI®(COSF(PHIA)I®BRYS(2)+SINF(PHIA)OBIYS(2))
1-((0a25%QAEw*2) / (EN*ENL) ) #AR Y4 (1)

BRY&{l)=BYD7

BYDA=BIVA(2)
BIY4(2)(Q4E/S+)*(EN/ENLI®(COSF(PHI&)®*BIVA(2)=SINF(PHI4)®ARY4A( 1))
1-0 {0, 258Q4C0e2)/ (EN®ENL] V@Bl YA{L)

Biv4(1l)=8YDE

COMPUTE THE L-MATRIX

ELMLs0,5%ELOVU+]1,0=-ENOFNML/Q182

ELM25(2, OSENSENM]L/Q2B21~1,0

ELMI=0,5+ELOVU+L ¢ O-ENSENM1/QLSQ

ELMaew (2, 0CENSENNL/Q2SQ)~1.0

F38aF35¢ (Q3F/(2, OFEN)) 492
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PPTONGES ), + TR

FIE=F36¢ (QAE/( 2. O*EN) ) 22
ELI1,1)=ELMLPBJQLBINL)=BJQALBI N2 )/ (2,0%EL*ENL)

-— e . -
ELa3 M=l 0C 20 il

‘LlloZDIELHl‘BVOIB( 1)=-8YQLA1 2 )%2,0%ENL/Ql28
EL(Ly2)e{=Q1SQ)®EL(L,2)
ELEL 2 )=ENRISBJGEDINLI~QUZZB*BJIQLBINZ1/ (240%EN]L)
EL(L1,3)=(FN/BETASQI®EL (1,3)
EL{1,4)=ENML1OAYQ2B( 1)=2,0¢EL*ENL®BYQ28( 2)
EL{Li4)=(FN/BETASQ)®EL{L %)
D0 47 KM=] 42
00 47 iMs5,12
47 EL(KMyLM)=0. 0
EL(2,1)=QL288BJQLB{ N2 )/(2,0%ENL)-ENMI*BJQLB(NL)
TEL(241 )= (FN/BETASQI®EL(241)
ELU2,2)22,0%EL*ENL*BYQLB. 2 )=ENMLI*BYQLB( 1}
FL(2,2)=(FN/BFTASQ)®EL(2,2)
EL(2+3)3ELY2¢BJQ2B(N1)+BJIQ2B{ N2 )/(EL®ENL)
ELI233)=(=0,5)8Q2SQ%EL(2,3)
EL{2,4)=ELM2%BYQ28( L) +4,0%ENL1*BYQ2B( 2 )/Q228
EL({2:4013(=0s5)%02SQ*EL {244}
EL(3,0 )SELMI*BJOL(NLI=BJQLI N2 )*0.5/ENL
EL(3,1)==QL1SQ¥EL(3,1)
EL(3,20=ELM3®BYQL( L)~ BYQI( 2 182,0*ENL/QLSQ
EL(3,2)==Q1SQ=EL(3,2)
EL{3,3)ENML*BJUQ2(NL)~Q250Q#BJQ2( N2 1*0.5/ENL
EL{3,3)=FN2EL(3)3)
EL(3,4)2ENML®BYQ2{ 1)=2,0%ENL1®BYQ2{ 2)
ELI3,4)aFN®EL(3,4)
FL35=BSUMS (Q32D0¢BRJI(NL) +2,04Q3P*BIJ3I(NL))
1=TSUM* (Q320*BIJI(NLI=2,0%Q3IP*BRJI{NL))
ELIS1=EL3S=-(BBSUMSBRIIC N2 ) -BTDIF®BLJ3( N2 ))/ENL
1-ENSENMLS(UBUBRJI(NL)=UTU*ATII(NL))
EL3IS1=F35¢EL 351
EL352s8SUMS{Q320%B1Y3( 1)=2,0%Q3P%ARYI( 1))
1+TSUM® (Q320¢BRYI( 1)42,08Q3P#BIY3( 1))
ELISI=ENSENMI*(URUSBIYI( 11+UTURBRYI( 1) )+{2,0/Q3E)SENI
19(Q3BAR®(UTUSBRYI( 2)4UBU*BIYI( 2))+QITIL*(UTUSBIYIL 2}
2=UBU®BRY3( 2)))
EL(3,5)=sELISL¢EL3T2-ELIS5)
ELISL=ENML*BRJL(NLI=0.5%(Q4E/ENL)* (QARAR®BRIG(N2)
1¢Q4TIL*BIJA4(N2))
ELICL=FIeEL3S]
ELIG2=ENMLEBIYA( L)~2,0%(ENL/QOE}S(QABAR®BIYA( 2)
1-Q4TILeBRYA( 21)
RRRS=ELICL+ELISZ
RRRS=~RRRS
EL3SI=ENMI*BIJL(NL)~ 0.5‘!Q4EIEN1l'(QéBAR‘BlJ‘(N?’
1-Q4TIL*BRJ4{NZ))
EL363aF36%EL3ED
FLIGASENML®BRYA( L]1-2.0%(ENL/QLEI®(QeBAR®BRYG( 2)
1+Q4TIL*BIYe( 2))
EIRRS=EL 364~EL 263
FLI3,86)=UBUSRRRS~=UTUSE]IRRS
El (396)=FN*EL(3y6)
00 48 KMa3, 6
00 48 LM=7,10
48 FL(KMyLMI=0.0
ELISsBSUMR (Q32D¢ DI JI(NL)=2.0¢Q3P3BRII(NL))
L+TSUM® (Q3I2D*BRUI{INL)+2,0*Q3P*BIJIINL)}
ELISL=EL9%=(BTDIF*3RJII( N2 )+BBSUMSBIJII( K2 )I/ENL
1~ENCENML®{UBUSBI JI(NL)+UTUSBRJIINI)]
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ELOS1=FISRELSS]) i
ELOS2=BSUNS#(Q3209BRYI( 1)+2,0%Q3P«BIY3( 1)) :
1+TSUM® (2,0*Q3P#BRY3( 1)~Q320%81Y3( 1))

ELOSI=EN®ENMLS (UBUSERY3I( 1)=UTU*BIY3( 1))¢(2,8/7Q3EIEN]L

1%(Q3BARS(UBUSBRYI{ 2)=UTUSBLYI( 2))+QITIL*(UBUSBIYI( 2)

24UTUSARY R 23} :

ELI9,5)ELISI+EL952+EL95) , .

ELU3,01)=~EL(9.5) : :

EL(946)2UTYSRRRS+UBL*EIRRS

EL(9:5)=FN*EL(9,6)

EL{3,12)==EL(9y6)

ELIG,2)=(QLSQ*BIQL(N2) I/ (24 0%ENL)-ENMLHBIQLINL)

EL{4,L)=FNSEL(4,1)

EL(4)2:22,0%ENL*BYQ)( Z!-ENHI‘&VOIG 1)

EL(4,2)FNSEL( &) 2)

EL(4y3)2=1Q25Q/20 0) #(ELN&®IJQ2(NL)+BJQ2(N2)/EN])

EL{&yi)nm(Q25Q/200) & (ELMGSBYQ2( 1)+#{4,0/Q25Q)SENL*BYQ2( 2))

EL4AS1=ENMLI*BRII(NL ) =0, 5% (QIE/ENL ) #(QIBARCBRII(NZ)

14Q3TIL#BTJ3IN2))

ELASI=F3SeELAS]

ELAS2=TNMIwBIY 3 x)-z.o-«e~110351¢(oaanntaxv3« 2)

1-Q3TIL#BRYI( 2))

RRTD=EL4S1+ELAS2

EL4SImENMLISBIII(NLI=0.8*(Q3F/ENL)I*(Q3BARSBIJI(N2)

1-Q3TILSBRIIIN2 )] ,

EL453=FITHEL4AS) .

EL4SASENMLI*BRYI( 1'=2, 0% (ENL/Q3E}*(Q3BARSARYI( 2) : o

1+QITILeRIY3I( 2))

EIRTO=ELAS53~ELASS

EL(4,5)sUBU*RR TO=UTUSEIRTD

! EL(&S)eFNSEL(4,5) h

i EL4618 (2, OFENSENMI=Q42D) *BRIG(NL)=2.00Q4P*B] J4 (N1

: IO(ObElEN\)i(ObBAR*sRJ&(NZD*OhTlL*BIJQ(NZl)

: ELALL=FIGHELALL

: EL&4G u(2, OSENCENML=Qa2D)#BT1Y6( 1) +240%QaP*BRYAL L)

1404, 0CENL/QAE) #(Q4BARSBI VAL 2)-~QATIL*BRYA( 2))

RRTS® 1. S8 {ELASL4ELAG2)

ELA63n (2, OPENSENM1=Q62D) #BIJSINL) +2,0%Q4P*BRJG(NL)

1+(QOE/ENL)*{Q4BAR®BI J4 (N2 ) ~QaTIL#BRIAIN2))

ELA6IsFIHNEL 46D

ELA64n (Q420-2, OFENSENML ) #BRYG( 1)+2,0%Q4P#BIYV4A( 1)

1~ (A, O¥ENL/QeE) *(Q4BAR*BRYA ( 2)0Q§TIL‘BIY4( 2))

EIRTS=0.54(ELAG3+EL464)

EL(4,4)sUBUSRRTS-UTUSE[RTS

EL(10,5)wFN® (UTUSRRTD+UBUSETRTD)

EL(4y11)m=EL(10,5)

SL(10y6)aUTUSRRTS+UBUSEIRTS

EL(4y12)u=ELL1046)

FL(G,ll-EN'BJOl(Nl!-(QISO/ENX)‘O.S‘BJOI(NZ)

ELIS,2)2ENABYDIL L1)=2,0%ENL*BYQL{ 2)

! EL{E,3)sFN®BJG2(NL)

! FLIS,4)=FN*BYQ2( 1)

, ELSSL=ENSBRJII(NL ) =0, S*(QIE/ENL )% (QIBARSBRIIIN2)
14QITIL®BIJI(N2))
ELSS1=F35#EL55] .
FLSS2aENSBI Y3 l)-(Z.O‘ENllQlE)‘(Q3BAR*BIY3( 2) '
1-Q3TIL®BRY3( 2))
EL(5,%)m({=1,0)8(ELSSL+ELS52)
EL(S5,6)m(=FNI®(FI6OBRIG(NL)+BIYE( 1)) .
ELSLILmEN®BIJI(NL)=0s5*(QIEZENLI®(QIBARCBIJIIN2)

4%
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1=Q3TIL*BRJI{N2))
ELS1L1esF358ELS L
ELS1122( 2, 0%ENL1/QIE)I®{QIBAR®BRYI( 2)¢03T LISATY I 21}
1=-EN®8RY3( 1)
ELIS)1LIsELSLLL¢ELSLL2
EL(S,12)sFN®{F364BI JAINL)=BRYE( 1))
FL{G1)m(~EN)*BJQLINI)
EL(692)=(=FEN)*BYQLL 1) :
EL(6.31-1-EN)08J021N1b00.st(oszIENlDOBJOZIsz
ELIG+4 ) ={=ENI*BYQ2L 1)¢2,0¢ENL*BYQ2( 2)
EL(6,5)=FN®(F35*BRJI(NLIEBIYIL 1)) ' =
'FLéblnEN*BRJA(NlI-O.S‘(Q#E/ENID‘(Q‘GAR‘BRJQCNZ}
L+QATIL®RIJ4(N2)) :
EL&6L=FIA®ELGEL )
ELGG2ENSBIYA( !b-z.OO(EN1/06EOt(046AR‘el74( 25
~ 1-Q4TILEBRYA( 2))
EL(626)=FLO6L+ELSH2
C EL(&-11)#FN*{BRY 3¢ 1)-‘\5‘3141(N19D
EL61213EN®BI G5 {NL)=0,5% (QeE/ENLI®{QQBARYBTJA(N2Z)
1-Q4TIL®BRJIA(N2))
ELAL21a{~F36)%EL612]
EL6122«FN®BRY4 ( - 1)-z.otlENlIObE)*IO#ﬁAR‘BRV#( 2)
14Q4TILeR YL 2))
EL(6y12)2ELE121¢ELAL22
00 81 KMsT7,12
 KMbaRM«b
DO 4% LMs],6 -
LMELmLMes ) : S P
49 EL(KM.LN)--EL(KNbgtﬂbli ' ’ B "
- DD %0 LM=T,12 : g o ’ -
LME2=L M~4
SO0 ELIKM,LM)SEL (KMB,LMN62)
51 CONTINUE
NSTAReN ‘
1F {KODEN) 9031.9051.9052
9051 CALL RHSP (PvEZoESoEboFll00371LoQSBARoEbSR'EPSf'VNDUH . :
LiKTYPE (KAPP ¢KODSP oCAYIN, TLTOT s TOY ) TAT ) T2T 3 RESIENISACAPT (N, EM)
GO TO 90853 ' -
9052 CALL RHGM (PoE2,ES+E6,ELL+Q4T1L,QeBARL,EPSByEPST, VHOUNM
1IKTYPE KAPP KUDSPsCAYIN . TATOY, TOT,TLY,T2T, REJ.ENJeAC&PT.H:EMi.

9053 1F{KCO) 55,5%,%)
$2 WRITE OUTPUY TAPE 6.56.N-((EL(1:J.oJ'lng"l'l'IZPo(EN(K.!l5
K'Kll'lz) . .

24 FORMAT (20H1THE WATRICES FOR Nal4,6H ARE /7147
1Y3H THE L MATRIX //6ELTaT/ GELTLT//6ELTLT/ GELTLV//8F1T T/
20E1TeT//8E 1T T/ SELTaT//6ELTeT/ GEAToT//6ELToT/ GELTaT/FOELT T/
BOFLT.7/76ELTaT/ SELTaT//6ELT T/ SELT T//8ELTaT/ 6ELTT//6ELT T2 ;
HGELTaT//6EL1Ta T/ 6ELTT/////13H THE M YECTOR /7 6ELT.T/ 6EXT4T/I1/)
8% CALL LINSYS (FLyEMy12,LEROUR)
LF(LERDR ) 30us,3006,908%
9085 IF{KCO) 58,58,5¢6
S6 WRITE OUTPUT TAPE 65T, {EM(Kyl)yKalyl2)
27 FORMAT (134 THE X VECTOR // 65!7.7/5517.7 1111117)
58 DO 9058 IMT=1,12
IF(EM{IMT 1)) 90%9,9058,90%%
9058 CONTINUE
NSTOP=N
GO TO 160
9089 XL(NII=EM(L,1)
K2(NLISEM{2,1)
X3(N1)=EM(3,1)
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- 9049

XGINTFmEML4aDY
XEINLIxEM{5,41)
X6EINLy=EM{Ey 1)
REUNL)*EMETy i)
XBINLY=EM{8, 1)
"XG{NLI mEM{9, 1)
XLO(NL)=FM({10,1)
CXTHINIY=EM(L1L, 1)
CXX2(NLIwER(L241)
IF-(N =-1) 904°¢9049v%9
YQlel. s BYQLIB(1)
YQlez = AYQLBI2)

T YQaBl w avQ2s(l)

¥Q282 = B\VQ28(2)

T FL = BJQIAI(2)/BETA - OlﬁQ‘BJQlS(JD/4._'“

Tt 18

T2 = YQLBL/SETA ~ 4,2YQ1H82 -
T3 a2 RJIQ2BI2VA2FTA ) ]
Tafs_YOZSlIZETA .
TA a Tiex1(2) + TZ‘XE(Z) + 13¢x3(2r * T¢¢x4(2l
B = Y1EXT(2) + T2#XA12]1 + T3I*43(2) + TeexX10(2)

. TG = TA%COSST -~ TRAHSINSY

¥t .= BJQLBE2)/2ETA ] o

T2 4 YQI81/2ETA, L '
T3 = HJOZBCZ’/BEYA o’ Q¢5008J02343)/6.

- = YQ2BL/BETA = &4¥YQiBZ

CTA s TLeX1(2) ¢ -T28X2(2) + T3‘x3(2) + lttXQ(2)
TB =

59
.60
61

"-6¢

=TAS-(FNIRDE“Z)*(FNML'GJOZR(NII~((QZSQ‘ROE)I(?.O*EN!))¢BJQ?P(NZIll

CTLEXYU2). 4 T26XB{2) ¢ TIEXB(2) ¢ r4txxo(zr _
(TH = TAXCOSST = TBOSINST. - e
IFIKED) - 62,62 ,60 o :J;I R e
WeITE OUTRUT TAPE 6,861,308 N
rosnnr,c5H1Roe-s14.7.sx.37HnArnux-sta.snn.srr.snr.uv.uv FOR Ne
11&/7/)

BYD9SBYQIR (2}

8Y0! R(Zl-(FNI(ENltRQhI)*ﬂYQlR(ZD ((0.25*Q&SQQI(EN‘EN1\3*BYQIN(II
BYQLR(1)aBYD9 L
~BYDLORRYQ2R{Z)

BYQiR(Zl'IfN/(:Nl‘ROE’)‘b'HZR(Z) ((0. 5‘QZSQII(bN°ENlI)*BVQZR(I)‘

BYO2R(1)=BYU10

TAA®Gy SRELOVU= (ENSENML 1/ (QLSQROESROE) #1406 .-

TA1sQ15Q#*( TAASRJIQLR (N1 }=(0e8/ LENLORDES 1#BJQUIR(NR Y}
TA22Q15Q#( TAA®BYQLRT 1)=({Zs0%ENL)/(QLSQ*R.0E )} #BYQIRC 21}

TA4n(FN/RDES#21€ (ENML#BYQ2R( 1)-2, ONENI#ROE$NYQ2R( 2})
VABwTAL® XL (NLY#TA2#X2(N])=TAI®XA(NL)~TA4SX4(N1}
TACSTAL® X7 (NL)+TA2¢XB(NL)- TA3‘X9(N1)-TA4‘X10(Vl)

70820, 5% ELOVU9QL SGHENSENML/ROESS2 e

TBl-T&B‘BJﬁlR(Nll+(0[$0/(2.0‘EN10RDEII‘SJQXR(NZ)
TB2=YR8*BYQIRL L)+{2,0%ENL/ROE)®BYQLIR( 2)

Tb3'(FN/ROE“2)‘(ENNI‘BJQZRiNlD-((QaSO‘ROF)I(Z.O#{NlDI'BJQZRKN'll,57“

TB4L (FN/ROES®2 )M (ENMIWBRYQ2R! 1)=2,0%ENIwROE®BYQRR( . ?3!-
TBC=TBIMXLUNLI+TBE®X2{NL )+ TBIRXI(NL) +TR&SXA(NL}
TBD'T51‘X7(Nll0TBZ¢X8(N1)0Y63‘X9(N130TB%¥X101N1l

QISR = Q15Q & ROE

~TCL=(FEN/ROE®¥2) &« ((QLSR/ (24 O%ENLY ) ¥BIQIR(IN2 )= ENNI'BJQIRQNI’)

TC2={FN/ROE*S2)® (2, OSENL*ROE*BYQLR{ 2)~ENMLISBYQIR{ 1))
TC32(0,5%Q25Q)*( (2, O%EN®ENML/ (Q2SASROE®*2) ) #BJQ2R{NL }- BJQRR(NI)
14{1,0/(ENLOROE ) - #BJU2R(N2))

T TCem{0,5%Q25Q) *( (2, 0%ENSENML/ (Q25QOROE®#2) )9BYQ2R( li-BYQZF(.l)'

14({ (4 OCENL ) /(Q25QROE) 1 #BYQ2R( 2)) -
TCASTCIOXL{NLI4TC2eX2(NLI=T" 38X {NL)=TCASX4I(NL)
TCBaTCLEXT(NL}I+TC2oXBINL)I~TCI®XIINLI=TCoeX10(NL)
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TGl=(EN/ROE)*BJQIR(INL)-(QLSQ/(2.0%ENL) ) *BUQLRIN2)
TG2={EN/ROE)®BYQLIR(1)=2,0%ENL*BYQIRI 2)
TG33(FN/ROE)*BJQZR (NL)
YG4=(FN/RDE)®BYQ2R (1)
TOA=TGLEXLINL) ¢TG28X2 (NL)+TGI®XI(NL) +TGH®X4(
TGBuTGLEXTINL) ¢TG2oXB(NLIe TGARXO (NI VaTRaaxin
TH1={FN/ROE)*BJQ1R (N} ) :
TH2=(FN/RCE)*BYQIR()) : :
TH3=(EN/RIE)®BJQ2R (KL)=( (0259 }/{24Q¢ENL) L*BJQ2RIN2 )
TH4= {EN/RQE)®BYQ2R (1) ~2, O%EN] . $3Y02R(2)
THERTHISXLINE)#TH2&X2(NL 1e THI®XI (NL) e THe ®X4 {N] )
YHG-THI*X?(NIDOYHZ‘XBINI)?1H3‘X9(Nl)*TH6'XIOINl)
DO 9107 [TV = L,NTL :
TADUITT) = TAC*SINPT(ITT)
TBECITT) = TRO*SINPT(ITT)
TCC{ITY) = TCASCISPT(ITT)
TGC(ITT) = TGA®COSPT{ITT;
IF (N « 1) 91064,9104,9105
9104 VGC(ITT) = TGC(ITY) =~ TG
91US THTLITT) = THS*COSPT(ITT)
IF (N = 1} 9106,9106,9107
9LO6 THT(ITT) = TKY(ITT) = TH
9107 CONTINUE
-on 129 ITH=]1,NTHIL
THET = THETA(IT4)
THAT = $7,2957TY68THET
. 65 IF(KCO) €3:68,66
" 66 WRITE OUTPUT TAPE &,87,THAT
6T FORMAT (/7// TH THETA=El4,7 //)
68 KSTARTa]) '
N Coee KSTOP=4
KWASTE=] _ -
TF (KODEN) 9074 49074,9075
7074 ENDUMsN
© TRIGI=COSFUENOUMSTHET )
TRIG2wSINF{ENDUMSTHET
GG YO 9G76
9075 ENOUM=N
"TRIGLwSINF (ENDUMSTHET )
TRIG2aCOSF(ENDUMSTHEY )
2076 INDL = I TN
IND2 = 32ITH - 3 + IRGF
e 129 177 =1,871
c CONVERGENCE TESYS :
N) 110 INK » 1,5
KGN2 = KCON2(IND2)
I+ (KON2) 9077,73,73
T3 KONl » KCONLCINDY)
iF (KON!) 10%,7¢,7%
T4 G0 TO (TSy7¢)TT T8, T9)2INK
7% TERM = TADIU™Y)eTRIG)
GO TN 9o
16 TEnM » TRE(ITTI®TRG]
GO YO 9¢
- _ 77 TERM x YCC(ITY)*TRIG2
- - G0 YO 9" i
'; ) TB TERM & TGCUFITTI®TRIGL
M Y0 9o
T9 TERM ==THT(ITT)eTRIG2
99 COUNT » CRUNT + i,
! : 5¢M = GLIINDL} +» TERM

FEIONY) 2Erpr Ay

NL)
N2

i sl 2

TABSCOSPT(ITT)
18C¢COSPY(1TT)
TCBSSINPT(ITY)
TGB#SINPT(ITT)

TH6®SINETIITT)
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9078
49
T

124

9124

125

126
127

128
129

134
133

140
160

200

DL{INDL) = SUM

KCION2(IND2) = [BIG(SUM.KON2)

IF {ABRSF(TERM/SUM) - YOL) (01,201,100
ir (AED (TERM) /TWOKI{KONZ) = oSE=-07) 101,10!,10%
KON1 = XKON1 + 1

IF (MSTAN -~ KONL) 102,102,103

KUNLl = =N v

GO TO 108

I6 (NSTOP - N} 104,104,108

TALLY.= YALLY ¢+ ]

GO T0 108 '

KONl = O

1F (NSTOP - N) 106,106,108

TAP = TAP + ),

KONi = -]
KCONL{INOL1) = KON1
IND1 = IND1 + 300
IND2 = IND2 ¢ 900
IND1 = INDLl ~ 1490
IND2 » IND2 ~ 4470

IF (KCO) 129,126,9078
IFINTL=ITT) 69,469,771

KSTOPaNT1

WASTE(KWASYE ) = XBAR(ITT)
KWASTE=KWASTE+L

IF(KWASTE=7) . 9124,125,125%
IF(KSTOP=ITY) 129,125,129
KWASTE=~] :

IF{KCO) 129,129,126

WRITE DUTPUT TAPE 6,127, (WASTE(I1) +11=1,8)
FORMAT {8X,6C17.7)

WRITE DUTPUT TAPE 6,127, (ALL ITHoT2) s [2=KSTART(KSTOP}
WRITE OUTPUT TAPE 6,127,(61( ITH13) 4 13=KSTART 4KSTOP)
WRITE OQUTPUT TAPE 6,127,{CIH ITH[4) 14 KSTART 4KSTQP)
WRITE OUTPUT TAPE 6,127,(G1{ ITHI5) 21 5aKSTARTKSTOP)
WRITE QUTPUT TAPE 6,127 (H1( ITHo16) 1 [ 6=KSTART (KSTOP)
KSTARTEKSTART+¢

KSYOPsKSTART+5S

WRITE NUTPUT TAPE 6,128
FORMAT (777)

CONTINUE

00 138 TCKw iy NTHL

INDL = ICK

00 138 JCK= 1y NTL

DO 134 INK = 1,8

IF (KCONL(INDL)) 134,140,140
IND1 = INDL1 + 300

IND1 = INDL = 1490

6C 10 1¢0

CONTINUE

PARTIAL SUMS ON P

Do 210 ITHa L yNTHL
oe 210 ITTal,NTL
INC = 7T

DO 209 INK = |,8

KON = KCON2{IROE «TTH,INC)

IF (KON) 209,200,200

TERM = DL(1TH,yINC)

SUM = D2(IROE,ITH INC) ¢+ TERM

KON = [BIG(SUM,KON}

IF (ABSF{TERM/SUM) - TUL) 202,202,201
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201
2241

IF (ABSF{TERM)/THWOK(KON) - 1oF=07) 202,202,204}
¥NN = KNN « 11 MW ILOND
GO TO 204

202 KON = KON ¢ 1

IE (MSTAP - LLOWIKONY) 203.:03;206

203 KON = ~XMAXOF(ILK,1BIG(TYWOK({KON=3172)/SUMQ)) = |

204
205

GO TO 20¢
IF (KAPP =~ [P) 205,203,206
KON = XMAXOF{ILK,IBIG(TERM/SU90) o133 1GLTWOKIKON=30T72)/7SUM,01?

206 D2(IROE.ITH,INC) = SUM

409
210

216
217
219
220
221
222
1220
240
241

245
247

268
249
251
252
253
254

4001
4010

4011

KCON2(IROE ITHoINC) = KON

INC = INC ¢ 30 )

CONTINUE

D0 &i7  IRCK=i,NROL

00 217 i THC K= L 4yNTH]

o0 217 ITCK=1,NTL

INC = ITCK

DO 217 INX = 1,5

I1F (KCON2(TIRCK ¢TI THCK(INC) 216,219,219

INC = INC + 30

CONTINUE

60 TN 220

CONTINUE

CONTINUE

WRITE OUTPUT TAPE 64222 +COUNT,TALLY,TAP

FORMAT (LL1HLTERM COUNT,F20..7/739H NO, OF N=-SUMS WITH TOO FEW SMAL
1L TERMS F{Se2///34M NOy OF N~SUMS WITH NO SMALL TERMS,F1542)
INC = LEADX -~ 1

LEAP = 30%iNC

00 241 I = L,NTH

THETA(I) = 57,2957796¢THETA(I)

IF (KODEN = KEY) 247,251.251

IND = O

JUMP & ~]

00 249 INK = 1,5

00 248 IX = [ NT

INTER = IND ¢ 1X

WRITE TAPE 3,((D2{IROyITHyINTER]} ¢KCONZCIRO [ THy INTER)) IR0 = LyNROD,
LITH = L4NTH)

IND = IND ¢+ 20

REWIND 3

IF (KODEN ¢ KEY = 2) 254,254,3001

00 253 1 = L,NTH

THETA(L) o PHI ¢ THETA(I)

JUMP = ]

CONTINUE

FINAL QUTPUY

CONYINUE

N1 = NRO

N2 = NT

N3 = NTH

LtnC = 0
LOC2 = 12 + LFADX
LOCY = 3

INCL & )

INC2 = 30

INC3 = )
LABELL = O
LABFL2 & KEY - 1 ¢+ XODEN
INCl w JNCLl = N2&INC2
LOM = |
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TE (KON = 1) 6512465144651
8912 WRITE (UTPUT TAFE 6,651
6313 FOPNAT (1EBHIDILATATIONAL WAVE)
GO0 IO TO19
6514 WRITE QUYPUT TAPE 46,6515
6315 FORMAT (LLHM1SHEAR WAVE)
6o TH 7019
&514 WRITE OUTPUT TAPE 646017
6017 FORMAT {46MLSUPERPOSITION OF DILATATIONAL AND SHFAR AAVES)
7019 WRITE QUTPUT TAPE 6,60189
5018 FNRAMAT (2H  //17/7/777/726H THIS QUTPUT HAS THE FORM /7))
6023 WRITE OQUTPUT TAPE 6,6024
602% FORMAT (1&H RHO,XBAR,THETA /7// 11177
5025 WPITE OQUTPUT TAPE 65,6125
6125 FORMAT f43H THE SOLUTION MATRIX HAS SRR,STT,SRT,URWWT/////7)
DO &119 11 = 1,Nl
WR I TE QUTPUT TAPE 6,6924
6926 FOAMAT (LML)
J1 = [1 ¢ LOC
WFITE OQUYPUT TAPE 6,6125,TITLE(JL)
8126 FOEMAT (E1%5.7)
IF (LABEL1) £013,6013,6022
4012 YBAR = (TITLE{Jl) = XSTAR) / SVMDUM
WRITE OUTPUT TAPE 5,6124,YBAR
6013 DO 6118 12 = 1,N2
J2 = 12 + LOC2
WRITE NUTPUT TAPE 646131 ,TITLE(J2)
6131 FORMAT (//// F15%.T) :
IF (LABFL2) 6015,6015,6014%
6014 YBAR = (TITLE(J42) = XSTARY) / SVMDUM
, WR{TE OUTPUT TAPE &,6120,YBAR
" 4015 DO 6117 KA = 1, N3,5
' KO = XMINOF (N3 ,KA+4)
LIMA = K& ¢ LDTY
LIMO = KO + LOC3
WRITE OUTPUT TAPE 6,6041,(TITLE(J3I,J3 s LiMA,LIMO)
6041 FORMAT (/7777 €X 858207 177}
LIMA = LOM + [NC3I®(KA=1)
LIMG = LOM ¢ INC3I*(KO=-1)
DO 6016 [INK = 1,%
IMP s KA
D0 5115 LIMP = LIMA,LIMO,INC3
DL(IMP) = D2(LIMP)
KON = KCONZ(LIMP)
ERROR = ABSF{TWOK(KON})
VF (ABSF{ERROR ~ 45) ~ o5) 226,227,227
226 KON = =XSIGNF(XINTF(~LOGL1OF(ERROR) ) ¢ KON
GO TO 228 b
227 XON = =0 '
IF (ERRUR) 228,1227,228
1227 KON = NACRCY
226 KCON1{IMP) = KON
6115 IMP = [IMP ¢+ 1
WRITE OUTPUT TAPE 6,6043,(DL(J),KCONL{J)J = KA,KOD)
6043 FORMAT (6X)E1TaTv140€1 70T l4yELTaT o l4sELTaTo149ELTT 04)
LINA s L IMA ¢ SO0
6016 LIMD = LIMO ¢ 900
4117 CONTINUF
6118 LOM = LOM + INC2
6119 LOM = LOM + INCL
c SELECTING MAXIMAL QUANTITIES

- —




200 KWO = KWA

290 IF (MAXOUT) 300,350,300

300 WRIYE OUTPUT TAPE 6,301

301 FUKMAT(L/HLIMAXIMA UVEF ADRK//CYM ABAK VALUT) ANE SCLUW MARIFAF/F/T
1//77)
nn 310 {TH=l,NTH]

THET = THETA(IT4) I
WRITE OUTPUT TAPE 64302,THET v
302 EOHMAT (///7/TH THETASEL4,T //1H 16X, 3HROE L 7K, IHSRR, L TX ¢ IHSTT, 14

LITX,3HSR T ¥
DO 310 1RO =1, NROL &
ROE = RHO(IROS :
FMAXLSAZ (IRQ,ITH, 1)

EMAX2sB2(IRDITH, L) ]
EMAX3I=C2(IRO,ITH,1) *
181 = LEADX s
182 = LEADX .
183 = LEADX :
00 308 ITTel NT

ITT1L = 177

AMAL=ABSF (EMAXL)

AMA2wABSF(A2VIRO,ITHITTL))

IF(AMA2-AMALY 306 304,303

S S e

RC I

303 EMAXLeA2(TROWITH,ITTL}
181 = TV ¢ LEADX ~|
304 AMBLeABSKF{EMAX2}
AMB2ABSF(B2(IRDITH,ITTL))
IF{AMB2~AMBL! 306+306+305
305 EMAX23B2(IROITH,ITT])
182 = [TT ¢ LEADX -~}
306 AMC1=ABSF(EMAX]I)
AMC2sABSF(CZ(IRO ITH,ITTLY)
- IF (AMC 2-AMC1) 308,308,307
: 307 EMAXIsC2(IRO+ITH,1TTL)
183 = ITT ¢ LEADX -1
308 CONTINUE

vigeg v -
-

ETM]l = XBAR(IB1)

- o4 L AN 0 AN R A e B S AT

ETM2 = XBAR(IB2)
€ETM3 = XBAR(IB))

of pmeer AUTPYUT TAPE 64309- ROELENAXL JEMAX2)EMANI,ETM],ETM2,ETMI

8 308 "% UAY (4EgVal 1eVReI 20T/ ) .

¥ 310 CONTINUE -

4 WRITE QUTPUY TAPT 6,311 ,

5 311 FORMAT(16HLMAXIMA OVER RHO//28H RHO VALUES ARE BELOW MAXIMA///77/77
1/}

¥ Do 319 ITTs 1 ,NTL

IT o [TT 4 LEADX = 1
WRITE OUTPUT TAPE 64312¢XBAR(IT)
312 FORMAT (////76H XBARSEL&e T// 15X sSHTHETALTXy3HSRR 4 LTXo3IHSTT, 17X, 3HS

1RT)

00 1319 ITHs L yNTHL
THETY = THETA{ITH)
EMAXISA2(L,1TH,ITT)
I8l = |
EMAX2=B2(1,ITH.ITT)
IR2 = |1
FEMAX3ISC2(L,ITH,ITT)
183 = |

DO 317 IRO=1 yNRO
fe01 = [ROD
AMAL=ABSF{EMAX])
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I
-
9

o

316
3

)
310

320

321

322
323

324
325

326
327

328
329

AMA2=ABSF(A2(LRON 4 ITH,ITT))
FF(AM2-AM]L) 313,313,.3129

EXAVIwA2(1001, 1T 17T
181 = (RO

AMBi=ABSF (EMAX2)

AMBZABCE(R201ROY, 1TH, 17T}

IF (AMB2-ANB ] ) 315,315,314

EMAX28B2({1ROLs [ TH,ITT)

12 = IRO

AMC 1=4B5F (EMAA3)

AMC2@ABSF(C2(TROL, ITH,ITT)

IF { AMC2- ANC 1) 317,317,316

EMAX38C2( [ROL, ITH,ITT)

183 = (RO

CONTINUE

FTM] = RHO{IB1)

ETM2 = RHO(IB2)

fTMI = RHO(I83)

WRITE OUTFUT TAPE 6,388, THET EMAX] (EMAXZ EMAX3,ETHL,ETH2,FTHM3
FORMAT (4E20,7/20X,3E200 1/

CONTINUE o

WRITE QUTPUT TAPE 6,320

FORMAT (18HIMAXIMA OVER THETA//30H THETA VALUES ARE BELOW MAXIMA//

17717179 !

D0 329 ITTel NT)

17 = 177 ¢ LEADX ~ 1

WRITE OUTPUT TAPE 6,321+ XBAR(IT)

1)
Do 329 IRO=] 4yNRO}

ROE = RHO(IRO)
EMAXLI=A2(IRO,L,ITT)

el s 1

EMAX23B2(IRD,L,1TT)

182 = }

EMAX3=C2(IR0,LITTY

183 = } .

Dg 327 ITH=]1 4NTH

T4l = [TH

AMAL=ABSF{EMAX])
AMA2SABSF(A2(IROITHLLITTY))
IF(AMA2-AMAL) 323,323,322
EMAX1=A2{IROITHL,HITT)

I81 = [TH

AMB L =ABSF/EMAN2)
AMB2=ABSF(B2LIRO,ETHL,ITT))
IF(AMB2~-AMBL ) 325,325,324
EMAX2SB2(IROITHL,ITT)

182 = [TH

AMC1=ABSFIEMAXDY
AMC2sABSFIC2(IRO,ITHL,ITT))
IF{AMC 2-AMC1) 327,327,326
EMAX3=C2(IRD,ITHL,ITT)

1IR3 = [TH

CONT!'1UF

ETM] = THETA(IBL)

FTM2 = THETA(IB2)

ETMI = THETA(IH])

WRITE QUTPUY TAPE 6,328 ¢ROE,EMAXL JEMAX2,EMAXI,ETML ETM2,ETM)
FORMAT (4E20,T/20X,3E20.7/}
CONTINUE
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EMAXL=A2(L,5,1¢
181 =}
182 = |
i55 = LEADA
EMAXZ2%B2(Llolol) . I
Icl = 1\
ice = i :
IC3 = LFADX
EMALI=C2(1s1,1)
ol = 1
N2 « |
ID3 = LEADX
00 338 IROi=1,NRCL
DO 335 ITHi=] ,NTHL
DN 338 ITYLIs]l,NT)
(MALsABSFIEMAXLY
AMAZSABSFIA2(IROLITHL,ITTLY)
IF(AMA2- AMAL)Y 331,331,330
330 EMAXLISA2{IROLITHL,ITTL)
A1 = [kO1
i#2 =« 1THY ,
183 = [TTL + LFADY - | f
331 AMBLTABSF(EMAXZ) 1
AMB2SABSF(B2{IROL L HL,ITTL)) H
IF(AME2-AMBLY 333,333,332 .
332 FMAX2=B2(IROL,ITHL,ITTY)
. 1C1 = [ROL
IC2 = [TH]
IC3 s [TT]1 ¢ LEADX - ]
333 AMC1=ABSF(EMAXY)
. AMC2mABSF(C2(IR0OL,ITHL,ITTIY?
: IF(AMC2-AMC ] 335,335,334
334 EMAXIsC2(IROL,ITHL,1TTLY
1ol = [#O}
102 = |TH]
103 = [TV1l ¢ LEADK -~ | .
335 CONTINUF !
ROFA = RHO(1B1) !
! ROFS = FHCLICH) : ;
. ROEC = RHO(1ID1) : (I
- - THA & THETA(i8c) r
: - THR s THETA({IC2) i
: THC = THETA(ID2)
=
-

L S N -

o deAMEE th 24 ik

AN

i - o o

v A = e e

TTA XBAR{1B3)
TTB o XBAR(IC3) |
TTIC = XBAR([D3) , ;
WRITE OUTPUT TAPE £,336,EMAX],RNEA,THA,TTA,EMAX2,ROFB, ,
LTHB, TTB,EMAX3 4ROEC , THC , TTC i
336 FURMAT (31HIMAXIMA NVER ALL RHU,THETA,XBAR//// g
15H SRR E Lhe TebXyBHFOR RHOSELGy 7 ¢6X j6HTHETASE L4aT 56X, SHXBARRELG, T// |
25H STTE14e7+6X, BHFOR RHOSEL4e 76X (6HTHETASEL4e T 5%, SHXBARSELG, T//
36H SPTRE 14e 796X e BHFOR RHOSE L4 T 06X GHTHETABELS,T,6X, SHXBARSEL4, 7/) ;
350 IF (JUMP) 508,1001,351 '
350 JUMP = ¢ i
"INC 5 NX = NT , 1
DO 354 ICX 1sNT
IX « NT ¢ 1 = IZX
DO 384 1RO & 1,NRO
. IND = 30¢IX - 30 ¢ [RO
D) 353 ITH = 1,NTH
NO 382 INK = 1,6

satal




352

356
359
3180
361

362
363

34

365

565

366

357

38
10

— oy - e

3001
3002

3003

] 3006
3007

IN1ER » [ND ¢ LEAP
C2{INTLR) = D2(IND)®AMPFAC
KCON2(INTFR) = KCON2(IND)
INO = [ND + 900

NN = TND - 4207

CONTINUE

I€ (INC) 001,351,387

T DO AN ty = ! rae

~ BT

BC 360 JRO = LyNRO

IND & 30¢1X - 30 ¢+ IRD

DO 3% [TH = L,NTH

NO 388 [INK = 1,5

D2(INDY = O,

KCON2(IND) = =]

IND = IND ¢+ 900

IND = IND ~ 4497

CONTINUF

FiIX = =1,

0N 370 INK s ],5

IF (INK ~ 2} 362,363,362

FIX = =FIX

DO 370 IX = ] 4NX

READ TAPE 34 (IF(IRO,ITH) yJF(IRD, ITH) ,IRDsLyNRQO),ITHSL ,NTHDLD)
IF (INFNTH) 3001,565,364

DO 365 ITH = 1, NFUTH

JTH sKEYTH(ITH)

INDEX = ITH ¢ NTHOLD

D0 36% (RD = {,NRQ

FUIRD,INDEX) = F[XSF(IRO,JTH}
JFOIROIMNDEXY = JFUEIRD,JTIHY

INDEX = IX ¢ 308 (INK~1)

D0 368 [TH = L4NTH

DO 368 IR0 s l,NRO

PO = D2IIROsITH, INDEX)

DF = FLIRO,ITH)

KON s KCON2(IRQO, 1 TH, INDEX)

JON = JF(IRD,ITH)

LON = =]

F ({KON=-XABSF(KON}J ¢ {JON=-XABSF(JIONY)) 367,366,367
LON = |

KON = XABSF (KON}

JON = XAUSF{JON)

AB s HAXLF(ABSF{DCETWOK (KON} ) 4ABSFLOFSTWOK(JON)))
pU = OV ¢+ DF '
KCON2( IRO, ITH,INDEX) =« LON & [BIG(AB/ND,0)
020IR0,ITH,INDEX} = DO

CONTINUE

NT = NX

LEADX = )

KUDEN = 2

60 70 6001

ERR(R RETURNS

WP ITE OUTPUT TAPE 6,3002/,ENGIKAPN,IP,IRIE
$NRMAT (18H] ERROR RETURN // =M ENGSE§4,7 / 6M KAPNSTIE /

14H JPef6 / 6H IROEsI6 )

CALL PDUMP

G0 10 1001

WRITE OUTPUT TAPE 6,3007,LEROR

FORMAT (19HLIERROR IN [NVERSION /f/ TH LERORs |6}
GO 70 3001

€MD
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Tene-

1001
1002

‘1003

3001

9002

9003

SUBROUTINE ZRHSP (P,E2,E5,E6,ELL1,Q3TIL,Q3BAR,EPSE, FPST,VMOUN
1:KTYPE ,KAPP  KNOSP CAVIN, TETOT, TOV, TIT, VY27, 8C 1, EMI, €U, ACADT )
DIMENSION REJ(L),EMJ(L)EN(L12,1)
EXPON=EXPF(~N3T[L)
TRIGL=$INF(Q3BAR)
T 1G22COSF ( Q3B AR )
AP EPSTH(REJIRICRES(IN e (1o0+FEPSBYSENI( L)~ (1,0~EPSH)SEMI(D)
AR 30, 5%AR
AISEPSTR(EMILLI+EMI(31)~(1o0+EPSBISREI(L)+(1,0~EPSB)SRESID)
Ai=0.%%A [
YILOUM®E 6/ (E23 P&3,1415927)
ATR=(- TILOUM)® (QIBARSEMI(2)~03TIL&REJ(2))
ATI=TiLOUMS{QIBARS J(2)+QITILREMI(2))
fM(1,1120,0
EM(2,1)aFXPONS(ARSTRIG24AI #TRIGL)
EM(3,1)n(~EXPON) E(ATRATRIG2+AT] &TRIGL)
FM{4,1)s0,0
EM(S,10s( EXPON) #(AISTP[G2=ARSTRIG])
EM(6,1)a(=EXPON) *(AT(#TRIG2-ATRSTR[G])
P1=2,141%927

PP I=Pup]

THIKNODSP Y 1001 4100141002
$P=1,0

GO T0 1003

CAPPsKAPP + O

PPIP=PPI /CAPP
SPaSINFiIPPLIP)/PPLP

PFI2ePP1 /2,0

GO TO (9001,9002.-9003)KTYPE
AP=(2,0/PP2)8SINF(PPI2}¢SINF(PPI20FE]l]L) ¢ SP
APE(2,0/PPI2)sSINF(PPI2)SSINF(PPI29ELYL) & SP
GO Y0 9004 ’
APs({CAYINSLL,O)/CAYIN)OSINF{PPISTATI=SINF(PP[eTOT)
1=(1Le O/CAYIN)#SINF(PPIsT2T)

AP (2,0/(PP1#%26TITOT))eAP

AP s AP & SP

GO 70 9004

COMLesSINF(PPISTIT)

COM2=COSF(PPIeT] T)

EXPLIsEXPF(ACAPTS (1,=T1T}) '
APLw(2,/7(PPIws2¢TITOTHIC(COHL~SINF(PPI*TOT))
AP2m=2, /PP

AP ImACAP Yo R DeDP 482

AP4=AP2eCOM2

[P=uPe, 08

EXP2a{{-1,01%s5[P}ePP|
APSs([2,/(APISEXP L)) SEXF2
APE=(24,/AP3 )¢  ACAPTSCOML+PPI «CUM2})
APsAPL=AP4~AP5+APS

AP & @P * SP

9004 UFs(140/PP1)*{ES/IESSVHOUMSEZ))

oo 900% {=1,6

9008 EM(T,L)sFM([,L)I%AF

EM(3,1)sUFeEM(], ],
EM(& L ImUFeEM(A, 1)
RFTURN

END
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1001
1002

1003

9001
9002

9003

9004

9005

SUBROUTINE ZRHSHM (P,E2+ES5.E6ELLeQaTIL sQ4BAR.EPSB.EPST . .VMNIN
LoeKYYPF yKAPP g KODSPsCAYIN YLTOT,YOT,TLAT,T2Y REJ)EMI EMGACAPT)

DIMENSION REJ(L) oEMI(L) EM(12)

EXPON = EXPF(-Q4YIL)

TRIGL = SINF{Q4BAR)

TRIG2 = COSF(Q4RAR)

CR = -EMJ(3)

Cl = REJ(D)

ADJ * 4225079076 #* €6 /(P ¢ E2 & SQRTF(VMDUM)})
CTR = AQJ * (QATILSOREJS(2) - QCBARSEMI(2))

CTl o ANJ & (Q4BARSREJS(2) ¢ Q4TILSEMI(2))

EM{1) = Oa

EM({2) = EXPON & (CReTRIG2 ¢ CIBTRIGL)

EMI3) v =FXPON & (CTKSTRIGZ + CTISTRIG])

EM(&L) = (3,

EM(5) s~EXPON * (CR&TRIG] -~ CI®TRIG2)

EM{6) = EXPON * (CIR*TRIGL -~ CTI®TR]IG?2)

PPI = 3,141592¢5%p

IF(KODSPY 100t ,1001,0002

$Pe],0

GO D 1003

CAPP=KAPP + 10

PPIPoPP] /CAPP

SPaSINFILPPIP)/PPIP

PO12e0@{ /2.0

GO TO (90019002.90031,KTYPF

AP (2,0/PPI21aSINF(PPI2VESINF(PPI2%ELL} ¢ 5P

GU TO 9004 :

APs{ (CAYIN+L O /CAYINISSINFIPPIeTIT)~SINF(PPIOTOT)
1~(1e O/CAYINISSINFIPPIET2Y)
AP (2,0/(PPI8e28T]1TOT)) 2AP
AP w AP ® 3P

60 10 9004
COMi=SINF(PPIEeTLT)
COMQ=COSFIPPIeTLT)
FXPLoFXPF {ACAPTS(]),-TI1Y})
APIm (2, /(PPIBS28TITOT) IS (COME-IN( INPI*TN"Y)
AP, /FP] o o .
APIsALAPTSS24PP1 482

APL=AP2¢COM2

iPsPe, 0%

EXP2ei(~1,0)s]pP) PP

APS» (2., 7(APISEXP L) eEXP2

APGQE(2, /76PN S(ACAPTECOMLI PP SCOM2)
APSAPL=APL~APS¢APH .

AR s AP & SP

UF s £6& /{PPI2 & E2 % ES & SQRTF(2.,0VMDUN))
en 9008 I=14o

EM(]) = EMUI) & AP

EM{3) o EM(3) = UF

EMIEY » EM{L) ¢ UF
RETURN :

END
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SUBPNUTINE RHSP (Peb2,E5,EA(FLL4Q3TILsQIBARLEPSB,FPST, YMDUM
V-MTVOL 4400 «NNCO FAVIN TITOT TAT TIT TOT 0f 3 fui aCanT N, 7Y,
DIMENSION REJ(LY jEMI(L) EM(L12:11

NFXPa(NeLlY/2

FACTOPR @l(—1, QlesnEYD v
PINV2e 1, 570796327 .
Pls3,1415927

IF(N-28(N/2)) lels2 .
BleskEJ(N+]) i
B2=EM)(N+]) P
Cl=-FMJ(N+2) . i
Cés=EMJ(N) ' - a
Ci=REJ(N¢2) i
CL4esRFI(N)

Ol=REJ(N¢3)

02=RF J{N-1)

DisFMJ{N+]3)

DaxFmMI(N-1)

GO Tn 6§

BlsEM4y(Ne1) : }
A2eeRE J(Ne1) o
Cl=RFJ(N+2)

C2=REJ (N}

CIsEMJ(NG2)

Cé=EMY(N)

Die FMIINGI)

Ols=RE J(Ne3Y

{FIN-1) 3,3,4

N2==FHMil2)

Déb=zeRF J( 2

GO0 T %

D2=+FMI(N=11}

O4a=RFJIN=-1)

FlsFACTOR®P]

F2=FACTOR®RIOV2

ABNsFlep) )

ATNsF1®32 - T

ABCN{nF28(Cl~L2)

ATCNLeF2e{(3=C 4}

ARSNls(~F2)8(CLeC2)

ATINis(~F2)e((3¢C&)

ABCN2={~F2)1%(D1¢D2}

ATCN2s (=F2)¢(D3¢N%)

ABSM2sF2¢({DIL-D2}

ATEN2sF20(D3~D4}

F3=0,3183 0989

APNReEPSTO{ ABN=-ABCN2) + (1, 0¢FPSBICATNA{ 1, 0-FEPSA)CATCN2
APNRSF 38 APNR
APNISEPSTS(ATN-ATCNZ )~ (1, C4+EFSB) *AIN=1{ 1. O-EPSBISABCN2
APNIsF 3uAPNT

CPNR=F 36 {FPSTEABSN2-(1,0=-EPSBIEATSNZ)

CPNIaF 3¢ (EPSTSATSNZ2¢ (1, 0~EBSR)#ABSN2)
Fau(2,08F6)/(PePIaPIOED)

@ NEer M Wt W eame s n e e d o <

e e e we e ot e
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ATPNResFLR(QIBARCARBCN]I+QITIL®ATCNL)
ATPNI=F4n{QIBARSATCNL~QITIL%ABCNL)
CTYPNR={-F&)*®(QIBARCABSNL+QITIL®ATSNL )
CIFNIS{~ra)®{UIBAKSATI JNI—~YITIL®ABDNL )
EXPONSEXPF(=-Q3TiL)

TRIGI=SINF(QIBAR)

TH iLZsCUSHIWIBAK)

FM{1,1'=040

EM{2,11=0,0

EMEI, L ITEXPON® (APNRETRIG2+APNI®TRIGL)
EM{4,1)=EXPONS (CPNP&TRIG2+CPNISTRIGL)
EM(5,1)u(=EXPON) «(ATPNR*TRIC2+ATPNI®TRIG))
EM(6,1)s(~EXPON) s (CTPNRETRIG2¢CYPNIETRIG]
EM(T41)30.0

EM(B,1)=0,0

EM(9,1)={ EXPONIS(APN]I*TRIG2=APNRETRIG])
EM{LCylisl EXPON)®(CPNISTRIG2~-CPNR®TRIG]
TM(11, 1) =(=EXPON)S(ATPNI®TRIG2=-ATPNR*TRIGIL])
EM(1241)2(-EXPON}*(CYPNI®TRIG2~-CTPNR*TRIG])
Plm3,1415927

PPJepép]

IF{(K0ODSP} 1001,1001,1002

1001 SP=l. 0"

60 Y0 1003

1002 CAPP=KAPP + 10.

PRIP=PPI /CAPP
SPaSINFIPPIPY/PPLIP.

1003 PPI2sPP17/2.0 .

60 10 (9001.9002'“003).KfYPE

20018 AP:(Z.OI??IZ)‘QINFlﬁPHZQCSlNFlPPIZ‘Ell) $ 5P

GO 10 9004

9002 AP ({CAYIN®L,C)I/CAVINISSINF(PPI®YLT)~SINF(PPIsTOT)

1= 1. O/CAYIN)ESINF 2018V 2T)
AP={2,0/(PPl&a286T{TOYV))sAP
AP s AP ¢ SP

60 70 9004

9005 _IM1sSINF(PPIeTLIT]

COMI=COSF(FPIeTLY)
EXPI=EXPF{ACAPTS(1.~-TIT)}
AP1s(2,/(PPI*e2¢T)TOT) )& (COMI-SINF(PP]OTOT))
AP222,/PP]

APAsACAPTE 24P Pl > 02

APLsAP2¢C0OM2

1P=P e, 05

1XP2s((~1,0)8e1P)#pP{
APSu(2,/7(APIREXP] )} *EXP2

APEn(2, /AP ) {uCAPTSCOML¢PPIOCOMZ Y
AP=APLl=APA~APS +APE

AP=AP |~ AP&~APS¢APE~AD?

AP = AP * $P

9004 UFa{1,0/PPIY&{EL/(ESSYMOUNSE2} Y

20 9005 {sl,12

1008 EMUTI,11=EM{],1004AP

EN(S, 1 IsUFCENIS, L)
EMLE L IsUFSEN(S,1)
€Y ‘Ll,1.sUFSEM(LL (LY
M2, 1) rUFSEM{L2,]1)
RTTYRY

€ND

€0
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SUBROUTINE RHSM (P,E2.E5.FH.F11,06T1i .04RBR . EPCA. EDCT. vENIM
loKTYPF.KAPP.KUOSP.CAYINqYlTUTpTOToYiToYZT.REJqEHJoACAPT.NoEN)
DIMENSTON KEJUL) JEMI(L) EM(12,1)
NEXPriNe.) /2
FACTOR=( -1, 0)«&NEXP
PIOV/=1, 570766327
Piv3,14)5927
IF (N=2%(N/s2)) 1.1,2
Cle-EMJI(Ne2)
C2==EMJ(N})
C3=REJINS2)
C4=REJIN)
D1 =REJIN+3)
D2=REJ(N-1)
D3=FMJ(N+2)
Dh=EMy (N~
GO TO %
CLl-REJ(N+2)
C2=rEJ{N)
C3aEMI(NG2) -
ChaEMJIN)
Ols EMJ{N¢3)
D3==REJINEI)
IFIN=1)  3,3,4
N2==EMJ(2)
Ne=eRE J( 2}
GO TO ¢
D2=+EMJ(N=1])
U4 e=REJIN-1])
FlsFACTOR®P] :
F2sFAC TOR®PIQV?2
ABCNL=F2#(C1~C2)
ATCNLI=F2e(C3=C4)
ABSNL=(~F2)8(CLleC2)
ATSNIs(~F2)%(C3+Ch)
ABCN2a(~-F2)1%(D1¢02)
ATCNZ« (=F2)8(D3sD%)
ABSN2=F2%(D1-D2)
ATSN2sF24(D3-D4&)
F1 = ,6366198
APNR ‘= F3 SATSN?
APNI = «fF3 *ABSN2
CPNR = F3 #4T N2
CPh] = =F3 & ABCNZ
Fh o (143289793 « €6 /(P & E2 * SQRTF{VMDUM)}
ATPNR = Fé4 « (QGBARS®ABSNL + Q4TIL®ATSNI)
ATPNI « F&4 & (QGBARSATSNL - QG TIL®ABSND)
LTPNR 3 F4 ® (Q4BARSABCNL o Q4TIL®ATCNI)
CTONI = F& & (QGBARSATCNL = Q4T) _®ABCNL)

-

=

FXPON LXPF(=0Q6TILY

TRIGI SINF(Q&BAR)

TRIGZ2 = COSF{Q4BAR)

EM{141)90,0

EM{2:.1)20,0

EM{ 3,1 )sEXPONS (APNRETRIGZ+APNI®TRIG])
EM{Gq L) mE XPON® (CPNRSTRIG24CPNIS®TRIG]L)
E4{S5,1 ) (~EXPUN) ®*(ATPNRETRIG2+ATPNISTRIG])
EM{L L IR(«EA"OIN) ¢ (CTPNRETRIG2+4CTPNI®TRIG]L )

61
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1001
1002

1003
9001
9002

9003

9004
9005

FMIT.1)s0.0
EM{B8,11=0,0

EM(9,1)=( EXPON) *{APNI*TR] G2~ APNR‘YR!GI)
FM{10s1)a( FXPNONIS(CPNISTRIGI2=CONDSTOISE)

...... hswa

EM(1l|l)"-EXPON)‘(ATPNl‘TRIGZ ~ATPNR*TRIGL)
EM(1241)a(-EXPON)S(CTPNI®TRIGZ-CTPNRS®TRIG])
PPIap¥p]

IF(KOOSP) 100l ,1001,1002

SP=],0

GG TO 1003

CAPPsKAPP + 10

PPIP=PPI /CAPP

SP=SINF(PPIPI/PPIP

PP12=PP1 /240

GO TO (£001,9002,9003) ,KTYPE
AP={2,0/PPI2)1#SINF(PPI21#SINF(PPI2%*ELLl) & Sp
GO T0O 9004
AP={{CAYIN+1,0)/CLYIN)*SINF(PPI®TLIT)=-SINF(OPI*TOT}
1-{1e O/CAYIN)*SINF(PPInT2T)
APo(2:0/7(PPI*e2¢TLTOT) ) *AP *

AP = AP 2= Sp

GO TO 9004

COMLI=SINFIPPI*TIT)

COM2=COSF(PPI=TLT)

EXP I=EXPF(ACAPT® (1,=T1T))
AP1=(2,/(PPi#e22T TOT) I (COML=-SINF(PPI*TOT))
AP2s2,/PP1

AP3=ACAPTH&2+PP[ 452

AP4LapP25COM2

IP=Peq OF

EXP22((~ Lo 0)**IP)epPP]
APE=(24/7(AP3SE XPL) ) *EXP2
AP&'(Z./APB)‘(ACAPT*CD"IOPPl'CONZ)

AP AP | =APA=APS+APS

AP = AP * Sp

UF = E6 /(PPI2 * F2 # £5 * SQRTF(2,*VMDUM))
Do 903% I=1,12

EM{Ty)L)I=EM(I,L)®AP

EM(5,1)=UF*EM(S, 1)

EM(4,1 1=UF*EM{6,1)

EM(11,1)3UF®EM(LL,L)

EMI{L12,1)=UFSEM(12,1)

RF TURN

END
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100
tio
120
130

140

150
160

SUBROUTINE LINSYS (A,YyM,L!
DIMENSION A(12,12),Y112})

ML s« M -1

DO 150 K = 14M1
KP = K + 1

X = 0,

DO 110 | = K:M

IF (X = ABSFIA(I,K})) 100,110,1.:0
X = ABSFE(AVT,LK))

L =]

CONTINUE

IF (X)) 120,120,130

L =0 -

GO TO 190

DO 140 J = LM

X = A{KyJ}

A(KeJ) = A{L4J)

AlLyJ) s X

X s Y{K)

Y(K) = Y{(L)

Y(L) = X

DO 159 1 = KP,M

X = AlL¢K) /7 A(K4K)
Y(I) = Y{l) = ¥(K)ex

00 150 J = KP,M

AlLyd) = AlT4J) =~ ALK,J)eX
IF (A(M,M2) 160,120,160
Y(M) = Y(M)/ZA{M M)

K = M
00 180 I = 1.M]
X = Q.
kP = K
K =K =1

170
180
190

00 170 J = KPM

X = X ¢ AlKyJ) oY)

Y(K) = (VIK) = X} / A{K,K)
RF TURN , '
END
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SURROUTINE TILDE (K+Q)ROE,THETA,REJTILIEMITIL,

LREYTILEMYTIL(ENG)
ODIMENSION REJTIL(L) JEMITIL(L) )REYTILAL) EMYTIL(L)
IMORE =}
1eqTUETAY 21,2
L IMORE=2
2 N = ROE
iF ACCUMULATOR OVIARFLOW 26012001
2000 N = 10 ¢ XMAXOF(KoN+20)

810 REJTIL(N+2)=0,0
EMJTIL(N+2)=0,0
REJTILINGL) = |oE=~18
EMJITIL(N®]L) = O,
2003 RQ=ROELQ )
Fl'l.O : ' -
" GO TO (3,4),IMCR
3 X=RQ®COSF({THETA)
YeRQ*SINFITHETA)
FleX/RQ :
F2=Y/{RQ¥ROE)
4 FisF1/RDE
QSQinCe%2/4,0
No ié I=14N
LeNel-1 .
ELs=L
REJTILAL ) =FISREJTILIL+L)=(QSQASREJTIL(L®2) )/ (ELSIEL*L.0))
EMJTILIL) = 0.
GO YO (8,6),IMORE
S REJTILIL)ISREJTIL(L)F2BEMITIL(LSL) :
EMJITILIL)SFISEMITILIL4L)=F2oREJTILIL+L)I=(QSQA*EMITIL(L2)).
1/7(ELO(EL*1,00) :
6 IF (ABSF(REJTILIL)) & ABSFLEMJITILIL)) = 1,E30) 16,16,2004
2006 00 2005 4 s LN )

?
H
f
r
I REJTIL(J) = REJTIL(J) ¢ 1.E~30

i

2008 EMJTILIJ) = EMUTIL(Y) & 1,E=30
16 CONYINUE
ERGw0, 0 :
CaLL JTiLo (QsROE,THETA,FP yGPENG)
IFLENG) 7,7,28
7 G0 TO (8,9).1MORE
8 A & REJTIL(]Y
B a FMYTIL(L)
HIGH = MAXLF (ABSF(Ai ABSF(B))
AH = A/HIGH
8H = B/HIGH
OENOM = ASAN ¢+ BegHM
A = (FPeAH ¢ GPEBN) / DENOM
B = (GPSAH ~ FPegMN) / DENOM
GO 70 10
9 A=FP/REJTILIL)
10 60 12 IsleN
OUMLSREJTILITY
REJTIL(T )=A®DUNL
GO TO (11,12}, IMORE
11 OUM2eFMITILLL)
REJYIL(I JaREJTIL (1) =-BDUM2
EMJTIL(T )eASDUMZ +06DUM]
12 CONTINUE
CAPA=~0, {159313157+LOGF (RQ)
SUHRE-IO.63é6l9772)‘(CdPA‘FP-THETAtG’D
SUHl!-to.636619772)0(CAPAOGPOTHETAtFP)
GAdel, 273239844
FOUMMY =Q S04
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PP

Eeaes 2o 2

15
46
17
1701
1702
18
19
20
21

23

24

28

26

27

2009
2010
20

FACTOR=FDUMMKY /2, 0
NOV2aiNsd ) /2
KTEST=L
LTFST=]
on 24 Me
M2=28Mel
TERMsGAMSFACTOR

GO TO (1%,1700),KTEST
TERMREsTFRMORE JTIL (M2
IF{ABSF(TERMRE J= 1, 0E~L1) 46446,17

KTFST=2

GO T0 1701

SUMRF-SUHRSOTERMRE

GO TO (170242214 LTEST

GO TO (19,18)4IMDRE

LTEST=2

GO TO 22

TERMIMSTERMSEMITIL IM2)
IF(ABSF(TERMIM)=1,0E-11} 20,20,21

LTEST=2 S

GO TO 22

SUMI M SUMIM+TFRMIM

IF(KTESTHLTEST=4) 23,25,2%

BMas(M241)eM2 - i
FACTORs(FACTORSFOUMMY)/BM

EMuMI)

GAMe (~GAM)® ((EM=1,0)/EM)

CONTINUE

ENG®3,0

GO T0 28

REYTIL(1)=SUMRE

EMYTIL(L)uSUMIM

GO TO (27,2¢€) 4 IMORE
TOPuQSQ4*SUMRE*REJTILI21-Q/(2,1415926%53%RQ)
REYTIL(2)sTOP/REJTILI(L)

EMYTIL(2) = 0,

GO TO 2009
BOTTOMREJTIL( LI ®02¢EMITIL(L )88
TIsREJTIL(LISRESTIL(Z)eEMITILILICENSTIL(2)
TZ=REJTVIL(LISEMITIL(2)=EMITILIL)*REYTIL(2}
Tinl,0/(3,14156265R0E*RQ)
TosXPREJTIL(LI-YSEMITIL(LY
TouYOREJTIL (L) & XGEMITIL(L)
REYTIL(2)o{QSQ4*REYTIL(L)®TL-QSQGeEMYTIL(L)T2

- NOUV2
Frowy &

1=T30T4) /807 TOM

EMYTIL(2)m(QSQA*REYTIL(1)6T24QSQe*EMYTIL(L)OTL

1473875} /B0TTOM

IF ACCUMULATOR OVERFLOW ZOIOvZB
ENG » =2,

RETURN

END
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SUBRUUTINE BESSEL (KyQyTHETASREJSSEAS)ENG)
DIMENSIUN REJI1) 1EMI(L)
10 FOKMAT {24H DVERFLOW [N OESSELe Q =E1Le799M4 THETA »£15.7,TH KAPN 7 l
1913} -
17 ACCUMULATOF OVERFLOW 100,100 .
00 RVESTL = & + 200 .
KTEST2=K : L
IFIKTESTLI-KTEST2) 1,142
L NeKTESTZ¢10
G0 T0 3
2 NepRTESTL#1O
: ‘ 3 REJ(N*21=0.0
N EMJIN¢Z)=0,0
- REJ(N¢L) =1, 0E-37
. EMJ(N¢LI=0.0
- : XsQeCOSF (THLTAY —
: YRQSSINF[THETA}
NlsN+|
QSQeQ#¢
Qle(2.06x)7Q5¢
Q2%(2.00Y)/Q5Q
00 4 1=1,N
L=N1~}
ELsL
REJILISELS(OLORESILOL) ¢Q2IEMI(L*L) I-RES(L*2}
EMJIL)PELS(QISEMIILPL)I=Q2*REJ(L+L) )~EMI(L 2}
IF (ABSFIREJIL)D) + ABSF(EMJIILI) ~ L,0E20) 4413,13
1300 16 J = LyN
REA(J) s REJIJ) & 1.0E-30
14 EMJ(J) = EMI(J) * L.OE-30
4 CONTINUE
ENG=0,0
| c CALCULATE ALPMA , .
KFsi ’
KGel :
RTEST#0, 00000008
EP=kEJLI) 4
GPeEMY(3)
DU %007 [TSUM & 8,N,2 - -
GO TO (9001,9003) (KF
9001 FPeFPeREJ(ISUM)
RELF=ABSF(RLJIIISUMI/FP)
IFISELP-RTLST) 9002,9002,9003
9002 KF=2 .
9003 GU TO (9006,9006) K6 “
9004 GPeGPeEMJI(ESUM)
RELGSABSFIENJ{ISUM)/GP)
IFIRELG-RTEST) 900%5,9005,9006
9005 KGs2
9006 IF(KGeKF~4)  9007,9008,9008
90UT CONTINUE
ENG = =2,
G0 Y0 200
P . 9008 A& SREJ(1)42,00FP
r-- T eEMI0192.006P
. 5008 HIGH s MAXLF(ABSFIA) 4ABSF(R))
X & A/MIGH
: Y = B/MIGH .
i UCENUN = AX ¢ BeY 4
; A = X/DENOM :
B = Y/DENUM
6006 DU © 114N
DUML=REJ(T) .
DUM2eENJ (T ) , : . |
REJ(E)RASDUML B DUM2 . .
LMJLT ) sASQUM2-B80UML K
6 CUNTINUE
IF ACCUMULATOR UVELHFLOW 20047 . o .
200 wPITE QUTPUT TAPE GoelOod o THETA K ) o '
ENG = =i, ‘
? RETURN
END
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SURKOUTINE JTILO (QP JROEP 4 THETAP,FP,GP,ERROR)
DIMENSTON  QUUY KDELLY  THETALLS F 401,014
O(1§20p

RGF(1)=FQOEP

THETA({ 1) = THE TAP

Q(2)=0,0

ROELI2)w(, 0

THETAL2)20,0

KTFSTs}

LTESTa) - ' o
IF({THETA) 2¢042 '
LTEST=2

F-l.U

G=0.0

As=),0

fzQ*RE /2,0

Lo 5 I=lslC00

Psl.0
El=}
00U 3 J=ll

Edmy

PasPe(Bi/LJ)e(B/EY)

CONTINUE

GO TO (301¢304)4KTEST
PropslUSF(2,0%CI ¢THETA)
IF{ABSF(PF)-0.18811) 302,302,303
KTESTmZ

GO TO 1304

FuFepepF

GU TO (305,308),LTEST
PGePSSINF (2, 0%EI $THETA)
IF(ABSF(PG)~0.1801L) 306,306,307
LTESTa s

GU T0 308

LG eA®PG

Aew-p
IFIRTESTOLIEST~4)
CONTINUE

GO TO (501,502) ¢ KTEST
ERROR®], 0

GU TO 504

ERROR=Z, U

GO Y0 50«

FPeF (1)

GP=G(1)

54503,903

KETURN
END
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FUNCTION IBIGIA,N} -
IF (A) 100,1404100
100 Y = 1, 44269506 & LOGF(ABSF{A))
IF {(Y) 12C,110+110 : :
110 Y = v ¢ 1, , |
J20 M = ¥ i
M= 128 s M ¢ 16384 !
IF (M - N} 160,140,130 : :
130 L = N = 128%(N/128) | -
INIG = L ¢ M i -
GO T0 1%0 .
140 181G = N . : o
£50 RETURN : - R
END o l*

FUNCTION LLON(K)
LLON = K = 1284(K/128)

RETURN =
END o Ao

LeK /128 ~ 128
i THOK = 2,%%L
. RETURN
END

!

-
FUNCTION THOKIK) o | , k:

-
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