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ABSTRACT

L 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 their superposition) is presented. The solution is valid within the

scope of the linear theory of elasticity or viscoelasticity. The technique for

obtaining the solution relies upon 1) the construction of a train of incident pulses

i- _ t c;,ty statc c-D-por-''e-ts, where each pulse represents the time history of

I the transient stress in the incident wave, and Z) the existence of a physical

mechanism that, between pulses, restores the disturbed particles of the cylinder

and the surrounding medium to an unstrained 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

GENERAL DISCUSSION OF PROGRAM

A. Program Logic

The program preaents a rather formidable appearance, principally be-
ause o the central idea Is quite simple - for each

of the triples (0, 0 , ) input, the terms of a
double series are computed and summed. Actually there are five dis-
tinct series for each (P, , ), and since each series is a double
series, the individual terms can be regarded as dependent on six
parameters, viz, 0,0 , andx, two summation Indices, and a final
indexz to distinguish among the five sums. It is this six-way index-
ing that lies at the roct of the difficulties encountered in prepar-
ing the program.

Perhape the most straightforward &pproach would have run along the
following lines: choose P, 0, and i; then generate the successive
terms of the sum for P, 9, and X and perform the addition. Of course,

* five. sums must be provided for, but this could be done without undue
camplicat.on. The decisive *.onsideration against such a procedure is
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 wue have not attempted to form
a close estimate of the time-saving made-possible by the procedure
we adopted, a factor of 100 appears to be conservative. Denoting the
suirmation indices by p and n, the over-all arrangement is as follows:
p is fixed: then P, and then for each n we form the terms of the five
sums associated with each 9 and 3 and sum over n; P then takts on its
next value and when P has attained its final value, p is incremented.
If k is the index used to distinguish among the five sums, then the
order of variation of parameters ic p, *, n, 3F, and k, with the
underbtanding that p is the "wost permanent" index and k the most
rapidly changing. This arrangement is not necessarily claimed to be
optimal, but it seemed to represent a feasible compromise between
the (sometimes conflictl~n) requirements of speed and convenient use
of storage.



Our discussion of the program s -orfWinp to a Pow m*J" 44---- In th-
belief that a detailed description would be inordinately difficult to
follow. As a supplement, we have included two flow charts (at dif-
ferent levels of detail) to facilitate understanding of the flow of
control.

It is widely recognized that the accurate summation of a ccnvergent
series is a severe problem. Care must be taken that enough terms are
added and also that the computed partial sums bear some resemblance
to the corresponding exact partial sums. In a strict sense, bothl
problems are insoluble in a general setting; for a computer progi-am
can "see" only a finite number of terms, and unless these terms are
in some sense "typical" one cannot be certain that significant terms
may not have been omitted. Furthermore, the computed sum of even
three numbers may bear no relation to the true sum, so that even when
a particular partial sum is Itself 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 additional complications in that the series 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 being treated at once.

There are five input parameters that govern the summation of the
series. These are NACRCY, KAPP, MiTAP,KAPN, and MTAN. NACRCY ati.p-
ulates a negative power of 10 that is to be an approximate bound of
the relative error (NAGRCY - 3 indicates, for example, that an
attempt is to be made to keep the relative error below the level of
1o- 3 , or roughly, to attain three correct significant digits). KAPP
is 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). MSTAP 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 to a maximum of KAPN terms, with the
prvislon that if M$TAN consecutive "small" terms appear first, the
summation over n is stopped.

Associated with each double series is an integer that plays a dual
role. For present purposes, designate 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
it maintains a value of 128(m + 128) where 2m is the smallest power
of 2 which is larger than the terms and partial sums of D2 so far en-
countered. The number 128, which is itself a power of 2, is

2
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1
convenient for use on a binary machine, and the multiplication of
m + 128 by 128 serves to zero out the low-order 7 binary digits of
K2: these dtii t pnl tinnR Arptp n r frnr nnr• th•i r)•oa• c .

generated term is regarded as "small" if either of two conditions
obtains:

1) the term is smaller than TOL times the corresponding
partial sum; here T0L = .1 x 1 0 -NACRCY

2) the term is smaller than 10-7 times the power of 2 ((m) 1'

specified by K2. For "row" summation (i.e.,_over the
index n, rather than p), the factor .5 x -0-7 is used
In place of 10-7.

Before elaborating on this definition of "small", we note that the
secondary role of K2, for which its low-order 7 binary digits are
used, is to keep track of the number of consecutive small terms en-
countered; when this integer reaches M$TAP (or M$TAN for n-summa-
tion), the addition and generation of terms for the sum is stopped.

Roughly speaking, Criterion 1) states that the term has no serious
influence on the corresponding partial sum. When this is true of
several consecutive terms, it furnishes evidence that the remainder
is small, or that the partial sum is adequate; an extra factor of .1
is included so as to be conservative. Criterion 2) is an assertion
that the term is negligible compared to some of the numbers to which
it is added - not necessarily the most recent partial sum, which may

(conceivably) be substantially smaller than some that precede it.
The intent of thia condition is to avoid the inclusion of many ad-
ditional terms in a futile pursuit of better accuracy; for relativel;
low values of NACRCY, Criterion 1) will ordinarily come into play be-
fore 2), but if NACRCY is 6 or 7, the second criterion is more real-
ist!c and should be dominant.

When all the summation is complete, these "descriptive integers",
i.e., the K2's, are redefined so as to estimate the relative accuracy
obtained. The sign is positive if the p-series convergence appeared
satisfactory, i.e., if M$TAP consecutive small terms were found;
otherweise the siRL is 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 is l¶'cly to be less than 10-m.

If the final value of a sum is considerably smallei' than some of the
intermediate values, the associated K2 will be somewhat smaller than

3



would otherwise be the case. Cancellation will have taken place,
and this will usually mean reduced accuracy, but by "rer-embering" the
larger value, it is possible to assess how damaging the cancellation
has been.

There are three short subprograms used to monitor the convergence .
Drocedure. IBIG hub two arguments, A and N, and its purpose is a
magnitude comparison. N is thought of as a "descriptive inbteger" so
that its high part represents a power of 2. If this power cf' 2 is
as large as the magnitude of A, then IBIG(A,N) isiven the value N;
otherwise M is determined to satisfy 2 M-1 !- IAI < 1 and the• high part
tof 1BIG(A,N) is set to 128(M + 128) with the lc'w part (7 least sig-

nificAnt bits) taken from N. TW'K has the single argument'K, and
TWOK(K) is the flcat ng-p)Intnumbe.- 2M 'if the high part of K is
128(M + 128). LL also hae the singlo argumei t X, and LLOW(K) it
Jus'. the integer given by the low )rd•.r 7 b:. ts of 1C. Ther:- -ubpro-
grams are given in .FTRAN, but equivalent aisembl-: anguage pror.rams
are easily written and operate much more quickly.

Aside from this convergence procedure, most of the coding is fairly
straightforward and not strikingly novel. Perhaps the most unusual
feature is the Bessel function computation, and even here the method
has become almost standard. The pjogram requires J 0 (z), Jl(Z),...,
for a given (pose,[b3y complex) argument z; there is also.a need for
Yo(z), Yl(z),,,,., and for some scaled Bessel functions that we .re.er
to as Jn and Yn, but each t sequence is easily obtained from the co0-
responding J sequence and the Tn' s are computed in virtually the same
manner as the Jn's, so we discuss only the computation of Jo' Jp:

etc., for a given z. The basic tool used is the recurrence foriula.

Jn+l(z) - W"Jn- "(z)

For a fixed z, this formula can, in principle, be used to generate
Jn+l(Z) for n>_l, if Jo(z) and Jl(z) are known. P-at the J sequence
decreases very rapidly with increasing n, while the complementary Y
s.iquence increases very rapidly. Unless the values taken for J and
Jl are exact and all subsequent calculation is also exact) the com-
puted J sequence will contain an initially small, but eventually dom-
inant component of the Y sequence. For typical values of z and good
single-precision approximations of Jo and Jl, we often find a computed
Jlo to be worthless.

It is possible however, to turn this behavior to advantage; if JO,
Jl,...Jn are desired, one selects a suitable m >n and defines Fm * 0,
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Fm-,l * with small but arbittAry. The recurrence formula is used
in reverse order to generate the seqience Fmo_2, Fnw ,...,F 1 , F0 .
The F sequence then satisfies Pk = aJTk + #Yk for gme a ard 0 inde-
pendent of k; in Particular. ,s _ , n 'm " -re •-, 0%j U

_ m and we can then write Fk.- a Jk with relative error satis-SYm
fying

Fk- a m aI k Yk r

If m is considerably larger than k, we will have J«<<t Jkland also
IYkl<<I Ymj so that the relative error Is the proluc of two small
factors, aid it is reasonable to assume Fk - o.Jk, at least fir com-
putational purposes. In practice it is sufficient to take m equal to
n+30 to produce good single precision accuracy for fairly small z,
ua3, Iz( _: 50. To complete coklculation of the J's, we need only de-
teruine the value of a . This is done by using the relation:

Q +(z) 2J 2 (z) + 2J 4 (z) + .....

in the form *1

*?(z) + 21'(z) + 2Y4z + ...... - a )= a ,

If convergence o" this series is overly slow and this happens very
rarely, if at all - then we substitute a direct calculation of JC(z)

.o yield a -2•O. This algorithm is somewhat prone to overflow, so

Jo
provision is made fo.r rescaling the F sequence if necessary. If z is
complex, then a is ordinarily complex and caution must be exercized
ir dividing by a in the event a (in a + ib) is. large, one should
avoid forming a 2 + b , which may easily overflow when a and b do not.
Recurrence techniques for generating Bessel functions have been die-
nussed by. Goldstein and Thaler. *

Another problem of computational interest is .the solution of a set of
linear equations. The subroutine LINY$V has been used to accomplish
this task. It employs a direct Gaussian elimination scheme, with so-
called partial pivoting. This means that at the kth stage, the pivot

* Goldstein, M. and Thaler, R. M. "Recurrence Techniques for the
Calculation of Bessel Functions", Mathematical Tables and Other
Aids to Computation, Vol. 13, 65-b8, 1959, pp. 102-108.

5
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is chosen as the largest element in the kth column, except that
above-diagonal el..uments are not eligible for consideration. An in-

truhunge oi rows then takes piace, ir necessary, to place the pivot
in the diagonal position of column k. We then subtract multiples of

row k fro t U~h mI¶i4me a.haepen ors a -sto in.*.,,A.. ~zoroa int tho

lower part of column k. After n-i steps of the algorithm, the origi-

nal system of equations has been replaced by an upper triangular
system whose solution presents no special difficulties.

The roles of the subprograms IBIG, TWNK, L14 W, and LINY% have

already been described. For convenience, we list the remaining sub-

routines and briefly indicate their functions:

BESSEL calculates the sequence J 0 (z), Jl(z), ... Jn(z)
for real or complex z.

TILDE goaiputes tte scaled essel functions 70(z)v

- 1 (.),...,J.(.), and also •0(2), '1(')"'"'v TW)

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

equations (A.13).

JTII_ is used by BESSEL AND TILDE to supply a value for Jo(Z).

ZRHSP and RHSP generate the right sides, Mn of the systems of .

equations for n = 0 and n >0, respectively, if
the wave is dilatational.

ZRHSM AND MHSM generate these right sides for the shear wave.

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

B. Input Specification

The first card Ias 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 varlous special characters, including blanks. It is

reproduced on the output but has no other effect, The 13 integers

are, in order, KODEN, KTYPE, KOD$P, KC0, MAXOUT, KAPP, M$TAP, KAPN,

'jiTAN, NACRCY, NRO , NTH, and NMAJ; they should appear in columns

7-9, 10-12, 13-15, etc. The significance of KAPP, MgTAF, KAPN, M$TAN,

and NACRCY has already been indicated. KODEN is taken as 0, 1, -1,

6



accordingly, as the run is to describe a simple dilatational wave, a -

simple shear wave, or a combined wave, respectively., The value
KTYPE = 1 is used for a rectangular wave, KTYP.E = 2 for a triangular

L T=Z"L . -- ),. an exponentiai aecay wave. For a combined
Sw a wave (KODEN = -1), this value of KTYPE applies only to the dilata-

tional part and n new value 4a o be fu•rntohed for t-e 8hear wave;
we shall return to this consideration later. KOD$P should be given
as 1 if a Lanczos factor (tee Vol. I, Section VI. 2) is to be in-
cluded, and as 0 otherwise. With KC0>0, there is a large volume of
intermediate output (see the sample output). If KCO < 0, the inter-
mediate output is suppressed. Similarly, if MAXgU / 0, the maxima
(of the stress quantities) with respect to P, 0, and ! and the over-
all maxima are computed and printed. If MAXWJT = 0, thi.s 'output is
not given. NR0 is the number of P values to be used. NTH 1,; the
number of 0 values explicitly given. NMAJ is the number of 'major"
i values given, but it to possible to insert equally spaced s3b-
division points between adjacent ! values, as discussed below, in con-
nection with the array INTERX.

It should be noted that all the floating-point input is to be given
in (E14.7) format. This applies in particular to the paramete,'X E ,
E2 ,...E , and to the No. values of P , the 14TH values of Q, art A t~e
NMAW vahes of i, which follow the firoet oard in the order gi;en. 6 l
If NWAJ 1 , the next card is omitted, but otherwise there should
then be a card containing NMAJ-I integers in (2013) fbrm*1 t, These
integers, called INTEIX, indicate the number of in:•ermedi•.te 9 points
to be inserted between the given, so-call.id "maJor" 2 ::alues. Speci-
fically, INTERM(I) stipulates the number of new points between XMAJ(1
and XMAJ(I+l).

If KTYPE 1, this completes the input for a simple dilatational or
shear wave, or for the dilatational part of a combined wav-4. If
KTYPE - 2 or 3, two more (E14.7) cards are requlree4 , wi'h value ' of
CTBIN and CAYIN or EMtN, respectively. No additional input is needed
for tither of the simple waves, but if a combined wave is to be de-
scribed, severe.l cards follow to establish the desired relation be-
tween the two parts. Fir"st is an integer card containing LEADX,
KEYX, and NTH values KETY"H. LEADX specifies the XMAJ value that is
to become the first 31 fo' which the shear wave calculation is to be
performed, i.e., XIAJ(ISADX) serves as this i. Similarly, XMAJ(?EYX)
designates .Z, the nondimensional time delay between pulses. Next is
an integer aard containing the values of KTYPE and KC$ that ar? to
apply to the shear Wave calculation, and then three carde containing
PHI, AMPFAC, and a new Ell value. If KTYPE -2 or 3, two additional
cards are needed, with the new valves of MTBIN and CAYIN or EMIN,
respectively.

7



The corresponden~ce between FORTRAN input symbols and the actual para-

E(2) -~inverse of non-dimensional 1/2
dm period or the wave form

E(3) =vPoisson's ratio for the liner

E(4) - 'Pousion's ratio for the medium.
m

E(5) E /E Medium to liner ratio of Young's

Modulli

E(6) =Liner to medium ratio of mass density

E(7) b- 1 Inverse of non-dimensional relaxatio~n
Cdm ~time for shear stress ,

E()-Stress relaxation time versus uniax ialL

o 2 strain relaxation time

3.(9) -Stress relaxation time versus straLin re-
covery time for uniaxial strain

E(10) T 2 Shear stress relaxation time versus shear

a2 strain relaxation time

3(11).= - - . Nondim~nnional rest-ti~me
b i

PHI -Angle between irncoming dilatational-and
shear wave

0
AMPHAC - Amplitude ratio# shear wave to

0 ~ dilatational wave

-77*



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

k( 5 i-o)
b

CTBIN cm(tl'tO) Non-dimensional rise time for
b triangular or linear rise-exponential

decay wave form

cIcdm dilatational wave
CM tm shear wave

EMIN - k Parameter associated with linear rise -

Exponential decay waveform and whioh
defines the time at which the stress in
the exponential decay portion of the
pressure-time history is negligible, -;,

, eIs <<i.,

C. Flow Charts

This subsection contains two flow charts, intended to assist 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 special symbols
to a minimum. More details are presented in Chart I1.

Z

9i

. :;> . .,b . , "- . . . . .. . ..... . .J . .- ... ; _ _



0.

1.

tzd

10



Slz2

RZJ
Bit 0 -R.

141



II

hli

VI ze

0812zE



az

I-I

fix C,

i .39

2 LA

130



96X

600

zz -C

14



I

SECTION II
DISCUSSION OF. IN -AAEESAND

EXANZ .,00o FREPAMAION OF D AP'TA !A

A. General Remarks

The efficient use of the computer program depends in part on the proper
choice of some key parameters. These are KAPP, KAPN, ?PTAP, WTAP,
NACRCY, qmto/b, and bcdmT. In all the data presented in Vol I,
PWTAP, MPTAK, NACRCY were taken as 4, 6, 4, respectively. These values
were considered 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 lim-
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.
In general, KAPP wai chosen ala01 for the rectangular incident wave
form, 200 for the tr angular wave form and greater than 300 for the
linear rise exponential decay wave form. These values were adequate,

ýin iaoqt cases, for obtaining approximately four figure accuracy for
all 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

. mat cases it can be decreased considerably. The determination of
b/cdT and .cmto/b is discussed in the next subsection.

B. Calculation of Auxiliary Parameters

The significance of the parameters controlling "rest time" and the
wave form were discussed in Sec. V.1 and Appendix B of Vol. 1. In the
present subsection, the procedurk for determining the value of these
parameters is discussed for edah wave form. It is assumed that mater-
ial and geometric properties of the liner and medium are given (i.e.,
cdm, ctm, b) and that only non-dimensional parameters are discussed.
To facilitate the discussion, components of PF.g.'2b, Vol I, showing
the various wave forms and associated parameters, are reproduced In-
mediately prior to the discussion of the wave form being considered.

4e
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lRCYANGULAR WAVE FORM

gm, (,__ I

0 * -~ :" t (re~e taue em..)

_____ _____ _____ ___ ,,,t ° (lionc ,men

12T I ab

Cdm for incominig dtloataloncl wove
* lCtm for 'ncoming shear wave.

As mentioned in Appendix B, Vol I, any two of the parameters b/cdmT.
Cmto/b, c A/b may be chosen arbitrarily. In preparing input data for
the reporred problems it was most convenient to choose cm'o/b and
am A/b, the dimensionless "rest time" and pulse length, respectively,
and then solve for b/cdmT from

b dm(i)
CdmT (--+ )

bb

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

To demonstrate this computation for a dilatational incident wavv, we
choo-•

cdnto
- . 20

b

CdmA 20,
b

and find from Eq. 1, that b/Cdm¶" 0.01666667.

For most of the problems that were studied, 2 Cmt/b A 40 (with 20_
CdmT/b <E 200) was sufficient to ensure rest conditions before the
pulse strikes the cylinder.
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TPIANaVLAR WAVE FORM

0. . T" I I

0  t, -. -

* Ctm for IICofmSq dlloteitlonol w ove
f tt or ',•omlag Sheer woye

The parameters that define the wave form and rest time are Cm(tl'to)/b3
k, b/CdmT, and Cmto/b. AL discussed in Appendix B, Vol. I, only three
of these parameters can be chosen arbitrarily. Since it is natural
that cm(tl-to)/b and k are prescribed, we are free to choose either

* a) b/cdmT, and calculate Cmtc/b, or

b,) Cmto/b, an'd calculate b/cT.

Again, for the triangular wa% i form it was most convenient to choose

cmto/b along with k and Cm(tl-to)/b, and find b/cdmT from

b Cm/cdm "

CdmT Z . + (k + 1) m(ti-tc) (2)
b f

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

Thus, for a diiotational incident wave, given

Cm(tl-to)/b - 1 rise time

kC • 5 and decay time of pulse,

we choose 2 Cmto . 40,

b

a end -L-nd from Eq. 2 b 0.021739.

CdmT1

m •7
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LINEAR RISE-EXPONENTIAL DECAY WAVE FORM

w, rep-

iT

cm.,¢dm for incoming diloaotional wave
c tm for incomigng shear wave

Nolte k is selected so that the incident stress Is neoligoobly small @11 IT

The parameters defining the wave form and rest time are b/cdmT,.
%cto/b, cm(k/a)/b, cm(tl-to)/b. Again, we are free to select only
three of these parameters arbitrarily. Since cm(k/a)/b and cm(tl-to)/b
are always given, we can select either b/cdmT or cmto/b arbitrarily.

As for the other two wave forms, it is again most convunient to choose
cCmto/b and calculate b/cdmT. Thus, from this wave form,

CdT Cd- C (t_-tO C(k)

lb b b h.

Hence, for an incident dilatational wave, given L
ce_(l/a) ______

U 5 a/d Cdm(t -to)..

c

-II

we take k -12 and b -30

11

•. and calculate b/cmT -0.010989.

dim

-I is -- .
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C. Examples

E- Preparation of input for a dilatational rectangular wave
followed by a rectangular shear wave.

Given geometric and material properties are:

Slow Granite Medium (Elastic) Concrete Liner.,

Em 1.0 x 106 psi E "2.5 x 106 psi

V .25 ,..2

"Im 5.2 ,lug/t 3  If-4.5 slug/ft3

al 11 2 Thickness h• 2.381 ft..
2 6 1.0 Mean Radius R -23.81 ft,

or

b 0.0 Outer Radi .b a25 ft.
Cdm

Inner Radj!us a 0 22.62 tt.

Calculated quanti-ties are:

.3 .

--- .86538462

aE (1 - VM) .5765 ft/se-.
'Y ,/ (lvm

* 0 tm 2(1 + V 38 :.

19.
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Tf the duration.'of che rOectangla~r' dilatational Wave' is,

6a.06 6 73 sec.,,' , ..

Choosing Cdmto a20,, ..

wlý f ifd

c~y ~ ~ 01666667,

The, npu ata s'as shown, coupled with the selection of,* p9 ns
*can be use~d for a di1*atettonea1;un alcne (changing K9DE ,%l~ to 0).

Addit~onal informatl.n reqUi~red for the shear wave i,:

To maintain 56nerality, the duration of the sheer wave is assumed to

cd.mAa mi0, .'..

-- and we, oalcu'late t11.25

b 2 0dmm

Por an air induced loading, traveling, Along the grouind at the super-
seismic velocity, U - 8500 rt/sec, the ~gnge between the dilatational.
and shear wave is found to be 4 a 19.7 . If it is ais~umed that each

A wave travels ipprokimately 150 ft beforel it strikes the cylinder,
then the shear wave strikces the cylinder 19 minl see after the dilata-
tional-wave. The non-dimensional time delay is theref~ore found to be

dm':0 I 4.381.

b

, 20



On empirical grounds, the amplitude ratioi'-j, of the two incident
waves is te',-en to be 1/3. To complete the input information, 0 ,
3E peints are chosen.

For the demonstration problem, five 0 points were chosen for the
dilatational part Two extra 0 Points.1re selected for the shear and
combination part (speoified by KEYTH(I)j. Five 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, 7 - 4.381, corresponding to the time the shear wave
strikes the cylinder. It should be mentioned that this latter point
is required information for all combination runs An additional 24
points are also included [controlled by INTERX(i)1. Only one P point
is used in this case, •-I0.9047619, the inner surface.

A chart with all input data for this example, is shown on the next two
pages,

21
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* Example 2 -Preparation of input for an incident rectangular shear
wave.
The preparation of input for this came follows from the discusuion of
a dilatational rectangular wave. (dilatat4.onal case,,Ekample 1), with
.the following changes..

1) KODEMm1

2) aCdm to Ctmto0

b b ~.

b c~tm/cd - ..
b-

dm ( tmt 0 ot 21

Accordingly,, choosing

ýatwith 10
tmo 20, --- U

-we fi~n4 .

- a 0~.01155

Cdm L
A chrxt,, with all input data for this problem is, on the no-xt page. f

~~Ai

24



r4r

notnto 0

i fie

PI.1 K~ . p

•S e

-
-25

.•• -'.- -. ,• ... •• .. ,.•__ 
g.. 

.• • ... ,.au

• .. . :•• • • •.,. . ;,- , .• •.: , . . • .. .. .• . . .. • . ... .... . ... , -V •



I Z 1 3 Preparation of inp'it for an inciient triangular shear

Medi~um:' P~orous Sandstone (Slastic) Liner: Concrete

EM. 3.'0 x 10 Psi E25X1 s

0'0. 2 V A.2

7 4-.44 siug/rt3  T 4.5 lJlugvtt3

to b25 ft.

ftaiGt~*rx deacribing tine wave form:

A-Rise time a 10 Mil see

-i- Decay time * 50 Mil see

~ zon.~~~on f ormn the parameters descrioing the triangular wave

Ctm(tl..t'O) /b a 2.51468[

k5

2 'bobsing the rest-time as 1

tJ t1to Ct.d *.01389.

tm t' (k + 1 )ctmf(t-)

To oplte th1e informatio~i, we chooce thse, 0 points at whic~h
alilione are desire d. In this example, three 0 points, one 0

paint , and two ,E major pfi.r1ts are chosen.

;X~ie, z7t foxi a dila1tational incident triangular wave form follows
frlom, t* ipabispaeow with, the indicated changes:

'I26
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NI
1) KOMEu I.0

1* 2) CdmtcbI

a -m "(t -t0)/ ' aCd(t 1 -t0)/b

31 b/cdT 1)
•_ + (k+I) + ______

b b

The following chart con'tains the input data for this problem:

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

The geometric and material properties are the same as Example 3.Pai-u&eb.. udicvj.uir1n thu wave form are:

[Rise ti'ne or 10 mil sec

decay time 50
constant m

Therefore,

Sdm (t1- to) /.b ," 4.1554,

cdm(1/1 ) / b * 20.78,

and choosing

CdmtO / b 30,

k " 1 10,

. 1. ,0041326.

cdmT Cdmto + -dm(tlto)+ Cm (k a) ..

"b b b

It should be noted that since Whis wave fu~n is the most difficult
to represent, KAPP must be taken areater than 301 in order to ensure
proper convergence.

The incident shear wave case is handled in an analogous manner, with
the following exceptions:

1) XODEN 1

2) Cdmto/b a ctmtc/b

a dm(tl1-to0)/b - Ctm(t1- to0)/b

3) b/camT is calculated from

b/cdmT a -tn/Cmodm

c Ctmto +'Ctm(tl'tO) + atm(k/ )a

The input data for this problem are given in the chart on the follow-
ing page.

-. 29
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JAAUmr• 5 - Preparation or input ror a rectangular wave when the
medium is viscoelastic.

The preparation of input for a viscoelastlc medium follows fo'ally• from the elastic cases previously discussed. .That is, whilefog2,

.= * 'a7__adT_
02 1 2d

must be chosen appropriately, we choose the, ther input aa previously
discussed (using the same values for the other parameters, the pre-
vious examples in which

Cdm 0 2 2 -
- 30, - U 1 . 0

b 02 1 2

describe the elastic unrelaxed case).

Partly because viscoelasticity slows down the process of strain re-
covery in the particular medium chosen, it is much more difficult to
pick rest times that are adequate to ensure that the initial condi&.
tions are satisfied at the time of arrival of the pulse. However,
this difficulty can be surmounted in most c"ses bi conktructing each
viscoelastic problem from two or more individual computer runs. For
the first run the duration of the pulse is made &malr, 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
subsequent run the initial conditions may not be satisfied, but at
later times the results should be accurate enough to match those of
the previous run. Ultimately, the response over the desired pulse
duration can be constructed in this way.

An example set of data for a case for which this procedure was used
is provided at the end of this discussion. It should be noted that
the effects of viscoelasticity on the satisfaction of initial condit-
ions as discussed above were not severe for the triangular and linear
rise exponential decay wave forms that were studied.

The procedure outlined above does not apply only to viscoelastic
cases. It should also be used for an elastic case whenever di 'ficulty
is 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 a viscoelastic melium in-
volving two computer runs, are 1iven on the following pages:
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D. Soecial Considerations for Early Time Response (for Step or

The accuracy of the early time responses depends on the choice of .... J
"rjr mtLO/u, Cnd b/ocdmr. The parameter Cmto/D controls the "rest
time whi le KAPP affects the Fourier representation of the incident
wave. The parameter b/CdmT affects the early time response due to a
"scaling effect" that can be described as follows: For a finite num-
ber of terms the Fourier expansion approximates the step discontinuity
in the incident pulse by a steep ramp. The parameter tdwT 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-
cordingly 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/cdmT does not de-
crease the value of cmto/b and, hence, the rest time, below an accept-
able limit. To keep the rest time within this limit may then require
getting a refined early time response with a pulse of short duration
and then proceeding as outlined previously, in Example 5 to get the
complete response. In most practical applications where the maximum
response is of greatest importance, the slight inaccuracies introduced
at early time are acceptable andas in the example problems presented,
the above procedure need not be applied.

4.4

34
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_ _ _ _ _ _ _ _ _ III. FORTRAN LISTING OFI * C MAIN PRtOGRAM
c DYNMAIC STRSSE OFq T"Ia YPMIS

DIMENSION TAD~lI3O),Se3O),TCC110301s 04C13INT3O)-9 C0110111
XOIMNSIN P4043) LCO42AI 10)3~ ,ESIIO 4o~SO 30) ,T1TL1143).U

ISJOII 1003.s *JOULOO), SEJ100.SJIO) JI@

DIMENZI SION ) F43 910 .0431#1619 CSPT430OP.SYIMPT3S
DIMENSION XNII*1lIKEIN41.1. ~lONlTE IGS.13108.1410)

GJ1510.411001 * 171100). Bl340leIIGA(Ol. 044410011 0146O41001t~go

2111,11001

ICOOMION KCONZItoks RCON l, IK@1110SNCNI ICN2f@)
* 31C0NIVNE1CONII3*I).COPOl). lD111S.AI). KOI~ 1D3Il. 1160119Sl)

51C02410110.C0i, ID*(801c ,68). IR OZISSOII.H2) 4ROM811

3EOUZ~IVALENCI (164 194EI).1f 401*4143S.EZ) ,10141,0E4).IEI01.C"Il

EGUIVALUN1cap N10212101194210 4021360110"21T
*OUIVALIPICE ,D)JPCOI
E@UIVALENCI (NIL)IMT~~L11,NMTTUII

C INPUT
a002 FORNATIA6#20131
1008 POONA? (19M3
1003 FORMAT 1114.71
1001 READ INPUT TAPE T.@*RN.OUMVEE0PEO ,AXOU8TSAPP9

INSTAPKAPN.ISTAN .NAClCY.MRO.NTN, #NAJ
Nd CVi 'ACAC v.1
fOL a 10.041-NMAYI1
ILK a 181G17OL901
IF 4KODANI 3999.4000.4401A

1999 Pum43a 4" CoalI
AUNI4 u ANND NA

* RUNA * 65296@06@060
00 To 4002

4000 AUNI4 a 6H OILAT
PUNS a 6HATIONA
11114 a GHL WAVE
GO TO 4002

4001 AUNZ - 48H SHEAP
N UNS a 4M00WAVE

4002 I TE OUTPUT TAPE 4.4003.RUN1 .RWNl.PUN) .11114 ,KOOENKTT.Pie .10P.KCO
1 ,NAXOT *RAPP *00T APqKAPN.NgPSTA'I.Ni.C1CY PMRO@ TWtNNAJ

4003 POONAT 1IUNIRUN NUMBER1 A6/f/A~sA6,Ao4i/vh'/A ImpuTriIIosm K0OE
IN . hYPE XODSP XCO . RAX-JUT : APP.
2 SITAP KAPH MsTsN~filkst/30 NACPci tIIRO
I NTH N09AJ /41W/ fN2 I#PoI )j4

tlslaT.WW IEIAJIEJs.191,NNAJf
P40rf OeflPta T.AP1 6#1006,Its Isi, s.1i
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1008 FORMAT (/I5X,1O3H H I 6 CDMT mu
1NU NF M I' E GAN / GAM 4f1P6El8*7//5

2X985HB OMEGA / CDM OM! / 0HZ2 TAUI . OmI TAU2
3 / ON2 C 14 TO /B/1MIE18.71
E7 a El / E2
WPITE OUTPUT TAPE 6vIOO9t1RHOIIIIu NRO)I1009 FORMAT t//1414 R40.59X*IP3EIB.7l
WPITE OUTPUT TAPE 6,101OI1THETA(I 1 8I.INT141

1010 FORMAT (1/6H THETA9S1,IPSEIS.7/tlKLP5E1U.?1
WRITE OUTPUT TAPE 6#1l1,L(XMAJ(IlvIm1,NMAJl

1011. FORMAT (M11K MAJOR XDAR,5XvIPSEIS.T/16XvlP5E1Se7l
N04AJI a NMAJ -1 I
IF (NMAJLI 30019503t499

499 READ INPUT TAPE 7,10O2*(INTERXlIl,1u1,NNAJlI.
WdRITE OUTPUT TAPE 69.1012*(INTERX(IsId a 19NMAJLI '

1012 FORMAT (1/7H INTEMMSX1015.1
500 X60R(11 - XMAJIUl

JAY = I.
DO 504 1 *1,NMAJI

501 IINTERX. l 300L,503,501
50 NER a INTERX(I)

EXuINTER4 +1
DEL a (XP4AJ(I.I+ - XMAJIII) I ENX
DO 502 J a19INTER
JAY -JAY* I
TYI a j

502 XBAR(JAY) *XMAJfIl + YAY*OEL
503 JAY a JAY* 1
504 XBAR(JAY) *XMAJ(J1+1
305 N a JAY

FACT2 a E2
EMEsEI 5)
EISl=EME *(f1.0tE(311/(lI.04E(4)11
EA.ENE*E6*((1.0-E4)((11.04E4)*(1.0-2.0*E4111*((1.0.E31

1*(L.0-Z&O*E3)/(1.O-E3)1
E(6)aSQRTF(E6)

Efulm(2o0-E(IJ)/f2&0+E(tl)

BETASQuE1*E1 -
VMDUMwf1.0-E4l/( 1.0-2*O*E4l
SVMOUMmSQRTF (Z.O*V$MUMI
TRI a -1.
TR2 .09
ZETA - BETA
KEY a -
JUMP 0 0>
IF (KODENI 507,511,508

507 KOOEN .0
KEY-
REWIMO 3
GO TO 530

506 IF (KEY) 50991001,S10

GO IC 51.3
51.1 IF (KEY) 51,2tO1 1001
512 KEY a 0

GO 10O 530
ý0 RAD 14PUT'TAPE 7,AOOZLEADEKEYX,(KEYTH(I),IulN1141
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-BMI
READ INPUT TAPE 7,LO029KTYPE@KCO
READ INPUT TAPE 7tt003#PHIPAMPFACELI

4005 FORMAT (35HlADDITIONAL INPUT FOR COMBINEO WAVE/11/~/11H LEADX
KfVX/I16Il5I//~6H KEYTH/IEWI5) I

.4iiF OuugiP0 TAPE 6#,,Uu~,KtYPEKCO
4006-FORMAT 422H KTPiKCOIIIO,1121I ~WRITF OUTPUT TAPE 6,40070PHIAMPFACEII

407FORMAT 154H'' PHI ANPFAC C, M TO B/S

514 00O t -1~ w LPIINTER.
515 LEADX a LEADE4iTEXI
51.6 XSTAR 'U XMAJ(KEYXI

NT v NX - LEADX + I
INTER a NTH
j aO
DO 518 I -, 1NTH
IF (KEYTH(IIl 517,518#517

SIT THETA(IkTER.-11 -THETA(1l
uj, m1

INTER aINTER I
KEYTHII u31

518 CONTINUE
NYHVLD a NTH
NTH & INTER
NEWYN a NTH - NT94OLD
00 5ts19 I .- NTH

.519 TH4ETA411 THETA(I PHI1
GO TO 531

530 N4T-NX
LEADX aI

531 ADJIa FACT2
COUNT * 0.
TALLY? a
TAP a 0.
IF (KOOEN) 300105330532

532 FACT2 a FACT? * SVNDOUN
* TRI 0.O

TR2 a I
ZETA a -BETA

533 TOT & Etl*FACT2.
AOJZ TOT
ANGLE a TOT - Z.*PACT2
Ell - 1 - 29*YOT
IF.IKOOE-N) J00I,537.534

534 IF IKEYI JOO1#5359536
535 ADJI u AOJI*SVI4OUM

GO TO 537
536 ADJ2 a AOJ2 - ADJISXSTAR
537'00 540 1 a 1,NTH
S40 THETAIII.u s0174532927 * THETAMI

GO TO 48002#550tgS01,KTYPE
550 READ INPUT TAPE 7,10039CTSINvCAYIN

EIIIN * CAYIN
\TITOTuCTBINOFACTz

TLTaTk'OT+TOT
T2T a 1 - TOT
ACAPT=EN IN/fI I0-TITl
GO TO (FOUv0.JZ8O09SOI6lvKTYPF
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0002 WRITE OUTPUT TAPF 6,8003
8003 FORMAT t,///17M RECTANGULAR WAVE)

8010 WRITE a&JTPLJt T*PE 694011VCTOINICAVIN
8011 .FORMAT 4/1,116H1 TRIANGUJLAR WAVEM/1SH C.-P1TI-T0I/O,1TE,1M4K/1P2

Go: To .9020
8016 tiQJT OUTPIAT TAPE 6.8O171,CTelml"MN
8007 FORMEAT 41/2I3H EXPONENTIAL DECAY WAVEI//6X,t2e4C-M(T1-TOI/SIE,1HN

C CONSTANTS FOR L-MA'RIK.
6020 Ple3910#15927.

P.1 SQ.Q.0696 047

.020u1.gloumdSQRrF (2.0-2.OSýII '.OZ2.0*E3)I
E10VU-42*0*F31/(1.0-2.O*ESI
CDUMx10.S-F41/(t O-E4)
QO8ARuE7**?*E8*f E9-I .33333133'CDUMSEIOI
Q1BAP7SV*E9*FB,1.*O-1.3333331*CDUl4*(EI0+E8) I
OZBAR- 1.0-Iw 33~33333*COUN
VDW4.(1.0o-13I(100-2*00E31
YOIJNIuQEI8AR/IPSQ
YDUM2-E'i**ZIPIS S
Y0UH3.vYOul42*f
YOUM4.QIGAR*0?s4E8l*1.)/P1SQ

YOUI45youN3*ES
YDU!4?YOUN2*ElO
YOIJMTxE78AR/Pt
YDU"9-VDEI'E/VM61

YDuM10wF7*( 1.0-f 10)/Pt
03A0UMmP1*t2*SQRTF1VOUN)/E6
YOUM f15 E/YOUt 49
DO 9001 lZfkulNROIL
eIV. 9001 tz:rkul#NTHI
DO S;001 !.ZTu1.*4TL
A2(IZR91ZTHI4,ZT100.0
LCON21I IP,1T401ZTIsO
924 IZR tIZTH# I IT) -Ot 0
NCON2fIILRvITH,!IZT'-0 V
624 IlR * ZTW'tllT)w0,0
ICONZ(fZRvTLvtMLTlu0
H42tIZRtIZTII, KIT?.0a0
JCON2I 1ZPPZTH91ZTI-o
C2( ZlRIZTHI1Tl=O.O

9001 NC:ON2IIZR#IZTH,!iT)0O
c MAJOR LOOP ON P

DO 219 IP-wtKAPP
GO -t0 (C00219003,9003),KTYPE

q002 l~IPiiP*tIP12)I 219,219,9003

PPlw?.PI
v COSST a COSFIPPI*ANGLE)

SINST aSII4FIPPF[ANGLE)
JX aLEADX
00 1 lrTwliNT
ANGL - A0J1*XAAR(JkI + A0J2

SINPTI ITTlmSINF(PPI*ANGLl
I CrISPT4 I TI COSFIPPI*At4GLI

C, CALCULATED gUAWrITlES
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QI zP*OLDIJM
QISQ=QL*Qt

I4ALFSQ a*.5 02S0 I
P50 -POP

VYvP 1-2.OoVOU$*YVP1
YSPI*(IyDWft/PSQ.1.0lIYQrUeI2/PSQg.*.o)).YgUm

YVPZ*IYOUN47/P)*( Y0UN43PSQ-t.0R-(VOLeWIPSQ-02gARI

SPVP2,1*0*VOYPLVP

SP=SQRTF(t 1. 0SPI
SSPUYSP?*02 /ysplosz
SSP=SORTF( 1.0'SSPI
a3BA~wSQRreI l1.04SPl/YP0
03FIAO-Q3BARP *0340UP41SP
O3TILedWV P2IY P11)IhP+.01OI*038AR
Q4SA~sSQRTFf(( 1O+SSPl/YSPII
Q4.8ARuQ45&R*P*Q34OU?4lSSP
Q4TIL-(IYSP2,vSI4)/ISSP+m.oI )*Q48AR

4 ~YVP13UwYVPt*YDUI~Ll
YVP23IJYVPZOYUDIMI
YSP IZUuVSP16YOUNLI

* YSP22UwYSP2*YOvo~tk
ELRIAYVP13Uk-0. 6666666a66eSP12U

* ELTU xYVP23U-O. 6666*SP2
'JBuuYspI2u
UTUsYSP?2U

MPUNLELSUIVOeJNLI
EPDUMZ-FLTUlVOhUill
EPSO-FPOLUQ* YPt*EPOU0M2 *YP2
FPSSmEPSS/( YPi**24YP20*2 I
S3mSQRTF IQ35AP **203TILO*2)
S4uSQ~trF(Q4SAR**2+0iTIL**21
03F=S3
04E .54
ANGQ3-Q3TIL/Q31BAR
ANGQ4uQ&TILN'46&R
PHI 3u- AJANF ( ANGQ31
PMtId4-ATAW* (lNGG4)
FKODEN) 4 6319,40319.4032

4031 AB0USQRTF(Q38AR**2+Q3TILO**Z
CALL BESS:EL fKAPNtA8Q@PH13,REJi~f4JtW*)
IFENGI 403594035,3001

4032 ASQ-SQRTF(G48AR**2,Q4TIL**2)
CALL BESSEL (KAPNvA8QtPH14vR1JvFV4J9ENG)
MFENG) 403594035@3001

4035 0125*QI*01*El
* Q18Z-0128*Et

0228UQ2 *QZ*E I

Q420m04BAft*.?-Q4r 11*2
fSUMmo0.5* EL BU*Y9RU
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TSUMý(Ue.:~L I uUi U

Q3u3A*Q3F*IL18RUUQTLuu

BTO Irn.5*Q3E* (QIBAR*UTU-g3T1 L*U8UI
EPST-EPDUM2* YPI-EPOUMI *YP2
EPSTuFPST/( YPI**2.YP2**Z)

5 00) 6 IZ CUT u1,9KAPN
5JQ1BýIZOUTIwsO.
aj02(ilZOUT)-.0O
8JQ I iI ZOUT I - 0*
BJ Q2 ( I ZOUT I =O .O

Mk IJ 3( I ZOUT u) =0 0

BRJ4( I OUiT)muQ.
6 61 J'( I ZOUT I O.O0

C TILDE FUNCTIONS INDEPENGF4T OF ROM
FNG-O. 0

7 LALL TILDE (KAPN?<1,BETAO0,0BJQ1SWASTE#
AQIS 8V ,#WA STE v ENG I
IF(ENG) 8.8,3001

S CALL TILDE fKAPNQ2vBETAvD0eSJQ2B9hWASTEt
I BY0QZ3 WA STE i ENG)

.1FEFNG) 9tq,3001

9 M~L TILDE (KAPNqQvI,.10,.0*0v3J01,WASTF,
t6Yw1.W'AST~vENG)
IF(FNG) 10,L093001.

10 CALL TILDE (i(APN,Q2,I.0,0.0,B-ls'v'WASTF.,
1BYQZWASTE sENG)
IFIENG) IttLI,3001

11 CALL TILDE (KAPN,S3q,L0*PHI3,8RJ3,BIJ3v
18tY3981Y31ENG)
IFIFNG) 12,t2,3001

12 CALL TILDE (I(APN,S4,1.0.PHI4,8R34,BIJ4,
kBP Y4.81Y4oENG)
!F(ENG) 13#139100;

13 NSTARwO
KPOEu1

C DO !, 00P ON ROE

C TMOE FUNCTIONS DEPENDING ON' RUE
ROE =RHU(IRDE,

BJQ1R( IZOUT)a0.O
I7 SJQZR(IZOUT!=0.0
10 CALL TILDE (KAPN,01,R0)E,6,0,5jwlR,WAS!E#

IBYQlR ,WASTEtENG)
IF (FNGJ I19t190sO01

19 Cmd.L TILDE (KAPNQ)2,RUE,O0,OJ02RvvASTE#
18YQS2R *WAS FE &E NG)
ViFENG ) 2002093101

C LEFRO 'ASE FOR ALL THETA AND TIT
20 Gn TO!Zlt903lIKRClE
21 0O 22 lEL mal 9

00 22 JFLwlilk
22 EL4IEL,JEL)'&.*0

liC(KODEN) '402299022,7023
9022 ELdiltuwQSQ*(10.5/lEIRJ'iIB42')-(0.5*ELVU1*01.o*$JQ1B(I1)I

FL(2,1).QISQ*(O.5*BjQ1(Z)-tO.5*EI-OVUL.0)*5.JOI(IIH
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FL(292,uOISCv((2.o/QLSQ)*BYg1(Z)-E~o.*ELOVU+1.O)*aYQ1(1)I
EL231-SSUM*(g320*BRJ31L),2.O*Q3P*BIJ3ILI1

* EL23'sELZ31-(BBSUM*8RJ3212-811FOBIF J3(2II
FL 23 3-8S',I"d* Q1 20* lY 3(l)-2. *Q3P *SfY3( II
i +T SU-*tQ32O'UbkY43i1i;Z.;*03P*51JYM)I )
3-L234.12-0/)3E )*(Q3BAR*(UTU*BSPY3(2),U.U*B1Y3(Z)),Q3TIL*

ELI? ,3)wFL232+FL233-FLZ34
EL(3tl)=(-QLSQ)'O.5*9J0I(2)

ELý.31u0.S6*Q3E*(Q3BAR*SRJ3I2)+Q3T!L*B8.i3I2)1
EL332-(2.O/Q3E )s(QflBAR*BIY3(;!)-g3TlL*L.AY3(2))
f113,3 )&EL3314-EL332
EL261IBSUM*IQ32(O*B!J3(1)-2.0*QýP*BRJ3(l))
I+TSUM*4Q32D*BRJ3(1), 2.O*Q3P*R1J341111
EL26iaEL261-(8TOIP~*BRJ3(ZI4+88SUM*flIJ3(21)
EL262xBSUM*(032D*BRY3CL)+2.('*Q3P*BIY3.(11)
l+TSUM*(2.0*03P*aRY3(L)-Q32D**ýiY3(1))
EL 26 2z-f 1262
EL263-(2.O/Q3E)*(03BAR*(U8U*BRY3I21-UTU*BlY312))+
1Q3TJL*(UBU*BIY3(23*UTU*5RY3212)

ELl2,6 )sEL26I+EI.262.E1263

FL361uI-O&S) *Q3F*IQ3BAR*B1J3 (2)-03T1 L*EBAJ3(2&L26 1ELZ6
EL362u(2.O/C3F)*1038AR*BRy(3(2).Q3TIt.SBIY3I2))
EL 13,6 )uEL361+EL362I. FL (S#3)--EL(2,fl'
EL(6,3)0-EL( 3,96)
00 23 IELuL,3
I IELuIEL+3
0O 23 JEL=ul93
JJELoJEL+3

23 E-L(IIELtJJEL 3uELI IEL9JEL)
CALL 2NIISP 4 PE2,E5.E6,EliQ3TIý,U36AREPSSEPSTVNOUM
I fKTYPF KAPP KOr)SP,CAYI N,TITO rsTOT TIT tT2T oRE JtEMJ9 EMA'CfPT I

GO TO 9024
7023 FLi1,1Ia(O.5*OZSQ)*IBJQZB(l)-1ilO/EII*SJOZ342))

FLt1t,2)oO.5*Q2SO*BYQ2B1I)-I2.0/EHI*PkYQ2B4Z)
EL(211)3(O.5*02SQ)*18JQ2(1). 8J02(Z)ý

EL(2,Z)nIO.5*02SQ0*(BY02(I)-(4eU/QSQI*SY02I2Di
EL23IuQ4F*l04fAIA*9RJ4I2DfrC4TTL*RTJ4t(A)I-1.j42D*BRJ4(1)-2.00Q4P
1*B1J4(L)-0420*BIlY4I1),2.O*Q4P*k3PRY4(1)+(*4O/Q4EI
2VI046AR*BIY4(Z)-l34TfLcBRY4(Z))

EL? 31-0.5 *EL? 41
FI .eQ4E*(Q48AR*BIJ4I?1-04T!L*eRJ4I2H)-Q42D*8Ij4(1).2.00g4P

?IO&A*py ( 4gr *5Y 2IBPJ4II),Q420*83RY'4II1+2oO*Q4P*B1Y4(1)I(4.O/04EI

FL232-0. 5*EL232
EL 12q3lIuUSU*EL231-UTU*EL232
ELI313tl a tALFSO'BJQ2(2)
EL(3v2I a 2.*RIY0212)
EL 3,3 1=12. Q/Q4E ) *1 4Th *~R Y4 I?)-Q4BAR *8 Y4(21)
110EO.5*QtE)*(Q4BAR*SRJ4(2J4.Q41IL*IBIJ4t2l)
EL(Z,6lu1-1.OI*4IjTU*EL231+U8IU*ELZ32I
EL361.I2.O/04E)*(Q48AR*L4RY4(2)+Q4TIL*B!Y4(2))

1-I0.1;*Q4E)*(04BA,1*BIJ4(2l-Q4.TIL*BRJ4(Z))
FLI 3,6 I-EL 361
EL (St3le-EL12#6)
EL (6,31m-ELI 306)9

00 7024~ IFL1,l3I4



I LELI EL+3
00 7024 JFL al3

7024 ELf1IELvJJELlmEL(IELtJE13
CALL. ZRHSM (PE2 ,E5.E6,E11,Q4TILQ4BAREPS8, EPSTVMDUM

9024 IFIKCO) 271,27t25
25 WRITE OUTPUT TAPE 6t26vI(EL(I.JIJ=1#6 IIuI,6 ),(EM(KI(,13K-lv6l
26 FOIRMAT f3&HlTHF M~ATRICES FOR P4-0 ARE AS FOLLOWS 11

113H THE L MATRIX //6E17.7/ 6E17&7/ 6E17*71 6E17o7f 6EI7*7/
2(,F17*7///13H THE M VECTOR // 6E17.*7///3

27 CALL LINSYS lELtFMp6,LFRURI
IFILFRUiPI 3006*3006,9027

9027 IF4KC03 30030,28
28 W4RITE OUTPUT TAPE 6,29@(EM4K,1),K=1*6)

*29 FORMAT 113H THE X VLCTOR // 6FI747///////I
*30 IF(KOP)EN) 7031,7031,7030

7030 XlI13-0,0
X241) - 0.
X311) vEM(191)
X4I IIUEM(291)
X5E I1aO.0

* ~Xf'E1uEM(3v1l
X7(.lloOt0
Xteil) = 09

* X94k) a EM(4,11

* *XIO(1)uEM(6*1 ).

GO TO 7032

X3I10-0.0
X4(1)uOei)

X511)=EM(3#13

* X91O(1).0

XlIII 3 EMP(6, 1)
X12(0=uO0*

7032 KRO~u2
9031 IF(KCO) 9034,9034,9012
9032 WRITE OUTPUT TAPE 6,9033,ROE
9033 FORMAT I5MIR0EO14ft7sSX,39H'4ATRIX-X9ARtSWRfkSTTSRTURUT FOP NBO

1//)
9034 A~l*OISQ*l0e5*ELOVU*le0I

A12-1.0/RCOF
AlisAI * (8JQIR 313*Xl(13 iRYQIfRE13 *X2( 13)-glSQ*AIZ*( RJQLR( V *Xl( 1
1*0.54.(2,0/Q1SQ3*fIY6I1R42)*X2(l3)
AL&aAll*(BJQIRIL)*X7(L).BYQ1RIL;*Xd(1I )-Q1SQ*A12*I8JQ1RE23bX7( II
10*.5.1 2.0/01S03*8YO1RE2I*XSI 133

Sta .5 * ELnvu * Qiso * IBJQIR(I)*XL(L) + BYOIR(ll*X2(1))
Bl2aAlZ*(EOLSQ/2.0)*BJQLR(2)*XLEIi.Z.*B*YQIR(236X2( 133
813 a *5 * ELC1VU * QISQ * IBJQ1RfL3*X7I13 + BYQIR(13*X8(133

* 81l4uA12*IIQISQ/2,03*BJQIR(Z)*X.7II 32.0*RY01R123*Kq( 1))
* Cli a BJQ2P(E) - BJQ2R(21/ROE

C12 a BY02R(1) - 4.**YQZR(23,'IQZSQ*ROFI
C13 a HALFSQ * (CII*x3tl) + CtZ*x4(3))
C14 - )4ALFSQ * (CL1*X7411 + C!2*xt0(Ll3
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Gttu(QISO/2.Ol*kJQIR(2J*Xlltl,2.o.BVQLR(ZI*X2(1)
Gt2in(QISO/2.O)*BJQLR121*XT.IIl,2.o*BYQIpIZxe.(1)
rl&A - rt;eL;S ; j2Rw

* ~~123 ~ BYQ2RI21
413 - X3411 + H31 *112 *X41t)

L%4 MLA1 X9iii I HiiZ ki~tii
H121 a IALFSQ * 8J028(21
H423 H '21 * X3(11 * H422 *X4(t)
'424 H 121 * X9(11 + H422 *X10(Ll

M2 H423 * COSSr - 1424 *SINST
00 44 IT14u1,NTH1

33 IF(KCOl 36036,34
34 TI4FT - 57*2957796*THETA(ITHI

WRITE OUTPUT TAPE 69359T1IET
35 FORMAT (//// 7H4 THETAuE14*7 /f)
36 KSTARTa1

KSTOPw6
KWASTFat
INDI wIT14
IND2 - 3*1714 - 3 + [ROE
DO A44 ITTw1,NTl
IF(NVI-ITT) 37,37,38

37 KSTOPmNTL
38 WASTE4KWASTE) a XBAR(ITT)F. KWASTF =KWA STE+ I

DO 410 INK v 1,5
KON a KCON21IND2)

* IF IKON) 401,402,402.
401 DII INOI) u 0.

GO TO 409
402 GO TO 4403,404,4059406,4O71#INK
403 AISUA13*COSPT(ITTI-A14*SINPTIITTI

011114011 -AIS * FRI
GO TO 408

404 815a(811,8121*COSPTI ITT1-I 81348l41*SINPTf ITT)
01111401) 8 15 * FRI
GP TI) 408

405 CIS = C13*COSPT(ITTl - C140SINPT(ITTI
DIEINO~l) - C15 * TR2
GO TO 408

4U6 GlquG1L*C0SPT(ITTI-GI20SINPT(ITTI
DAIINDI) a G15 0 TRL
GO TO 408

40T HIS - H413 * COSPT(ITTI - '414 * SINPT(ITT) - 125
01111401) a HIS * TR2

408 KCONZIIND21 a ISIGIOlliNDLIsi(ON)
409 11401 11401 * 300
410 11402 a 11402 + 900

11401 a INDI - 149(1
11402 - 11402 - 4470
IFIKWASTZ-7) 9039,40,40

9G.39 IFIKSTOP-ITT) 44,40,44
40 AWAST~ul

IFIKCOl 44,44,41
41 WRITE OUTPUT TAPE 6,42tIWASTEt1I.~IlsI,61
42 FORMAT (5X,6f17T)7

WRITE OUTPUT TAPE 6,42,1111 ITH?121912,aKSTARTqKSTOPI
WRITF OUTPUT TAPE 6,42ol811 IT'4,13h1l3uKSTART,KSTOPI
WRITE OUTPUT TAPE 6,4ZICL( 1714,I4)v14mKSTAIRTKST0P)

*WPITE OUTPUT TAPE 6,42siG11 ITHoI5JvI9aKStARTKSTOP)
WPITE OUTPUT TAPE 6,..2,4HLI ITNI&II~sKSTARTIKSTOPI
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K STAR TwiK STAW T+6
KS TOP=K STAR T 5
WRITE OUTPUT TAPE 6#41

43 FORMAT 4///)
44 CONTINUF

DO 45 IZERsigNTHI
00 45 JLPRwlqNTI
LCON14 IZFRoJZERIsO
MCON11 !ZFRtJZER)=O
NCON14 tZERJZERjwO

ICQ~l( IZER#JZER)aO
45 JCON1( IZERIJZEfl)uO

NSTOPEKAPN
F 33m 14, 0
F36ml.0

c LOOP ON N
00 140 N.1,NSTnP
IF(KODEN) 9047,9047,9046

9046 FNz-N
GO Tfl 9048

9047 FNuN

904t EN-N

EN1UEN+1.0
ENM1sEN- 1.0
IF(N-NSTAR) 59,59,46'

*46 8YO1-BYQIB(Z3
BVQI12EZI.IN/(ENt*BETA3I*8YQI9(21-t(O.25*QISQ),'(EN*EN3)l*BYQ1R( 13
BYQ 18 ( I IBYO1I
BYD2uBYQZB(2)

* 8BY028123u1EN/(ENt*BETA)I*8Y028(23-((0.25*QZSQ)/(EN*ENI)3*BY02E8i 1
* BY02Fll1)8YD2

9030 BYD3EB YO L 2)
BYQI(21uIEN/ENL3*BYQ1(2)-(0.251(EN*ENI ))*BYQL(l3*QISQ

* BYOIII)m6V03
BY04*BYQZ(2)

BY02(1 3'SYO4

kBYOS*BRY3 I?)
BRY3(Z)aIQ3E/S3)*IEN/EN13*(COSF(PHI3)*BRY3(21+SINF(PNI3)*8IY3(2)I
1-U(0.25*Q3E**23/IEN*ENI3IeBPY3(LI
BRYMI I3BVOS3
5YDfm~lIY3( 23
8 1Y 3(2) a I Q3F/S 31*I E N/ENL I *(C nSF (PH13) 6BI Y312 I-S INFt PHI 3) *IRY3M I)I
1-I f0.25*03E**2 3/I EN*ENII 3*B1Y3113
B1Y3(1138Y06
BYO7nBRY4t123
8RY4(23a1Q4LJS4)*IEN/ENL3*lC0SFCPHI41*BR'Y4(234SINF(PH14)SIBIY4f 233
11-(O.*25*Q4E**2)/IFN*EN1)3*RPV4 113
BR Y4 (I ) 8YD7
BY0N-81V4I2)
B!Y4(21u(Q4E /S-3 *lEN1EN1 )*(COSF(PH14)*BIY4(Z 3-S INFIPHI414*RRY4( 1)3
1-4(0.25*04E**23/(EN*ENI)I*BIY4(13
B1Y4(1138YD8

* C COMPUTE THE L-MATRIX
* ELMI.0*5*FLOVU.I.0-EN*FNMt/QIB2

ELM4Z( 2.0*EN*EN'4I/Q2B21-Lo0
ELM3=O.5*ELOVU+1.O-EN$ENMI/QLSQ
FL#M&.(2*OOEN*EN41/'J2SQ)-1.0
F35-F 35* (93F(2@ O*EN I I In
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F3f sF36*fQ4E/4 2*O*FN) )**2
ELIIt1uLA0I*eBJQI8(NI)-SJQLBl N2 )/I2*Q*El*ENI)

FLEI,2)=ELMZ*BYQIB( I)-BYQIRI 2 )*2*o*Ftd1/QIZB I
ELI ,It 2w -GISG)*ELf LtZ)

FLI1t3)u(FN/BETASQ)*EL(1 *3)
EL(1,4)*ENM1*RYQ2G( 11-Z.O*EI*ENI*BYQZS( 2)
Ftl 14). (P1/BE TA SO)*ELII,41
DO 47 XKIIWI,
00~ 4? L14u5,12

47 FLU(KM#LMI mO.O
ELIZ12sllQ1ZBSBJQIB( N2 )/(2*O*ENI)-ENIII*SJQIS(Nl)
EL (2,1 I(FN/8ETASQ)*ELI?,1)
EL(tZZJk2*O*EI*ENI*8YQl8( 2 I-ENMI4*BYQ1I8( 1)
FL(2#Z)s(FN/BF TASQISEL 12,21
EL(2,3)mEL42*RJO2B(N1)+SJQ2B( N2 )/(EI*ENI)
FLf2,3)u(-0o. 5*02SQ*E3(2 ,3)
EL(2,4)uELM2*BVQ2BI 1)+*0.*ENI*BYQZB( 2 110228
EL (2v4194-O.5)*QZSQ*EL(2,41
ELI 3tl)uELM3*8J01(NI)-9JQ1( N2 1*0.5/ENI
EL (391 )-QISQ*EL (3,1)
EL(3,2l.EL43*BYQI( 1)-AYQlI 2 182o0*ENl/QISQ
ELf3,2).-QlSQ*EL(3,2) I
ELI 3,3)-ENML*BJQZINL)-QZSQ*BJQZ I N2 )*Oog/ENI
EL(3,3)wFN*EL( 3,3)
EL(3*4),mFNMt*8YOZfI )-290*EN1*BYQZI 2)

* ~EL (3,4)RFN*EL( 3,4)
FL35IF)SW4*(Q320*BRtJ3(N1).290*Q3P*BIJ3(NI))

I-TSUM*(032D*81J3(Ntl-2.O#Q3P*IIRJ3(NL)I
EL35lsEL35-ISBSUH4*BRJ3( N2 I-BTDIFO81J3 N? WlENI,

I-EN*IFNMI*(UBU*BRJ3INL)-UTU*FtlJ3(N1)I
EL3SIUF35*EL 351
EL3S2u5SUY4*fQ32D*lBV3 I )-boO*Q3P*RRY3( 1)
1.TSUMS(Q32D*8AY3( 11*Z.Oeg3P*B1Y3( M)
EL353nEN*ENMI*IURU*81Y3( 1).UTU*8RY34 1I)+1Z.O/QE)OFNI
1*IQ3SAR*(UTU*SFY3( 21.UBU*01Y31 2))+Q3TIL*IUTUO8IY3I 2)
2-UBUOBRY3( 21)))
EL 13s5)wFL351.EL39Z-EL353
EL36e.IENMI*8PJ4(NL)-O.5S*IQ4E/ENI)* (04RAiZ*8RJ4( N?)
l.Q4T IL*BlIJ4( N? )
EL 36 ImP3t*EL 36 1
EL362uENMI*B1Y4f 1)-2.0*(ENI/04E)*(Q4SAP*S1Y4( 2)
1-Q4TILtBPYA( 2!')
RRRSwEL361+EL362

EL363uENN1*BIJ4NIN-O.5*IQ4E/ENL)*(Q4flAR*7h1J4(NZ)
L-04T IL*BRtJA IN? I
EL 363mF36*EL363
FL364wENMl*8PY4I t1-Z.O*(EN1/Q4E )*(Q4BAR*8RY4I 2)
1+04TIL*BIY4I 2))
EIRP SsEL364-EL363
9FL I3t6)-UBU*RRRPS-UTU*EIRRS
El 13#6)PN*FL13961
00 48 KMu),6

s 00 48 LMo7,10
4#8 FLIKPo4,LMI*O.

FL95se$UA*(0(32D)*aIJ3INL)-2.O*Q3P.8RJ3(NI)I
1,TSUM*EQ32D*BRJ3NIN)4+2.*Q03P*8IJ3IN1))
EL951-EL9ý-(8T0IP*aRjJ3 N42 )+.BBSUAI*B1J3( N2 h/ENL

1-FN*FNNL*(UBU*BIJ3INI)+UTU*8RJ3(NI)I
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ELq5IuF35*EL951
EL952uBSUI4*fQ32D*8RY3( 1l4.2o0*Q3P*BIY34 11)
1,TSUM*(Z.0*03P*lBRY31 I)-Q320*B1Y31 LI)

F1 Q420F6 @E

EL953-EN*ENAI1*(UBU.5RY3( I)-UTU*81Y34 1114IZ.C/Q3E)*ENI i
1*(Q3BAR*WSUb*SRY31 21-UTU*81Y34 2))4Q3TIL*(USUOBIY3( 2)

FLfQ,5)-EL991+EL9S2+EL9S3
ELi 3, Ill-EL49*51
EL 9t61 .uTU*PRRS*uaL~*EIRRS

EL 190S )-FN*ELE 9,861
ELI 3912)w-EL(go8i

EL(14,1 )uFN*EL 4, 1)
EL44#,22u2.0*ENI*BYQI( ý3-ENU41*tYQI( 11
FLf4p2JwFN*EL(4fZ)
EL(4,31a.-1g2SQ/2.0)*IELM4*r4JQ2ENIl)flJQ2(N2)/ENII
EL(4,i')a(-02S0/2.O)*OIEL'14*BYQ2I 11+l490/QZSQISErdL*BYQ2f 2))
EL45l.ENM1*BRJ31N1IP-.5*(Q3EFIN1)*(Q35A~t*9RJ3(N2)
l+03TIL*B'iJ3(N2 )1

EL451uF35S*EL45 I
EL4r52xzNM1*BIY31 1l-2sO*lENI/Q3E)*(Q3BAR*B1Y3f 2)
1-03TILOBRY34 21)
RPTU-EL4514EL452
EL453UENMI*B1.33(N1!-Q.5*(Q3E/ENI)*(Q35AN*51IJ3(N2I
1-Q3TIL*6RJ3fN2l)
EL4S3uF3!*FL453
EL4SAwFNMI*BAFY31 1'-290*(EN1/Q3El*(Q36AR*9RRY3f 21

1eQITIL$B1Y3( 211
EIRTOnEL453-EL454
EL(445)wUUU*RRTD-UTU*EJRtTD
FL(4#5jvFN*EL(4t5I
EL461.(2.*0EN*Et4P41Q4201*BRJ4(NI )-2.0*Q4P*B1J4(N11
1,(Q4EENfl!0(04BAR*BRJ4(N2l4Q4TIL*flIJ4IN2ll
EL461uF36*EL46L
F L46iv(2@O'PEN*ENMI1Q42Ol*BIY4( 1Ll*O.*Q4P*BRY4( 13
L+(49OfIENI/Q4EJ*(Q4BARt*S1Y4l Zl-QATIL*BRY4( 2))
RRTSol.5*fEL46t)+EL4621
EL 463. 12.O*E NeENMI-04201*BIJ4( NI)4Z. 0*04P*BFt J4 (NiI
1+1Q4E/ENI)*(04BAR*B1J4('423-Q4.TIL*8RJ4(N2))

* EL463nF36*EL463
EL464m(0420-2*O*EN$EN)41)*BRY4( 1),2*0*Q4POB1Y4( 1)
1-(4.o.ENL,04E1.IQ4eAR*BRY4f 21lQ4TIL*BIY4( 211
EIRTSam0.5*(EL463+EL4641
EL(4#4)uU8U*RRTS-UTU*EIRTS

* EL(10,51.FN*IUTu.RRTo+usu*EIRrOI

.-L(1O,6)-UTU*RRTS*UBU*EIRTS
EL(4,12)u-EL 110,61
FL(,13.1)EN*BJQI(NJ 1-iýLSG/EN1)O*05*8JQ1(N2).
EL (! 2lwfN*6VOI LI -2*0*ENI*BYQI 1 2)
EL(',3)mFN*BJQ2(NI)

* FL(5,4)eFN*BYQ2( 11
EL55lmEN*BgJ3(Ni)-U.5*(03E/ENL)*(Q3BAR*8RJJ(N2I

1+0 3T JLOIJMN31 N I
* EL955uF35*ELS5I

PFL5!2aEN*SIY3( I)-12*0*ENI/Q3F)*IO30AP*B1Y3( 2)
I-Q3TI1.0BPY3I 2)1
EL(S#!)jR.1-.O*(EL55j+EL5521
EL I5,6)u(-FN)SIF36*i3RJ4(NL 3+B1Y41 M)

* EL5LII.EN*91J3(NIl-0.5*(03E/ENU#*1 938AP*BIJ3IN2 I
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AM1
1-O3TIL*BRJ3fN2))
E15111inF35*EL~iIII EL5112m(2.O*EN1IO3E)*IO3BAA*BRY3( 2)+0O1Tll~ft IAl 211
1-EN*BRY31 11

ELES*12)wFN*(F36*BIJ4fNl)-BRAY'( III

FL(6tl) u(-FNI*IBJQLINll
ELI8,21aE-FN)*BYQLI 11
EL I 6 3 a -EN I *JOZ 1N114'O.5*1 Q2SQ/ENI, IBJ02 IN2)
fL(6,iIuI-EN)*BY02I 11+2.0*FNI*BYQ2( 2)
FL(6,53uPN*(F35*8RJ3(NII4B)Y3( III
FL661UEN*SRJ4(NlI-O.5S(Q4E/ENL)*(Q48AR*BRtJ4(NZ2I

i t4Q4TIL*I0IJ4fN2))
FL661 F36*EL661
EL662sEN*.BIY44 11-2mq*4ENl/G4E)*IQ46AR*51Y4( 21
I-Q4f1L*8RY4( 21)
E L (6 #6 1 mfL 66 1+EL 66?
EL(E..1L3FN*(BRY3f 11-c-45*51J11N1)
EL61Z2aIEN*BtJ~i4N1I-0o5*(Q4E/EN1I*(Q48AR*8IJ4(N2I
1-Q4TIL*SP J4(IN? I)
EL6I2lxf-F36I*E'L6121
EL6122uFN*BRY4( I)-2*O*IENl/Q4E)*IQ4BAR*BRY4.( 21
1*94TILWBY44 2))
EL (6912) UEL6l214EL6LZZ
00 51 Kme7Tv?
KM6=KM-6
00 49 L4ultk
LM4610LN+6

49 FL (KMLM~a-EL(KM6tLM6I)
DO 50 LMoT,1Z

4 LM62nLM-6
50 EL (KMvLM~amL(9M6ttM62)
51 CONTINUE

NSTAR*N
IFIKODEN) 905L,9051,9052

9051 CALL RtISP (P#EZE,,E69El11,g3TIL,03BAR'*OS~k,EPSTVM40thM
I ,K~YPE oKAPP 9KO03PoCAV!N, T1T0T M vTIT tT2Tt RE4, EMJ9 ACAPTo N#EM)
GO TO 9053

9052 CALL RHSM (PEZESE6,EllQ4T1LQ4BAREPSB,EPST,VMDUM
1 ,KTYPE @KAPP tKCODSP #CAYINt TITOY# TUT vTIT ,T2T,REJttMJtAClkPToi'4EM)

9053 !FIKCO) 59555,53
53 WRITE OUTPUT TAPF 6,54,N,1iEL(.IJ',Ja1,1ZI4.1,12hIMFIKII.

1,K81912)
34 FORMAT (2OHlTHE MATRICES FOR N*149'6H ARE //If/

113H THE L MATRIX //bE17To/ 6E1T*7/16E1T*7/ 6EI7m7//6fI7e7/
26El7o7//6E17*7/ 6EI7*..//6E17*7/ 6E17.7I/6F1797/ 6E1T 7//6tl7,7f

46E1~7.//6E17*7/ 6E17.7/////L3H THE M VECTOR II6EL7071 6E17*7/t/Il)
55 CALL LINSYS ffEFLMIZLERCIR)

IF(LFROR) 30U601006,9055
9035S IFKCO) 58958056

56 WRITE OUTPUiT TAPE 69S7,(EM(KtI),Kal,12?
57 FORMAT (13H THE X VECTOR /I 6ElT.7/6El7.7 l////I./)
58 DO 9058 IMT-1ItI

IF(EM(IMT,1)l 9059,90set905q
*9058 CONTINUE

NS TOPwNP
GO TO 160

9059 XLlNl)uEMII;1I
X12 NIIEMI?, 1)
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XS NI ý'-F*15. 1
G(N I *FM( 8, )

>X91NI) uEM1(%l)

IF (fN..- 1) 9~04406O4909
.9049 YQ 18 1. BY0LBIL)

YQ182 m 13YOL8I2)

VQB Y0282 Q2

a' 1 84J61WObETA - 3~*J133/4*
T2 w YQLBI/SETA -4*'*YQ1B2

T3 a BJOZBI42b'ZFTA
T4 -Y02&61 /ETA
TA a TI*K.112) + T2*)XZ(2j 4.T3*X3(2t + T4*X4(2)
TO TL*X7(2) + T2*X812) + T3*'9(2) 4 T4*XI0(2)
TG TA*COSST - T6.*SlNSV
TI . BJQISBiZ)/ZETA
T2 YQ191/ZETA,
T3 a 93.jQ2B(2)/BETA - Q&,SQ*8JQ23$43l/4e
*T4 u Y020L/6ETA - 46*y02~Bz 4x)
TA: - T 1* XI.f-2)" TZ*XZ(21 4 3X32
Tb ~:Tl.ý)7(21 .+ T20X$121 + T3*K042) + T.4*XlO(2)
TN uTA*COSST - TB*SINST,

59 #I(C03 * 620,660
p 60 WVITF OUJTPUT TAPE 6tfiL,:OEq,k

61 FOPNt.T (5H1ROEuP14.7,5X,3?HMATR1X-EBARSRRSTTSRTUPdJY FOR No~

64' dYO9*BYQIRfZI 1
5Y0',R(2).uEN/fFN1*RO0EI *AYQ1R,2)-(04.25S*QSQ IIIN*ENAV)*BY41Yd11)

OYQLJNA)24Y01

* bSYQ2R(1)mBYvijO
-TAAw~o 5*ELOVU- (E N*fNMl ?/tot SQOJROE*E) +1*0

TA2uQLSQ*(7AA*BYQIRI 1I-f(Z.O*EN1I/(QtSQ~'P.OE)IAR8YQ1R( 2))

TA4wtFNi/ROE**21*IENML*B'VQ2P( 112O%~*RF0Q 2))

TACmTA1*x(74NL)4-TA2*XB(N1 J-TA3SX9(Ni)-TA4*X1.O(NI.3
TOBa0.S*FLOVV*QIS04;EN*ENk4l/ROEO*2
TB.1mTh.B*Bj~lR(NIg+QLSQ/42.0$6N1*ROE)I*BJQIR(NZI
TB2u!BBS*8YQ1R4 1I,(2*0*EN1/AOEP)*BV01lk(; 2)
Th)3 ( FN/ROE**2)* IENMl*BJQZ RINil ( QŽSQ*RQF )/I2.0*E-NIPP *iJf.)2R(INV lI
T64-(FN/ROF**21*IENMI*8YCZM 11-24'*ENI tOE*8Y02RI .211
TBCuT8I*XLEN1)4TB2*X2(Nl)+T'B3*X3(Nl)4TR4*X4ENUI
TSU-TB 1*X7 INI] dB2*X8INl) 4TB3SPX9IN.L T84*X LOINII
QISR - QlSQ * ROE

* .tcle(FN/ROE**2)*(01SR/C2.eO*FNII)*tIJQIR(N2)-ENMIOB*JQtRfNII)

* TC2a(FNiROIE4**2*(2.0*ENL*ROE*8YQRI.R 2)-ENM1IBYQ1RI III

1.I1.O/If:NL*R0E)l*BJ.JZR(NI))
TC4aIO.5*02SQ)S112.O*EN*ENMI/(QZS(J*HOES*2I)*BY'JZR( ki-SYQ2pi 1)
141(4.O*E.NlIJ(QZSQ*ROE)I*BYQ2R( 211
TCAuTCI*XL(NIP4TC2*X2ZINI-T,3*X31N1)-TC4*X41N1)
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TGIU(ENa/ROE)*BJQ1RINI I-(QtSQ/(Z*O*ENI, I*BJQIR(NZI

TG2II(EN/ROE9*BYQ1R(1I..2.O*ENl*
8 yg1 R1 2 1

TG3u2(EN/ROEI*BJ02R(pNa.ti~ /ZO*N~*J0f1Z

TG45mTGI*X1(g9)+TG?*X2gN1II+TG3*X3(4I.+TH,4.X4f(j 9

TCC(ZTG*TiN I +TCASCOPT IT I+ TCBSSfclIN, I I&vtT)v1-

THET- T4F4 ETA(JINI N)
THAT N/dE*BYQ25T9.IRIT

DOA 910 ITT a a
IFEO(OEN) TAO74,9O74,9O7 AOCOPTIT
TBEITT -ENDUNPITT ICCOP(IT
TRGCITTC a TGA*OU*TlITT -P*INTIT

91076 CNINUE~ ii

00 120 INK a 1,5 I

65EF(KCON) 6396B@66
66i GOT TOUTPUT ETAPE 6#79),IN

GO TO 96

7.TFRN v CCSFITT)U*?RIG

GO TO 907

7tE9~Mu..Tp.4(ENTrTHETAG
78TFlr TGCOS(NUT*THrIG

c CONVER tNCh T TERM

00 11 INKa 19



DIIINDI) SUM
KCON2(INO21 a IBIG(SUM*KON21
IF (ASSF(rERM/SUM) - TOL) 101,101.100

iU ii1ýj- lAtbflrfRM)/TWOKfKONZ) - &5E-071 10I'u1O1. 105

101 KON1 KONI * I

W2~ KUNI A -N
GO TO 108

103 ICý (NSTOP - N) 104#1041,108
104 TALLY~w TALLv + I*

GO TO 108
105 KON1 w 0

IF (NSTOP - N) 106,106,108
106 TAP 3TAP + 1.

* 9077 KONi -1

10io KC0NI( END!) a KONI
*109 INDI a INDI + 100

110 INfl2 - INO? + 900
IND1 a INDI - 1490
INDR IND2 - 4470
IF (KCO) !29vl2,t9078

9078 IF(NTI-ITY) 69969971
69 KSTOPmNTI
?L WASTE(KWASTE) a.XBAR(ITT)

KWASTFaKhEASTE4.1
124 IFf9WASTE-?I 9124,125,125

9124 IF(KSrOP-;TT) 120),125,L29
125 KWASTEmI

IF(KCO) 129#129.126
126 WRITF nUTPUT TAPE Av1279(WASTE(Il)vImlvl6J
127 FORAAT fgX,6217*71

WRITE OUTPUT TAPE 6tlZT,(AIf tTHv12)t12-KSTART#KSTOPl
WRITE OUTPUT TAPE 691279(6I.( ITNI31*I3RKSTARTKSTOP)
WRITE OUTPUT TAPE 6#12791C14 ITH4,I4)*I4uKSTAR1.KSTOP)
WRITE OUTPUT TAPE 6il27,1611 ITI4,I19IgaKSTART9g9STOPI
WRITE OUTPUT TAPE 69127#INI( I'V049I6)tI6uKSTAATtKSTOP)
K S TART mK STAR T+6
KSYDPuKSTART+S

.1WRITF 'WUTPUT TAPE 6,128
128 FORMAT 4///)
129 CONTINUF

DO 119 ICKwINTHI
INDL a ICK
DO 135 JCKm1,NTI
00 134 INK a 1,5
IF (KCON1IINDLI) 134,140,140

134 INDl a INDI + 300
135 INDI - INDI - 1400

GO TO 16~0
140 CONTINUF

C PARTIAL SUMS ON P
160 DO 210 IT~ma1NTA11

00 210 ITT-1,NTI
INC v ITT
Do 209 INK a It's
KON imKCUN2IIROE#TTX.INC)
IF (KONI 20492009200

200 TERM a OI(ITNINCI
SUM a IJ2(IROEJTNINCI + TERM
KON a IBIG(SUMKONI
IF (AeSEiTERM/SUM) -TUL) ZGZ,202,201

s0



201 IF (ABSFITERM)/TWOK(KONI - .F-07) 202v202@2041.

GO TO 204.

22KCON a NON ITHIC O

2103 ONTINN.

20 D2RO EiP ITHRCKLaNSUM

010 2CONTINUEqTI4

00 217 lT4CKa1,NTIj

00 21T INK a 1,5
IF (KCON2(IRC(KITHCK.INCI)ZL6,219.?19

a216 INC a INC + 30
210 CONTINUE

GO TO 220
219 CONTINUE
220 CONTINUE
221 WRITE OUTPUT TAPE 6,ZZZCUUNTeTALLYvTAP

&222 FORMAT (LIHITERM COUNT#F20.Z.///39H NO. OF N-SUNS WITH TOO FEW S14AL
IL TERMSvFl5sZ///3414 NO* OF N-SUMS WITH NO SMALL tFRMStFIS.Z)

1220 INC u LEADX -1I
IFAP a 3001NC

240 DO 241 1 a 19NTH
241 THETAMI a 57*2957196*THETAIII
245 IF (KOOEN - KEY) 247,251,251

JUMP'n -I.I ~00 249 INN a 1,5I
00 248 IX a I,NT
INTER u IND # IX

248 WRITE TAPE 3,(IDZIIROITHLNTER1,KCONZ(IROI1HINTER),IROk a 1NRO)t

11TH a L#NTH)

249 IND a IND + 30
REWIND 3I

251 IF (KODEN + KEY - 2) 254,25Z,3001
252 00 253 1 a 1,NTH
253 THETAEII 0 PHI + THET&AII

JUIAP - t

6001 CONTINUE
6010 I'd a NRO

N2 a NT

N3 a NTH
LUC? u 10*LED
LOC2 m 32+LFD
LNC3 a 3
INCI u 30
INC2 a 30
LABE3 a 3)
LABELI a KE0 O~

6011 INC a INC I + N2*iNC
6 011 IN INC 2IC

LOM 151



F (KII.1 N 65 14 16 0

6ý1 t./ WPIT F OUTPUT TAFF 6, OA?11
6313 FOPNAT ( IH1DILATA TI )NAL WAVFJ

GO Tr 7 0 1.
6514 WRITE OUTPUT TAPE 6,6515
6515 FORMAT ( tIHISHEAR WAVE)

On Tn 7o1A

6516 WRIT .i OUTPUT TAPE 6,6017
6017 FORMAT (46HISUPFRPOSITION OF DILATATIONAL AND SHEAR WAVE)
7019 WRITF OUTPUT TAPE 6,6014
6018 FOPMAT (2H ///If//////26H THIS OUTPUJT HAS THE FORM I/I
6023 WRITE, OUTPUT TAPE 6,6024
6024 FOR'AaT (16H RHO, XBAR,THETA I/I Il/i)
6025 WPITF OUTPUT TAPE 6,6125
6125 FORMAT 43H THE S'LUTION WATRIX HAS SRRSrTSRTURUT/t/l//I

on oLti9 ii - INI
WP:TF. OUTPUT TAPE 6,6926

6926 <t;9MAT j'-.H' I
"J i 1, 4. LUC I

WFITF OUTPUT TAPE 69612',TITLF(JLI
617.6 FC.FMAT (L5a.7)

IF (LABELIJ 60H96013,60-Z
6012 YBAR - (Tt'rLF(JI) - XSTARI / SVMDUM

WPITF OUTPUT TAPE 6,6126,YBAR
6013 DO 6118 12 - 1,N2

J2 m 12 + LOC2
WRITE OUTPUT TAPE 6,6131,TITLE(JZI

6131 FORMAT (1/// F15.71
IF (LABELZI 6015,6015,60L4

6014 YBAP a (TITLFIJ2I - XSTAR) / SVMDUM
WRITE OUTPUT TAPE 6#6126tYBAR

4015 DO 6117 KA a If N3p5
KO m X1INOF(N3,KA+41
LIMA w KA + L.3
LIMO a KO + LOC3
WRITE OUTPUT TAPE 6,604tqITITLE(J3),J3 a LIMALIMOI

6041 FORMAT (//I/I 6XSE21h7 //il
LIMA x LOM + INC3*(KA-1)
LIMU u LOM + INC3*IKO-1)
DO 6016 INK a 1t
IMP * 9A
DO 6115 LIMP m LIMAtLIMOINC3
OI(IMPI - 02(LIMP)
KON a KCONZ(LIMP)
FRROR m ABSF(TWOK(KON)
IF (ABSF(ERROR - v51 - .5) 226,227,227

226 KON = -XSIGNF(XINTF(-LOGlOF(ERROR)),KONI
GO TO 228

227 KON a -0
IF (ERROR) 228,1227t228

1227 KON r. NACRCY
22, KCONlI IMP) u KON

6115 IMP a IMP * I
WRITE OUTPUT TAPE 6,6043O(D1(JlsKCONI(JI,J a KhqKO)

6043 FORMAT (6XE17.7,14,E17.14,El.7Tl4tEL7.?t 14,E1.7o7,141
LIMA a LIMA * 900

6016 LIMO a LIMO * 900
ý',117 CONTINUE
6118 LOM a LOM 4 INC2
6119 LOM a LOM + INCI

C SELECTING MAXIMAL QUANTITIES
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280 KWO - KWA
290 IF I MA XOU1 3006350o 300
300 WRITE OUTPUT TAPE 6,301

nn 3 LO ITsItuINTHIL
THFY mo IMETAIIT-01
WRITE OUTPUT TAPE 6,30ZTS4FT

302L FORMAT (////?H T9IETAuE14*7 I/II v16Xt3HROEt17X#3HSRRqL7K#3HSTT9
117X#3HSP TI
00 310 IPO=1,NRO1
ROE a RHO(IRO)
FMAXI.tAZ(IRU#ITHqI)
EMAX2s2k( IROJTH#II
EMAX3xC2(1IA0, TM I1
181 a LEAOX
182 - LEADX
163 - LEADX
DO 308 ITT%1vNT
ITTI a ITT
AMAI=ABSF(EMAX1I
AMA2nA8SF(AZ9.IRO#1TI4,ITTt))
IFIAMA2-AMAI~ 3049304,303

303 FMAXhrA2([ROtITHITTL)
lot a ITT # LEADX -1.

304 AMBI&ABSS(EMAX21
AM62wA8SF(82( IRO#ITHiITTI)1
IF(AM02-AMI481 306,306,305

305 1EMA92.z6(IR0,IT-f9ITT1I
306 a8 ITT + LEADX -L
36AMCI-ABSF(EMAX31
AMCZ.ABSF(C2(IROITH#ITTlI)
IF(AMC2-AMCII 308,308,307

307 1EMAX3'sC?(1RO#IT1,ITT1~
183 x ITT + LEADX -L

308 CONTINUF
ETMI a XBAR IB11a
ETMZ a XSAR(1621
ETM3 w X8ARII3JI

"r 09 T~' MIIVPUT TAPE 6904 ROEENAXLtEMAXZEMAXI.ETNIoETM2,ETM3
30)ý,^' TL.#Ua./

310 CONTINUE
WRITE OUTPUT TAP' 6,31.1

311 FORMATIL6HLNAXIM&A OVER RHOf//Za RHO VALUES ARE SELOW MAX IMAl//////

00 319 ITTI,~NT1
IT a ITT * LFAOX - I
WRITE OUTPUT TAPE 6,3l2,XBAP(IT)

312 FORMAT (////614 XBARtEI4.7//15XSNTMETAL7Xt3HSRR,17X,3HSTTITX,314S

00 319 IT*Ita1NTMI
THET a THETAIIT41
EMAXIwA2(1,ITI4,ITT1
lot a
EMAXZuB2( 1IT1,I TTO
182 a
FMAX3sC2( ,ITM~t TTI
103 aI
D0 317 IROIqNKO
IP0l a 1R0
AMA 1ASSFIEMAXII
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AF4A2vA8SF(A2(IR0OAITHvITTl)
IFIAM2-AMI) 313031 30129

31.3 AMBjuABSF(EMAX2)

IFfAM82-AM6II 315,31,5,014
314 EMAX2mB2IIROlfITHtlTT)

315 AMCI&ASSFIEMAA31
AMC2uABSF4C2(IROl#1TH#ITT~j
IFI.AMC2-AMC1I 317,317,316

316 EMAX3mC2(1RO1,ITH9ITTl
143 a 180

317 CONTINUE
FTMI - AHO(181I
ETM2 - PHO( 1821
fTM3 m 9140(1831
14FITF OUTPUT fAPE 6,318,THETtFMAXIEMAXZEMAX3,ET'41,ETM2,FTM3

318 FORMAT 14E20*T/20Xt3E20s7/l
310 CONTINUE

WRITE OUTPUT TAPE 6o320
320 FORMAT (ISHIMAXIMA OVER THETA//30H THETA VALUES ARE BELOW MAXIMA//

11//I///I
DO 329 ITT.1,NTI
IT x ITT + LEADX - I
WRITE OUTPUT TAPE 6p3Z1,XdAR(IT)

321 FORMAT (111/6H XBi,ýRAE14.T//17X,3HRtH0,17K,3l4SRRiXt3HSTTt17X,3HSRT

DO 329 IROu1,NRO1
ROE a R140( 180
EMAXI-AZI IROf,1,1TTO

FMAX2sS24RO1I 0TTI
182 a I
EMAX3-C211RUt1ItITTI
183 a I
00 327 LTe4-1,NTH
ITHL I 1T1

AMA 1-A SSF( EMAXII
AMA2wABSF(A2( 1ROITHI41ITTII
IFIAMAZ-ANALI 323,323,322

322 EMAX~sA2C1RO*IT141,TTT)
181 a 17$

323 AmamABSFIEMAXZI
AM62uAIISFfS2I180,ITd~l,tTTI
IF(AMOZ-ANS11 32503250324

324 EMAxZw82(JROt1T14,ItTTI
182 a ITH

325 AMC1-ABSFIEMAX31
APMC2oABSF(C?( IRO,1IT~ltITT) I
IF tAMC2-AMC, 1 32T,327,326

326 EMAX3-C2(IPOITHIITTI
183 a (TH

327 CONT,*'JEf
ETMI * THETAIIBIP
FTMZ - TI4ETAIISZI
ETM3 a TI4ETA(II431
WRITE OUTPUT TAPE 6,328,AOEtEMAXlEM4AX2,EMAX3,ETM1,FTM2,ETM3

328 FORMAT (AF20oT/2OXt3E20*l/)
329 CONT INUE
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lo I
181 1

FMAX2*82( 1.1,1)1
IC I t

1C3 *LFADX

101 1
V02 a
103 LfAOX
130 335 IROIulNROI
DO 335 ITHIwINTH14
On 335 ITTIuIsNTL
t.*4A lsASF( F14AXI I
Ae4A2wA14SFtA2jjROttI1H1,ITT1)l
IFIAMA2-AMAt) 3310)1,330

330 EMAXIxA2E IROI#ITHIITTIl

183 a IITI + LFA1)', - I
331 AMBDL'ASSF(FMAX2)

A~lE2wABSF(82flantvI;141ijTr;)I
If-(AMI92-AI4811 333,333,332

332 FMAX2wd24 RI#0,ITHi, ITTI I

IC2 a ITH41
1C3 a I'TTI + LEADX - I

333 AMCI-AS$(ENAX31I
A'4C~wABSF(C2(lR01,IT,4IITT1If
tF(AMC2-AMCI f 335#3350334

334 EMAX~wC2flRO1tITHIITT11

103v ITL+ LFAOX

335 CONTINUF
AOFA v RU0( 181)
RnF9 a RHO( ICII

* MkOkC u PHOE 101)
THA a TH4ETA(idlI
TI48 a THETA(IC20
TNC a THETW(I21
TTA a XBAR(183)
TTO a X8AR4IC3)
TTC, a XBAR( (03)
WR ITE OUTPUJT TAPE I,3j6#dMAXlROlEAtTMATTAEMAX2,ROFB,I ITHS, TT8,vFMAX3#ROFC#THC,fTC

336 FORMAT 431IMAXIMA liVER ALL RI4U,THETAtXSAR//~/
15)' SPREE 14@?#6XBMFOR RHOuEi4,7,6X,6HrIIETA.E14.7,6X,5'4XBAP.fl',7//
25+4 STT-F 14.7,pfXt8HFOR RHOuEI4. 7,AK,8NTHEIAufEl4.7,'jK,514XAREF14.?//
315H SPTuE14o7t6X.*i*F3R RH0mE14.7,6Xr6HTi9ETAsE14.7,6x,5NKBSA~aFt4.7/)

350 IF (JUMP) 508,1001,351I,331 JUMP 0
INC aNX - NT
00 3114 ICX m 1,NT
IX a NT + I IZXt
DO 3S4 1P00 1#NRO
INO a 40019-30 4 19
Oil' 353 ITH * 1N7H
00O 35Z INK w 1,5 5



1' I
IN'FP v. 11N4 4 LE AP
02tiNTLRJ - IXHI1NDIOAP4PFAC
KCON2(INI'FRI KCON2([NO))

352 [NO [ NO * OO

354 CONT!Nfir

nfl 360. IRO *ItNRO
IND a 30*IX -30 + IRO
DO 315 I TI 1,NTH
P0 350 INK I w t
OWN1Nl a 0*
KCnNtJ( INDI -1

355 INDl - IND *900
359 INV w INDJ-4497
360 CONTINUr
361 FIX a -1.

on 370 INK a 1,5
IF (INK - Z) 3629361,162

36Z FIX -- FIX
363 00 370 IX x 1#NX

RFAO TAPE 3o(MF(RO,1r14)#JF(IROIT'I ,IR0-1#NROjITI~uLNTHOLOI
IF INFWTH) 3001,565,364

364 DOl 365 ITD4 - INh4(Ti
JTH wKEYTI4IITA1
INDEX aITH * NTHOLD
00 364 IPO w 1,NRO
F(IPOINDEXI a I.IXOFIIR0,JTI4)

365 JF(IROINDEXI z JF(IA0,JT111
565 INDEX a IX + 3D*~iNK-11

D0 366 17*4 a 1,NT*4
DC) 3tM IRO a 1,NAO
DO 0 nZ4 IRO, ITHINDEXI
DF - F(IRO,ITHI
KON a KCON2fIRO:ITe4#IN0EX)
JON a JFIIROITH)
LON' --
!F 1iKON-XA8Sf(KCNf) # (JON-XA8SF(J0-1d)1) 3671066,367

366 LON a 1
367 KON a XAISF(KON)

JON m XAI$SFIJON)
AS a NAX1F(AaSFiDD*TaWOK(KONI).ABSF(OF*flWOK(J0N))I

KCONZ(MMITHONDEX) a LON 0 IBIG(AB/flD,0I
368 D211kOtITHINOEXI a 0n
370 CONTINUE

04T a NK

LEADX a I
KODENa2
0O TO 6001

C ERROR RETURNS
3001 WRITE OUTPUT TAPE 6,3002,ENGtKAPN,IPIRf)F
3002 iFlRMAI (15*41 ERROR ItETURN // 'cH ENGwEj4&7 /6H4 K4PN'I~I ~ ~1#4H 1P*16 / 6H IROE*16 I03CL OM

3,0 CL fTOUM00j 3006 WRITE OUTPUT TAPE 6,3007,LEROR
3007 FnPHAT (19HIERPOR IN INVERSION If7* LEROR. 16)

GO TO )001
ENDO
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SUBROUTINE ZRHSP (PeE2.E5,E6,ELloQ3TltLQ3BAREPSB,FPSTVMIOUM

DIM4ENSION PEj(1IlEl4JI1IFM(12,L)
FXPONxfXPF(-a)3T1 L)

Tk 1G2-,COSF iQ30AR )
*tPmFPST*(REJfl )+$kFJiI 1 .E1.04+FPS81 *Et4J( II..(.0-EPS8)*EMJ43)

As-0.4*A I
TIL0uA~EE/(Fi~2 P* 3.L4159Z7)
AT~s(-T!lt.UMI*4r38AReEjiv2)-o3TIL.REJ(2,,
AToTuILnOrno4o3aAR*.,-J(ZI+03T1L*EMJ(2II
t.M( 1,1.0.0
FM(2,1)aFXPON*IAR*TRIG2.AI*TRIGLI

FmlE5,1P.( EXPONI *(AI*TPIG2-AR*TRIGZI
rM(6gl)b(-EXP0NI*IATI*TRIGZ-ATRt*TRIGLI
PsJ g*1415927?

If IKOnSP) 1O01,100l#L00Z

102CAPPsKAPP + 10)

1003 PrIZaPPI/2.O
GOl TO 19001,9002f-90031,KTYPE

900L APxE2,,0/PPI7I*S1NF(PPI2I*SINFIPP12OE11I * SP
AP-42.0/PP12)*S1NFPtPPI2j*SINFIPPI2*EIII * SO
GO TO 9004

9002 AP(firAYIN,1.UlfCAYINI.SINFPPI.TLT)-$1N4F(PPI.TOTI
1-( 1.0/CAYIN)*SIAIF(PPl*T2T)

APuE?. 0/fPPI**2*TlT0T))I*AP
AP 0 AP * SP
GO TO 9004

9003 COM~eSINFIPPIOTIT)
CO42mCOSFlPPI*TI TI
EXPl&FXPF(ACAPT~f1.-TlTJ)
API.(Z./IPPI**2*TIrTII.l)(C0e4L-SIt4FCPPI*TO)T)I
AP2u2., /PPI
AP3wACAPT**2.PPI **2
AP4mA9Z*COM2

EKP2a8((.LO0I**Ipl*ppI
APl~I2.,/EAP3*EXP1 )I OEEP2i
APts12o/AP3I)' ACAPT*C0941.PPI*CU'42I
APwAPt-AP4-AP5+lAP6

APu AP # SP
9004 UFuE1,0/PPII*(E6/fi'5*,VNl0Uf*EI)1

I.9005 EM(I,LlwFM(I,1I'&6-
m( 3,1 I.-JF*EFm 3t 1.1~. PC-TUR N
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SUBROUTIN~E ZRHSN IPEZ.E5tE6.E11.Q4TIL.O4BhR.FPIB.FPP;T.UVfli -d

IIKTYPFSiAPPt,KOOSPCAYINT1TOT.lgT.T1TT2Tt.PEJEMJ.FNACAPTI

TRIGI , SINF104')AR)
TRIG2 w COSF(04BA~P
CR a -ENJ(3l
Cl a REJ(3)
AUJ @ 2250790T79 * E6 /IfP * EZ * SQRTF(VPMOUMll
CTA AOJ * (04T[L*REJ121 - 0'OAR*EMJ(211
CT! Af)J * (Q'.SAROREJ(21 # 94T[L*EMJ(21)

FM2 EXPON * (CR*TRIG2 t CI*TRIC10
EfMt31 -fXPONi * (CTk*TR~i, + CTI'TRIGI)

EM051 --EXPON * (CR(*TR1GI C1*TR!GZ)
EM(6 - FXPCON * (CTR*TRIGI -CTI*TRJ(,?I

PPI a 3,141592(-ý*P
IF Wil SPI 100',1001,002

1001 SP-1.0
GO TO 1003

1002 CAPPgtKAPP +41
PPIPOPPIIC&PP
SPIRSINFtPPIP )IPPI P

GO TO (9G00I.90J)2t90O3f,ITYPF
900L AP.42.0IPPIZ)*SSNF(PP12)*S1NFEPPI2*E1LI S P

GU TO 9004
9002 APm( (CArIN,1.0I/CAYINI*SINF(PPI*T1T)-SINFIPPIeT0TI

APul2'O/.(PPZ'.z*tT1T0TI *AP
AP - !P * SP
.GO TO 9004

900) COMlaSINrEPPI.TlTt
CO'IZxCOSFlPPI.TlrI
FXPjmbPKPF ACAPT*I 1.-Ti~ll
AP-lugzol(PPI**ZS'T1TOT)I )*COMi-'J!'iL -!-r$

AP3wACAPTO*4**PP! **2
AP4wAPZ*C0P42
ipsp+* 05

APSW(2./jAP3*FXPI ) *EXP2
A"A.Le2./AP3#IiACA~tT*C0O41+PPI *CO$421
APmAPl-AP4-AP5+AP4L
AVa AP * SP

9004 UP - C6 I(PP12 * E2 ES *S0RTP(2**VMLXUM)I

on 9005 XIdto,
90095 El)a P1441) * AP

EM4(3) a 114(3 * (IF

EM461 a EM(E') * UPF
RETURN
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SUBPPLJTINF RI45P I Pt2,E5 ,E~,Fl1,Q3T1LsQ3qlAREPSBe1 TVMDUM

N FX P a( N+ I 1/2

P 1 1V 2 - 1 5 707 9632 7
Pt u3. 1415927
IF(N-Z*(N/Zll 101,2

82.-F4J(N+li
C I=F MJ ( N+2 1
C2u-FMJE NI
CiwPVJ (N+2J
C~oPFJ(N)
OluREJ IN*31

D3uFMJ (N+31
(4F mJ (N-11

GO T(I S5

2 BlmEO4J(N+1)

C2uRFJ(N21I

C2.N~j (Ni
C 3wEMJ(N+2)
CiSaqj (N)
Ols FMJ4JN*3)
03w-PF A N+3t
IF (M-1 3.3.4

3 fl2v-FMJ(2)

60 Tn 5
4 02x*rMJi N-I I

04a-IkFJIN-ll
5 EI&FACTORSP I

F2sFAC TOROPI OV2
AIINFL*8I
ATNomfI*62
ABCNtoF2*(CI-CZ)

*AASN~s (-J2)* (C W*21
ATSNI=I-F2 )*(C 3'C4)
AfCCN2-u.-F2 *(Q 1.02)
AICfN2u t-F2 j*I3+04)
A8S#42sF2*(01-021
AT$NY?sF2*lID3-0, I

APN~tsF 3*APNI&
APN1.r-PST*4ATNY-ATCN2I-(1.c.+ErSB)*Adti-II.O-EPSa,.AgCN2
APN I F 3*APN I
CPNRxf 3*IEPSTaASSNZ-(1.0-EPS8)eATSNZI
CPNlaf;3S4EPSY.ATSev2,(t1.ESeI).AaS.N2



AYPN~uFi4.(Q38AR*AeCNI6,Q)TTL.ATCN1I
ATPN~xF4*(Q38AP*ATCNI-Q3T1L*ASCN1)
CTPNflui F)(3BRASN+3 LA II

FXPONmEXPF(-Q3TIL)
TRIGlwSIMFtOIBAR)

F04 (1 I P 100* 0
EM 42, l1O.00
FN* 3,tl$EXP0N* IAPNR*TR1G2*APNI*TRIGjLj
EM(4.1 )3EXP0NS4CPNfl*TR1GZ4+CPNI*TRIGII
EAI(5,i)ui-EXPONI*(&TPNR*THIG24AfPNI*TRIGJ.I
E-M(6,1.l(-'EXPONI *ICTPNR*TRG2#.CYPNI*TRIG1.,

EM(8, [.0.0*
Ef4(9#1 I' FXPONI *4APNI *TR1G2-APNR*TR1G1I
EM( 10,11.4 EXPQNI*(CPNI*TR!6j2-CPNR*TRIGIl
fM(I1,L)s(-EXPON)*(ATPNI.TRxGZ-ATpNp*TR!G1I
EMII2.Ilus(-EXPONI*(CTPNI*TRZG2-CTPNR*!R!GII
P I 3. 1 41 5927
PP IrP*PJ
1f-(4KDSPI i001,100lI,02

100Q1* SP.1.0
1002 to 1003
102CAPP-KAPP + M0

PPIPaPP'ICAPP
SPaS INi A PP IP I/PP IP.

L003 PP 1200P11*0
00 TO (900199~0020o03),v(rYPE

9001 AP4*/PZOIFPi)SNIP2ft * SP
00 TO 9004

9002 AP.( (CAYIN,1.Oh/CAYIN)*ýINF(PPI*rTIT-SINF(PPI*tOT)

APuIZ. 0/fPVI**Z*TiTOTJI*IAP 5
AP ' AP 0 SP
60 TOl 9004

900a -JJMI&SINF(PPI*TLTI
C('M2=COSF(TPI*TLII
fXPI=EXPFiACAPT*( Is-nTlT
APlut2./(PPI**2*TITOTJ J*(C0OPU-SINFIPPI*YOT~J
A3CAP2*PPb2.f1 *
APZ-Z. jPPZ2P+t*
AP4sAP2*C0M2

I XPZ.1(-l&OJS*IPI*PPI
AP~ui2./IAP3*FXPlI I *EXP2
APJ.I(2. AP3)S4ACAPTeCOM1+PP1*COM2I
APuAPl-AP4-APS*AlPE
AP -hPl-Ai4-APS +AP6-A,*?
AP a AP' 0 SP

9004 UF t t 1./UP! 1 *U / (ESOVWOIJSE21I)
W1 9005 1-1,12

4005 fHE*44imFUMf.*f*AP

EM46#11sUFSE"( 6,11

f' '11.. t .UFeE#Ai.12# 1)

s8TotUti
IFND
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SUF3P OUT INE RHSM (P.E2.F5.F-I.F I . 04T I . C8Q.Mi r : . a cr vwhi im
I#KTYPF .KAPP, KODS PCAYIN, TITUT .TOJT rIT ,TZT ,RFJ EjACApT NEN4I DJPrNSIpIN ZEJ(I1) ,EJ(1 )sEMf12,1:
FAC TOP -4 -1. 0) **NEXP
PJOV"'-1. 57079f.327
P! -3. 141 59?7

L C1c-Eh4J(N+?)
C2=-EMJ( Nl
C3-RE JIN42)
C4=PFJ (NI
01 .REJ (N+3.)
02-REJ(N-~1
D3-FMJ(N+3)

60 TO 5
2 CI .-RE J (fA2)
C 2xWEJ(N)
C3uFMi(N+2J
Ch -E.MJ ( N
019 ENJIN*3)
03=-REJIIN.3)
IFIN-1)I 3#3v4

.3 02u-EMJ(2)

GO TO S
4 DZ=.FMJ(lg-11

5 Fl-aFACTflR*PI
F2vFAC TUR.P10V2
ASCNtxuF2* (C -C 2)
ATCN.twFZ*(C 3-C41
A8SNI-4-F21*(C 14C2)
ATSN13(-F2Ie(C1+C4)
AbCN2m~l-F2I *(DL+02)
.ATCNZ-(--FZI*(03*.041
.ASSN2wF2*4D1-D2)
AT SN 2.P2 * 3-D4)
F3 w .6366198
APNR a F3 *ATSN2

CPNR 4 F3 *ATrN2
CP-k - - F3 0 BC -4,
04- - .143289T-9; * E6 MIP *EZ 4SQRTFJVMDtUMI)

ATPNP a F4 * (04BIAR*AOSNI *Q4TILOATSN11
ATPNI a F4 0404Q'BAROATSNI - Q'TIL*ASSbJI)
CTPNR a F4 * IG49AR*A8BCNI 04T11*ATCNII
CTPNI w 4 * 404BAR*ATCtN1 -Q4T1_*ABCNI)

FXPON w ILKPF(-04TItl
~ij.TRIGI a SINFIUJ48IaI

TAIG2 w COSF194544)

[M42v1I-O0*
Fm(3.iJ.EXPON*IAPNRi.TIRIG2.APN1*TRIG,.)
04 (4, 1IE X*PON* (C PNR*T R I G2+C PN I* TR I GI I
Fd( 5.1)u -E XPCJN)*( ArPNR*TR IQZ*AT PN *TR 1Q11

EAI( 'UPlmC-.F "IIN)*(.CTPNR*TRIGZCTPNI*TR 101
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FM 17 *.lla.O

EM(91u EXPON)*(APNI*TP!G2-APNRaTRIGI)

EM(I11,1)UE-EXPON)*(APNTI'- -A PNR*TI1
EM(12,1'DU(-EXPON'1*(CTPNI*TR1GZ-CTPNR*TRIG1I
PP t.P*PJ
IF4KOOSP) 1001,1001,1002

100i SP-1.0
GO TO 1003

1002 CAPPwKAPP + 10
PPIPaPPI/CAPP
SP-SINF( PPIPI/PPIP

1003 PPI2uPPT/2e0
GO TO (';01,0ls9002s3l#KTYPE

3001 AP-(2.0/PPI2)*SINF(PP12I*SINFtPP12*Ell) SP
GO TO 9004

9002 APsI(iCAYIN.1.O3/Ct.YIN)*SINFIPP*L.TIT -SINFE 0PI*rOTI
1-i 1.0/CAYIN)*SIt4F(PPI*TZT)
AP-(2.0/IPPt**2*TtTOT)2 SAP*
AP a AP * SP
GO TO 9004

9003 COMIuSINF(PPI*T1TI
COM2=COSF(PPI*T1 TI
EXPl=EXCPF(ACAPTS (1.-TITI I
APlu(2./(PP!es2*TT0T3IsgC0M1-SINF(PPISTOT,,
AP2o2. IPPI
AP3=ACAPTSSZ4PPI **2
AP 'APZSCOM2
IPUP+. 05
EXP2s4I- 1.0)**IP )SPPI
AP*1*35P*FPL *XP2
AP6312./AP3)s(ACAFT*COMI*ppI*COlM2)
APjmAPI-tP4-AP5.BbP6
AP a AP * SP

9004 UF a E6 /IPPI2 * F2 * F5 SQPTF(29*VMDUMII
DO 9035 1=1,12

qOOS EMI 1,1IuEN(IlIISAP

FMIA,1 )uUF*EM(6, 12
EMII1,II=UF*EM(tl1,1
EMI IZ,1)=UF*EM(jZ,1)
RFTURN
END
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SUBROUTINE LINSYS (ApYMt,L
OIMFNSION A(1ZlZIY112)
MI a M - I
00 150 K a 1,P41
KP K~ + 1
X -0-,
00 11,0 1 a KM
IF (X - ABSF(AiUK)II 100vtlOI&O

100 X Ag'#ý(Aid,K)l

110 LONTINUF

IF WX 1.20t,20o.130
120L 0

GO TO 190
130 00 140 J a t#M

X A(KoJ)
-A(KtJ) 9 ACLtJ)

140 A(LJl aX
X a Y(KI

Y(K) a Y(LI
Y(L) a X
DO 1502 1 = KP,#4
X w A(IqK) / A(KK)

(I!) a Y(I) - Y(Kj*X
00 150 J a KPM

160 AII,JI * AliJ) - A(KJ)*X
IF I(AM,Mt) 1,60r].2O9160

160 Y(M) a Y(MI/A(PIM)M
K M

KP *K

1.70 X X *A(KJ)*Y(J)
180 Y(K) ( YCK) -X1 ~ A(KKI
190 RFTURN

END
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SUBROUTINE TILDE 4 KQtROETHETAtREJTIL .ENJTIL,
IREYTIL ,EMYTI LEIG)

DIM4ENSION REJTIL(I ,*EMJTIL(1),REYTIL(iEMHYTIL(1,MOREaZ I
2001 N a 10 * KMAXOF(K~tN+201
810 REJTILIN+21u0Oo

FMJTlLfN*Z2laO*
REJTIL(N.1I a I1.-18
EMJTIL(N*1I a 0.6

2003 RA)uROE*Q

GO TO (3t4l#IMCRE 
-I

YuRQ*SINFITHE-TA)
F2*Y,/ RQ*RDEI
4 FlFF1/ROE
QSQd~uQ**2/4m0
00 i6' 1u1,N
L-N41-I

EL=L

REJTILIL)UPI*RFJT[L1L411-(QS04*REJTIL(LZ) )/(EL*(EL.1.OJ)
5 REJTIL4LUsREJTIL(L.*F2*EMJTIL(L4.1)
FMJTILIL~uFI*EMJTILIL41)-F2*REJTIL(L,1 I-EQSQ4*EMJTILIL+2I I

1/lEIL* (EL. 1.0ll
6 IF (ASSFtREJTIL(LlI + ASSFIEN4JTIL(LP) Le1E30I 16#tb,2004

2004 00 2005 J 4 LAN
REJTILfJ) a REJTILtJl * 1P.E-30

16 CONTINUE I
CALL JTILO fQ*RO1,THETAtFP#GP.FNG)
MFENG) 7?2

8A a REJTIL(If
6 a F14JTILI1p
HIGH a MAE1F4AeSFIAivA8SF(8ll
4H a A/HIGH
ON a 8/HIGH
OENOR4 a A*AH + 5*BH 

.A u IFP*AN + GP*SM) I DENOM
A w IGP*AeH - FP*8141 f DENOM
GO TO 10

9 ANFP/REJTIL(II
10 00 12 IuIN

DMt MuR EJ T I L UI
RFKJTIL(II IA*Dt.DI
GO TO fllvt2fIMORE

11 OU42 orNJ T IL iI )
REJTILI! JuREJTIL(Il-8*0UpMz
PMJlIL(I )uA*DUAZ+8*OUaql

12 CONTINUE
CAPAs-0,o£159315157*LOGF(mQ)
SUSNR~nIO.63Eniq9yp *ICAPA*FP-THETA*GPI
SUMI'a (0. 63661 077Z2 *(CAPA*GP.TI-4ETA*FPI
GAMeI. 273239544
FOUNNYoG0S04
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FACTORmFDUMD4Y!2.0

KTFSTWL I
LTF ST. Inn 24L ,le ; N 1Y 2
m2 w 2*4+i
TER M=GAM*F ACTOR
GO TO (1~t17OLlKTEST

15 TEPMRCuTFRM*RFJTIL(M21,
!FlASSF(TERM*FlI-,uE-LIi 46,46,17

46KTFSTw2
GO TO 1701

17 SUMRtF-SUMRE+TEOMRF
1701 GO TOM (l702t22)LTEST
1?02 GO TO (19,18),I1tJRE

16 LTEST*2
GO TO 22

19 TFRMIMaTERtM*FMJTILI.I21
rF(ABSF(TEPM!M)-1.OE-lL! 20s20#21

20 LTFST=2
00 TO 22

21 SUMIMwSUMJM.+TFR4IM
22 IF(K7EST+LTEST-4) 23#25#25
23 BMo(M2*1)*M2

FACTORwlgfACTOR*FOUMI4Y) BM

GAMw(-GA#4)*( EM. 1.0)/L2EI
24 CONTINUF

ENG09.
GO TO 26

25 REYTtL(1)mSUMRE
EMYTIL( I&~S(JMIM
GO TO 127,ZUIlMORE

26 TOP-QSQ4*SUMRE*RFJTILI2I-QI(3.141592653*RtQI
REYTIL(2lmTOP/#FJTIL(1J
FMYTIL(21 a 0a
GO TO 2009

27 BOTTOMuREJTIL( 11**2E4EJTIL(1P**2
TiuREJTIL(1 I*RFJTILIZ).EMJTILilI*ENJTIL(2I
T2-REJ TILl hOE MJTrIL.(2 I-E 'JTIL(I I*REJT ILl 21
T3-1*O/(3. 14lS926S*ftOE9RQI
T4uX*PeJTIL l1)-Y*ENJTIL( It
T~sY*R EJTIL lD+X*FMJTIL I I
REYT ILl 21u1Q0404*EYTIL(L 1*TI.QSQ4*EMYT ILl 1I*T2

I-T30 T4 )180-T T004
EMYT1L(2Dn(QS04eREYTIL( I)*TZ.0S04*EMYt L(LIIITI

1+T3*T5 I/BOTTOM
2009 IF ACCUMULATOR OVFRFLOW 2010,28
2010 FNG v -2.

26 RFTUAN

FND
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SUBAUUTiNE BFSSEL I~~tEARJC(JE4
OIAILNSI~JN REJI1~tkl4jd1I

LO flJkMJAI 424#H OVERFL0Iw IN dkSSEL. Q e~79 THSTA okl15.7TH KAPN

L0~~.IF ACCUD4ULAT0IF OVEftFL0~. 100,100

I FIKTFSTL-KTES12) 1.1,2
IN-KTFST2#kO

2 NmftTESfitl0
i REJIN#21-0.0

EmjiN+2)8O0#
REJ(N41.i~L.oE-37
FNJ(N+1D'0.0
XaQ*OC05U(TJA) -
VUU*SINFITNFTA)

QSQN*QQ
9Q-ubOOYI/Q50

00 4 1-!#N

RLJILiutL*(LI.)1SaJIL*1)4Q28%ENJ(L*L)I-A5J(L*2I
EMJILI-L*(Qi'LJIL*LJ-'JZ*AkEJIL*1II-EN4J(L429
IF (Ab$SURLJILI) + AW$FIHELI) -1.06301 4,1lt13

IS DO14 J aLtN

0TS.41)aR.J000*00 .f05 3
FL4 kEM JI aE3I )*I&E3

00 'OO IhN* .,

RIEISfLP-rLSTI 005 ,0290
9002 K.F'Z

904GP.GF.MJ1ISJD

IFIAELG-PtLSTS 9005,VO0,,9006
9002 K~aZ
900J IKGO TO19-4#9006)tKG,00

9007 CJNTINUE
Go To 200

940A A DREJIlI)Z.OOFP
- a *LMJIE1,2.0*GP

bOOS HIGos - MAXlPEABSFIAJABSSF(N)I
x /HIGH

Y a A/NIGH
OtNUM * A*X + BOY

A a X/DENOM

b a Y/DIkNUM

N tJ (I I wA 0 OU I+B80 0U#4Z
L4J I I I mA*OUM2-tiOUML

6 CON T I N U
IF ACCUMULATOR OVERFLOW 200.7

ZOO WPITE OUTPUT TAPt (ott0,J#THfTAK
EN -1.

I RETURN
ENO



SURAUUTIN JTILU fQPtk0EP#TH'ETAP,FP,(;P,ERROR) 1
RLOF4 mrFOEP
TH4EM l aITHE TAP

KIFSTf~4FTA 12) z0.O0
LTEST&I
IF(TmETA) 2f1,2

I LTI3ST-2

G~tJ.O

Aa-I.
fui aQ* R('

* PP*t8/LJI*fSUf
3 CONIITNUE

GO TO (30L1304)oKTEST
301 Pf-AP*LUSu2.oa,0*r.1ETA,

IlUA8SV(PFJ-O.I**Iij 302#302,303
302 KTFSTmZ

00 TO 304
303 1FvFA*PF
3U* 60 To 1305PJOBiLTEST
305 FGmP#SINPl2.O*EI*TpgdTA)

IP4ASSF(PG)-o.1seai, 306,306.307
306 LTEStai

Gu to 306
307 Li*4,A*PG
308 A-A

IFlIKTLST#LIEST-4) 50SU3,003
5 CONTINUE

GO TO (5VltSO2)@KTC$T
-- 501 EFROOR6I.g

GO TO 504
5U2 EP1RUR2.0

GO TO 504
503 FPwF(L)

GPvG(1I
504 IkETURN

END
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FUNCTION fSIG14,NI -

IF #A) 100,140,100
100 Y a 6"4269504 0 L-OGFIASSFIA))

IF MY LC120l~LIO,
110 y w y + 10
.120 04 a Y

M m 128 * M # 16384
IF (M - N1 140,40,130

130 L* w N - 1280IN/12@1
181G a L M
GO TO 150

140 I8I0 w N,
t~50 RF7#URN

END

FUNCTION LLOW (KI
LLOW *ý XC - 28*4K/LU) K
RE TURN
END

FUNCTION TWOKIKI

END fj
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