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STATEQ: _A NONLINEAR LEAST-SQUARES CODE FOR OBTAINING
MARTIN THERMODYNAMIC REPRESENTATIONS OF FLUIDS
IN THE GASEOUS AND DENSE GASEOUS REGIONS

S. L. Milora

ABSTRACT

This report describes the use of the code NLIN (IBM Share
Program No. 1428) to obtain empirical thermodynamic pressure-
volume-temperature (P-V-T) relationships for substances in the
gaseous and dense gaseous states. When sufficient experimental
data exist, the code STATEQ will provide least-squares estimates
for the 21 parameters of the Martin model. Another code, APPROX,
is described which also obtains parameter estimates for the model
by making use of the approximate generalized behavior of fluids.

Use of the codes is illustrated in obtaining thermodynamic
representations for isobutane.

1. INTRODUCTION

This report describes the application of & nonlinear least-squares
code to the estimation of the Martin-Hou equation-of-state parameters.
The unmodified FORTRAN computer program NLIN (IBM Share Program No. 1428)
and the algorithm upon which it is based are described in Ref. 1. The
algorithm which was developed by Marquardt essantially interpolates
between the Taylor series and the maximum descent methods by specifying
at successive iterations the maximum neighborhood in which the Taylor
series approximation to the nonlinear model is adequate. This approxi-~
mation results in & marked reduction in computing time relat.ve to the
steepest descent method and assures converge:nte to the stationary point
for any reasonable initial estimate of the parameters.

As presently comprised, the code NLIN can accommodate up to 50 in-
dependent parameters and as many as 1000 data points. In this applica-

tion, 21 parameters are used although only 18 are varied independently.
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There are two strzcegies available for selecting the 21 equation-
of-state parameters, and the method applicable in each case is dependent
upon the quality and type of experimental pressure-volume-temperature data
available. The two approaches are treated here, and a specific example is
d ‘3cussed, with isobutane being the test case.

To facilitate understanding and use of the code, a brief description
of the nonlinear theory upon which the algorithm is based is presented
first.

2. MATHEMATICAL DESCRIPTION OF NONLINEAR PARAMETER ESTIMATICN

Let the n data points to which the model is to be applied be given
by:

(Pys Ty s vr) f=1,n,

i’ ri

where Pi represents the pressure of the ith data point; and Tt and vfi'
the corresponding values of reduced temperature and specific volume

(Tri

terms of the independent variables Tt and v, can be written in generalized

= Ti/Tc’ vri = vi/vc). The model which describes the pressure in

form as follows:

-
E(P) = E(Tl" Vrf B) ’ (2-1)

where the notation E(F) has been introduced in order to distinguish be-
tween the expected and observed values of pressure. In the above formu-
lation, E;represents the vector of equation-of-state parameters whose.. com-
por-nts are Py, Pp, ..., P21- In the Martin-Hou representation, a maximum
of .ip to 18 parameters may be varied indépendently. The vaiues of the
remaining three parameters (chosen arbitrarily to be Hy, f,, and p;) are
prescribed by the three constraint relationships which describe the nec~
essary conditions at the thermodynamic critical point. A brief descrip-
tion of the form of the equation of state and the methodology employed to
handle critical point constraints is presented in Appendi*gé.

In the usual sense, specific values of the parameters f are chosen
so as to minimize the sum of the squares of the residuals, or errors of

prediction, for the available data. If the residual is defined on a



percentage error basis, then the quantity to be minimized will be:

2

n n
P, - E(P,)
¢=§ (RES ) =§ R I (2.2)
i=1

i=1 Pi

and, hence, the necessary conditions for a stationary point are:
+ = minimum => o@/opj =C for j#1, 4, 7 . (2.3)

[mplicit in Egs. (2.2) and (2.3) is the understanding that the dependent
parameters By, B84, and By have been climinated by the critical point
constraints.

If the individual components of ;.appear linearly in the equation-of-
state representation, then the surfaces of constant ¢ weuld be ellipsoids in
the multidimensional parameter space; and Eq. (2.3) would reduce to a sys-
tem of 18 linear equations (normal equations) with 18 unknowns. the solution
of which would be straightforward. If, as in the case here, the P~V-T
representation is nonlinear in some or all of the parameters E; then an
iterative techniqgf is required which proceeds from some initial estimate,
go, to the value 3 which minimizes ¢.

In practice, two methods are commonly employed to obtain the least-
squares estimates of Eﬁ In the Taylor series method, the function
f(Tr’ Vs E} is expanded about a point EB to first order in a small cor-

—
rection vector 08 and the following linearized (approximate) model results:

—n
— - - éf(Vr, TI” g) )
£ (v, T 8p+ 0 =f(v_, T, Bg) + — e 0t (2.4)
t'r r, r’ r 38 i
i i
where it is understood that the multidimensional gradient operartor,
-~
ofop, does not operate on dependent parameters (or any other parameters
whose values are to remain constant). When Eq. (2.4) is substituted
into Eq. (2.3), a system of linear equations results which, waen solved,
gives that value of the correction vector St which minimizes at, the
sum of the squares of the residuals for the approximate linearized model.
. 3
By adding this value of Ot to the original vector and by repeating the

— ~
process at the new point, B8 + 5t’ a second approximation to the least-
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-
squares estimate of B is obtained. Successive iterations are performeg‘

until a true minimum Iir y is obtained which yields the desired result p.

R This method is certain to converge only if the original estimate.
8q, 1s sufficiently close to the true minimum such that the truncated
Taylor series represents, reasocnably well, the nonlinear model in the
interval between Eg and g. If this condition is not satisfied, then the
iterations will most likely diverge.

In the method of stespest descrat, convergence is practically as-
sured; however, machine calculation cimes are frequently prohibitively
large. The stationary point is reached by ta%ing a succession of in-
cremental steps that are parallel, locally, to the normal of the surfaces

of constant ®; that is,

-~ Ve
8 (zth iteration) = ¢k —=——
Vel |«
B*Bi
and
Bie1 = 8y * 6y -

To accelerate convergence, the constant « is adjusted so that the
angle between any two successive correction vectors is greater than zero
but less than m/2. Still, if the model is highly nonlinear, the direction
of the initial correction vector may not be optimum although convergence
will eventually occur.

As described by Marquardt,! the method upon which NLIN is based in-
terpolates between the two methods. This is accomplished by introducing
into the approximate ‘laylor series method a constraint condition which
mipimizeg @ for the&approximate linearized model in the sgherical region
|6 | = |6g|, where 6§y is of arbitrary size. The region |8y| may be in-
creased (or decreased) by decreasing (or incEeasing) the Lagrange
multiplier A. If the maximum neighborhood |60| is made too large, then
the modified Taylor series method may diverge. On the other hand, if
the region Igol is made infinitesimally small (by choosing A large), the
modified method will give correction vectors gt at each iteration that
are parallel to the correction vector prescribud by the method of steepest

descent and convergence will be assured hut at the e:.pense of increacsed



computation time. Essentially, the modified method attempts to find at
each iteration the maximum neighborhood 3691 within which the truncated
Taylor series adequately represents the nonlinear model. Once this has
been done, the correction vector 3; is easily found by solving the re-
sulting system of normal equations (linear), and the iteration process

is continued until! the stationary point is found.

3. OPERATIONAL DESCRIPTION OF THE CODE

There are two methods that may be employed to determine the equation-
of-state coefficients. Since the Martin equation is particularly suited
ro describing the state of the fluid in the densc gaseous region at super-
critical pressures, a pressure-volume fit along an isotherm near the criti-
cal temperature is helpful in ensuring the quality of the fit at super-
critical temperatures and pressures. As a matter of convenience, the
critical isotherm is chosen for this initial step, since application of
the Van der Waals conditions ai the thermodynamic critical point (first
and second derivatives of pressure with respect to volume must vanish)

reduces the equation to one of 18 independent parameters.

3.1 Critical Isotherm Data Available

As described in Appendix A, the form of the equation of state for the
critical isotherm alone reduces to one of eight parameters, amd six of
these appear linearly. By applving the constraint conditions at the criti-
cal point, three of the linear coefficients are eliminated. and the equa-
tion is reduced to one having three linear and two nonlinear parameters.
The code STATEC is used toc determine these five coefficients (and, hence,
the three dependent coefficients) by supplving only critical isotherm data
and by specifying that only five parameters are to be varied. The param-
eters Py of Eq. (2.1) are identified with the vector PAR(I), I = 1 — 21 in
subroutine FCODE of STATEQ. The relationships to the equation-of-state

coefficients of Appendix A are as follows:

Dependent paramters [functions of a, b, and fi(l)’ i=4—-6]:

PAR(1) = fl(l) PAR(4) = fz(l) PAR(7) = f3(l)



Independent parameters:

PAR(2) = B, PAR(3) = C;

PAR(5) = B, PAR(6) = C,

PAR(8) = Bj PAR(9) = C,

PAR(10) = £,(1) PAR(11) = B, PAR(12) = C,
PAR(13) = £5(1) PAR(14) = Bg PAR(15) = Cs
PAR(16) = £4(1) PAR(17) = Bg PAR(18) = Cq
PAR(19) = K PAR(20) = a PAR(21) = b

In all cases, PAR(1), PAR(4), and PAR(7) are not to be varied in-
dependently, and this information must be passed on to STATEQ with the in-
put data. Along the critical isotherm (Tr = 1), the terms involving the
coefficients Bi and Ci (1 =1 —6) and K cancel; and hence, their associated
parameters do not enter into the calculations. Information that they are
not to be varied should also be included as input, if the critical iso-
therm alone is to be determined. Initial estimates of the values of all
the parameters must be supplied, and this will be taken up in a later para-—
graph. When the code is operated in this manmner, only critical isotherm
dara (P-V-T) are used. The procedure then determines the coefficients
fi(l) (1i=1-—6), a, and b.

The remaining 13 coefficients are found by operating STATEQ with ail
available P-V-T data while holding the 8 previously determined coeffi-
cients constant. This procedure determines the coefficients Bi’ Ci’
(i=1-—26), and K. A greater emphasis can be placed on different regions
of the P-V-T domain by weighting these regions more heavily with addi-
tional data.

3.2 Critical Isotherm Data Unavailable

If data long the critical isotherm are mot available, then all 21
coefficients must be determined simultaneously by STATEQ. All available
P-V-T data are supplied as input; and only PAR(1), PAR(4), and PAR(7) are
held constant. Frequently, this is “he method that must be used, since

accurate critical isotherm data are available for only a few compounds.



3.3 1Initial Parameter Estimates

STATEQ requires an initial estimate of all 21 parameters, which
should be reasonably close to the optimum value in order to minimize
machine calculation times. Martin? describes the strategy for estimating
the parameters when the critical isotherm is known. This means that re-
sults of Method 1 above must be available before the initial values can
be determined, but the initial =stimates are needed by STATEQ to perform
the calculations in Methed 1. The problem can be resolved by using as
estimates for Method 1 the known equation-of-state parameters of another
fluid. The fact that the equation-of-state coefficients are expressed in
reduced or dimensionless form makes this possible, since the approximate
law of corresponding states asserts that different fluids that are at the
same reduced temperature and reduced volume will have nearly the same
value of reduced pressure.

The code APPROX, which is based upon the procedure recommended by
Martin, was written to provide the estimates of the remaining parameters
(exclusive of the eight critical isotherm coefficients). TIa this code,
certain generalized facts about the P-V-T behavior of compounds are used
to determine the coefficients. The fit is obtained without the need for
P-V-T data; but a knowledge of the second and third virial coefficients,
the Boyle temperature, and the slope of the vapor pressure curve at the
critical point is required along with other miscellaneous known facts
about the compound. 1In all, twelve known facts are required to set up
a system of linear equations which are solved for the remaining unknown
equation-of-state coefficients. A value for the nonlinear temperature
exponent K must be assumed. The fit obtained is compared with the avail-
able P-V-T data, and small zdjustments in the facts can be made to improve
the accuracy. This technique can be used to refine the coefficients, but
the method is tedious and does require a knowledge of the behavior along
the critical isotherm. In using this technique to describe the P~V-T be-
havior of ammonia, Milora3 found that the representation obtained in this
manner was considerably less accurate than that determined by the non-
linear least-squares approach (Methods 1 and 2 above). It does, however,

provide good estimates for the nonlinear code.



If critical isotherm data are lacking, then APPROX cannot be used
to obtain initial parameter estimates for STATEQ; and the estimates must
then be obtained from ancther fluid (preferably a homologous compounc}.

Under these circumstances, Method Z would be used to refine the estimates.

4. PROCEDURAL OPERATION OF THE CODES STATEQ AND APPROX
4.1 APPROX

When the eight critical isotherm coefficients are known (determined
by STATEQ), then APPROX may be used to estimate the remaining 13 coeffi-
cients for the compound being considered. The user must supply to the
main body of the program (a read or data statement may be substituted)
values of the critical temperature T, in degrees Rankine, the critical
pressure P, in atmospheres, the critical volume v, in ft3/1bm, the criti-
cal compressibility factor Z, (dimensionless), and the specific gas con-
stant R in atm»ft3/(1bm-°R), Provision is made for comparing the pre-
dicted and experimental values of pressure by transmitting in a read
statement the experimental values of pressure, volume, and temperature.
This comparison may be omitted by removing the appropriate statements.
The sequence for reading the experimental data is identical to that
described in subroutine INPUT of STATEQ.

The code variables are identified with the equation-of-state vari-
ables of Appendix A as follows:

FORTRAN variable Designation
FTC(I) (I = 1 — 6) supplied by user fi(l)
~

ACD) " Ai

B(I) " Bi

¢(D) " Ldetermined by code s

AR a

BR b

RKR J K



FORTRAN variable Designation
TC h critical temperature, T, (°R)
PC critical pressure, Pc (atm)
VvC L_Constants supplied critical specific volume, v (ft3/1b )
by user c m
2C critical compressibility factor, Z
R gas constant [atm—fts/(lbm—°R)]
TR reduced temperature, T_ = T/T.
VR reduced volume, v, = v/vc
PR reduced pressure, P. = P/P,
Additional code variables are defined as follows:
FORTRAN variable Designation
PEXP experimental pressure (psia)
VEXD experimental specific volume (fta/lbm)
TEXP experimental temperature (°F)

4.1.1 Input for APPROX

For each compound, the thermodynamic constants TC, PC, VC, 2C, and R
must be supplied to the main body of the code. In addition, an assumed
value of the equation-of-state temperature exponent, RK, must be supplied
in this fashion. Only a slight modification to the code would be required
to transfer this information via a read statement instead.

AFPPROX also requires as inpu:i the eight known critical isotherm co-
efficients FIC(I), L = 1—6, AR, and BR. This is accomplished by an in-
ternal read statement.

If a comparison of the resultant fit is to be made with experimental
data, then the isobars [PEXP(I), I = 1, NEXP] and isotherms [TEXP(I), I = 1,
NEXT] along with the value of specific volume VEXD(K) corresponding to the
Jth isotherm and the Zth value 6f pressure must be supplied in a read state—
ment. Data input is accomplished by reading sequentially vclume/pressure
pairs along consecutive isotherms (see INPUT in description of STATEQ). 1In
its present form, APPROX will accept data in engineering units (psia, °F,
fc3/lbm), although all calculations are performed in reduced or dimension-
less variable format. Temperatures are converted to absolute [T (°R) =

T (°F) + 459.69] for the nondimensionalization step.



10

4.1.2 Output from APPROX

As ocutput, APPROX prints the following information:

a. Input parameters — Critical temperature (TC), critical pressure

(PC), critical specific volume (VC), assumed value of the dimensionless
temperature exponent (RK), and the dimensionless critical isotherm
equation-of-state coefficients [AR, BR, FIC(I), I =1 — 6].

b. Resultant dimensionless equation—-of-state coefficients — A(I),
B(I), C(I), for I = 1 — 6.

¢. A comparison of calculated and experimental values of pressure

using the resulting equation-of-state coefficients — The predicted value

of pressure is calculated in subroutine PRESRE for each temperature-volume
pair, the temperature in °R and the volume in ft3/lbm. The calculated and
experimental pressures (in psia) at each thermodynamic state point as well
as the percentage error are printed. Temperatures are converted to abso-
lute units (°%) for this step.

If no data are available, then step (c) can be omitted by removing

the appropriate sections in the main body of the code.

4.2 STATEQ

STATEQ is the title of the modified version of NLIN that is used to
obtain refined estimates of the Martin equation-of-state coefficients. As
described in Sects. 3.1 and 3.2, it may be operated in a number of dif-
ferent ways depending upon the type and quality of data available. If the
critical isn:herm is known accurately, then it is generally advisable to
use STATEG to first generate a critical isotherm fit. Then, by specifying
to the code that the 8 known critical isotherm coefficients are to remain
unchanged, STATEQ is applied to all additional data to refine the esti-
mates of the remaining 13 coefficients. In the absence of critical iso-
therm data, the first step must be omitted.

Only those parts of the code relevant to its use are discussed here.
4.2.1 MAIN

The MAIN section of STATEQ serves as a calling program for subroutine

MARQ, which performs the least-squares calculation and manages all input
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and output steps. In addition, MAIN sets absolute limits for the number
of data points (NDPM), the number of function parameters (NPM), and the
number of independent variables (NXM). The following values for these

parameters are transferred to subroutine MARQ in the argument list:

NDPM = 1000 = maximum number of data points,
NPM = 50 = maximum number of parameters,
NXM = 6 = maximum number of independent variables.

The user need not utilize the full code capability.

4.2.2 Subroutine TSET

TSET assigns values to the input/output units which are identified

with the following devices:

Card reader = NI
Line printe: = NO
Card punch = NP
Scratch disk (not used) = NST

Presently, the numerical values 5, 6, 7, and 3 are assigned to NI, NO, NP,
and NST, respectively. The user has the option to assign those values

which are compatible with the installztion being used.

4.2.3 Subroutine MARQ

Subroutine MARQ manages all input and output steps and performs
the calculations necessary to obtain the equation-of-state coefficients.
In the original version of NLIN, MARQ represents the main or driver sec-
tion of the code. It has subsequently been rewritten as a subroutine by
W. Davis, Jr., of ORNL to allow data to be transmitted from MAIN, but this
option is not employed in the application discussed here. If the user
wishes to transmit input data in this fashion, the variable IREAD must be
assigned an integer value greater than unity in MAIN.

In the method employed here, MARQ calls subroutine INPUT, which pro-
vides all necessary P-V-T data including the properties of the compound
at the thermodynamic critical point. Switches, algorithm convergence

parameters, and other code control parameters are read internally by MARQ.
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Subroutine FCODE provides to MARQ the analytical form of the equation-
of--state representation. In subroutine PCODE, differentiation of the equa-
tion of state with respect to the coefficients is performed by finite
differences. Refined values of the coefficients are provided on punched
cards by subroutine OUTPUT. Additional results, including a comparison of
the fit with the data, are sent to the line printer by MARQ.

The following is an abbreviated list of key MARQ FORTRAN variables
as they relate to the equation-of-state variables in Appendix A:

MARQ variable Designation
B(), I=1,4,7,10,13, 16 £(1),1=1- q
B(I), I =2,5, 8, 11, 14, 17 B i=1-6

i,
B(D), 1=3,6,9,12, 15,18 ¢, 1=1-6 Equation-of-state

V- coefficients

B(19) K (parameters)

B(20) a

B(21) b J

B(J), J = 22 to 50 Unused portion of parameter vector

F P; computed value of pressure (dependent
variable)

X(1,1), X(1,2), I =1 to NDPM Ty, Vvy; values of temperature and specific
volume for ith data point (independent
variables)

X(1,5), X(1,6), I =1 to NDFM Trys vr}; reduced value of temperature and

specific volume for 7th data point

X(I, 3), ¥(1,4), I = 1 to NDPM Unused portion of independent variable
array

Y(J), J =1 — 1000 Pj; vecter of experimental pressures

PRNT (1), PRNT(2) Additional information to be printed along

with experimental and calculated values

of pressure. Set equral to the tempera-

ture and specific volume of the 7th data
point, respectively (Ti and Vi)

RES Residual = [F — Y(I)/Y(I)]; 1i.e., 100 times
percent difference for Zth data point

Other variables and switches that are required as input to the
algorithm are discussed in the Sect. 4.2.9. The user is referred to Refs.

12 % for a more detailed description of these variables.



13

4.2.4 Subroutine INPUT

Subroutine INPUT provides tc MARQ all pressure-volume-temperat:
data as well as the properties of the compound at the thermodynamic ....i-
cal point. The former are transmitted in punched card format, while the
latter must be supplied by way of an internal data statement. In addition,
INPUT reduces the data to the dimensionless format required by subroutine
FCODE. As presently comprised, INPUT accepts data in units of °F, psia,
and ft3/1bm and converts temperatures to absolute units (°R) before
dividing all properties by their respective critical values which must
have units of °R, psia, and ftsllbm. It is a simple matter to modify
INPUT to accept data in any system of units. Modification of other sub-
routines is not required since the calculations are performed in dimen-
sionless format.

INPUT first reads the title, or compound identification cards, which
the user supplies (see Sect. 4.2.9). These cards may be left blank, but
they must be included in the input deck. The next read statement supplies
the total number of isobars (NEXP) and isotherms (NEXT) for which some
data are available. The vector of isobars, PEXP(I). is read next. INPUT
then reads sequentially the jth isotherm, the number of specific volumes,
NDUM, for that isotherm, and the corresponding vector of specific volumes
VEXD(I), I = 1 to NDUM. Note that VEXD is a dummy array whose elements
are renewed at each isotherm. The individual elements of this vector are
identified with the specific volumes corresponding to the first NDUM
values of the experimental pressure vector PEXP for th: isotherm being
considered. The value of NDUM is transferred to the jth element of the
vector NEXV. This process is repeated until the data for all isotherms
have been exhausted.

Table 1 illustrates the procedure described above for am arbitrary
compound. During the process of reading the isotherms, the experimental
points are transferred to the arrays X(L,1) [absolute temperature],
X(L,2) [specific volume], and Y(L) [pressure], according to the numbering
sequence shown. The absolute temperature and specific volume arrays are
converted to the reduced temperature and reduced volume arrays X(L,5)

and X(L,6) for use intermally.



Table 1.

Sequential ordering of pressure-volume-temperature data for STATEQ and APPROX

TEXP(1); NEXV(1) = NDUM

TEXP(2); NEXV(2) = NDUM

TEXP(NEXT); NEXV(NEXT) = NDUM

PEXP(1):

PEXP(2):

PEXPNEXV(1)]:

PEXP[NEXV(2) }:

PEXP[NEXV(NEXT) }:

VEXD(1)
X(1,1)
X(1,2)
(1)

VEXD(2)
X(2,1)
X(2,2)
Y(2)

-

VEXDINEXV(1))
X[NEXV(1), 1]
XINEXV(1), 2]
Y[NEXV(1)]

VEXD(1)
X[NEXV(1) + 1,1)
X(NEXV(1) + 1,2}
YINEXV(1) + 1]

VEXD(2)
XINEXV(1) + 2,1}
XINEXV(1) + 2,2]
YINEXV(1) + 2]

VEXD[NEXV(2)]

X{NEXV(1) + NEXV(2), 1}
X[NEXV(1l) + NEXV(2), 2]
Y(NEXV(1) + NEXV(2)}

VEXD(1)

X[NEXV(1) + NEXV(2) ...
XINEXV(1) + NEXV(2) ...
Y[NEXV(1) + NEXV(2) ...

VEXD(2)

XINEXV(1) + NEXV(2) ...
X[NEXV(1) + NEXV(2) ...
Y[NEXV(1) + NEXV(2) ...

VEXD[NEXV (NEXT) ]

XINEXV(1) + NEXV(2) ..
X[NEXV(1) + NEXV(2) ..
YINEXV(1) + NEXV(2) ..

+ NEXV(NEXT - 1) + 1,1]
+ NEXV(NEXT - 1) + 1,2]
+ NEXV(NEXT - 1)]

+ NEXV(NEXT - 1) + 2,1)
+ NEXV(NEXT - 1) + 2.2]
+ NEXV(NEXT

]
-t
A

+
N
M

+ NEXV(NEXT), 1]
+ NEXV(NEXT), 2]
+ NEXV(NEXT)]

1
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ition to the P-V-T data, the user must supply in a DATA

he appropriate fluid properties at the thermodynamic _riti-

critical temperature (°R),
critical specific volume (ft3/1bm),
critical compressibility factor (dimensionless),

critical pressure (psia).

ement could be substituted for the DATA statement with only
fication to INPUT.
ent FORTRAN variables that appear in INPUT are:

FORTRAN variable Designation

TC Tc’ critical temperature

vC Vs critical specific volume

ZC Zc’ critical compressibility factor

PC Pc, critical pressure

TITLE (18,3) alphanumeric array for case identification

NEXP

NEXT
PEXP(I), I
TEXP(J), J
VEXD(I)
NDUM

NEXV(I), I

Y(L)

X(L,1)

X(L,2)

X(L,5)

total number of experimental isobars

total number of isotherms

1 — NEXP Pi’ vector of experimental isobars

1 — NEXT Ti’ vector of experimental isotherms
dummy array Vi3 rxperimental specific volume

dummy index; represents the number of experi-
mental points associated with an isotherm

1 — NEXT array whose elements signify number of data
points for the jth isotherm

Pi’ vector of experimental pressures associated
with individual data points

T,, vector of experimental absolute temperatures
corresponding to Y(L)

V4, vector of experimental specific volumes cor-
responding to Y(L)

Tri' vector aof reduc:d absolute temperatures;

one~-to-one correspondence with X(L,1)
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FORTRAN variable Designation
X(L,6) Vp,s vector of reduced specific volumes; one-

to-one correspondence with X(L,2)

N index for counting total number of data points,
transferred to MARQ

The dummy arrays TEXP, VEXD, PEXP, and NEXV all have dimension 50.
This limits the maximum number of isotherms and isobars to 50, but this

number can be increased as long as the total number of data points does
not exceed 1000.

4,2.5 Subroutine FCODE

FCODE evaluates for MARQ the analytical expression for the pres-
sure, given the reduced temperature and reduced specific volume and
current values of the equation-of-state coefficients. The latter are
designated within FCODE by the vector [PAR(I), I = 1 — 21]). There is a
one~to-one correspondence between the elements of this vector and the
vector B of MARQ. The reduced temperature and reduced volume are iden-
tified with the matrix elements X(I,5) and X(I,6), respectively, as in
subroutine INPUT. The analytical value of pressure is denoted by the
FORTRAN variable P, which corresponds to the variable F of subroutine
MARQ.

The experimental pressure is also transmitted to FCODE in the
calling sequence for the purpose of calculating the residual, RES.
Experimental values of pressure are identified with elements of the
vector PEX(T), which is designated as Y(I) in both INPUT and MARQ.

The vector elements PRNT(1) and PRNT(2) are set equal to the
experimental values of temperature X(I,1) and specific volume X(I,2).
These quantities and the corresponding values of PEX, P, and RES are
returned to MARQ to be printed in the comparison of experimental and
calculated pressures. As in INPUT, a data statement must supply the
values of temperature, specific volume, compressibility factor, and

pressurc at the thermodynamic critical point.
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The key FORTRAN variables and their identification with variables
in MARQ and INPUT are listed below:

FCODE variable INPUT or MARQ variadble Designation

PAR(T) B(D) Equation-of-state coefficient
TR X(1,5) Reduced temperature

VR X(1,6) Reduced specific volume

AR B(20) Dummy variable

BR B(21) Dummy variable

PEX Y(T) Experimental pressure

PRNT PRNT Vector of auxiliary information

set equal to experimental
absolute temperature and
specific volume

P F Calculated pressure
RES RES Residual
TC, VC, ZC, PC TC, VC, 2C, PC Previously defined critical

point properties

4.2.6 Subroutine PCODE

Subioutine PCODE provides analytical expressions for the partial

derivatives of pressure with respect to the equation-of-state parameters.

If preferred, PCODE may be left blank, in which case differentiation
is perfcrmed by the method of finite differences. This procedure is
empioyed here, and the user need only supply the correct switch in the
control section and a numerical value for the finite differemce DEL. Too
small a value for DEL may be the source of potential round-off errors that
produce a division by zero error in the matrix inversion section of MARQ.

The internal default value for DEL (10—5) has been found to be adequate.

4.2.7 Subroutine SURZ

SUBZ is employed here only to provide a value for the variable NPRNT,
which specifies the number of auxiliary words that are to be printed as
output along with the experimental ard analytical values of pressure and
the residual. NPRNT is given a value of 2, and the corresponding vector
components PRNT(1) and PRNT(2) are set equal to the experimental absolute
temperature and specific volume in FCODE.
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4.2.8 Subroutine OUTPUT
OUTPUT directs to the card punch the improved values of the equation-

of-state coefficients. As in MARQ, the coefficients are identified with
the vector elements B(I), I =1 — 2].

4.2.9 Initialization and control of STATEQ

Operation of STATEQ is effected by supplying, as input data, values
for control switches, certain essential program parameters, and initial
values for the equation-of-state coefficients. This information must pre-
cede any P-V-T data which is read by subroutine INPUT. All control in-
formation is transferred to subroutine MARQ via the carc reader.

The following description of the initialization procedure is essen—
tially that which appears in the original write-up of. the NLIN code but
with the necessary modifications that make operation pertinent to this

specific application.

Card No. Ttem Format Columns Comments and instructions

1 N 13 1-3 Number of data points. Since the
actual number is counted by INPUT,
it is only necessary to use a num-
ber here that is greater than 1.
Use 2 in column 3.

K 13 4-6 Total number of parameters. Use 21.

IP 13 7-9 Number of omitted parameters. Three
cases can be identified:
(1) Critical isotherm behavior not
specified — all coefficients tn be
determivned: Use 3 for item IP.
(2) Critical isotherm specified —
remaining 13 coefficients to be
determined: Use 8 for item IP.
(3) Critical isotherm alone to be
determined: Use 16 for item IP.

1 M 13 10-12 Number of independent variables.
Use 2 in column 12.

1 IFP 13 13-15 For plotting option. Use zero in
column 15 (no plots).

1 NCONS 13 16-18 Number of constraints. Use zero

. for no constraints.
1l ISPRD 13 19-21 Used only if IFP > 0. Use 1.



Card No. Item
2 WSl
2 IwWS2
2 IWS3
2 IWsS4
2 IWS5
2 IWs6
3
4 IB(1)
4 IB(2)
4 IB(3)

IB(IP)
5 FF
5 T
5 E
5 TAU
5 XL
5 GAMCR
5 DEL
5 ZETA

10

Format Columns Comments and instructions
i3 1-3 Doesn't apply.
13 4=-6 = 0 for aralytical derivatives.
= 1 for estimated derivatives. Use 1.
13 7-9 = 0 for abbreviated printout.
= {## for detailed printout for number
ot iterations. Use 2.
I3 10-12 = 0 for no force off.
= # for force off after number of
iterations. Use 25, 15, 35, etc.
13 13-15 = 0 for sense switches not interrogated.
= 1 for sense switches interrogated.
Use 0.
13 16-18 = 0 nonlinear cor “"dence limits desired.
= 1 omit nonlinear confidence limits.
Use 0.
Omit if IFP = 0 (no plotting).
13 1-3 ) Subscripts of the omitted parameters.
13 4-6 The following values correspond to
three cases cited for item IP above:
13 - (1) Critical isotherm not specified;
\, use 1, 4, and 7.
: ( (2) Critical isotherm specified; use
* 1, 4, 7, 10, 13, 16, 20, and 21.
3 (3) Critical isotherm to be fit; use
T 1, 2, 3, 4, 5,6, 7, 8, 9, 11, 12,
_J 14, 15, 17, 18, and 19.
F10.0 1-10 Variance ratio statistic.
F10.0 11-20 Student's t.
¥10.0 21-30 Convergence criterion.
F10.0 31-40 Convergence criterion.
F10.0 41-50 Program parameter.
¥10.0 51-60 Critical angle.
F10.0 61-70 Used in finite-difference derivatives.
F10.0 71-80 Singularity criterion for matrix

inversion.

Note: All or any of the items appearing in card 5 may be left blank.
In that case, the program assigns the following default values:

FF = 4.0, T = 2.0, E = 0.00005, TAU = 0.001, XL = 0.002,
GAMCR = 11/4, DEL = 0.00001, ZETA = 1.E - 31.
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Card No. Item Format Columns Comments and instructions
6 B(1) D12.0 1-12
B(2) D12.0 13-24

Initial guess for parameters.
. . Six per card.

etc. D12.0
7 Leave this card blank.
8 Cards 8 through 10 are the title
g cards., They may be left blank.
10
11 Experimental P-V-T data begins
here (see INPUT).

Notes:

1. 1If the function is insensitive to one or more of the parameters,
then round-off errors may occur in the finite-difference derivative
evaluation. It would be necessary to then increase the value of
DEL. It is also required that E be increased since it must be dis-
tinctly larger than DEL.

Use cards 8 and 9 to identify the fluid being fit.
Use card 10 to identify what case the initial guess came from.
4., The parameter IWS4 limits the number of iterations that the program

makes in searching for the position of the stationary point. It is
necessary to limit this number, since convergence may not occur in
the time allotted for machine calculations, and the accumulated re-
sults of the calculation would be lost if the allotted time expires
before convergence occurs. The calculation is continued by sub-
mitting as input to a new run the results of the previous run. This
process 1s repeated until convergence cccurs within the number of
specified iterations.



5. EXAMPLES OF THE USE OF STATEQ: THE EQUATION OF
STATE FOR ISOBUTANE

The following two examples illustrate the use of the code STATEQ for
the two cases mentioned in Sects. 3.1 and 3.2. The compound chosen for
study is isobutane, and the examples illustrate the use of the code to
(1) obtain all 21 parameters when the critical isotherm is unknown and
(2) obtain an expression for the critical isotherm alone.

To date, no critical isotherm data have been published for isobutane,
and so the data for the latter case were obtained by extrapolating to the
critical isotherm the available data along suitable isochores.> The region
of extrapolation extends only over 5°F; thus, the results should be valid,
at least for the purpose of illustration. Following are the critical

point properties as they appear in the data statements of subroutines
INPUT and FCODE:

Critical Point Properties of Isobutane

T, = 734.65°R
v = 0.07244 ££3/1b
c m
Pc = 529.1 psia
Z = 0.28255
C

5.1 Case 1 — Critical Isotherm Data Unavailable, Full

Equation of State Sought

The first case treated will be one in which all 21 parameters are to
be determined by the nonlinear least-squares code. To adequately represent
the behavior of the fluid, data from all regions of the P-V-T domain (ex-
cluding the subcooled liquid) have been included; and hence, the amount of
input data is large. Card images of the input data are given below for a
typical run in which the known equation-of-state coefficients for ammonia
were used as the initial estimates for the isobutane parameters. This
demonstrates the versatility of the code, Since ammonia differs greatly

from isobutane in its reduced P-V-T behavior.



Referring to Sect. 4.2.9, the input data convey the following in-

formation to the code:

Card 1: N=2,K=21, IP =3, M = 2, IFP = 0, NCONS = 0, ISPRD = 1.
IP is given value 3 since the Van der Waals conditions at the
critical point render 3 of the 21 parameters dependent
variables.

Card 2: IWS1l not used, IWS2 = 1, IWS3 = 2, IWS4 = 15, IWS5 = 0, IWS6 = O.

Card 3: Omitted.

Card 4: 1, 4, and 7 in columns 3, 6, 9, respectively.

Caxrd 5: Blank, indicating default values for program parameters FF, T,
E, TAU, XL, GAMCR, DEL, ZETA.

Card 6: B(1)

~-1.56202D 0, B(2) 7.43036D-1, B(3)

-2,32186D 1,

non

B(4) = 1.06562D 0, B(5) -7.69621D-1, B(6) = -2.67278D 1,
Cont'd. B(7) = -2.27223D-1, B(8) = 1.52805D 0, B(9) = 1.08407D 2,
B(10) = -3.51859p-2, B(1ll) = -6.34237D-1, B(12) = -5.74382D 1,

Cont'd. B(13)
B(16)

1.78214D 3, B(14)
6.84438D 4, B(17)

5.07668D 3, B(15) = 7.12931D 5,
2.13130D 6, B(18) = -1.92117D 7,

non
L]

1]
"
il

Cont'd. B(19) 4.2D 0, B(20) 1.43333D 1, B(21) 1.83333D-2.

Card 7: Blank.

Card 8: NONLINEAR LEAST-SQUARES FIT TO ISOBUTANE.
Card 9: ~ DATA IS FROM CANJAR AND MANNING.

Card 10: INITIAL GUESS IS FROM AMMONIA RUN 914,

Card 11 and on: These cards contain the P-V-T data that are read in sub=-
routine INPUT. Referring to Sect. 4.2.4, NEXP = 40 and NEXT =
39 represent the number of isobars and isotherms, respectively.
The following 5 cards contain the values of 40 isobars [PEXP(I)];
i.e., 1., 14.696, 530. ... 3500 psia. The card immediately
following contains the value of the first isotherm [TEXP(1l) =
-60°F] and the number of experimental points along that isotherm
(NDUM = 1). The card that follows supplies the only value of
specific volume for that isotherm [VEXD(1) = 73.53 ft3/lbm].
This value of specific volume is identified with the first ele-
ment of the experimental pressure vector; i.e., PEXP(1) = 1 psia.
This procedure is repeated for all 39 isotherms up to 900°F,
where 40 experimental points are given covering the range from
1 psia, 251 £t3/1b to 3500 psia, 0.07708 fc3/1bm.
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The printed output for this example anpears in Appendix D. The
preliminary information includes case identification, the number of
data points, and key input variables discussed above such as the number
of parameters (K), the number of omitted parameters (IP), etc. The ini-
tial assumed values for all 21 parameters appear in rows below the heading
(0) PARAMETERS. Following this is a comparison of pressures calculated
from these initial parameters and the experimental values. The first
column lists the observed or experimental pressure in psia and is followed
by the predicted or calculated value in the second column. The residual
appears in column 3, and the temperature (°R) and specific voliume (ft3/lbm)
are tabulated in columns 4 and 5, respectively. Not surprisingly, the
ammonia equation of state fails to model accurately the isobutane behavior,
with many points being in error by 10% or more.

The portion of printout that immediately follows the detailed com-
parison of the model is a partial accounting of the code statistics which
is useful for evaluating the progress of the iteration procedure. The
PTP CORRELATION MATRIX represents the value of the matrix of normal equa-
tions for the approximate linearized model. Note that zeros occur for all
off-diagonal elements when either index is 1, 4, or 7. This is an indica-
tion that these three parameters are not being varied by the code. Follow-
ing the PTP matrix are values for PHI, SE, and LAMBDA. PHI represents the
sum of squares of the residuals given by Eq. (2.2); SE is the standard
error of estimate; and LAMBDA is the value of the Lagrange multiplier, A,
discussed in Sect. 2. During the course of a run, both PHI and SE should
converge to their respective minima.

Under the heading INCREMENTS are tabulated the incremental changes
in the parameters taken during the course of an iteration. Current values
of PHI and LAMBDA are presented along with GAMMA (the angle between the
approximate Taylor series and maximum descent methods) and LENGTH (the
magnitude of the vector of the increments).

Under the heading (1) PARAMETERS, the 21 parameters arrived at after
the first full iteration are presented. A detailed comparison of the fit
using these parameters follows immediately. The PTP correlation matrix
is printed next, and this 1s followed by the current values of PHI, SE,
the values for the INCREMENTS, etc. In the example presented, the first
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iteration results in a marked reduction for both the sum of the squares of
residuals (PHI) and the standard error of estimate (SE).

An abbreviated printout is given for all but the last of the number
of specified iterations. Only PHI, SE, LENGTH, GAMMA, and LAMBDA are
listed for these intermediate iterations. In the example shown, both PHI
and SE are decreasing but not rapidly (less than 0.2% per iteration).
Convergence did not occur within the specified number of iterations, and
the calculation was terminated after 15 iterations. The final detailed
comparison shows that the fit has been greatly improved. Errors as large
as 5% are still present, particularly near the saturation conditioms and
just above the critical region, but the fit at higher temperatures is very
good. Further refinement of the fit is possible through continued opera-
tion of the code.

0f some importance is the parameter correlation matrix. The magni-
tude of the elements of this matrix is an indication of how well each
parameter models the behavior of the fluid separately. A zero value for
any matrix element indicates that the parameters identified with the
indices of that element are uncorrelated. Conversely, a value of unity
signifies complete correlation. A synopsis of the results of the naram-
eter correlation matrix is presented for this example in Table 2. With
reference to Appendix A, the following observations can be made about
the nature of the model:

1. No correlation exists between f£,(1), £5(1), £3(1), and other co-
efficients since the former are not independent parameters.

2. There is a low-to-moderate (at most) correlation between b and
all cther parameters.

3. Parameters f4,(1), £5(1), fg(1), and a are strongly coupled, and
this is probably due to the fact that these parameters determine the
critical isotherm behavior. They are not at all correlated with Bj-y and
C;-4 and moderately to highly correlated with fifth and sixth term co-
efficients due to the direct ccupling demonstrated in Eq. (A-1).

4. There is a very high degree of correlation between the tempera-

ture exponent and all C,'s, which is due to the coupling of these param-

i
eters in Eq. (A-4).
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Table 2. Parapeter correlatlon aagyia

Key: M = moderate (0.1 0.7}, M = Ligh (0.7},
0 e no cotrelation, 1 =~ complete correlation,
L= low {(~0.3)
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5. Parameter Bg has mostly a low correlation with all coefficients
except for Cg where a high correlation exists. The reason for this is

as yet unknown.

5.2 Case 2 — Critical Isotherm Fit

The fit to the critical isotherm is obtained by allowing only f,(1),
f5(1), £f5(1), a, and b to be treated as independent variables. The other
critical isotherm coefficients £;(1), £,(1), and f3(1) are treated as
dependent varizbles by virtue of the critical point constraints. The
remaining coeificients are considered constant, and when data are supplied
solely for a reduced temperature of unity, these coefficients vanish in
the expression for pressure. _Hence, any initial value may be assumed for

the coefficients B and K.

i! Ci’
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The input data for a critical isotherm fit is not complicated; it
consists of the usual control information and pressure-volume data for
only a single isotherm. The card images for a typical run appear below.
A brief description of the input deck follows: (Underscored numbers in-

dicate parameters that differ from previous example.)

Card 1: N=2, K= 21, 1P = 16, M =2, IFP = Q, NCONS = O, ISPRD = 1.
IP is given value 16 since only the critical isotherm behavior
is being sought.

Card 2: IWS1l not used, IWS2 =1, IWS3 = 2, IWS4 = 95, IWS5 = 0, IWS6 = O.
The code is allowed to run for 95 iterations (instead of 15 pre-
viously) because the fit to the critical isotherm requires sub-
stantially less compuvation time during a single iterationm.

Card 3: Omitted.

Card 4: 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 14, 15, 17, 18, 19 in columns

3, 6, 9, 12, ..., etc. Only five parameters are treated as in-
dependent variables.

Card 5: Blank.

Card 6: B(1) ~1.33110D 0, B(2) 9.34776D-1, B(3) ~2.17413D 1,

[}
[

B(4) 7.65252D-1, B(5) -9.51859D-1, B(6) ~3.35394D 1,
Cont'd B(7) = ~1.23797D-1, B(8) = 1.46257D 0, B(9) = 1.10871D 2,
B(10) = -2.83036D 2, B(ll) = -6.17794D-1, B(12) = -5.43971D 1,
Cont'd B(13) = 1.61253D 3, B(l4) = 1.25498D 4, B(15) = 1.00959D 6,
B(16) = 6.86034D 5, B(17) = 1.56416D 6, B(18) = 2.30770D 8,

Cont'd B(19) 5.23773D 0, B(20)

1.39357D 1, B(21) 8.81712D-2.

Card 7: Blank.

Card 8: CRITICAL ISOTHERM FIT FOR TSOBUTANE.
Card 9: DATA IS FROM CANJAR AND MANNING.
Card 10: INITIAL ESTIMATES ARE FROM JOB 810.

Card 11 and on: These cards contain the 29 values of pressure and specific
volume for the critical isotherm alone; i.e., NEXP = NDUM = 29,
NEXT = 1. The manner in which the data are read is described in
the previous example.
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STATEQ INPUT CARD IMAGES — CASE 2

221 te 2 0 0 1
T 295 ¢ 9
1T 2 3 4 S5 6 7T R 9 11 12 14 15 17 18 19

~1.33110D 00 2,.347761=01=-2,170613p 0) 7.65252D~01=-9,.51R59D-01=-3,35394D 01

=1.23797D=01 1.4A257h OC 1,10871Dp 02-2,83036P-02-6.1775LN-01-5,43371D 0%
1.601253D 03 1.25498Dp Mu 1.00959D 06 6.86034D 0S5 1.56416D C6 2.1G770p 08
5.23773p 09 1.393570 01 A.871712n-02

ChITICAL ISOTHTRY FIT POF ISOMITANT
DATA IS FINW CAMIAT ABD FANNING
INA1ZIAL =STIMRTZS AF® PRON 02 /19,

29 1
1.0 14.69€ 50, 100. 150, 200. 250. 00, 359.
400, u40, 4R), uRgQ, 520. 529.1 558, 590,44 635,02

038.3 ndo.6 779,44 827,72 920,2 1190. 292.9  156S. 1745.
1888.6 2374,

274.96 29

135.6 9, 145 2.625 1. 265 .8105 «5316 4827
3084 2794 . 22580 . 1873 - 169R . 1925 .11
07240 05249 YT <NUTCU « CU55R 06427 04245
V4121 <407 .NIRS «N37RA .0369 » 03655 03606
03494

The output from this run (Appendix E) is similar to the previous
example, with the exception that only 29 data points are present and only
8 parameters are changing (5 independently). The calculatjon terminated
after 46 iterations when one of the algoritim convergence criteria was
satisfied (Epsilon test).

The parameter correlation matrix presented in Table 3 reveals a very
high degree of correlation between the parameters f,(1), £5(1), fg(1),
and a. The correlation of b is highest with f5(1) and fg(1), and very
little correlation exists with £,(l). This behavior is not unlike that
of the previous example.

Table 3, Parameter correlation matrix of critical isotherm fit

£1(  f201)  £3Q1)  £,(1)  £s(1)  fg(1) a b
£14(1) 1 ) o 0 0 o 0 o
£2(1) 1 o 0 0 0 0 o
£3(1) 1 0 0 0 0 0
£.(1) 1 0.90  0.94 0.98 0.11
£5(1) 1 0.99  0.96  0.49
£5(1) 1 0.98  0.48
a 1 0.21
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6. USE OF THE CODE APPROX

As wentioned earlier, the code APPROX, vhich is much less complicated
thaa STATEQ, may be used to obtain the entire equation-of-state representa-
tion. A disadvantage is that the critical isotherm must be specified
which requires the prior use of STATEQ or a similar code to optimize the
eight critical isotherm coefficients. In addition, the procedure for using
STATEQ is tedious, since 1t requires the user to examine the results of the
fit and manipulate some or all of 12 par:maters to improve the representa-
tion. It is possible, however, to improve the fit in certain regions of
the P-V-T domain by using this technique, and this may be a desirable
feature.

The input procedure for APPROX is described briefly in Sect. 4.1.1.
The format for reading P-V-T data is identical to that used by subroutine
INPUT of STATEQ. A listing of the input variables and card format is
given in Table 4. Card images of the data are not presented since they
are identical to those listed in Sect. 5.1. The critical isotherm was
determined by assuming representative values for a (AR) and b (BR) and
then solving the simple linear least-squares problems for fi(l) {FTC(I)].
The fit obtained from STATEQ in Sect. 5.2 would provide a superior criti-
cal isotherm representation.

A typical printout from APPROX appears in Appendix F. The input
variables are printed first; that is, TC (°R), Pc (atm), Ve (ft3/lbm),
a, b, K, and the six fi(l) parameters. The resultant coefficients Ai’ Bi’

and Ci follow (the A,'s are redundant). The calculated and experimental

pressures (in psia) aie then compared for each temperature-volume pair.
The representation obtained in. this example is poor in comparison to that
obtained by STATEQ, with some errors as high as 21% in the high-density
gaseous region. The fit would probably be improved by following the pro-
cedure suggested by Martin,? but STATEQ provides a more expeditious way

to accomplish this.
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Table 4. Card input data for APPROX
Card numbex Columns Format FGRTRAN variable
1 1-20 D20.7 AR
1 2140 D20.7 BR
2 1-20 D20.7 FTC(1)
2 2140 020.7 FTC(2)
2 41-60 D20.7 FTC(3)
2 (cont'd) 1-20 D20.7 FTC(4)
2 (cont'd) 41-60 D20.7 FTC(6)
3 1-5 15 NEXP
3 6-10 15 NEXT
4 1-8 F8.3 PEXP(1)
4 9-16 F§.3 PEXP(2)
4 ' 6572 F8.3 PEXP(9)
4 (cont'd) 1-8 F8.3 PEXP (10)
4 _cont'd) 6572 F8.3 PEXP (18)
4 (cont'd) Repeat pattern until all isobars are read
5 1-8 F8.3 TEXP (J)
5 9-10 12 NDUM
6 110 F10.5 VEXD (1)
6 61-70 F10.5 VEXD(7)
6 (cont'd) 1-10 F10.5 VEXD(8)
7 Repetition of cards 56 until all isotherms are completed
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Appendix A

THE MARTIN EQUATION OF STATE IN REDUCED FORMAT



The full 2l-parimeter Martin-Hou equation of state as described in

Ref. 2 can be written in reduced, or dimensionless, form as follows:

T f1(T ) £f,(T ) fq(T )
P=(P/Z)[ L+ F— + 2r3+ —
¢ ¢ (v, -b) (v -b) (v - b) (v, - b)
£,(T)
+ ——L:-——E-—g + £5(T.) e 2V + £.(T) e'zavl‘-‘ . (A-1)
(Vr - b) r r

The parameters b and a and the f functions are chosen so as to fit the
P-V-T data in the least-squares sense. The form of the f functions is
prescribed as follows:

=KTr (A=-2)

£.(T) =A, +B, T +C, e , 1=1-6.
i‘’r i r i

i
In the above form, the equation has a total of 21 parameters, 18 of which
are linear (Ai, Bi Ci) and 3 of which appear nonlinearly (a, b, K).
Essentially, the number of free or independent parameters can be reduced
to 18 if the critical point is fixed and the Van der Waals conditions

are applied there; that is,

-]

=P
c

(2)-() - )

tT,v =1. (A-3)
T
0V2
T

Since the critical point plays an important role in parameter selection,
it is useful to eliminate Ai in Eq. (A-2) and introduce six new linear
constants fi(l)’ the temperature functious fi(Tr) evaluated at Tr = 1.

The preferred form of the temperature functions then becomes

£.(T) = £,(1) + B (T_—1) +C, (e T _ Ky (A-4)
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In this representation, the critical isotherm takes the form

P_ T, £,(1) 2av
P(vr, Tr = 1) = — [ + +... fg(1) e rl, (A-5)
v2
z, L (v, - ) (v -b)

and the three conditions at the critical point reduce to

£1(1) £2(1) £3(1) £4,(1)

5+ o+ -+ s+ E5(1) €™+ £6(1) 72
@-»° @-» @-bB A-b)
1
- (4-6)
¢ oa-mw
2£, (1) IEL(L)  4E5(1)  SE4(D) . \
+ + + +ae © (1 ~b)" £5(1)

a-v a-»n a-»n a-n

+2ae2 - £ W) = -1, (a-7)

2

6£; (1) 12€,5(1) 20£4(1) 30£, (1) _ 3
+ +a“ e (1-~1m° £5(0)

+ +
a-»n a-»n a-»n a-wvn’

+ 422 723 (1 - b)) £(1) = -2 . (4-8)

Equations (A-6), (A-7), and (A-8) can be solved easily for any three linear
parameters in terms of the remaining linear and nonlinear terms. If the

parameters £1(1), £2(1), and f£3(1l) are chosen as the three dependent
parameters, their dependence on the remaining five independent parameters

will be as follows:

2 (1 - b)
f](]-) = 6(1 - b) R]. - 4(1 - b) R2 + R3 . (A‘g)
fz(l) = -8(1L - b)3 Ry + 7(1 - b)2 Ry, - (1 - b)z Ry , (A-10)
4 3 1 -b)°
f3(1) = 3(1 -~ b) R; - 3(1 - b)) Ry + —2__' Ry , (A-11)

where the quantities R;, R,, and R3 are functions only of £,(1), f5(1),
fg (1), a, and b, and are given by
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1 £, (1) - -
Ry = Z_ - - - - £5(1) e - £g(1) 727, (A-12)
(L-b) (1=-1b)
5£, (1) - - 2
Rp = - ———— - [55(1) ae™® + 2ae”%? f6<1)] (1-1b) -1, (4-13)
(1 - b)
30£ (1) _ _
Ry = =2 = —— - [az e™® £.(1) + 4a’ 722 fG(l)] 1a-md. (14
(1 -b)

This last result reduces the number of independent parameters in Eq. (A-1)
to 18.

There are two strategies for estimating the remaining unknown param-—
eters. If the critical isotherm is known accurately, then Eq. (A-5), along
with the results of Eqs. (A-9) through (A-11), can be used to obtain a
least-squares estimate of the critical isotherm functions fi(l) and the
parameters a and b. This can be done, for example, by writing a linear
least~-squares algorithm for the fi(l) and manually adjusting the param-
eters a and b until a satisfactory fit to the critical isotherm data is
obtained. Altermatively, the STATEQ program can be used for the special
case in which only critical isotherm data are considered. The details of

this latter method were discussed earlier in this report.



41

Appendix B

FORTRAN LISTING OF THE CODE STATEQ
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CALLING PROGRAN POE THE NONLINEAR~LEAST=-SQUABEZS PROGEAS OF
D. ¥. NARQUAPDT

ND PN = MAXINDE NUABER OF DATA POINTS

NPH MAXIRUN HUNBER OP PARANETERS

HX N MAYINUN NUMBER OF INDEPEWDENT VARIABLIS

INPLICIT REAL®8 (A-H,0~Z)

REAL®4 TITLE

INTEGER PRT,PA,Q

DINENSION A(50,50),B(50) ,6A(50),BB{50),BS {S0),C {50) ,COMS {25)

DIMENSIOR DB {50} ,PHT {18) ,G (50) ,IB(50) ,P{50),PA(50) ,FRET(5) ,Q(50)

DINENSION SA(S50),SPRNT {5),TITLE18,3),W:50)

DIMENSION X{1000,6),Y(1000)

COMMON /LBCOB1/TER (10}, PNT(50)

COMNON /TAPES/NI,XO, NP, NTTOC

COMNON/STAPE/NST

CALL TSET

NDPN=1000

NPM = SO

NXN=6

THIS VERSION OF THE MARQUABDT PROGRAM CONTAINS MODIPICATIONS, BY
U.DAVIS, TO MAKZ IT USEABLE WITH INPUT PROM A CALLING PROGRAN
AS WELL AS WITH THE OSUAL DATA~INPUT PROCEDURE.

THIS DUALITY 1S ACCOMPLISHED BY HAVING AS ARGUNRNTS OF NARQ ALL
THE INPUT DATA THAT CAX BE READ BY HAHRQ ®%= PLUS ®* A PIWAL
ARGUMENT ¢#% IREAD ¢#¢ THAT IS DEPFINED IN THE CALLING PROGRAA.

IREAD .EQ. 1 NEANS THAT THE SUBROUTINE HARQ{***)} BXIPECTS
TO READ INPUT DATA IN THE NORNAL MNANNER.
IREAD .¥NE. 1 NEANS TRAT ALL DATA NORBNALLY BREAL INTO
BARQ {#*%) NUST BE PASSED FaONM THE CALLING
PROGRAN. NO DATA WILL BE READ BY MARQ.

IREAD = 1
CALL NARQ(A,B,BA,BB,BS,C,CONS,DB,G,P,PRNT,SA,SPINT,V,X,Y,
1 YNN,SPRD,F?,T,E,TAU,XL,GANCB,DEL,ZETA,

2 TITLE,PNT,IB,PX, Q,N, K, XP,A,IPP NCORS,ISPRD,
3 INS1,INS2,I¥S3,IWS8, INSS,I¥S6,IREAD, NDP B, KPH ,NXHN)
STOP 13579

END

SUBROUTINE TSET

CONMNON/TAPES/NI,NO,NP, NTTOC

CONMON/STAPE/NST

NI=5

O = 6

NP = 7

NST = 3

RETURR

END .
SUBRJIUTINE INPUT{B,PRNT,X, Y,FNT,TITLE,N,RDPH)
IMPLICIT REAL*8 (A-H,0-23)

INTEGER PHT

REAL®4 TITLE

DINENSION B(50),PHT {18),PRNT (5),TITLRE(18,3)
DINENSION X (NDPN,6),Y(1000)

DIMENSION TEXP(50) ,9BXD{50),PEXP {50) ,NRXV {50)
CONMON /LBCOR1/IPR(10) ,PHT {50)
CONNON/TAPES/NI,NO,XP, NTTGC

DATA TC,VC,ZC,PC/734.65,.07244,,28255,529. 10/

?C,VC,2C,PC NOST BE SUPPLIED IN UNITS COWSISTENT WITH THRE DATA OR
VICE VERSA.

READ INI,1003) ([TITLE(I,1) ,I=1,18)
READ (NI, 1003) ITYITLE{I,2),I=1,18)
READ (NI,1003) (TITLE(X,3),I=1,18)
READ{ST, 1001) NEXE,NEX?, {PEXP {I) ,I51,BEXP)
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50
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0
100
110
120
130
140
150
160
170
180
190

200

210
220

230
240

250

269

270
280

290

300
30

320

330

340

TSET
TSET
TSET
TSET
TSET
TSET
TSET
TSET
TSET
IiwpuT
INPOT
INPOUT
INPUT
INPUT
INPUT
INPG?
InpoY
INPOT
INPU
INPY
INPU
INPU
INPY
INPO
INPD
INPU
INPD
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140
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170
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NBXP IS NRUNBER OPF EYPERINENTAL PRESSURES
NEXT IS HWOMBER OF EXPARRINENTAL TEMPERATURES
PEXP(I)} REPRESENT THE TOTAL NUMBER OPF PRESSCRES.

PORMAT {21I5/39PB.3))

L=1

DO 2 J=1,NEXT

READ{NI, 1002) TEXP {J) ,NDUN, {VEXDSI),I=1,KDUN)
PORNAT (™R.3,I2/(7F10.5))

NEXV (J) =NDGN

DO 1 K=1,NDON

X (L,1)=TEXP{J) +459.69D0

X {L,2) =VEXD{K)

Y!L) =P EXP {K)

X{L,5) AND XiL,6) ARE DINENSTIONLESS INDEPENDENT VARIABLES
REQUIRED BY FCODE.

XiL,1) AND X(1,2) ARE DATA.

Y{L) ARE THE EXPRRIMENTAL PRESSURES.

VEXD({I) ARE THE VOLUNMES ASSOCYATED WITH THE NDUM PRESSURES
OF ISOTAERA TEXP{J}.

I(L,5)=X (L,1)/TC

X{L,6) =X {L,2) /¥C

L=Le1

CONTINUE

N=L-1

FORMAT (1818)

RETURN

END

SUBROUTINE SUBZ (M, PEWT,X,Y,TITLE,IWHER,N,NDPN,MPRUT)
INPLICIT REAL®*S {(A-H,0-7)

INTEGER PRT

REAL®# TITLE

DINENSION B{50),PRNTIS),TITLE{18,3)

DIMENSIOHN X (NDPM,6),Y( 1000)

NPRNT = 2

RETURN

END

SUBROUTINE FCODE (PAR,P,PRNT,RRS,X,PEX.I,IB,IP,NDPN)
INPLICIT REAL®8 [A-H,0-2Z)

INTEGER FAT

REAL®*S TITLE

DIMENSION PAR (50),IB{50),PRNT{5),X{NDPN,6) ,LEX I1000),¥ i6)
CONNON /LBCOR1/IPR(10),PNT (50)

DATA TC,VC,ZC,PC/734.65,.07248,.28255,529.10/

THBEX PARAMETERS ARE INPLICIT PUNCTIOKS OF THE OTHERS DUR TO
THS CONDITIONS AT THE CRITICAL POINT

PARIJ) ,J=1,4,7,10,13,16 = PIC{I),I=1=~6

PAB(J) ,9=2,5,8,11,14,17 = B(I) ,I=1-6

PARI) ,J=3,6,9,12,15,%8 = C{I) ,I=1-6

PAR(19) =KR

PAR (20) =AR

PAR{21) =BR

INITIAL VALUES OF ALL PARANETERS NUST BE SUPPLIED T0 THE MARQ
SUPROUTINE. A CARD MUST BE SUPPLIED IMDICATING THAT PARAMNETERS
1,4, AND 7 ARE NOT TO BE VARTED.

TR=X1I,5)

VR=IX (I,6)
PRNT (1)} =X{I,1)
PRET(2) =X (I,2)
AR=PAR (20)
BR=PAR {21)
TERN=1./ (VR=BR)
TRRMC=1./(1.~BR)

INPU
INPO
INPO
INPU
InpO
INPU
INPU
INPOD
INPU
INPU
INPU
INPO
INPU
I¥PU
INPU
INPO
INPU
INPO
INPO
INPY
INPO
INPO
INPU
INPU
INPU
INPU
INPU
INPU
INPO
INPU
INPU
SUBZ
SUBZ
sSuBZ
SUBZ
SUBZ
SuBZ
SUBZ
SUBZ
SUBZ

190
200
210
220
230
280
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
840
450
460
470
480
490

10

20

30

80

50

60

70

80

90

PCODE 10
PCODE 20
PCODE 30
FCODE 40
PCODE 50
FCODE €0
PCODE 70
PCO2E 80
PCODE 90

rCOD
rcop
rCcoD
PCOD
PCOD
rPCOD
PCOD
FCOD
rcor
PCOD
PCOD
rCOD
PCOD
PCOD
FCOD
PCOD
#COD
PCOD
rCOD
PCOD

100
110
120
130
140
150
160
170
180
190
200
210
220
230
280
250
260
270
280
290
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QC=1./TPRAC rFCOD 300
IP{I.GT.1) GO TO 1 rcoD 310
FOUR=TERPNC*TERNC*TERNC *TER NC rcop 320
EA=DEX P {~AR) rcop 230
2B=DRXP (-2.*AR) YCOD 340
R1=2C-TERRC* {1.¢PAR {10) *FOUR}-EA®PAR (13) ~EB*PAR({16) rcop 350
B2=~1.=5.%PAR {10) *POUR~AR* JEASPAR {13) ¢2. $EB¢PAR {16} ) *QC**2 FCOD 360
BE3=~2.=30, *POURSPAR (10) -AR*2% [EA®PAR (13) +4,*EB*P AR (16)) #QC**3 rcop 370
PAR (1) =QC* [6.*R180QC-4.%*R2¢,5%R3) pCcOD 380
PAR{U) =QC*82¢ (=8, SR 1%QCe¢7, *R2-R3) FCOD 390
PAR(7) =QC==3#® (I SRI1%QC =3, %R24,5%R3) FCOD 400
CONTINUE PFCOD 410
K=1 FCOD 820
DO 2 H=1,6 PCOD 430
PIM)=PAR {K) ‘PAR /X¢1)® {TR~1,) +PAR [K¢Z) *[DEXP!-TR*PAR:19)) ~DEXP (~-PARPCOD 880
1719))) FCOD 441
K=K+3 PCOD 850
CONTINUE PCOD 460
P= (PC/ZC) *TERN* (TR¢TERN* (P {1) +TERN® [F {2) ¢TERN* [P 13) ¢+ TERNXF {4))))) PCOD &70
+(PC/ZC) SDEXIP (~AR*VR)* (P (5)+F(6) DEXP (-AR* VR) ) FCOD 471
RES= {PEX {I)-P) /PEX!I) rCoD 480
RETORN PCOD 490
END PCOD 500
SUBROUTINE PCODE{B,D,P,PRNT,X,I,IB,IP,HNDPH) PCODE 10
IMPLICIT REAL*8 (A-H,D-2) PCODE 20
INTEGER PNT PCODE 30
REAL*4 TITLE PCODE 80
DIBENSIOR B{50),D(50), IB(50) ,PRUT(5) «X (XDPX, 6} PCODE S0
COMNON /LBCON1/IPR {10} ,PNT (50) PCODE 60
RETURN PCCDE 70
END PCODE 80
SUBROUTINE DOTPUT (A,B, PRNY,SA,SE,X,¥Y,TITLE,ITCT,K,N,NDPH, HPN) oDTPU 10
INPLICIT REAL*8 [A-H,0-2) ouTPU 20
INTEGER PMT oUTPU 30
REAL*4 TITLE ouTRU 8O
DIBSENSION A{NPH,50),B50),PRNT {5),SA {50} ,TITLE 18,3) OUTRPU SO
DIKENSION X (NDPN,6),Y(1000) OUTPU 60
CORBON /LBCON1/IPR {10) , PNT (50) OUTPU 70
COBNNON/TAPBS/NI,NO,RP, NTTOC QUTPU 80
IP (K.GT.6) GO TO 1 OUTPU 90
n=1 0UTP 100
GO TO 3 oUTP 110
NC=K/6 auTP 120
J=628C ouUTP 130
1=0 ouTP 180
WRITE (NP,1001) B(I+1) ,B(I+2),B(I+3),B{I*8),B(1¢5),B(I+6) aoTP 150
I=I+6 QUTP 160
IP(X.LT.J) GO TO 2 o0TP 170
u=I+1 oUTP 180
WRITE (NP,1001%) [BII),I=M,K) QuTP 190
PORMAT (1P6E12.5) ooure 200
RETURRN ogTP 210
BEND ogTp 220
SUBROUTINE MARQ(A,B,BA,BB, BS,C,COXS,DB,G,P,PRNT,SA,SPRNT,¥,X,Y, MNARQ 10
THN , SPRD, PP, T,B,TAU, XL,GAMCR,DEL,ZETA, BARQ 19
TITLE,PNT,IB,PA,Q,K,K,IP, N,IFP,NCONS,ISPRD, HARQg 12
I¥59,I¥9S2,I9S3,1954h,1I955,I9S6,IREAD,NDP N, NPN HXN) NARQ 13

NARQ 2

NONLINEAR LEAST SQUARES mARQ 30
BY D. W. MABQUARDT MABQ &0
PROGRANNED BY T. BAUNBISTER ILI, #ABQ S0
J. ANN SHELDON AND RUBY H, STANILEY HARQ 60

IBKT=1 MPANS USE DPPER A MATRIX NARQ 70

TBKT=2 NEANS USE TAPE 3 uARQ 80

WMARQ 90

IMPLICIT REAL*8 (A-H,0-Z) NARQ 100
DIMENSION A(NDPN,50),B!{50), BA{50),BB {50),8S 50),C{50) ,CONS {25) HARQ 110
DIMENSION DB(50),PAT{18),G{50),IB(50),P (50),PA(50},PRNT(S),Q(50) MARQ 120
DIKENSION SA(50),SPRNT {5), TITLE(18,3) ,¥(50) MARQ 130
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DIMENSION X {NDPR,6),Y:1000) nARQ
CONNON/LBCON1/IPR (10}, PAT ( 50) nARQ
CORNDN/TAPR3/NI,NO, NP, NTTOC BARQ
CONNON/STAPE/NST NARQ
BEALQ TITLE MARQ
INTEGER PET,PA,Q NARQ
BARQ

-- -- B ettt T 31
HDPN = WAXINON NUMBER OF DATA POINTS NARQ
¥PE = WAXTNUS NUNBER OF PARANETERS NARG
XN = WAXINUN NUMBER OF INDEPENDENT VARIABLES NARQ
TURER =-1 NEANS DO AMY SPECYAL INITIALIZING POR CASE NABQ

IYHER = 0 NEAKS START NE¥ CASE OR END RON NARQ

TWHER = 1 NEAUNS GET P S AND F nARQ

IVHER GREATER THAN 1 NEANS GET P ONLY MARQ

NP3INT=0 NARQ
INHER = 0 MARQ
0 T0 M HARQ
INHER = IWAER NARQ
IP IIWHER) 4,4,7 RARQ
IP {IVHER) S, 10,5 NARQ
CONTINUE NARQ
CODING FOR CASE INITIALISING GOBS HEEE NARQ
."..'....-........I....'-..-.......'..........D...I.....'I...ID...‘RQ
CALL SUB%(B,PRNT,X,Y,TITLE, IVEER, N, NDPH, JPENT) BARQ
0............I...O.......I.l..........-........l.'....ll...l.....lalna
Ir JIBOUT) 6, 2,6 NARQ
GO TO 1 NARQ
CONTINUE NARQ
CODING T0 NAKE P GOES HERE NARQ

P IS Y HAT (I) NARQ

WPRNT IS THE WO OF OTHER WORDS TO BE PRINTED HARQ

THE WORDS TO BE PRINTED ARE IN PBNTI1)...PRNT{S) BARQ
l......‘........'....'....l..........‘...'..........‘........-.‘..nlno
CALL FCODE}B,?,PRNT,RES,X,Y,I,IB,IP, NDPN) NARQ
.."'...‘..'I.'I"....--."..’...........'l..'.......-.I.'......'.u‘xa
IP (IWHER-1)2, 8,2 NARQ
I? {IPSS2) 2,9,2 NARQ
CONTINOE MARQ
CODING TO MAKE DF/DB GOES HERE NARQ

MAKE K OF THEM. CALL THEN P lJ) NARQ

THEY ARE HADE PRON X (I,L) AND B(J) NARQ
...'...........'-...I..I'.“'..'.'-'...I...-.-.....'...'.-.-..'....‘lo
CALL PCODE(B,P,F,PRNT,X,I,I8,IP,NDPK) BARQ
..'....I...-.......l....l.....I..I...I.......‘....I'...l‘....'l...!lno
60 T0 2 MARQ
CALL EXIT NARQ
THIS IS THE END OF THE MAIN ROUTINE HARQ
cecmcmcmcanaa ——— - ———- ———- MARQ
IWHER = IWRER MARQ
- 0 NARQ

Ir (IVHER)  48,13,12 NARQ
1 2 3 NARQ

GO 0 165,208,70,76), IWHER NARQ
READ PIRST CARD OF NEXT CASE MARQ

ITCT=0 NARQ
IBOUT=0 MARQ
IF (IREAD.EQ.1) READ (NI,1001) N,K,IP,N,IFP,HNCONS,ISPRD BARQ
IP (N.EQ.0) RETURN NARQ
HERE I ADD A CONTROL TNDEX, ISPRD, TO ALLOW LINEAR OR L0G PLOTTINGHARQ
ISPRD = 1 POR LINEAR PLOTTING NARQ
ISPED = 2 FOR LOG PLOTTING  (LOGIF) AND LOG (Y !I)) EARQ
ISPRD IS USED ONLY IF(IFP.GT.0) NARQ
NTYLDA =N ¢NCONS NARQ
YNT=HTILDA NARQ
Ir (W) 15,15,14 BARQ
IP {IREAD.RQ.1) RBAD ({NI,1001) IWS1,IWS2,(¥S3,IWSd,I¥SS5,IWS6 NARQ
IPSS1=2 . NARQ

WRITE (NO,1033) NARQ
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750
760
770
780
790
800
810
820



15
16
17

18
19

20
21
22

23
24

no
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GO T 18 MARQ
END OF LAST PROBLEN RARQ
GO TO { 17, 16),IBKT MARQ
REWIND NST NARQ
INHER=0 MARQ
GO TO 3 dAARQ
IP (IFP) 20, 20, 19 NARQ
CGNTINUE MARQ
CALL ATRRUZ{IBCH,1H ) MARQ
CALL ATHRUZIOCH, 1BO)} RARQ
CALL ATHRUZ (IPCH, YHP) HARQ
CALL ATHRUZIIYCH,1HY) HARQ
CALL ATHRUZ(IXCH, 1HX) HARQ
IF (IREAD.EQ.1) READ (NI, 1031) YHN,SPRD HARQ
IP ({IP) 24,28,21 HARQ
IP (IREAD.EQ. 1) REBAD {NI,1001) ({IB{I),I=1,IP) HARQ
DO 23 I=1,IP HARQ
IP IB{I)) 22,22,23 HAR
MRITE (NQ,1028) MAR
IBCUT=1 HAR
CONYINUE MAR
IP (IREAD.EQ.1) READ (NI,1032) PP,T,R2,TAU,XL,GANCR,DEL,ZETA HMAR
DUB IN INPUT CONSTANTS IP NOT SOPPLIED MAR
{ XL IS CHECKED IN PIRST ITERATION) MAR
IP (PP) 25,25,26 ®AR
PP=4. 2AR
I? () 27,27,28 HAR
E=.00005 MAR
IF !TAU) 29,29,30 MAR
TAU=.001 RAR
IF (T) 31,31,32 MAR
=2, HAR
IF (K-25) 33,33,34 MAR
IBKT=1 MAR
GO TO 35 HAR
IBKT=2 HAR
REWIND KST HAR
IF {GANCR) 36,36,37 HAR
GABCR = 45, HAR
IP [DEL) 38,338,139 RAR
DEL=.00001 BAR
IF (ZETA)40,40,41 RAR
ZBTA=.1E-~30 RAR
XKDB = 1. HAR
CONTINUE BAR
READ IN INITIAL B GUESSBS 6 TO THE CARD NHAR
IP (IREAD.EQ.1) READ (NI, 1002) (B(I),I=1,K) NAR
IF (IREBAD.EQ.1) READ (NI,1003) (PAT(I),I=1,18) HAR
CALL INPUT!B,PRNT,X,Y,PNT,TITLE,N,NDPN) NAR
NTILDA=N+NCONS MAR
IWHER=~1 HAR
GO TO 3 HAR
IBKA=1 MAR
HAR
.ll..-...Q.-...-.-l-q.l-..Ol........Q'.'..'l..lll...I.......l..l..!ln
START THE CALCULATION OF THE PTP MATRIX MAR
WRITB (NGC,1033) HAR
WRITE [NO,1008) (TITLB{I,1),I=1,178) NAR
WRITE (WO, 1008) (FITLE(I,2),1=1,18) HAR
WRITE (NO,1008) (TITLE (L,3),I=1,18) MAR
WRITE {NO,1009) ¥,K,IP,M,IPP,GANCR,DEL,FP,T,E,TAU,XL,ZETA HAR
GO TD 49 RAR
COKTINDE HAR
IN¥S3=18S3-1 BAR
I¥S3=NAX0(I¥S3,0) NAR
D0 S0 I=1,K NAR
G {I) =0. HAB
DO 50 J=1,K NAR
A {I,J)=0. NAR

G0 T0 (51,56,56), IRKA SAR

830

840

850

860

870

880

880

300

910

920

930

930

950

960

970

980

990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1280
1250
1260
1270
1280
1290
1300
1310
1320
1330
1380
1350
1360
1370
1380
1390
1400
1410
1220
1830
1840
1850
1860
1470
1480
1890
1500
1510
1520



51
52
53
Su
55

56
57

58
59

60
61

62
o3

64
65
66
67

an

68
69

70

n

72
73

T4

75

76

77

78

79

a0

0o

81

48

IF {LUS5.EQ.0) GO TO 52 HAE
GO T [54,53),IPSS3 NAR
IPSS3=I¥S3 MAR
IPS52=T¥S2 MAR
G0 T 57 NAR
I7553=0 MAR
GO T 157,55), I®SS2 AAR
IP552=0 NAR
GO TO S7 HAR
CONTINUE HAB
WRITE (¥O,1010) ITCT,(B(J) ,J=1,K) mE
IP (IPSS3} 58.61,58 AR
I? (IFP) 60,60,59 MAP
¥S = YHMeSPRD WAR
¥RITE (NC,1008) YAN,US NAR
G0 1O 61 NAR
WRITE (NO,1012) MAR
I=1 NAR
PHI=0. NAR
PHIN=0. MAR
ICONS=1 NAR
I¥ (TPSS2) 62,68,62 NAR
GO TO 68 NAR
IF (IFSS2-1) 64,69,60 NAR

THIS IS THE ANALYTICAL P 5 ROUTINZ NAR
INHER =1 NAR

GET P S AND P NAR
60 T0 3 NAR
I? !IP) 81,51,66 NAR
DO 67 II=1,IP NAR
INS=IB(II) NAR
P{IUS) =0, NAR
GO TO B1 NAR
.................'.........'...................-’......‘.Q........H‘n

TRIS IS TRE XSTINATED P S ROUTINME naR
CONTINODE NAR
IWHRR=3 NAR
GO TO 3 HAR
RUS=RES RAR
PSAVE=P HAR
DO 71 II=1,HPRNT HAR
SPRNT (II)=PRNT(II) NAR
J=1 KAR
I? [1P) 75,75,73 NAR
DO 76 II=1,IP NAR
IP { J-IBIIT)) 74,77,76 AAR
CONTINDR NAR
DBW=B (J) *DEL NAR
THS*B {J) RAR
B(J)=B(J) +DBW NaAR
IVHER=Y MAR
GO TO 3 nAE
E{J)=TVS NAR
F(J) =- (RES-RWS) /DB NAR
60 To 78 nAR
P(J)=0. AR
J=J+1 NAR
IP { J-K ) 72,72,19 NAR
RES=RWS NAR
P=PSAVE NAR
DO 60 II=1,NPRNT RAR
PRNT{TI) =SPRNT!TT) NAR

END OF ESTINATED P S ROUTINE NAR
IE R AN NN ENNERERERMNNNERNERMNNNLNXH}N ] C......-.'....'..........Cl.ll....-..iﬂinln

NOW, USE THE P S TO MAKE PARTIALS MATRIX NAR
DO 82 3I=1,X NAR
G (JJ) =G (JJ) +RES*P (JJ) NAR
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1790
1800
1810
1820
1830
1840
1850
1860
1870
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1950
1960
1970
1980
1990
2000
2010
2020
2030
2080
2050
2060
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2160
2170
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2190



82
83
84
85
86
B7

a8

a9

90

nnnn

91
92

93

94
95
96
97
98
99
100

101
102

103
104
105

106
107
168

109
110

49

DO 82 1I=JJ,K
A(II,JJ)=A(IY,Jd) P (IT)*P(JJ)
A(J3,II)=A(11,ad)
IP {IFP) 105,105,93
IP (IPSS3) 84,110,884

PLOTTING Y{I} P
GO T0 {BS5,86), ISPRD
I0 = (¥ (I)-YNN)*100./SPRD
IPP = {F-YNN) *100./SPRD
60 TO 87
I0 = (DLOG10 (Y (I))~-YAN} =100, /SPED
IPP = {DLOG10 {F)-YNN)*100./SPRD
ir (Io-I1PP) B88,89,90

Y(I) OUT PIRST
IP1=I0CH
IP2=IPCH
I1=I3
12sIPP
60 TO 91

ONLY ONE CHARACTER
IP1=IYCH
IP2=IRCH
I1=10
I2=1IPP
GO TO 91

P OUT PIRST
IP1=IPCH
IP2=I3CH
I1=IPP
12=10

ZBPRO PLOTS IN THP LEPT HAND COLUNME, SO IV IS ITS

OWN BLANK COONTER

OVERPLOWS PLOT X IN COLUNN 102
ONDERPLOWS ALSO PLOT X IN COLUMN ZERO

Ir !I2-101) 94,98,92

I2=101

IP2=IXCH

IP (11-101) 94,93,93

I1=101

IP1=IXCH

IP2=IBCH

GO T0 97

IF (I1) 95,95,97

I1=0

IP1=IXCH

IP ({I2) 96,96,97

12=1

IP2=1BCH

I1K1=X1

I182=12-T1-1

IP (I1n1) 98,98, 101

IP (I182) 99,99, 100

WRITE (NO,1030) IP3,IP2

GO TO 1084

WRITE (NO,1030) IP1, {IBCH,II=1,I1M2),1P2
GO TO 104

IP (I1R2) 102, 102,103

#RITE (NO,1030) (IBCH,II=1,I1%1),IP1,IP2
G0 T0 104

WRITE (¥O,1030) (IBCH,II=1,IM}),IP1,{IBCH,II=1,T182),IP2
G0 TO 110

US=RES

IF (IPSS3) 106,110,106

ir (I-N) 107,107,110

IF {NPRNT) 108,108,109

WRITE I{NO,1027) Y I{I),P,WS

GO TO 110

WRITE (N0,1027) Y(I),P,HS, {PRNT{JJ) ,Jd=1,HPRNT)

WS=RES

HAR
HAR
HAB
2AR
RAR
HAR
NAR
HAR
HAR
BAR
HAR
BAR
NAR
BAR
NAR
HAR
BAR
BAR
MAR
NAR
BAR
NAR
HAR
HAR
HAR
BAR
BAR
BAR
HAR
HAR
BAR
RAR
AR
NAR
HAR
HAR
NAR
HAR
BAR
HAR
HAR
NAR
HAR
HAB
HAR
NAR
HAR
NAR
NAR
HAR
HAR
BAR
%AR
HAR
HAR
BAR
BAR
HAR
HAR
NAR
HAR
HAR
NAR
HAR
MAR
HAR
HAR
NAR
BAR

2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
23480
2350
2360
2370
2380
2390
2400
2810
2820
2830
26800
2450
2860
24870
2680
2490
2500
2510
2520
2530
2580
2550
2560
2570
2580
2590
2600
2610
2620
2630
2680
2650
2660
2670
2680
2690
2700
2710
2720
2730
2780
2750
2760
2770
2780
2790
2800
2810
2820
2830
2880
2850
2860
2870
2080



112
113

14
115

116
117
118
119

120

121
122

124
125

126

127
128

129

130

131

132

133
134
135
136
137
138

139

140
w1l

142

50

PHI=PHI+NSsES MAR
Ir (I-M) 1M1, 111,112 MAR
PHIN=PHINegS*¥S HAR
GO T0 113 AR
CONS{ICONS)=RES NAR
ICONS=ICONS+1 MAR
I=Tet BAR
IFr (I-NTILDA) 63,63,114 RAR
IF (1IP) 118,118,115 AR
DO 117 JJI=1,IP HNAR
IwsS=IB {JJ) BAR
DO 116 II=1,K HAR
ALINS,II)=0. AAB
A(II,INS)=0. HAR
A {I8S,IWS)=1. NAR
GO 70 {199,214,216) ,IBKA KAR

SAVE SQUARE ROOTS OF DIAGONAL ELEMENTS HAR
DO 122 I=1,K NAR
IPACILI)) 120,121,122 HAR
WRITE ({NO,1081) I, I,A!I,I) NAR
WRITE (¥O,1082) (A(JQ,JQ),JQ=1,K) HAR
IF {(IREAD .NE, 1) RRTURN MAR
GO 10 1 NAR
WRITB (NO,1082) (A(JQ,JQ) (,3Q=1,K) MAR
SA {I) =DSQRT (A {I,XI)) RAR
DO 128 I=1,K MAR
Do 125 J=1,K BAR
¥S = SA{I)*sa{J) BAR
I (¥S) 123,123,128 RAR
A(1,3) =0. NAR
GO TO 125 BAR
A(I,J)=A (I,J)/7¥S BAR
CONTINUE BAR
IP {SA{I)) 126,126,127 HAR
G (1)=0. HAR
GO TO 128 NAR
G (I)=G () /SA(I) HAR
CONTINUE HAR
DO 129 I=1,K BAE
A(I,I)=1. BAR
PHIZ=PHX NAR

WE NOW HAVE PHI ZERO NAR
GO TO0 (%32,131),IBKT MAR
YRITE (3)) NAR
REWIND NST HAR
GO TO 134 KAR
DO 133 IX=1,K NAR
III=XI425 RAR
DO 133 JJ=1,K KAR
A{IIL,JI)=A{I1,30) RAR
l‘.........“......‘........-.'.....C.......l......l...l.......I..ul.
CONTIHUE BAR
IFr (IICT) 139,135,139 RAR

PIRST ITERATION HAR
IP (XL) 136,136,137 NAR
XL=0.01 BAR
DO 138 J=1,K MAR
BS{J) =B 1Y) NAR

BS (J) CORRESPORDS TO PHIZ HAR
IBK1=1 NAR
WS=N-K¢IP NAR
ITCT=ITCT+1 BAR
SE=DSQRT {PAIN/WS) SAR
IF (IPFSS)) 140,180,143 NAR
IFP (IPSS2) 101,142,141 NAR
JRITE (NO,1013) PHIZ,S®,XLLI,GANEA,XL NAR
GO TO 149 NAR
WRITE (NO,1014) PHIZ,SE,XLL,GAMMA,XL HAR
GO TO 143 NAR

2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2950
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3180
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3380
3350
3360
3370
3360
3390
3400
3410
3820
3430
3480
3850
3460
3670
3480
3490
3500
3510
3520
3530
3540
3550
3560
3574



143
144
s
146
147
ul

149
150

163
164
165

166

167

168

169

170
mm

172
173
174

175
176
177
178

179
180

IP IBCONS) 144,145,144
WRITE (¥0,1039) (JJ,CONS(JJ) ,Jd=1,KCONS)
VRITE {NO, 1040}
DO 146 T=1,K
WRITE (NO,1038) I,(A(I,J),Jd=1,K)
CONTINGE
IP {IPSS2) 147,148,147
YRITE (NO, 1005} PRIZ,SE,XL
60 TO 149
SRITE (NO,1011) PHIZ,SE,IL
GO TD 183
PHIL=PHI -
WE NOW HAVE PHI LANBDA
DO 151 J=1,%
IF IABSP DB{J)/{ABSP{BIJ})+TAU) ) - E} 151,153,153
CONTIKUE
¥RITE {HO, 1025)
GO TO 212
IP (IWS4) 154,157,154
IP (IWS4-1) 155, 156,155
INSU=INS4~1
GO TO 157
4RITE INO, 1026)
GO TD 212
YXDB = 1.
IF !PHIL-PHIZ) 158,158,168
XLS=1L
B0 159 J=1,K
BA (J) =B (I}
B(J)=BS(J)
I¥ (XL-0.00000001) 160,160,162
DO 161 J=1,K
B{J)=BA{J)
83 {J) =B {J)
GO TO u7
IL=XL/10.
IBK1=2
GO T0 183
PHL4=PHY
¥E NOW HAVE PHI (LAMBDA/10)
IF (PHL4~PHIZ) 168,168,165
DO 165 J=1,K
BS (3) =B (J)
GO TO 47
XL=XLS
po 167 J=1,K
BS (J) =BA (J)
B(J)=BA {J)
GO TO 47
IBK1=4
XLS=XL
IL=XL/10.
DO 169 J=1,X
B {J) =BS 1J)
G0 TOo 183
IF (PHI-PHIZ) 177,177,171
XL=XLS
TBK1=3
XL=X1L¢10.
Do 174 J=1,K
B (J) =BS (J)
GO TO 183
PHIT4=PHI
WE NOW HAYZ PHI {10*LANBDA)
IP (PNIT4-PHIZ) 177,177,179
DO 178 J=1,K
BS (J) =B (J)
G0 T0 87
IF {GAMMA-GANCR) 180,172,172
XXDB = XKDB/2.

RAR
NAR
HAR
NAR
HAR
HMAR
HAR
BAR
MAR
MAR
MAR
RAR
HAB
HAR
HAR
HAR
HMAR
HAR
HAR
NAR
HAR
nAR
NAR
MAR
MAB
MAR
HAR
MAR
HAR
MAR
MAR
MAR
MAR
BAR
MAR
HAR
HAR
HAR
MAR
HAR
HAR
HAR
BAR
HAR
BAR
MAR
HAR
HAR
MAR
HAR
HAR
MAR
HAR
MAR
HAR
MAR
HAR
BAR
HAR
MAR
HAR
NAR
HAR
HAR
NAR
MAR
RAR
MAR
HAR
NAR

3580
3590
3600
1610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
37490
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
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4010
4020
4030
4040
4050
4060
8070
3080
4090
4100
8110
4120
4130
4140
8150
4160
4170
4180
8190
4200
4210
8220
8230
8280
4250
4260
4270



181
182

non

183
184

185

186
187
188

non 0N

189

190
191

192

193
194

195

196

197
198

199
200
201
202
203
204

205
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DO 181 JI=1,X

IF (ABSP(DB{J)/IABSP(B(J)) ¢TAU))-E) 181,173,173
CONTINUE

DO 182 J=1,X

B{J)=BS {J}

SRITE (¥0,1035)

GO TO 212

SET UP POR MATRIX INVERSION
GO TO (185,184) ,IBKT
READ [NST) A
REWIND NST
GO T0 187
DO 186 II=1,K
ITTI=1T+25
DO 186 JJI=1,K
A111,39) =A (111,J0)
DO 188 I=1,K
{I,I) =A {I,T) +XL
GET INVERSE OF A ABD SOLVE FOR DB [J)S
IBKA=1

LN Y Y R PR R Y NN Y R N Y N R N R P PR R YRR R AN L N R RN R

THIS IS THE NATRIX INVERSION ROUTIE2
K IS THE SIZE OF THE MATRIX

CALL AGJR{A,BB,C,DET,ZETA,PA,Q,K,NSING, NPH)

GO TO (191,130), WSING

IF (IREAD ~ 1) 286, 1,206

GO TO 2192,226}, IBKA
END OF NATRIX INVERSION, SOLVE FOR DB{J)

00 193 I=1,K

DB (I} =0.

DO 193 J=1,K

DB (I) =A (I,J)*G (J) +DB (L)

DB {I) =XKDB*DB {I)

XLL=0,.
DTG = 0.
6T = 0.

DO 195 J=1,K
XLL=XLL#+DB JJ) *DB {J)

DTG = DTG + DB {J)*GlJ)
GTG = GTG + G (J)**2

DB *J) =DB 1J) /SA {J)
3{J)=81J) +DB{J)

KIP=K-IP

IP (KIP-1) 196,201,196
CGAB=DTG/DSQBT (XLL*GTG)

JGAN = 1

IP (CGAN) 197, 197, 198
CGAN = ABSP{CGAN)

JGAN = 2

IP{CGAN.GT.1.0) CGAN = 1.0

GARNA = 57.2957795% (1. 5707288+CCAN* (~0.212 1144 +CCAN* (0.074261
1-CGAN®,.0187293))) *DSQRT {1. -CGA M)
GO TO [202,199)., JGAR

GANAA = 180.-GANNA

IP {XL-1.0) 202,200,200

WRITE {KO,102%) XL,GAANA

GO TD 212

GANNA=0.

ILL=DSQRT (XLL)

IBK2=1

GO T0 206

IP (IFSS3) 204, 205, 204
WRITE {NO,1006) {DB(J) ,J=1,K)
WRITE {RO,1007) PHI,XL,GANMA,XLL
G0 TO (150,163,175,170), IBK1

MAR
HABR
MAR
RAR
BAR
HAR
NAR
SAR
HAR
HAR
MAR
HAR
BAR
HAR
BAR
MAR
HAR
HAR
BAR
MAR
NAR
HAR
HMAR
BAR
AR
HMAR
BAR
NAR
HAR
NAR
HAR
HAR
AR
HAR
HAR
HAR
RAR
4AR
HAR
MAR
MAR
8AR
NAR
HAR
NAR
HAR
HAR
BAR
HAR
HAR
NAR
1AR
HAR
HAR
HAR
HAR
BAR
HAR
HAR
HAR
MAR
NAR
MAR
HAR
HAR
HAR
MAR
HAR

..'....0Q"........'.."......O‘....'.....Q.."O'I.............‘..l‘k

4280
4290
3300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4810
4420
4430
ua4Q0
Qus0
U360
4470
4u80
4490
4500
4510
4520
4530
4540
4550
8560
4570
4580
4590
4600
8610
4620
4630
4640
4650
4660
4670
4680
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4700
4710
8720
8730
4740
4750
8760
4770
5780
4790
4800
4801
4810
4820
4830
4880
8850
4860
4870
4880
4890
8900
4910
4920
4930
4980
4950



206

214
215

216
217
218

219
220
221
222
223

224
225

aon

226
227

228
229

230
231
232
233

234
235
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CALCULATE PHI WAR
I=1 NAR
PHI=0. MAR
PHIN=0. NAR
I9HER=2 BAR
IP {INS5) 2141, 121,2141 HAR
CALL SSWTCH (5, RONSK) NAR
IF !NONSK-1) 2151, 101, 2151 BAR
G0 ™ 3 BAR
PHI=PHI+ (RES*%2) BAR
IF (I-N) 209,209,210 MAR
PHIN=PHIK+RES*RES BAR
1=I¢1 HAR
IF II-NTILDA) 207,207,211 HAR
80 TO (203,271,214,259,262,266),IBK2 HAR
MAR

HAR
.'Q‘..-QIC'..'...‘....-'.II.C.IQ.I.."....-.........'....‘.Q....I.!ln
THIS IS THE CONPIDENCE LINIT CALCULATION NAR

DO 213 J=1,K HAR
B(J)=8S (J) HAR
WRITE (NO,1034) W,K,IP,N,FP,T,E,TAU NAR
IBRA=2 NAR
NTILDA=N NAR
THIS WILL PRINT THE Y,YHAT,DELTA Y MAR

ITCT=ITCT-1 MAR
1IPS53=1 NAR
GO TO 49 NAR
1P (IFP) 216,216,215 MAR
IBKA=3 MAR
1FP=0 NAR
GO TO 49 MAR
IF (NCONS) 217,218,217 NAR
WRITE (NO,1039) $JJ,CONS {JJ),II=1,NCORS) NAR
US=N-K+IP NAR
SE=DSQRT {PHI /N¥S) MAR
PHIZ=PHI NAR
IP (IPSS2) 219, 220, 219 MAR
WRITE (NO,1005) PHTZ,SE,IL NAR
G0 TO 221 NAR
4RITE (NO,1011) PHIZ,SE,XL HAR
NOW WE HAVE NATRIX A NAR

GO TO (223,222),IBKT MAR
WRITE INST) A MAR
REWIND NST BAR
GO TO 225 MaAR
DO 224 II=1,K NAR
III=1I+25 NAR
DO 224 J3J=1,K NAR
A{IIY,J0)=A(11,33) MAR
IBRN=2 NAR
GO TO 189 MAR
MAR

NO® WE HAVE C = A INVBRSE MAR

DO 228 J=1,K WAR
IP $A[J,J3)) 227, 228, 228 HAR
WRITE (NO,1043) J,3,A{J,J),J,J MAR
A(I,3)=1.0D 0 NAR
Sa1J) =DSQRT (A [J,J)) BAR
KST==4 MAR
WRITE (NO,1018) MAR
RST=KST+5 MAR
KEND=KST+4 MAR
IF (XEND-K) 232,231,231 BAR
REND=K HAR
Do 233 I=1,K HAR
WRITE (NO,1020) I, {A!I,Jd),J=KST,KBND) : NAR
IF (KEND-K)} 230,238,234 NAR
1P (rBOUT) 235, 236,235 MaR
WRITE (NO,1037) NAR

4960
4970
4980
4990
5000
5010
5020
5030
s040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5330
53150
5360
5370
5380
5390
S400
5410
5420
5430
S440
5450
5860
56470
5480
5490
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650



236

237

238
239

2640

241

242
243
244

245
246
247

248

249
250

251
252

253

254
255

256
257

258

259
260
261
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IP (IREAD .NE. 1) RETOUBN
GO TO 1

00 239 1=1,K

DO 239 J=1,K

W5=5A11) *SA{J)

IF (W5) 237, 237, 238
A{I, ) =0.

GO T0 239

A (I,J) =A (I,J) /78S

CONTINUE

DO 240 JI=1,K
A13,3) =1,
WRITE (NG,1019)
KST=~9
KST=XST+10
KEND=KST+9
IF (KEND-K) 243,242, 202
KEND=K
DO 244 I=1,K
WRITE (NO,1036) I, (A(X,J).,JI=KST,KEND)
IP (KEND-K) 281,245,245
GET TSSE®*SQRT (C{I,I))
DO 286 J=1,K
SA{J)= SE#*SAJ)
WRITE (NO,10271)
US=K-IP
Do 252 J=1,K
IP (IP) 250, 250, 248
DO 249 I=1,IP
IP{J-B{I)) 249, 251, 249
CONTINUE
RITD=DSQRT [ES#PF) *5A {J)
STE=SA {J)
OPL=BS (J) =SA (J) *T
OPU=BS {J) ¢SA {J) *T
SPL=BS {J) ~HJTD
SPU=BS (J) +HJTD
VRITE (NO,1029) J,STB,OPL,O0PU,SPL,SPU
GO TO 252
WRITE (NO,1015) J
CONTIRUE
NONLINEAR CONFIDENCE LIMIT
IF (29S56-1) 253,285,253
#S=K-IP
WS1=N=-K+IP
PKN=HS/US1
PC=PHIZ* {1, ¢PP*PKN)
WRITE (NO,1022) PC
#RITE (NO,1023)
IPSS3i=1
DO 284 J=1,K
IBKP=1
DO 258 JJ=1,K
B (JJ) =8BS (JJ)
IP{IP) 257, 257, 255
DO 256 JJ=1,IP
IP (J-LB(IJ)) 256, 277, 256
CONTINDE
DD=-1.
IBKN=1
D=DD
B8({3)=BS (J) *D*SA(3)
IBK2=8
GO T0.206
PHI1=PRY
IP{PHI 1=-PC) 260, 264, 264
D=D+DD
IP {{D/DD)~S.) 261, 279, 279
B(J)=BS(J) +D*SA (3}

MAR
NAR
BAR
HAR
AR
AR
BAR
NAR
NAR
HAR
MAR
MAR
MAR
MAR
MAR
MAR
NAR
NAR
NAR
HAR
HAR
NAR
MAR
NAR
BAR
NAR
HAR
HAR
NAR
AR
MAR
MAR
AR
NAR
AR
HAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
AR
MAR
HAR
NAR
HAR
HAR
NAR
MAR
MAR
MAR
HAR
BAR
HAR
MAR
BAR
MAR
HAR
KAR
HAR
MAR
RAR
NAR

NAR
HAR

HAR
HAR

5660
5670
5680
5690
5700
5710
5720
5730
5740
5750
5760
5770
5780
5790
5800
5810
5820
5830
5880
5850
5860
5870
5880
5890
5900
5910
5920
5930
5940
5950
5960
5970
5980
5990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170
6180
6190
6200
6210
6220
6230
6240
6250
6260
6270
6280
6290
6300
6310
6320
6330
6340
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262

263
264

265

266
267

268

269
270

271
272

273

274
275
276
277
278
279
280
281
282

283
284

285

286

1001
1002
1003
1004
1005

1006
1007

1008
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IBK2=5 MAR
GO TO 206 NAR
PHID=PHI HAR
IP {PHID~PC) 260,263,263 HAR
IP (PHID=-PC) 264, 267, 267 HAR
D=D/2. MAR
IP {{D/DD} ~.001) 279,279, 265 RAR
B (J)=BS (J) +D*5A {J) MAR
IBK2=6 BAR
60 T0 206 HAR
PHID=PHI NAR
I¥®{PHID-PC) 267, 267, 264 NAR
XR1=PHIZ/D¢PHI1/ (1.~D) ¢PHID/ (D*(D-1.)}) NAR
XK2=- (PHIZ*(1.4D) /D+D/ (1.~D) *PHL 1¢PHID/ (D* (D~1.)) ) MAR
XK3=PHIZ~PC MAR
BC = {DSOBT (XK2*XK2=4,*XK1*XK 3} ~XK2) /(2.*XK 1) NAR
GO TO {268,269) ,IBKN HARB
B{J)=BS {J) =S {J) *BC HAR
GO TO 270 NAR
B{J) =BS{J) +SA {J) *BC MAR
IBK2=2 NAR
GO TO 206 NAR
GO TO 1272,273),IBKN BAR
IBKR=2 HAR
DD=1. BAR
BL=B {J) MAR
PL=PHI NAR
GD TO 258 HAR
BU=B {J) MAR
PU=PHI BAR
GO TO (274,275,276,278),IBKP MAR
¥RITE |MNO,1020) J,BL,PL,BU,PO EAR
GO TO 284 NAR
WRITE (NO,1017) J,BU,PU MAR
GO TO 2884 HAR
¥RIT® (NO,1020) J,BL,PL EAR
GO TO 284 EAR
WRITE {NO,1015) J MAR
GO TO 284 mAR
¥RITE [HO,1016) J MAR
GO TO 28% NAR
GO TO (280,281),IBKN BAR
DELETE LOWER PRINT NAR

IBKP=2 RAR
GO TO 271 NAR
GO TO [282,283),IBKP MAR
DELETE UPPPR PRINT NAR

IBKP=3 HAR
GO TO 271 MAR
LOWER TS ALREADY DELETED, SO DELETE BOTH HAR

IBKP=4 NAR
GO TO 271 RAR
B(J)=BS (J) HAR
—————— ——- - ——— AR
CALL OQUYPUT(A,B,PENT,SA,SE,X,Y,TITLE, ITCT,K, ¥, NDPX, NPNH) MAR
R - - ————— HAR
IF {IREAD .NE. 1) RETUBN NAR
GO TO 1 NAR
RETORN NAR
.......O...-..Q.l.'l.....'.......‘......O..-‘.I.O‘............Q...nln
PORNAT (2513) NAR
FORRAT {6D12.0) HAR
PORNAT ({18Al) HAR
FORMAT (1X,18A44) WAR
PORMAT {/13X,8%H PHI 14X,4H S B 9X,7H LARBDA  6X, BAR
1 25H BESTIMATED PARTIALS OSBD / 5K,2BE18.8, B213.3) KAR
PORMAT (/12H INCRENENTS S¥18.8/(12X,5E18.8) ) HAR
FORMAT {13X,8H PHI 10X,7H IAMBDA 6X,7H GaMMA 6X, 7H LENGTE / MAR

1 S5x, E18.8, 3®13.3) nAR

FOBMAT (1%, 129.2,86X,129.2 /1K, 1§¢ 99X, 1He ) NAR

6350
6360
63790
6380
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6400
6410
6420
6430
6440
6450
6460
6470
6480
6490
6500
6510
6520
6530
6580
6550
6560
6570
6580
6590
6600
66 10
6620
6630
6640
6650
6660
6670
6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
6790
6800
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6820
6830
6840
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6860
6870
6880
6890
6900
6910
6920
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69480
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7000
7010
7011
7020
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1009 PORMAT{ SHON = I3,5X,54 & = I3,5XK,5HIP = I13,5X,58 ® = I3,5%, HAR 7030
1 7R IFYP = 13,5X,13HGANNA CEIT = B10.3,5X,6HDEL = E10.3/6H PF = NAR 7031
2E10.3,5Y,54 T = E10.3,5X,5H E = 510.3,5X,78 TAU = E10.3,5%X,6H XL =MAR 7032
3 E10.3 , 4x, THZETA = EB10.3 /) MAR 7033

1010 FORMAT (/2H (I3,13H) PARANETERS 5E19.8/(18X,5E18.8)) MAR 7040

1011 PORAAT !/13X,48 PRI 14X,8R 5 B 9x,7H LANEDA 6X, MAR 7050
1 25H ANALYTIC PARTIALS USED /5X, 2BE18.8, P13.3) MAR 7051

1072 PORSAT (1H /5X,9X,3H OBS 13X,5H PRED 13X,5H RES ) MAR 7060

013 PORBAT {/13X,4H PHI 18X,8K S B 11X,7H LENGTH 6X, TH GANMA 6X, BAR 7070
1 78 LANBDA 6X, 2SHESTINATED PARTIALS USED /5X, 2E18.8, 3213.3) MAR 7071

1074 PORNAT (/13X,4H PRI 18X,8H S B 11X,7H LENGTH 6X, 7H GANMA 6X, NMAR 7080
1 7H LANBDA 6X, 23HANALYTIC PARTIALS USED ,/5X, 2B18.8, 3E13.3) MAR 7081

1015 PORMAT (2X,X3,20H PARAMETER NOT USED ) NAR 7090

1016 PORBAT (2X,13,128 NONE POUND ) MAR 7100

1017 PORMAT:2X,13,36X,2818.8 ) NAR 7110

1018 PORMAT (1H /13K PTP IMVERSE ) MAR 7120

1019 PORMAT (1B /30H PARANERTER CORRELATION MATRIX ) NAR 7130

1020 PORMAT? 2Xx,I3,5E18.8) MAR 7140

1021 PORMAT({ 1H /18 / 13X,8H STD 17X, 16H OME - PARAMETER 21X, NAR 7150
1 144 SUPPORT PLANE , 3X, 2H B 7X,6H BRROR 12X, 6H LOWER 12X, MAR 7151
2 6H UPPER 12X, 6H LOWER 12X, 6H UPPER ) HAR 7152

1022 PORMAT( 1H /1H /30H NONLINEAR CONPIDENCE LINITS / / BAR 7160
1 16H PHI CRITICAL = E15.8 } AR 7161

1023 FORMAYT !1H / 68 PAR)A 6X,8H LOWER B 8X,10H LOWEBR PHI 10X,8H4 UPPER BMAR 7170
1 8X,10R UPPER PHI ) HAR 7171

1024 PORNAT [1H1,60X,17HGANRA LAWMBDA TEST 6X,2213.3) NAR 7180

1025 PORNAT (1B1,90X,12HEPSILON TRST ) AR 7190

1026 PORNAT (1H1,90X,10HFORCE OPF ) MAR 7200

1027 PORMAT (5X,6R18.8/59X, 2818.8) HAR 7210

1028 PORNAT ( 4OH BAD DATA, SUBSCRIPTS POR UNUSED BS =0 / / /) BAR 7220

1029 PORMAT (2X,13,5E18.8 ) BAR 7230

1030 FORNAT{IH , 11041 ) NAR 7280

1031 PORMAT (7P10.0) HAR 7250

1032 PORNAT (8P10.0) MAR 7260

1033 PORHEAT {18H1) MAR 7270

1034 PORMAT (SHON = ,I3,5%X,5H K = ,I3,5X,58 P = ,I3,5X,5H 0 = ,I3,5X, HAR 7280
1/68 PP = ,BE10.3,5X,58 T = ,B10.3, MAR 7281
25X,58 £ = ,E10.3,5X,78 TAU = ,E10.3/) MAR 7282

1035 PORMAT (1H1,80X,18HGAMNA EPSILOWN TBST ) MAR 7290

1036 PORMAT (3%,15,2X,10r10.4) NAR 7300

1037 PORMAT {27H0 NEGATIVE DIAGONAL ELEMENT ) MAR 7310

1038 PORMAT (3X,I5,2X,10P10.4/(10X,10P10.4)) NAR 7320

1039 PORMAT (1H /25H CONSTRAINT RESIDUALS .../ (3X,15,33X,E18.8)) BAR 7330

1040 PORMAT {IH /23H PTP CORRELATION NATRIX ) AR 7340

1041 PORMAT (1H /11H ELENBNT A(,I2,1H,,12,3H) =,1PE14.4) WAR 7350

1042 POENAT (10B12.3) BAR 7360

1043 PORNAT {15H WARRING**» 24T2,1H,,12,48) = ,1PD16,8/558 TO PERMINAR 7370
1T THEZ CALCULATION TO CONTINUE WE HOW SBT A, I2,78,,I2,9H) =1,0D O/NAR 7371
21208 ss%s SUBROGTINE OUTPUT SHOULD BE PROGRAMNMED TO HANDLE THISHAR 7372
3 SITUATYION, POSSIBLY BY CHECKING POR SA{J)=0.0 /120H BMAR 7373
4 WE DO NOT SET A(J,J)} = 0.0 SINCE THIS IS ALREADY THE CASE VWHEMAR 7374
SN PARANETERS ARE HELD CONSTANT. 7/ 1HO) MAR 7375

EWD AR 7380
SUBROUTINE ATHRUZ {I,J) ATHRU 10
ACCORDI¥G T0 D R PRON DU PONWT ATHRG 20
I=J3 ATHRO 30
RETORY ATHRU 40
%HD ATHRO S0
SUBRO:TIWE AGJIR(A,B,C, DET,EPS,P,Q,N,NSING, NPH) AGJR 10
GAUSS-JORDAN~-RUTISHAUSER MATRIX INVERSION WITH DOUBLE PIVOTING. AGJR 20
REAL®*8 A,B,C,PIYOT,2 AGJR 30
DINENSIOM A(NPN,50),B(S50),C(50),P(50),0:50) AGJR 40
CONMON/TAPES/RI N0, NP, NTTOC AGIJR SO
INTEGER P,Q AGIR 60
DET=1.0D O AGJR 70
ASING=1 AGJR 80
DO 16 K=1,H AGIR 90
DETERMINATION OF THE PIVOT ELENENT AGJR 100
PIVOT=0, AGJR 110

DO 2 I=K,¥ AGJR 120



£ w

[~ ¥}

10
1

12

13

14
15

16

17

18
19
20

21
22
23
26
1001
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PO 2 J=K.N

IF IDABSIASI,J))-DABS{PIVOT)] 2,Z.1
PIV0T=A(1,J)

ICoL=I

IRON=J

P(K)=I

QiK) =

CONTINGE

IP (ICOL~TROW) 3,4,3
DET=-DET

IP {DABS {PIVOT) ~EPS) 24, 24,5
EXCHANGE OF THE PIYOTAL ROW WITH THE KTH BOW
IP PIK)-K) 6,8,6

PO 7 3=1,N

L=P (K)

Z=1 (L, J)

A (L, J}=A (K, J}

A(K,J) =Z

EXCHANGE OP THE PIVOTAL COLUMN WITH THZ XTH COLUAE
IF (Q(K)-X}9,11,9

DO 10 I=1,N

L=9Q{K)

2=2{I,L)

A(I,L)=A{I,K)

AII,K) =2

CONTINUE

DET<DET*PIVOT

JORDAN STEP

DO 15 J=1,N

IP [J-K) 13,12,13
B{J)=1./PIVOT

c{I)=1.

GO TO 14

B{J)=-A(K,J} /PIYOT

C {J) =A {3,K)

a{K,J3)=0.

A (J,K) =0.

PO 16 3=1,N

DO 16 I=1,N

A{1,J)=A {I,J)+C{I)*B(I)
REORDERING THE NATRIX
DO 22 N=1,N

K=N=-M+1
IP{P{K)~K)17,19,17

DO 18 I=1,X

L=P(K)

Z=a{I,L)

A(I, L)=2{IK)

A(I,K)=2
IPQ!K)~K)20,22,20

po 21 J=1,K

L=Q X)

2=A{L,J)

A(L,J) =A (K,J)

AlK,J) =%

CONTINUE

RETURN

WRITE (NO,1001) P{K),QIK),PIVOT

PORMAT (16HOSINGULAR MATRIX3H I=13,3R J=I3,78 PIVOT=E16.8/)

BSING=2
GO TO 23
EWD

AGJR
AGJR
AGIE
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJIR
AGJR
AGJK
AGJR
AGJR
AGJR
AGJH
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJIR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGIR
AGJIR
AGJR
AGJIR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGJR
AGIR
AGJR
AGJR
AGJR
AGJR

130
140
150
160
170
180
130
200
210
220
230
240
250
260
270
280
290
300
3to0
320
330

340
350

360
370
380
390
400
410
820
430
840
450
860
470
480
890
500
510
520
530
5a0
550
560
570
580
590

610
620

680
690

710
720
730
740
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Appendix C

FORTRAN LISTING OF THE CODE APPROX
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IMPLICIT REAL®S ( p-H,C~-2)
DIMENSION FTC(O) sAl0) yE(GI)eC(6)eDUMIII; A)RNSI(3IeDUNZ( I I ) RMS2(C
13) «DUM3 (4 44) oFHS3 (4) 1 DUMA (4 ¢4 ) e RHS54(4) s PEXP(S50)VEXDIS0}u TEXP(50) ¢

2N XV(S0)s» VEXF(1000G)

THIS PRUGRAN CBTAIRS INITIAL ESTIMATES GF ThE 13 MAATIN EQUATION
J3F STATE PARAMETE FS WHEN THE 8 CRITICAL 1SOTMERM COEFFICIENTS ARE
KNUwNa FOF A GIVEN VALUE CF THE NONL INEAR TEMPERATURE EXPONENTs R
A SYSTEM OF 12 LI NEAR ECUATIONS IN 1Z UNKNOWNS IS SOLVEDe

THE SYSTEM OF EQUATICANS IS CHTAINED EY MAKING USE OF

12 KNCWwN *FACTS® AECUT THE P~-v=T BEMAVIOR OF THE COMPQUND.

THESE INCLUDE A KMCILEDGE OF THE ECYLE TEMPERATURE., THE

SLUPE OF THE VAPOF PRESSURE CURVE AT ThE CRlT ICAL POINT, THE

QU SERVED LINEARITY QF CERTAIN ISOCHORES ET

ALL 12 FACTS MAY EE ACJUSTED TO OBTAIN A EETTER REPRESENTATION

UF THE QATA.

LT (S ADVISABLE TC STARY witH A VALUE OF RK NEAR 4.0 AND TOD
MAKE SMALL CHANGES [N THIS PARAMETER UNTIL A GODD FIT TOD
THE DATA (S CETAL MED

TAR MCRE DETAILED INFCRMATICN SEE REFERENCES 1 AND 2.

TC=734,.6S
PC=36,003
VC=a07244
H=e0125642
di=a28255

TC IS CRITICAL TE MFEFATURE IN CEGeR.

PC IS CRITICAL PRESSURE 1IN ATMa

VO IS CRITICAL SPECIFIC VCLUMNE IN CU.FT./LBMe

ZC IS THE CRITICAL COMPRESSIBILITY FACTORs ZC=PC*VC/IRsTC).
K IS THE GAS CCAS YANT FLR THE COMPOUNE BE ING CONSIUERED.
PCe VC» TCe ZCs AN K NUST EE SUPPLIEC BY THE USERe.

TRC=1.
VRC=1a
NUML =3
NUM2=3
NUM3=6 ]
NUMA=4

READ IN THE 8 KNOWN CRITICAL ISCTHERM CUEFFICIENTS.

READ{S+1001)AR.ER ‘(FTC(I) »i=1e6)
FORMA T{ 2D20.7/¢(3D20.7))

IF A COMPARISCMN OF YHE THE PRECICTEC AND EXPERINENTAL PRESSURES IS
JESIRED+ THEN REAC THE EXPERIMENTAL P~v=T DATA HERE; OTHERWISE s
REMQVE THIS SECTICIMNTHRCUGH STATEMENT 2).

READ(5¢1002) NEXPe NEXT o (PEXPIL) e I=1oNEXP)

NE XP IS NUNBER CF EXPERINENTAL PRESSURES
NEXT IS NUMBEFR OF EXPERIMENTAL TEMPERATURES

iQi{MAT( 215/7(9F3.3))

JU 2 J=1»hNEXTY

READ{S+1003) TEXPL J DUNGIVEXD(1)e I=14 NOUN)
FURMAT(FB+3:.52/(7F 5))

NE X¥{ J) =NDUM

0@ 1 k=1«ADUN

VEXP({ L) =VEXD(K)

L=L+t

CUNTINUE

3STAR IS DEFINED AS THE GENERAL1ZED SECOND VIRIAL COEFFICIENT:

ZCo
CSTAR IS DEFINED AS THE GENERALIZED THIRD VIRIAL COEFFICIENT:
THAIRD VIRIAL COEFFICIEANY = CSTARR(VC/ZC)*%2a
3STAR AND CSTAR AFE RELATED TC THE FIRST TwO REDUCED TEMPERATURE
FUNCTIONS Fl1) ANC F(2) EY THE RELAT IONShIPS:
Fil ) = TR&{BSTAR/ 2C-BFR)s
F(2) = TRI{CSTAR/ 2Co22~ ZtERtBSTARIZCiER#QZ)-

FTACT 13 GENERALIZEC SECCNC VIRIAL COEFFICIENY 1S ZERO AT THE GOWNE
T:MPERATU Ee

;zg 2R§DUCED BCYLE TEMPERATURE(TEMPERATURE OF FACT 1 AND FACT 3)e
BSTRTB—‘-O.

FACT 23 VALUE OF GENERALIZEL SECOND VIRIAL COEFFICIENT AT TR=TRSe
TRS= REOUCED TEMPERATURE CF FAIT 2 AND FACT 44

=e 8
3STRYS=TRS#(2C~1a )

FACT 337 VALUE OF GENERALIZED THIRD VIRIAL CUEFFIC IENY AT THE BOWLE
TEMPE RATURE.
CSTRTB=.014
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T 43 VALUE OF GENERALIZEC THIRD VIRIAL COEFFICINTT AT TR=TRS.
RTS=.035

FACT S VALUE OF GENERALI2ED SLOPE OF CRITICAL ISGCHORE.
VRD1= REDUCED VOLUNE CF FACT S,
TRDI'_,PEDUCED TEMFERATURE CF FACT S.

SACT 6: EISCCHCRE IS LINEAR AT THE CRITICAL PQINT,
VR1= REDUCED VOLUBME FCR FACT 6.

JPRSQ1=0.

VRI=VRC

FACT 73 ISOCHCRE IS LINEAF AT VR=1/1.8.
VR2 = REDUCED VLLUNE FCR FACT 7.
JPRSQ2=0.

VRZ=1e/1e8

FACT 8: VALUE CF KRECUCER SLCPE OF THE VR=1/1.8 ISUCHORE.
VRD2= REDUCED VCLUME CF FACT a.
TRD2= REDUCED TEHFERA"\JFE OF FACT 8.

3EB3A3s0PRI
TRD2 =1,

SACT SI VALUE OF FECUCEL SLCPE OF THE VR=,5 [SOCHORE.
TRD3= REDUCED TEMFERATURE CF FACT 9.

VRD3= REDUCED VCLLME CF FACT 9,

IPR3I=Q, 2404R1

TRD3 =10,

VRD3 =45

SACT 101 VALUE OF hIGH TEMPRERATURE SLCPE AT VR=1,.5,
TRDA= REDUCED TEMFERATURE CF FACT 10,

VRD4= REDUCED VOLULFE TF FACT 10,

IPRa=1./72C

TRD4 =10.

VRD&A=1.5

FAC' 112 VALUE OF GEMERALLZED SECOND CERLIVATIVE AT TR3 AND WR1.
TRI = REOUCED TEMFEGRATURE CF FACT 1t

VRI = REDUCED VOLUNE CF FACTY 13,

IPRSQIZTC 82/ (B0 #1484 72FC)

TRI=1e

VRI=1as/1.4

FACT 123 VALUF OF GENERALIZED SECOND OERIVAYIVE AT TR4 AND WR4&.
TR4 = REDUCED TEMFERATURE OF FaACT 12,

VR4 = REDUCED VOLUFE CF FACT 2.

IPRSQA=~TCS82/(60 «*14 ,7#PC)

TR4=1.

VRA=1e/2e1

ISYRTC= GENERALIZEC SECCNC VIFRIAM COEFFICIENT AT TCo
BSTRTIC=ZCSIFTCI1) +ER)

SOVRTC= GEMERALIZEC THIRD VIRIAL CCEFFICIERT AT TCe.
CSTRTC= (2. *ARIBSTRTIC/2C ¢FTCI(2)-BRE$2)EZCEx2

RK= TEMPERATUFRE EXFCNEAT CF THE MARTIN EQUATION.
RK =82

THIS SECTION SETS UP AND SCLVES THE SYSTEM OF 12 LINEAR EQUATIONS

AN 12 UNKNOWAS FOR THE ASSUMED VALUE OF RK.
USE FACTS 1,243 AMC &,

PO 7 I=1.3

GO TO (3¢8+5) o1
TR=TRB
35TAR=8STRTH
CSTARaCSTRTR

B5TAR=BSTRIS
CSTAR=C STRTS

BSTAR*STRTC

TJAR R
SOMICTeThoe
JUM2( Il )=},
JUMLEL.2) =2TR
QUM2(1,2)=TR
JUMLI(1+3)2DEXF(-RKSTR)
QUNM2( T +3)=0UN1(1¢ 3}
HHSL1( )= TR*(ESTAF/2C-EFR)
RHS2(1) sTRE{CSTAR/2CH#82-2 .9 BR¥ESTAR/ 2C4+BR%%2)
SUNTINJE
CALL SIMQIDUML 4RHS]1 sNUN1KSE)
A(LI=RIS1ICY)

o

90

Wt s Db ue (H Bus Pt Gt 0 Dt RS Giua 3 59 DS S

AN NORS AR om0 s 0 5vo pus oes e g0 s
CRPUR PO LD ~NOD M) =D
000000000000 0D 00Q

CO0000000000000000000

2233 T
T N T AR

- St Gt e (2 e s 6 s B D R0 P (b (D P (S A B G PR 50 O G e G G0 BN et e G (e B S B DR B0 P ot e
N Y@ NOBILN- OB

(-T+1-1-T-¥-1.Y-7.1-J- -N-J-Jel-lo2-1-F-1.]
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8(1)=kHS1 (2]}
L) =fsSE (3
CALL SIMQIDUN2 sFHS2.MNUN2,KS52)
A(2)=RMS2(1)
3(2)=RHS2(2)
w{2¥=R152(3)
UsE FACTS 5.7l AND 12
U 13 I=1.4
SU TU (B8+9510e11) ol
d 2PRSO=DPRSOL
VR=VR]
GU T0 12
9 IPRSCG=NPRSQ2
VR=VR2
U TD 12
10 IPRSQA=DPRSQ3
TR=TR3
VR=VR3
SU TO 12
IR} JIPRSA=DPRSOL
TR=TRa4
VR=VRa

| TERQM=]q4 /{ VR-BFR)

JUM3(I,1)= TERMIsg

JUM3{1,2)= TERM#*S

DUN3(T,3)=DEXF{-AFR?VR)

JUM3T 1,4 )=DEXF(~2 0 ARSVR)

RHS3(I) =( ZC/RK*4R2 )#DPRSC*DEXP(RK*TR)~C(]1 )*TERN®$2-C{ 2} ¢ TERMSs3
13 CUNTINUE

CALL SIMAIDUM3IeRHS3eNUMIKSI)
S(31=RS3(1)
CLa)=RHS3L2)
S(B8I=RISI(I)
Li{6)=R153(4a)
UsE FACTS Ssbe9 AN 10
20 19 1=1,8
LU TO(1Q0+1S5¢16017 )l

1% VPR=0DPR1
VK =VRD I
TR =TRD1
G0 70 18

15 VDPR=DFRR2

16 OPR=DPR3

17 DPR=DPRA&
VR =VRD&4
TR=TRDA
[ §-] TERM=1+/( VR-ER)
QUMAL T 41)=TERNSEN
IUMA( T 2)=TERNWIES
JUME{ 1 +3)=DEXF(—AF*VR)
JUMS{ 102 )=DEXF( -2 ¢*AR*VF)
RHSA(1) =DPR*ZC-TEFN~8(1 )3TERM*E®2=-B(2)
L) eTERMES24C{2) *TE RN *333C(3) ¢TERNS® 4 +C
2¢C(6) WIEXP(=2+3ARSVR) )
19 CUNTINUE
CALL SIMO(DUME sRHMSA L NUNG4KSA)
B{3)=RHS4(1)
dl(4)=RHSA(2)
S{S)=RHS4(3)
ol{6)=RiSA(4)
20 20 J=3+6

ALL 12 LINEAR COEFFICIENYS HAVE NOW EEEN OQETAINED
20 Al JI=FTC(J)=BCJ)=CCJ)SCEXF(~RK)

WRITE(641004) TCesPLoVC
1004 SURMAT(INL ¢ *CRITI CAL TEMFERATURE! ¢ IX+*CRITICAL PRESSURE®e SX,

*TERMEA JIRKEDEXP(~RKEXTRISLCL 1
LA)*TERN*: S+C(S)SDEXP{-AR®WR )

1°CRITICAL VCLUNE®* /3D2046//)
MRITE(SH +1005) ARWB ReRK

1002 TURMATOIH ol 7Xe"AF® 418X +*ER*41BXs*RK*/730206/7)
WRITE(6+1006)IFTC(I)al=1,06)

1000 SURMATIIH o 9Xe'FTICI1)*e10Xe*FTC(2)"10Xs"FTICE3) "5 10X FTCCA) ",
R1LOXW*FTC(S) *elQXy *FTCLB)*/6C16e6/7)
WRITE (6910071 (ALLI )s1=1,6)

LO07 FURMATIIH o11Xe®A(1)%.12X.%A(2)%,12Xe%AL3)%12Xe%ALA)"412X%,
1°ALS]) "e12Xe"A(6)"/6D16.6//)
WRITE (6 +1008)(BL1 )el=1,6)

1008 TUORMATOIH o1 1Xe°BC1)% 12X ¢"B(2)1% 3 LAXs*"BL3I% 412X B(AQ)" 12X,
Sp(S) *,12Xe*BL6)* /6D1I66//)
WRITE(S +1009)(CLL ) +1=1,6)

1009 SURMATUIH o1 3Xa®C11)%412Xe%CU20%,13Xe"ClIA)*512Xe*CLAD® 412X,
19CI5) 9,12X+9CL6)* /6D16.,6//7)
wRITE(&«1010)

NRRODAORNNRN
N o 30 s pur #0 gu0 o pu
OVBNO NS LN
[-J-2-Y-1-T-F.7-F-]-]

2210



1000 "URMATIIH oSXe*TEPFa? e 14X o *VOLUNE® 4 SXxs *PRESSURE(EXPT, )% ¢ SXe

orene

none

21
1011
22
23

ennrornen

[a¥alaYalalalalalalaYalalala¥alakel oY o}

nen

nen

ono

1"PRESSURE(CALCe)?® ¢7X ¢ *FERCENTY CIFF."/)

THIS SECTICN IS FLFR CCMFARING EXPERINENTAL ANO PRECICTED
PRESSLURES. IF A CCHMPARISCN IS NOT wsNTEODe THEN REMOVE CARDS
TAROUGH STATEMEANT 22,

L=1

DU 22 J=1 +MNEXT
TEXPE=TEXP{ 4) +459 .69
NQUH-’EXV(J

JE B -VELatRY”

L—L+
LALL FRESRE(PCALe VEXPE o TEXPEo PLoV eTCoZCo AR BReRK vAsB¢C)

PCAL IS CALCULATEC PRESSURE IN AT
PRESRE REQUIRES VCLUMNE AND TEMPEHA"URE IN ENGLEISH UNITS

PLAL=PCAL®*14,696

PERCNT=100s ®{FCAL =FEXF (K} )/ FEXP(K)

WRITE (641011 )TEXPELVEXFEePEXP (K)o PCALs PERCNT
FURMAT(IH «+F 1043+4E2046)

CUNTINUE

CUNTI MNE

REFERENCES?
Je JoMARTINe "EQUATICAS CF STATE«" INLCs ENGes CFEM. VAL S (L1SO67)

SeL.MILORAs "APPL ICATICA CF THE MARTIN EQUATION TO THE THERMO-
JDYNAMIC PRCPEFRTIES CF AMMCALA," CAK K ICCE NAVIONAL LABURATORYs
URNL—-TM-4413 (DECEMBER 1973)

£ NO

SUBROUTINE PRESRE (FoVeT PLyVCeTCeZCo AR+BReRK s ABs C)
L1MPLICIT REAL®S (A-H,C-2)

DL MENSION Al6) +ELE)C(G6)eFlO)

Vi =V/ WC

TR=1/77%C

TERM=1e/( VR=-BR)

UG 1 I=x1.+6

SLL)I=ALLY e QUIDSTReC(I)SDEXP(~RKETR)

P=(PC/2CI *ITRITERMHF (L )*TERMSS24F (2 NTERMOOJ&F(:l!ﬂ’ERNOOMF( S)eTE
IRMESSEF (S ) SDEXP (-~ ARSVR ) +F (G )SDEXP (=2 & ARSVR)

RE TURN
END

SUBROLTINE SINCIA «EsNsKS)

PURPQO

SE
OBTAIN SCLUTICN CF A SET OF SIMULTANEOUS L ENEAR EQUATIONS.
AX=B

USAGE
CALL SINMCIA eéoNokS)

OESCRlelCh OF FARANETERS
MATRLIX CF CCEFFICIENTS STCRED COLUMNuISE. THESE ARE

DESTROYEC IN THE COMPUTAT [CNe THE S[IZE OF NMATRIX A IS

N BY &,
B = VECUGE CF CRIGEMAL CONSTANTS (LENGTF N)e THESE ARE
REPLACELC 8Y FINAL SCLUTICN VALUES, VECTOR X. ]
N = NUVBER CF ECUATICAS ANO VARIABLES. N MUST BE oG's ONEs
KS - CUTPUT CIGIY
O FOR 8 NCERNMNAL SCLUT EON
2t FOR & SEANGULAR SET OF ECUATIONS

LMPLICIT REALS8 (#=~HeC~2)
JIMENSEION AtLI} 8L )

FORWARD SCLUTICA
TOL=0.0

LT=dJd=0
20U 2 1I=Jd+n

SEARCH FOFR MAX IMUM CCEFFICIENY IN COLUMN

1J=1Tel
IF(DASSIBIGA)-DASSCA(TLJD)) 1e2e2
316A=M1D)

INAX=]

CONTINUE

TEST FOR PIVOT LESS THAN TCLERANCE (SINGULAR MATRIX)

QURPUN O YO MNP NS UN-
A0000000~a00000000

ONOVPUN=QOEN
2000806000600004a00

- b bus u8 uo pus Bt Gu BB



[aX ol 2

cen

[aX ol 4]

[a¥al gl

aw

10

A5

AF IDABSIAIGA)-TCL) 343,46
Ks=1
]e TURNM

INTERCHANGE RONS IF AECESSARY

F

v
=A(11)/sB1GA
MAX )

1=8(J)

? JX=JY <N

JXZhEt IX=L YRR

X=IXJIX+IT

IXIXI=ALIXJIXI=-L ALIXO)SALIIX))
IX)=BLIX)I—-(EBCJ) S$ALIXIY)

BACK SCLUTICAM

ZANn»~cn



Appendix D

OUTPUT FROM STATEQ — CASE 1



NUN-L INFAR LEASY SQUARFS FIY TO ISOBUTANE CaTA.
DATA |S FROM CANJAR AND “ANNING

INITEAL GUFSS IS FROM AmMMONIA RUN S14

N

£e

883 K=
= 0.4000 01

0) PARAMETERNS

RS
0.100000000
9.100000000
0.100000000
0.100000000
0.1469000D
0.100000000
J. 146960000
G.50000000D
0.10000000D
0.146960000
G.500000000
0.10000000D
D+ 146960000
0.5000000Q00
0.100000000
0.14696000D
0.500000000
¢.10000000D
0.100000000
0.146960000
0.50000000D
G. 100000000
0. 100000000
0.14636000D
0.500000000
0.100C0000D
0.10000000D
0.14696000D
@.500000000
0.10000000D
0.150000000
0.100000000
0.146960000
0.50000000n
0.100000000D
0.15000000D0
0.20000000D
0.10000000D
0.145696000D
0.500000000
0.10000000D
0.150000000
0.200000C00
0.25000000D
0.10000000D
0.146%56000D0
0,50000000D
0.10000000D
0.150000000
0.200000000
0.252000000
0.30000000n
0.100000000
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0.300000000
0.35000000D
0.10000000D
0.14696000D
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0.200000000
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0.10Q0000000
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-0.156202000 01
-0, 26727800 02
-0.634237000 00
0, 684438000 05
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[+ § 0. $97C2029D
ol O« 595395740
ol 0.598582600
oL 0.999065500
02 0. 1442826
o1 C. 558989020
oz 0. 144832630
02 O 472607040
01 0.6983231 D
02 Do 145304820
02 D. 479023610
01 0.599 743830
02 C. 145625310
Q2 0.48372%380
a1 0. 100002200
02 0. 145894170
02 0.487399570
03 7.62772830N
o1 C. 100C444 60
02 C. 168111760
[+ 74 0. 48952 763N
03 0. 546816630
ot Ce 100053340
02 0.14621520
02 0.492163530
03 €. S60088106D
11} 0. 100059640
02 0. 146399020
02 0, 493695810
03 0.96%463567
03 C. 4l 293810
01 0. 1000638170
02 Q. 166325740
02 0.4945647950
03 0.5T668144D
03 0. 143865610
03 0. 185571129
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02 0. 1656569440
02 0o 495849790
03 0.9824497%
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03 0, 19487806D
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ol Q. 599899880
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00 T-9Z500040-03 0459690000
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Q2 0.325492350-01 0.519690000
Cl =0.220095930-04 0.539690200
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2 0. 486597626D-02 0.579650000
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o1 -0.596353270-03 0599690000
az 0.381720070-02 0.599690000
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03 0.256096990-01 0.67969000D
€3 0.308711960-01 0.679690000
03 0.490222140-01 0.67369000D
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0.150000000
0.20000000"
u.250000000
0.300000000
0.35000000n
V400000000
0.100000000
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0.1>000Q000
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Ce 609202060
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0.206552490-01
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0413622267D-01
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0.20570000N 00
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0.26050000N 01
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0.,802500000 0O
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0.43680000N 00
0.342900000 00
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0.199100000 00
0.180400000 00O
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0.121300000 00
0.90720000N-01
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0.12750000D 01
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0,5088300000 00
0.448600000 00
0,354200000 00
0.284900000 00
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0.17680000D 00
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0.143800000 00
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0.10680000n N0
0. 753500000-01
0.571200000-91
0.524900000-C1
0.501400000-01
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0.470400000~01
0,462200000-01
0,455800000-01
0.,442700000-01
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0.36550000D=-01
0.360600000-01
0+349400000-01
0.341000000-01
0.334100000-01
0.138400000 03
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04146560000
9.+50000000D
0.100000000
0.15000000N
0.200000000
04250000000
0.300000G0D
04350000000
0.40000000D
U,42000000D
0.44000000D
0.46000000D
0.48000000D
04500000000
D0.520000000
D0,54000000D
0.560000000
0.58000000D
0.6C000000D
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0.640000000
0.660000000
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Q.700000000
0.75000000D
0.800000000
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d.90000000n
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0.12000000D
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0.18000000D
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Q0.250000000
0.300000000
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0414690000
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0.200000000
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0.300000000
0.350000000
0.400000000
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0.48000000n
0.500000000
G.520000000
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0.600000000
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0. 217192990
0. 266300390
0. 313747900
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Gu 12532344001
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0.110604860-01
0.108817050-01
0.103806850-01
0.976952300-~02
0.925794900~02
0.648366870-02
0.746641370-02
0.697484658D-02
0.69279155N-02
0.90159681D-02
0.13436996N-01
0.198105160~01
0.269606540~01
0.303695250~01
0.1791920880-01
-0.,458685320~02
-0.33001735D-01
-0.453221990-01
-0.598775330-01
-0.7089573680-01
«0.83259283D-01
-0.22156514D-01
-0.10090143D 00
=0.10146474D 00
-0.92753067D-01
-0.859564930N-01
-0.,652015480-01
=0,458263190-01
-0,299690850-01
0.95970150D0-04
0.86675223D-03
0.214641920-02
0.341052470-02
0.463028400-02
0,56030293n-02
0.619092390-02
0.636485510-02
0.655117590-02
0.592235230-02
0.531746520-02
0.490241480-02
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0749690000
0.7494690300
0.749690)00
0.749490000D
0.74969000D
0.749690000
3.749690000
0749690000
0-7494690000
0.749690000
0.749590000
0. 749590000
04749690000
0749690000
0749690000
0-749690000
0.749690000
3.74969000D
0749690000
04749690000
0749690300
04749690000
0749690000
0.749469000D
0.749690000D
0.749690300
». 749690000
0.749690000
Do 749690000
0749690000
0.749690000
0.749690000
0.749690300
0.749569020D
0.749690000
0.749690009
0.749690000
0.749690000
D.749690000
0.759650000
0.759690300
0.75969000D
C. 759690000
0.759690000
0.7595690000
0.7596900001
0.75969000D
0.759690200
0.759590000
0.759690000
0.759690000
0.759690000D
0.759690000
0.75969000D
0.759690000
0.7596%0000
0.759690000
0.759690200
0.759690000
0.759690000
0.759690000
0.7595690000
0759652000
0.759690000
0.759690000
0.159690000
0.759690000
0.759690000D
0759690000
0759690000
0.75969000D
0.75969000D
0.759690000
0.759690000
0.759690000D
0.759690000D
0.759690000
0.759690000
0.75969030D
0.779690000
0.77969000D
0.7796%000D
0.779690000
0779690300
0.779695000n
0.7796%9000D
0.779690000
0.7796%0200
0.779690000
0.77969000D
0.779690000

0.93300000C 01
0.268500000 O1
0.129800000 01!
0,.834400000 00
0.601400000 00
0.460300000 00
0.365000000 00
0.29%500000 00
0.241800000 Q0
9,223100000 00
0.20600000N" 00
a.18990000D0 DO
0.174200000 00
0.15930000" DO
0.145300000 00
2.13080000D 00
0.116000000 00
0.99590000N-01
0.817300000-01
0.673800000-01
0.596800000-01
0.544700000-01
0.520900000-01
3.506200000-01
0.473%00000-01
0.461000000~01
0.4480000070-01
0.437900000-01
0.%29500000-01
04 423100000-01
0.4074000G0-01
0.400100000-01
0.388800000-01
0.379900000-01
0.372500000~01
0.366600000~-01
0.3564300000-01
0-345100007-01
0.337700000-01
0.140200000 03
0.9%670000D 01
0.272%50000D 01
0132000000 01
0.850000000 00
0.5814100000 00
0.471600000 *-§
0.375500000
0.305700000 ©J
0.252100000
0.233800000
0.216900000
0.201200000
0.18640000D
0.172400000
0.+15910000n
04146200000
0.133500000
0.121000000
0.108300000 20
0.955600000-01
0.826400000-01
0.715500000-01
0.649400000-01
0.606000000-01
2.539000000-01
0.503100000-01
0+47890000"-01
0.464300000-01
0.452200000-01
0+442600000-01
04428200000-01
0+417100000-01
0.40080000n-01
0.389100000-01
0.380400000~01
0+373100000~-01
04359400000-01
0.349400000-01
0.341500000-01
0.143900000 03
0.972400000 01
0.280400000 01
04136200000 01
0.880500000 00
0.638900000 00
0.493100000 00
0.39510000D 00
00324500000 00
0.270600000 00
0.252300000 00
0.23560000D 00



0.460000000
0480000000
0.500000000
0.520000000
0. 540000000
0560000000
0.580000000
0600000000
04620000000
0.640000000
0.660000000
0 +68000 0000
a. 760000000
0.750000000
0.800000000
0.85000000DP
0.90000000D
0.950000000
0.100000000
0.11000000D
0.120000000
0140000000
0 « 160000000
a.i800a000n
0 .20600 000D
0 .250000000
0.300000000
0.350000000
0.10000000N
0+14656000D
0.500000000
0.100000000
0.15000000D
0.200000000
0.250000000
0.300000000
0.350000000
G,40000000D
0.420000000
0.440000000
0 +456000000D
0 .48000000R
0.500000000
0.520000000
0.540000000
0.56000000D
0.580000000
0.600000000
0.620000000
0.64000000D
0.660000000
0.68000000N
0700000000
0.750000000
0.80000000D
0.85000000M
0.90000000D
0.950000000
0.100000000
©.110000000
0.12000000D
0.140000000
0.160000000
0.180000000
0.200000000
0.25000000D
0.300000000
0.35000000D
0.10000000D
04146960000
0.500000000
0.10000000D
0.150000000
04200000000
0.250000000
0300000000
04350000000
0.400000000
0.420000000
0.44000000D
0.46000000D
0.480000000
0.500000000
0.520000000
0.540000000
0.560000000
0.580000000
0.600000000
0.620000000

0. 457956030
G. 473140090
Ca 498321040
0.51877016D
0.539141780
0. 559582820
0. 579894590
G. 600256320
0. 620453080
0. 641 29694D
0. 661475420
0. 679331680
Go £95546940
s 730623240
0o 7670164 80
0. 812964940
0-86669969"
0.9251323 M
C. 985049630
D. 109888520
04121401150
0.4 144005580
0. 166400420
0. 187933050
0. 20881 044D
0. 259999950
0. 211114560
0. 361818580
0. 999894630
0. 146860700
0. 499206050
0. 9972684490
0 149499340
0. 199236030
0. 249032430
0. 298954050
. 348987780
0. 399272530
0- 419545580
0- 439718490
0-460011460
0. 480481870
C. 5007603 00
0. 52125989
0 561816580
0 562260460
0. 582736200
0. 603362150
0. 623570810
Ce 644395860
0. 664961820
0. 684488340
0. 703816060
0a 748519360
0. 788249100
0. 924037310
0. 860558610
0.90157289D
0.948269920
0. 104727730
0.1155078%
0. 137358370
0. 159147460
C. 180584010
04201202930
0.251900770
0. 303530690
0. 355891 800
04999882610
0. 146937580
De 499384880
0.598207000
0s 14967060
0. 199551330
04249537560
0. 299620010
0. 349928500
0. 400537320
0. 420893330
04441213060
0. 461 5503 8D
0.48206110D
0.50207121D
0.523017350
0. 543 784903
0. 564323460
0,581 2081 70
0. 6055602 TD
0.626176100
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0.444341100-02
0.38768120D-02
0.3357910640-02
0.23450684D-02
0.158929520-02
0.T44971220~03
0.181736260-03
—0.427205340~03
-0.730770000-03
~0,2026456750-02
-0.223548740-02
0.982819970-03
0.43615167D-02
C.258356830-01
0.412293940-01
0.4357906610~01
0.37000347D-01
0.261764560-01
0.149503700~-01
0.101341000-02
-0.116762810-01
-0.286112690-01
-0.400026670-01
~0.440724810-01
~0.440522000~01
~0,399997810-01
~0.37048543D~01
-0.33767358D-01
0.105371650-03
0.675701410-03
0.158789520-02
0.271551040-02
0.333773670-02
0.38198644D-02
0.3870256070-02
0.348650780-02
0.28920589D-02
0.10186750D-02
0.108196400~-02
0.5639799940~-03
-0.24920557D0~04
-0.10038908n~02
-0.152059820~02
=0.24228601LD-02
—0.336404540-02
~0.40008254D~02
=0.471759270-02
~0e56035¢£33D0-02
=0.5640453190-02
-0.666852530-02
~0.751790490-02
~0.660049630-02
—0.545151570-02
0.19741927D0-02
0.146886290-01
0.30544344D-01
0.43823767D0-01
0.50554848D-01
0.51730076D-01
0.47929724D-01
0.374342320-01
0.10868799D-01
0.532584780-02
~0.3264438270-02
~0,560146398D-02
=0,760308960-02
=0.117689710-01
=3.168337070-01
0.117387230-03
0.152546250-03
0.123024800-02
0.179300490~02
0.219551420-02
0.224335210-02
0.184976410-02
0.126661940-02
0.204285150-03
=0.134330630-02
-0.212697610-02
~0,275696230-02
=-0.345735350~02
-0.429395500-02
=0.414241950-02
=0,580259850-02
«0.70090771D=-02
=0.772045617N=02
-0.,208306500-02
~0.92671139D-02
-~0.996145670-02

0.77969000N
0.77969000D
0.779490000
0.779690000
0179690000
0,77969000D
0779690000
0.779690000
0.779690000
0779690000
0.17969000D
0.775650000
0.77969000D
0779690000
0779690000
0.779690030D
0.77963000D
0.77969000D
0.779690300D
07794830000
0.779690000
0.77969000D
0.7796%90000
0.779690000
0779690000
0.7796%9000D
0.77969000D
0.7796%0000
0.799690000
0.79969000D
07995690330
0799690300
0.799590000
0.799690000D
04799690000
0.799590000
0.799690000
0.799690000
0.79969000D
0.799690300
0.79969000D
0.799690000
0.799690200
0.799690300
0.79969000D
0.79969000D
0799690000
0.79969000"
0.79969000N
0.79969000D
0799690000
0.799692000D
04799690000
0799690000
0.7996%000D
0799690000
0799690000
0799690000
0.799690000
0.79969000D
0.79969600D
0.79%690000
0.79969000D
0.79969000D
0.79969000D
0.799690000
0.799690200
0.7995%90000D
0.81969000D
0.81969000D
0.819690000
0.819690200
0819650000
0.81969000D
0.819690000
0819690000
0.819690000
04819690000
0819690000
0.81969000D
0.819690000
0.819690000
0.81969000D
0.819690000
0.8196%0000
0.81969000D
0.819690000
0.81969000D
0.81969000D

03

0.220200000 DO
0.20590000D DO
0.19250000N 00
0.180000000 00
0.1668200000 DO
0.157000009 00
G.146400000 00
G.13620000" 840
0.126400000 00
N.116500000 00
0.107000000 00
0.96570000n-01
0.908800000-01
0. 754100000-01
0.65240000M-01
0.588300000-01
0.547100000-01
0.518600000-01
0.497900000-01
0.4706030000-01
0.451500000-01
0.4256100000~-01}
0.40910000N~01
0.39690000D~01
0.387500000-01
0.370500000-01
0.35850000n-01
0.349400000-01
0.147600000 03
0997900009 01
0.288200000 Ot
0.14040000n 01
0910300000 00
0.662900000 00
0.513800000 00
0.41380000n 00
0.341900000 00
0.287400000 00
n.26900000" 00
0.252300000 00
0.235690000D0 00
0.222600000 00
0.209500000 00
0.197200000 00
0.185700000 Q0
0.17500000D0 0O
0.164900000 00
0.155300000 0C
04146200000 00
0.13760000" 00
02129300000 00
0.12170000D 00
0.114400000 00
0098180000001
0.84700000D-01
0,745400000-01
0.672900000-01
0.620200000-01
0.581600000-01
0.531200000-01
0.498000000=-01
0.457600000-01
0.433000000-01
0.416100000-01
0.403800000-01
0.382700000-01
0.368400000-01
0.357800000~01
0.151300000 03
0.102300000 02
0.296000000 01
0.144500000 01
0.93950000n 00
0.686200000 00
0.533700000 00
0.431700000 00
0.358400000 00
04303000000 00
04284400000 00
0267500000 00
0.,252000000 00
0.237700000 00
0.224800000 00
0.212300000 Q0
0.20080000D 00
0.19020000D 00
0.182000000 00
0.17090000D 00
0.162100000 00



0+ 64000C00D
0+ 660000000
0.680000000
0.700000000
0. T75000000n
0.30000000D
0.85000000D
0+ 900000000
0.95000000n
0.100000000
0. 110000000
0.« 120000000
0. 140000000
0.15000000D0
0.180000000
0.200000000
0425%0000000
U.«300000C000
9.35000000n0
Q. 100000000
Ve 146960000
0.500000000
0.10000000n
0.150000000
0.20000000P
0250000000
0.300000000
0-350000000
0.40000000D
J.420000000
0.44%0000000
0.460000000
0.480000000
0. 500000000
0.520000000
0.540000000
a.5a0000000
0.580000000
0.60000000D
04620000000
Q.+.640000000
0.64000000D
0.68000000D
0.70q0000000
0.750000000
J . 800000000
0.8450000000
0.90000000D
0.95000000D
0.10000000n
0.11000000M
0.120000000
0.14000000D
u+16000000D
0.180000000
0.200000000
J.25000000D
V. 30000000D
0.35000000D
0100000000
0.14696000Dn
0.50000000D
0.10000000D
0..50000000D
0.20000000D
0250000000
0.300000000
0.350000000
3.40000000D
0,42000000Nn
0. 440000000
0460000000
0.48Q000000
0.50000000D
0.52000000D
0.540000000
0.560000000
0.58000000D0
0600000000
0.620000000
0.64000000n
0.66000000N
0.68000000D
0.70000000D
0750000000
0.80000000D
0.850000000
0.90000000D
0.950000000
0.10000000n
04110000000
04120000000

0.€464%61 TN
0.66713542D
0.607449820
0.7072686%
0. 756212240
0. 802461 84D
0. 863861480
0. RB103988D
0.916555590
0.552992350
0.1034054 7D
0. 112759550
013371770
04 156452560
0.17616895D
0. 195174540
0. 244560250
0.295127080
0.3469521 6D
0. 10005137
0. 146879640
0.49948119n
€. 598753610
Q. 149 807490
C. 199811280
0. 249 980640
0.300169420
C. 350693200
C. 401421900
0. 421 746940
0. 442199640
0. 462643290
0. 483235780
0. 503756620
04524295150
0.545011040
0. 565742100
0. 5846374030
0.607156466D
0.627743280
0.64808842n
0.66911 494D
0.689554060
0. 709803320
0. 760015520
0.808697470
0. 854525560
0. 896525610
0.535222020
0.571 43571D
0. 104007370
O.111312180
Qe 134446810
0. 152359580
0. 171269340
0. 191336430
0.239169120
0.28751301D0
0« 338034590
Q. 10G 048300
0. 146955270
Co 499666950
0.598993600D
0. 149910100
Qe 199945280
0. 250201400
0. 300587320
Q.351137620
0. 401998490
0. 422441000
0. 442831800
04462842670
Q. 483989050
0. 504572970
0. 525226210
0.545743910
0. 566487690
04587106850
0. 6079854350
0.62883708D
0. 649169690
0.669958840
04684240110
0. 711177600
C. 762 146620
0. 811778260
0.8595141 M
0.905211130
0.94773262D
0.58758384D
0.10623896D
04 11363026D

=0.101502686N-01
-0.108112446D-D1
-0.109554120-01
~0.103838670-01
~0.828298680-02
=0.30773006N-02
0.72217854D-02
0.210667970-01
0.352046390-01
0.47007650D-01
0.59950258D-01
0.60337066D-01
0.448945190-01
0.22t715310-01
0.212835940-01
0.241273120-01
0.217590010-01
0.162630730-08
0.87081017n-02
=0.513742570-03
0+54684471D-03
0.103762900-02
0.124623884D-02
0.128338300-02
0.943614130-03
0.4 T744637D-03
-0.564726810-03
=0.1%805715D-02
~0.35547531n-02
~0.41593790N-02
~0.69991751N-02
=0.574628380-02
=0.674120710-02
~0.751323890-02
-0.825990920-02
-0.927969750-02
=0.102537490-01
=0.754143440-02
=0.119410940-01
=0.124891670-01
=-0.12638160D0-01
-0.133105100-01
-0.1419715206-01
=0.140047420-01
=0.133540260-01
-0.108718360-01
-045441083950-02
0.38404290D-02
0.155452470-01
0.28564292D-01
0.54478488D-01
0.723984950-01
0.39665641D~01
0.477526150-01
0.49059202D-01
0.43317826N~01
0.433235360-01
0.416423313D-01
0.341868 74D-01
=0.482985170-03
032151940004
0.66609737D~03
0.10063970D-02
0.599366120~03
0.2 73619650-03
~0.80558666D-03
~0.19577310D-02
-0.325033730-02
=0.49962196D-02
=0+581190490-02
-0.643590370-02
=0.617970810-02
-0.831052690-02
<0.91459352D-02
=0.100504060-01
=0.10636872D-01
~0e115851610-01
~D0e122531920-01
-0¢130905810-01
-0.14253359D-01
<0.143276460-01
=0.150891460-01
=0462354552D0-02
=0.159680060-01
=0.16195498D-01
~0147228240-01
-0.111930570-01
=0.579014470-02
0.238671810-02
0.123161620-01
0¢34191063D0-01
0.530811840-01
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0.813630000
0.819690000
0.819690000
0.819690000
0.81969000D
0.819690000
0.819690000
0.819690000
0.819690200
0.319590000
0.8198690000
0.819690000
0.81969020D
0.819690300
0.81969000D
0.81969000D
0.819690000
0.819690000
04819690200
0,83969000D
0.6839690000
0.839590000
0.839690000D
0839690000
0839690000
0.839690000
0.83969000D
0.83969000N
0.539690300
0.83969000D
0.83969000D
0.839690000
0.839690200
0.839690300
0.839690000
0.839690000
0.839690000
0.839690000
0.839690300
0.839690000
0.839690000
0.83969000D
0.839690000
0.83969D0DD
0839690000
0.839690000
0.839690000
0.839690000
0.839690)0D
0.839690000
0.839690000
0.839690000
04839690000
0.839690300
0.839690000
0.839690000
0.839690000
0.839630000
0.839690000
0.859690000
0.859690000
0.85969020N
0.85969000D
0.859690000
04859690000
0.859690000
0.85969000D
0.8596%0000
04859690000
0.859690000
048596903000
0.859690000D
0.859690200
0.859690000
0.859690000
0.8595690200
04859690000
05859690000
04859690000
0.859690000
04859690000
04859690000
04859690000
04859690000
04859690000
0.859690000
0.85969000D
0.859690000
0.85969000D
0,859690000
0859690000
0.85969000D

0.15390%00Nn 00
0.14400000n 00
0.13860000M 00
0.13170000D 0O
0.115800000 00
0.102000001 0D
0.90610000D-01
0.815000000-01
N.743300000-01
0.68740000D-01
0.609100000-01
0.557900000-01
0.496000000-01
0.459100000-01
0.437900000-01
0.422700000-01
0.396200000-01
0.379100000-01
0.366800200-01
0.154900000 03
0.10490000D0 02
0.3G2800000 01
0.148600000 01
0.963300000 00
0.709000000 0O
0.553200000 00
0.448900000 00
0.376100000 nO
0.317820000 00
0.299000000 DO
0.281800000 0O
0.265100000 00
4.251600000 00
0.23830000N 00
0,226000000 00
0.214500000 00
0.20380000™ 00
0.19480000n 00
0.184500000 00
0.175800000 00
0.15770000n 00
0.159800000 00
0.152500000 00
0.165700000 00
0.130100000 00
0.116500000 00
0.10480000D 00
0.950100000-01
0.86810000n-01
0.800800000~-01
0.703400000~01
Q. 636800000-01
0.53410000D-01
0.49410000D-01
0.4565900000-01
0.44420000n-01
0.41110000D-01
0.39080100D~-01
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€. $6009921D
€. 1009C81S5D
0. 110577630
0.12025002D
0.1395126M
0.157 107310
0.17376990
0.1911695™
0. 233533140
0.276147680
0. 320C51500
0.999851 ™
Q. 166890930
0. 499895170
C. 100073860
. 150096530
.20028179%0
0.250519080
0.300858520
0.35127291D
0. 401787770
0. 422093120
0. 442254540
0.4625566D
0.482 74259
C. 5031465190
0.52337525D
0, 54368387
0.563916650
0.58437671
0. 604 763030
0, 625282860
0, 645606970
0, 664026350
0. 687487000
0.71293536D
0.75758072D
G. 806969490
0. 854904210
0.50651596D
0.95978071D
0. 100952530
0, 109871530
0. 119043240
0.139650360
0.1602438M
0.175106520
Q. 192211810
0.234572840
0.278237790
0. 322494860
0. 100003330
0. 146917260
0, 499385090
0. 100042140
0. 150049950
0.200361650
s 2504768950
0.300722630
0.351075250
0.401 437870
0.421697240
0s 441909130
0.462051180
04482262650
0. 502 428120
04522560300
04542993510
0.563153430
04583272550
0.6036894 ™
0.623542970
0. 644435696
0.6590764 70
0.684879170
0. 706964270

—0.7121712350-02
-0.T4718609D-02
~0.82448080N-02
-0.853025350-02
=0.908450330n-02
-0.932673550-02
-0.988114330-02
-0.105288290-01
=0.110475010-01
-0.112135550-01
-0.115230990-01
-0.118138130-01
-0.127762420-01
«0.1296946180-01
=0.126506240-01
-0.11650857D-01
-0.10630751D-01
=0.908148590-02
=J.524938160~02
=0.20834636D-02
0.34814551D0-02
0.143293210-01
0.34513952n-01
0.441521280-01
0.65857462D0-01
0.79507T470~01
0.855671390~01
0.142825750-03
0.469991410-93
0.209660380-02
=0.73864164D-03
~0«643854030-03
~0.140892 78002
~0.207633050-02
-0.2861756850-02
=0.36368841D-02

49836246002
=0.512485770-02
=0.554709270-02
-0.5713732120-02
=0.633038720-02
-0.649087310-02
-0.68219787D-02
=0.699401770-02
—0.75461570D-02
-0.793838020-02
-0.852074420-02
-0.876083510-02
-0.61005255n-02
-0.110103000-01
=0.18479080Nn-01
-0.101074632D-01
-0.87118582D-02
-0.57696604D-02
~0.723995800-02
-0.10295481D-01
=0.952528010-02

0.116788620-02

0.797302690-02

0.245745930-02
-0.152420530-02

0.27186D16D-C1

0.3894095280-01

0.6170856510-01

0.7254056900-01

0.785861150-01
=0.33346769D-04

0.290807520-03

0.2982456660-04
~0.421371770-03
~0.332981380-03
-0.1808256980-02
~0.191578330~02
«0.260875000-02
-0.307213530-02
=0.35946855D0-02
=0.404106320~02
=0.4338934T0-02
=0.445909010-02
=0.471385200-02
=0.485624850-02
~0.492366070-02
=0.554352940-02
=04563112910-02
-0.564232140-02
~0.61491086N-02
-0.635963130-02
-0.69327434D-02

0.13992892D-02
-0.71752519p-02
=0.709181960-02
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0105969000
0105969000
0.10596%000
0.105989000
0.10596%00
0.10596900D
0.10596%000
0.10596%000
0.105969000
0.10596%000
0.105946%00D
0.10596%000
0105969200
02105969000
0.10596%00D
0.10596902D
0.105969000
0.10596930n
0.105969000D
0.10596900D
02105969000
0.10596930D
0105969300
0.105969000
04105969000
0105969000
0.10596900D
0110969300
0.110969000
0.110969300
0110969000
04110965000
0.110969000
0.11096%000
0.11096%9300
0.11096%000
0110969000
0110969000
0.110969000
0+110969%0D
011096900
0110969000
0.1109649000
0.11096%000
0. 110969000
0.11096900D
0.110969000
0.110969000
0.110969000
0.110969000
0.1109469000
0.110969000
0.11096900D
0.110969000
0.11096900D
0.1109469000
0.110969000
0.11096930N
0110969000
0.1109469000
0.110969000
0.11096900D
0.110969000
0.11096900D
0.1109469000
0.110969000
0.11096900D
01159693000
G 115969000
0.115969000
0.115969000
0.115969000
0.11%969000
0.115969000
0.115969000
0.11596900D
04115965000
0.115969000
0115969000
0.115969000
0.11596900D
0.115969000
0.115969000
0.115969300
0.115969000
04115969300
C.115969000
0.115969000
0.115969000
0.11596900D
0.11596200D
0.115969090

[+ 13

o6
04
o0&
06
0%
06
[ 1
06
06
13

04
04
04
04
0%
0
04
04
04
04
04

04
04
04
04
04
04
04
04
06
N4
04
0
04
0%
06
04
0%
04
04
04

04
04
04
04

04
04
04
a6
04
04
04
04
04
0%
04
04
04
04
04
4
04
D4

04
04
04

0.374300000
0.333100000
0.343000000
0329200000
0.316300000
0304400000
0.293200000
0.282700000
0.272900000
0.26380000n
0.255200000
0.247100000
0.228700000
0.212800000
0.193900000
0.186700000
0.175800000
o.1s8810000"
0.14950000D
0.13550000N0 N0
0.113800000 00
0.984000000-01
0.87900000N-01
0.791000000-01
0.65390000N=01
0.576300000~01
0.524800000-01
0.204300000 03
04139200000 02
0.40700000N 01
0.282937500 01
0.13372000N 01
0.9¢525000n 00
0. 790500000 00
0.654000000 00
0.556600000 00
0.48360000" 00
0.45920000n 00
0.437200000 00
0.417000000 0C
0.39860000n0 00
0.38150000n 00
0.365900000 00
0.35140000n 00
0.338000000 CO
0.325400000 00
0.31370000n GO
0.30270000D 0N
0.292500000 00
0.283800000 00
0.273400000 00
0.262900000 00
0.2646200000 00
0.229900000 00
0.215900000 00
0.202500000 00
0.19020000" 00
0.1799Q0600 60
0.163800000 00
0.149800300" 00
0.125200000 00
0.107200000 00
0.970800000~01
0.877000009-01
0.71950000N-01
0.625000000~01
0.566100000~-01
0214100000 03
0.145500000 @2
0425800000 01
0.211600000 01
G.140300000 01
0.104500000 01
0.831500000 00
0.689000000 00
0587200000 00
0.511000000 00
04485500000 00
04462400000 00
0441400000 00
04422100000 00
Q.404400000 00
0.388100000 00
0.372800000 0C
0.358800000 00
04345800000 0C
0.333500000 00
0.322100000 00
0.311300009 00
0.306400000D 00
0.291900000 DO
0.283100000 OO0

00
[+ 1]
[+1\]
00
a0
00
[
<14
00
00
00
00
00
0o
90
00
00
00
00



0.-75000000n
3.80000000D
0.850000000
0.90000000N0
0.950090000
0.100000003
0.110050000
0.+120000000
0.14000000D
0.160000000
0.18000000D
0.20000000D
0.25000000N
0.300000000
0.+350000000
0.1d0000000
0.145960000
0.5000000CN
0100000000
Uel50000C0n
0.200000000
0.250000000
0.30000000D
O.35000000n
Qa4 0000000n
0420000000
U -44000000n
J.46C00000D
0.48000000Nn
0.500000000
0.52000000n
C+54000000D
0.560000000
0.580000000
0.6000000G0n
J.06¢0000000
0.04000000D
Q060000000
0.4300000Q0
Q.700000000
Q. 7500000Q"
J.80000000n0
0e.850000000
U«500600003%0
U.550000000
0. 100000000
0.+11000000n
0.12000000Q0
0-140000000
0.16000000D
0.18000000D
0+20000000"
0+25000000n
0.30000000n0
0350000000
0.10000000n
De 146960000
U«500000000
0+10000000D
0.15000000n
3.20000000n
0.«250000000
J«300000u00
0.350000000
0.4 00000000
0.42000000D
0«44 0000000
0.4560000000
U+«48000000D
0.50000000D
0.52000000D
04540000000
0.560000000
0.580000000
0.600000000
0.62000000D
0.64000000n
0660000000
0.6 80000000
0. 70000000n
0.75000000D
30.800000000
@ .85000000n
0.90000000N
0.950000000
G« 1lc00000Ce
0.110000000
0.12000000D
0.+140000000
O« 160000000
0180000000
0.200000000
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04
Ok
04
[+ 23
ol
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03
03
n3
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03
03
03
03
03

03
03
03
03
03
03
03
03
03
a3
03
03
03
03
03
03
03
04
Ok
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04
O4
04
04

0. 7155629500
D.8061468™T
0-85661796D
0« 904102410
0. 9563737
0. 10068754D
0. 110448140
Ce 119795740
0.1398328%
0. 158659480
0. 176577420
C. 194386580
Ce 236857490
C. 2789026 ™
Q. 321898810
€.100CL9300
0. 146937050
0. 500016310
€. 100036990
€. 150060360
0. 200294650
0.25041788D
Ca 300641650
Q4 350894810
€. 401186300
Q.42l&08TM
0. 441 496010
0.46158131D
J. 481807750
0501961440
0.522036459
0. 542332020
0. 562419410
0.58252754N
0. 60282248
0.62301196M
Ca 643300230
C. 6677708780
0. 683474030
0. 10372350
Q.754230120
0.804624800
0. 854622960
£, 50458293D
0.554567180
Ce 100446770
0.11033¢7T0
Q4120136920
Q. 150211320
0. 15368629
0. 177004660
0. 195119410
0. 238406540
0.280812620
0. 323503740
0. $9950338D
0. 1468590 4D
0. 500004830
€. 100016000
0. 150033010
0. 2001666 7D
Ce 25036499
0. 30057073p
0. 350785280
0. 4005857380
0.42106876D
G. 441285500
Qs 46133343D
Je 4681 4880630
0. 501529810
0. 521 550650
00521 T71814D
0. 561873420
0.5815787%6D
L. 602169410
Q.622307670
0642415210
0.66235016D
0.6825601 70
0« 7102549890
0. 752894960
0. 8D315765D
9.8530L7T1M
0. 903109910
00953145950
0. 100293980
C. 110185040
0. 120158 &0
0+ 139434590
0. 158597500
0177268390
0. 195539850
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03
3
03

Ce
0s

(<3
04
o6

-0.75065286D=-02
-~0.76835874D~02
~0.778583300-02
~0.455823060-02
~0.670922670-02
~0.6£87537550~02
~0.425578420-02
0.1702146100-02
0e119366690-02
0. 83769809D-02
C.190143170-01

0.28077119D-01
0.525692470~01
Ca703244170~01

0.882891190-01%
~0e192993460-03
0.156167910-03
-0.326177990~04
-0.369923810~03
-Ca402412600~03
~04147326890-02
-0.167150370-02
-0.213882310-22
~0.255659250-02
~0.296575330-02
-04335422290-02
~0.34000167D-02
-0.34376263D0-02
=0.376561669D-02
-0.392288000-02
-0.351624500-02
-0.431855040-02
-0.432038360-02
-0.43578290D~-02
~0.4T0413420-02
~0.48560056D-02
-04515660600-02
~0.11786025D0~01
-0.51088625D-02
-0.531941150-02
-0.564015510-02
-0,5 7810045002
-0.54387714D-02
=0.509214950-02
-0.480755690-02
=0.44677186P-02
-0.306153160-02
=-0.11410106D-02
~-0.150941690-02

0.82107164D-02
0.160460805P-01
0.244029710-01

0.463738260-01

0.639579370-01

0.75703595n-01
0.91615326N-06

0.686962080-23
~0.966823150-05
-0,159979040-03
~0.220063300-03
-0.83337379D-03
-0.145994860-02
-0.,19024353D-02
-0.22436705D-02
~De23934456N0-02
=0.254465550-02
-0.29215959D-02
~-0,289875130-02
-0.310131560-02
~0.305961790-02
~0.29820272D-02
-0.318174 72002
-0.334539980-02
~0.34116596D-02
-0.361577840-02
=-0.372204240~-02
-0.377376150-02
=0.356085220-02
-0.37649508D-02
-0.364269800-02
-0.385994970-02
-0.396706460-02
-0.356496088D-D2
-0.345545370-02
-0.331152160-02
-0+25397511D-02
-0.168213980-02
~0.12633085D~02
0.403862230-02
0.876559510-02

0.15175618D-0%
0.22300726D-01

0.115969000
0.11594920D
D.115969030
0.115969000
0.115969300
0.115949200
0.115969300
0.115969000
0.115969000
0.115969000
0.115949000
0.11595930D
0.115989000
0.115969000
0115969000
0.12096%500D
0.120962350
0.120969300
0.12096%000
0.12096900D
0.120969000
0.120989000
0.120989300
0120969000
0.12096%000
0.12096%000
0.120%9s59000
0.120969000
0.120969300
0.120969000
0.220969000
0.120969000
0.12096900D
0.120969%00
0.12096902D
0.3120969300
0.120969000
0.12096900D
0.120969300
0.120969300
0.120969000
0.12096900D
0.120969000
0.120969300
0.120959000
04120969000
0.120969000
04120969200
0.120969300
0.12096900D
0.120969000
0.12096900D
0,120969000
0.120969000
0,12096%900N
0.12594900N
0.125969000
0.125969300
0.125969000
0.125969000
0.12596900D
0.125969000
0.125969000
0.12596%000
0.12596900D
0.12596900D
0.12596%00D
0.125969000
0.125969300
0.125969000
0.12596v9s0D
0.125969000
0.125969000
0125969000
0.125969000
0.125949000
0.125969000
0.125969000
0.125969000
0.125969000
04125969000
0.125969000
0.125969000
04125969000
0.125969000
0.125969000
0.125969000
0.125969000
0.3125969000
0.325%96900D
0.125969000
0.125969000

04

04
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0.253000000 00
0.245%50000n 00
0.230100000 00
0.217200000 0C
0.20450000n 00
0.19350000n 00
0.17s10000n GO
Q.16040000D0 00
0.135600000 00
0.118200000 00
0.105300000 00
0.950900000-11
0.78060000D-01
0.67T7000000-01
0.607900000-01
0.223300000 03
0.151800000 02
0.44450000N 01
0.22120000n 01
0.1456300000 01
0.10950000n Ot
0.872100000 00
U.72340000D0 00
0.617300000 00
0.537800000 00O
0.511200000 00
0.487200000 0O
0.465300000 20
0.4%5100000 00
0.426600000 00
0.409600005 00
0.393700000 00
0.379100000 OC
4.3465500000 0Q
0.352700000 QO
0.34080000C 0O
0.329600000 DO
0.317000000 0O
0.30940000n 00
0.300100000 00
0.2791Q0000 00
0.260800000 DO
0.244800900 OC
0.23060000r DO
0.217900000 00
0,206500000 00
0.187000000 OC
0.170900000 00
0.145100000 00
0.127300000 00
4.11350000D0 00
0.102600000 00
0.841100000-01
0.726400000-01
0.649500000-01
D.232600000 03
0.158200000 02
0.46340000D0 01
0.230800000 01
0.153300000 01
0.114500000 01
0.912300000 00
0.757400000 00
0.64690000n 00
0.564200000 00
0.5366 00000 OO
0.511400000 00
0.48860000n 00
0.467609000 ON
0.44840000D0 00
0.430700000 -8
0.414200000 09
0.3968900000 00
0.384700000 00
0.37140000D 00
0.359000000 00
0.34740000D 00
0.336560000D0 OO
0.326300000 00
0.31670000D0 0O
0.294600000 00
0.275700000 00
0.2%%000000 GO
0244100000 0O
0.230800000 00
0.218900000 00
0.198500000 GO
0.1481400000 00
0.155400000 00
0.13600000D0 00
0.121300000 Q0
0.10980000n 00



8.25%0000000
J.«300000000
€« 350000000
0+ 100000000
0. 4690000
3400000000
0.400000000
J.15000000n
0.200000000
0.250000000
0.350000000
0350000000
0« %0000000N
0420000000
U«440000000
0.45000000n
0.4 80000000
0500000000
04520000000
0540000000
Je560000000
0.580000000
7.680000000
0.62000000n
U+64000000D
3.66000000n
Ue080000000
0. 70C000000
94750000000
0890000000
D+ 850000000
0.90000000N
0950000000
0.100000000
0110000000
0.120000000
0. 140000000
0.160000000
0.18000000"
0200000000
04250000000
03Q000C000
0+ 350000000
0.1000000CH
Ca 146960000
0.500000300
0.100000000
0.150000000
9.200000000
0.25000000M
0.300000000
0.35000000D
0400000000
0.42000000D
04440000000
0+4060000000
0«4 8000000n
J«500000000
0520000000
0540000000
9+500000000
9+580000000
J.600000000
0.620000000
0.640000000
0.66000000Nn
0620000000
0.700000000
0.750000000
0.800000000
0+.850000000
0.90000000D
0950000000
0.100000000
de 11000000
0.120000000
0.140000000
0.160000000
0.180000000
0.200000000
0.250000000
0.30000000D
0.350000000

o6
[y
0s
o1
o2
a2
o3
o3
03
03
03
03
o3
£3
o3

04

04

0.2396385
. 282568020
0. 325328310
0. 100005730
0. 166873660
0.500056556D
€. 100025090
C.15007175n
0. 200162310
€. 250338180
C. 203499210
0. 3504675420
Qa.40080070"
C. 420962110
C. 440995060
0. 4609991 30
0. 481 174980
0,501 737340
04521 30496D
0. 541369980
0. 561603400
0. 5681581540
0.401483150
0.4621780980
0.841901100
0. 661912630
0.568188157N
0. 701825380
0.75207029
0.800113540
0. 852044430
C. 501969040
0.55168472N
0. 100135020
0.11001962D
0.1198855860
0.139328930
0.158538280
ClTTAMTTO
0.192819610
0. 260560050
7.2684008610
0.32705116D0
0.10001952"
C. 146 884580
0. 499996240
C. 100023120
0. 150084220
0. 200116540
0.2502982¢0
0. 300447220
0. 350563157
C. 400745250
Q. 420820620
0, 443912510
0. 460893390
0. 481013960
9.501063510
0. 521120300
0, 541093920
0. 561 276590
0.581266810
0.601269630
0.521353690
0.641323910
0. 661398590
0. 68L 4T2640
0.701229750
0.751391119
0., B01266440
0.851245090
0. 501 022060
0.950814350
0. 100040630
0. 109928330
0.119711210
00139161640
N, 158386010
Q. 177403040
0.195932390
0, 241182530
0, 285124870
0.328472670

0.414450180-01

0.581086110-01
0.704905330-01
~0e57767625D~D&
0.588862100-03
-0.131117910-03
~0.250923950-03
~0.478321010-03
-0.811557950-03
-0.13%5270310-02
-0.166401950-02
=0.19297587D~-02
-0.200174620-02
«0.22907298D-02
~0.2261465420-02
=0.217203030~-02
=0.244788180-02
«0.347406774D-02
=0.250953790-02
~0.253700900-02
=0.286321390-02
-0.27267897D-02
~0.2805245610~02
-0.287254170-02
=0.297046550-~02
~0.289762170-02
=0.273760580-02
~0.26076911D-02
~0.276038890-02
=0.141924440-03
=0.240521300~02
=0.213781930~02
-0.177339020~02
~0+135019870~02
-00178382260-~03

2.953451730~03

0.47933283n-02

0.913574200-02
0.144234T40-01

0.209019270~01

0.377598110-01
0.533044380+01

0.655681130-01
=0.195144800-03

0.513206375~03

0.751070780~05
~0.231202430~03
-0e561563210-03
~0.582198270-03
~0.11928027D0-02
~0.149071950-02
-0.169470370-02
~0.18631154n-02
=0.195385160-02
=0.207387950-02
-0419421590n-02
~De211262260-02
~0.21270141D-02
=0.21544319n-02
—0.202577900-02
~0.227962410~02
~0+218414960-02
=0.214938990-02
-0.218336510-02
=0.206860230-02
-0.211907820-02
~0.216564850-02
=0.175678500-02
-0.18548078N-02
~0.1583055T0-02
~0.146480610-02
=01 13561980-02
~0.85720898D-03
-0.406326150-03

0.65150311h=-03

0. 240656420-02

0.558830 14D-02

0.10087423n-01

0.144275300-01
0.203380750-01

0.352698940-01

0.49583778n-01

0.615056669D-01

78

0.125969090P
0.12596900D
0.12598900D
0,130989000
0.13026900N
0.13096%00N
N«130969000D
0.13096%9000
0130969000
D.13094%000
0.13096500D
0.13096900Nn
0.13098%000D
0.130969000
0.130969000
01130969000
0.13096%9000D
0130969200
0.13096%9000
0.130969000
0130565000
01309469000
0130965000
0.13096500D
0.130969000
0.13096920D
0.130969000
0130949007
0.13096%000
0.13096%00D
0.1309469000D
€.130969000
04130969300
0.130969000
0130965000
0.130969000
0.130969000
0.130969500
04130969300
0.130969000
04130969300
04130969300
04130969000
0.135969000
0.13596900D
0.13596900D
0.135969000
04135969000
0.135969000
0.135969000
0.1359469000
0.135969009
0.13596900D
0.135969000
0.135969000
0135269000
0.135969000
0135969000
0135969000
0.13596900n
0.135969000
0.135969000
0.13596930N
0.13596900n
0.135969000
0.135969000
0.135969%000
0.13596900D
0.13596900N
0.135969000
0.135969000
0.135949000
04135969000
0.135969000
0.13596%00n
0.135969000
0.13596900D
0.135969000
0.135969000
0.135969000
04135969000
0.135969000
0.135969000

04
04
04
04
04
04
04
04
04
04
(13
06
04
04
04
[« 13
04
o6
04
04
04
04
04

04
04
a4
04
04
04
04
0%
ue
D&
04
04
04
04
04
06
[ 13
04
06
04
né
Oe
04
04
04
04
04
04
0b
06
04
04

04
04
04
0%
04
04
04
04
04
04
04
04
0%
06
04

04
24

(123
04
Q4
(13
04
04
[ 23

0.899500000-01
0.77480000D0-01
0.69350200M-01
0.2641800000 03
0.164%00000 02
0.482100007 01
0.240300000 01
0.159700000 01}
0.11540000D 01
0.952100000
0.791100000
0.67620000M 00
0.5%0200000
0.56140000N
0.535400000 Q0
0.511700000 0N
0.48920000D
0.469300000
0.451300000
0.4#34200000
0.,41820000N0
0.40350000"
0.389700000
0.37680000" 00
0.304700000 DO
0.353400000
0.342800000
0.33280000"
0.310000007
0.290900000
0.27270000N
0.257200000
0.243400000
0.23100000"
0.209700300 no
0.192000C00 00
0.164600000
0.144300000
0.128800000
0.11670000D 00
N.95600000M=01
0.822200000-01
0.730900000-01
0.25100000M D3
0.170800000 n2
0.500900000 01
0.24980000" 01
0.166100000 01
0.124300000 01
0.991700000 00
0.826500000 00
0.705200000 00
0.615800000 00
0.586200000 00
0.558900000 00
0.53430000D 200
0.511600000 00
0.490800000 00
0.47160000"™ 00
0.453900009 no
0.437300000 00
0.422000000 00
n.407700000 00
0.394300000 00
0.381800000 DO
0.370000000 00
0.358900000 00
0.348600000 00
0.324900000 00
0.304300000 00
0.286100000 00
0.,270000000 00
0.255600000 00
0.24270000" 00
0,220500000 0O
0.202200000 00
0.173600000 00
0152400000 00
0.136100000 00
0.1234000G60 00
0.10110000M 00
0.868600000~-01
0.770800000~01



PIP LURRELATION MATRIX
1

INCREMENT S

INCREMENT S

~N

v

e

13

14

15

16

17

18

1Y

20

21

79

1.0000 7.0 0.0 0.9 0.0 0.0 0.0 0.0 [ 18] a.0
0.6 0.0 0.0 0.0 0.0 D.0 0.0 0.0 0.0 0,0
Q.0
0.0 1.0000 -0.9426 0.0 0.909% -0.8232 Q.0 0.7951 ~0. 7L T4 0, 3528
0.7G06 ~0.6304 0.268% Q. 4385 -D.4586 0. 1544 0. 2903 ~0.27%0 -0,2110 C. 1075
0.5661
Q.0 -0a942¢ 1. 0000 Q.0 -0.9410 0.9336 0.0 ~0.8783 0.850% - C. 4875
=-0.8081 0.7780 -0.3823 ~0.6162 0.5967 -0.2262 =0 391 ¢ 0.3760 0,0937 -0.0879
-0,6596
0.0 0.0 0.0 1.0000 0.0 0.0 3.0 0.0 Q.0 8.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0
0.0
0.0 0.905% =0.%10 0.0 1.0000 -~0.9642 0.0 0.9683 -0.9163 C. 4966
0.9100  -0.8550 0.4082 0.7143  -0.5808 02523 0.4635 -0.4614 0,.14%58 0.1381
0, T448
0.0 -0.8232 0.9336 0.0 -0.9642 1.9000 0.0 -0.9770 0,9779 -0.6101
-0.9498 N.91315S -0.511% -0.8003 0.7%18 ~0.3242 ~0.54%5 0.5302 -0.1940 -0,0928
-0, 1925
Q.0 J.0 Q.0 0.0 0.0 G.0 1.0000 0.0 0.9 c.C
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.¢ 0.0
c.0
0.0 0.74951 -0.48763 0.0 0.9683 ~0.9770 0.0 1.0000 -0.9766 0. 5760
0.9833 -N.9478 04990 0. 8465 ~0. 8149 03299 0.5923 -0,.5668 0.2521 D.1412
Q0.8368
Q.0 -0. 1114 0. 8504 0.0 ~0.9143 0.9779 0.0 ~D.976E 1.0000 - Q.6658
=0.9853 N.9878 -0 5884 =00 8965 0.8325 -0e3978 =0.6504 0.6399 ~0.2569 =0. 0810
-0.8526
0.0 0.3528 -0.4875 0.6 0.6986  -0D.6101 0.0 0.5760 -0.5656 1.0000
0.6189 ~0.6630 0.9594 0. 64 86 «0.6970 0. T440 0.5858 -0.6089 N.1412 -0.6528
0. 3259
0.0 0. 7006 -Q.8081 0.0 049101  ~0D.9498 0.0 0.9833 -0.9853 C. 6189
1. Q000 ~Na9838 05630 0.9253 -0.8938 03949 0.6931 ~0.6663 0.2642 Co 1304
0.8855
LR ~0eb364 0.7780 Q.G -0.8550 0.9355 0.0 -D.94T8 €.9878 - 0.6930
~J.9836 1. 0000 ~0.%402 -0.9511 0.9428 -0.4593 -0.7408 0.7265 -0.2523 - 0. 0621
~9.8814
0.0 D.268€  ~0.3828 0.0 0.4082 ~-0.5115 0.0 D.4996 ~N.5684 0. 959
0. 5630 =~ Ca402 1. 0000 0.56542 ~0.7092 0.8803 0.6769 -0.7040 0.0881 ~0. 6597
0.2993
0.0 0.4865 ~0e6162 0.0 Oe73143  ~0.8503 0.0 0.8465  -0.9965 D. 6486
0.9253 -~0.9511 0.6542 1,0000 ~D.9922 0.5233 0.87647  -0D.8495 0.1870 0.0759
0.9054
0.0 ~CotSHE 0.5967 0.0 ~D.6608 Q.7818 0.0 -D.8149 0.RR25  ~0.6970
-0. 8988 De9428 -0 7092 ~0.9922 1.Q900C =Q.5781 ~0.8997 0.8830 -0.1721 ~0. 0034
~0.8766
¢.0 fel1544 ~0.2262 0,0 0.2523 ~0e3242 0.0 0.3299 -0.3978 De 7440
0.3349 ~J.4593 0.8803 0,523 -D-5781 1.0000 0.6943 -0.7353 0.0089 ~0.6640
0. 1887
0.0 t.2503 =0.3914 0.0 0.4635 ~0.5496 0.0 0.5923 ~C. 6604 Ce 5848
0.6931  ~J.7468 0.6749 0.8747  -D. 8997 0.6943 1,0000 =-0.9960 0.0590 =0.0773
047433
0.0 ~J.21750 Ced?60 0.0 -0absl 4 0.5302 0.0 -0.5668 0.5399 - 0. 6089
~0.6663 047265 -0, 7040 -0. 8455 0.8830 =0,7353 -G.9960 1.0000 ~0.0502 0. 1349
~0. 7024
0.0 -d.211C 0.0937 0.0 D.1458 ~0.1960 0.0 N.2521 ~0.2569 Ce 1612
0.2642 -0.2523 0. 0881 0. 1870 -De 1721 0. 0089 0.0590 -~0.0502 1.0000 0. 0659
0.132%
0.0 0.,1075 -0.0879 0.0 0.1381 -0.0928 0.0 O.1412 =-0.0810 -0, 6528
0.1304 -0,0621 -0.6997 0.075¢  ~0.0034% -0.866%0 -0.0773 0.1349 0,06%9 1. 0000
0.4629
0.0 D.5661 -0.46598 0.0 D463 -0.7925 0.0 0.8368 -0,8526 De 3259
0.8855 -0.8814 0.2993 0.9054 ~0.8766 0.1887 0.76433 ~0.7024 0.1329 0.4629
1.0000
PHI S € LAMBOA ESTIMATED PARTIALS USFD
0.128410630 ol 0.38529416D~-01 0.1000-01
Q.0 0.14 8248680 00 0.974233450 00 0.0 0.20199828D-01
~0.%468828480 0C G.0 ~0.99328793D-02 0. 235458120 00 =0.571093T4D=04
~0.87864020D~-02 Q.351972790 00 ~0.193059970 03 -0.35619606N" 03 0.400192160 05
0334169750 06 0951074290 05 0.223821120 08 0.44132592h 00 0,2094713% 00
0.710926440-02
PUI LANBDA GAMMA LENGTH
036647475 00 0. 100D=01 0.653D 02 0.1800 o1
0.0 Q.21 7172650 00 0. 169193340 01} 0.0 -0.107500270 00
-0.309820630 01 . ~0.478384930~01 0.968607730 00 0.22967285n-02
0.252170130-02 Q. 160669600 01 ~0.36684250D 03 0.2339128%D 04 0.1685972D0 06
0.53924734D Ob -0.622721220 06 0.109695550 09 0.63118070" 00 ~0.5621035630~01
0.39177769D-01
H LAMBDA GANMA LENGTH
0.194714760 00 0. 1000-02 0.799D 02 D«4480 01

1) PARAMETERS

-0.13161692D0 01
~0.298260060 02

~0.631715300 00 _

0.560769114D 06
0.57511C690-01

0. 960208950 00
-0.10114654D 00
-0.558315040 02

0.150857880 07

=0.215266670 02
0.148021150 01
0.16152974D 06
G.9048384%0 08

0.732337030 00
0.109375610 03
0.741580850 04
09833118070 O1

-0.877121270 00
-0.32889171n~-01
0881525720 08
0.14277090D 02



OBS
0.100000000
0.10000000D
0. 100000000
0.10000000D0
0.<246980000
0.100000000
O 146960000
04500000000
04100000000
J«1%696000n
0.500000000
0. 100000000
0«146960000
0.50c00000n
04100000000
0e 146960000
2.50000000n
0100000000
J.«100000000
Je 146960000
0450000000
0.13¢00000D
0.100000000
0146960000
0 +500000000
J. 100000000
0130000000
001466960000
2+ 500000000
v +10000C00D
04150000000
0+«100000000
0.146960000
0.50000000n
0.100000000
0.150000000
0.20000000n
0.10000000N
0.146960000
0.500000000
0.10000000P
0.150000600
6+23000000D
0.250000000
0100000000
04146950000
0500000000
04120000000
0.25000000n
0.200000000
0.250000000
0.300000000
U+ 100000000
0.+14656.000D
0.50000CC0N
0.+ 100000007
0.15000000n
0200000000
0.250000000
0.30000000n
04350000000
0.10000000D
0. 146960000
0.500000GGD
0.10000000D
0.15000000n
0+200000Q00N
0250000000
0.300000000
0.35000000D
0400000000
0100000000
04146960000
0.500000000
0.10000000n
0.15000000n
0.20000000D
0.25000000n
0.30000000D
0.350000000
0.40000000D
0.100000000
0.146960000
0.500000000
0.100000000
0.150000000
0.200000000
0.250000000
0300000000
04350000000
0.400000000
0+420000000
0.44000000C

PRED
C.S93043080
0.994 225150
0. 599 2623500
0. §99 £200%"
0.1455%0120
0. S99 440840
Q0. 145888240
O.488512800
0. $9869041D
Je 140155210
Ce 491279690
0. 100004350
Ce les3112M
Q. 493272340
0. 100026550
0. 140467210
0e 454890020
C-4967528310
Q. 100C6%200
0. 146557080
0+ 495816900
0.9764503 M
0. 100069290
Ce 1460632850
0. 490806007
0. 82 495940
Ce 10007246 ™
0o 1460685310
0. 497349150
JeSBoTIL 32D
Qe 145949920
Q. 100074150
0. 146553430
0. 497817010
C. 989734040
Ce 147080450
C. 192827010
Q. 100159520
Ce 146750640
0. 494092110
0.992431520
. 14782980
Q. 195168210
0. 23980530
0. 10G607424D
Je 166773610
0. 4984583 M
Ca$93821640
Ge 148367250
Qe 196504640
Qe 2434064 6D
24287383320
0. 100073110
0« 146795370
e 493759210
Oe 594588660
Ce 148752320
Ce 197510730
0. 2467910
0. 292298590
Ce 231334070
C» 100033020
e 146808647
0e 498825900
Qe 994933100
0. 14889573D
Ce 197902790
Qe 246155370
0. 293443770
00238278530
0. 3762953640
099993959
O« 146818200
0. 493845310
Ce 5951964 M
0. 1490327C0
0198198210
0. 246882460
0. 295019960
04342257760
0.387911210
0. 100032200
Qe 146824440
0.499012690
C. 996428230
C. 149138020
C. 198395320
0. 247346150
Q.29586197
0+ 343831930
G 391042700
0« 409689290
Qe 427938540

03

02
02
02
03
03
03
03
03
03
0
a3

ReS
0.19569216D-02
D.377484900-02
0.737696510-03
0.37991338N-03
0.932147720-02
0.55916047D-03
0.730715060-02
0.225744015-01
0.130939250-02
0.567623600-02
0.17440513n-01

~0.435299020-0%
0.441433130-02
04134553210-01
=0.265483120-03
0.348889820-02
0.1C21995800-91
0e3248lo9%eN=-01
—J.041966890-03
0.27416845D-02
O.830619820-02
0.235696310-01
~0.55285158D-03
0+2226167T0-32
0.636880100n-02
0.1 75040560-01
=0.724664320+03
G.18691486D-02
0.530169850-02
0.13288182p-01
0.270005430-01
=0.741498950-03
0.276656140-02
0.4365986460-D02
0.102659%90n-01
0.194636a8n-01
0.353649750-01
=0.159518040-02
0.142593500-02
0.381578880-02
0.75684764"-02
0.144668880-01
0.24258953r-01
0.40776782n-01
=0.74243077D-03
0.12682713n-02
0.308326700-02
0.617835680-22
O.108849940-01
0.17G767760-01
0.263741400-01
0.42055590n-01
~0.731080270-03
0.112024160-02
0.246815T160=-02
Oe54113425n-02
0e 83178437002
0.124463690-01
0.128357130-01
0425671370D-01
0653331217001
-0e33017874D-03
O« 1 0299654 N-02
0.234820210-02
0.506690290-02
0«736177130-02
0.1 04860400-01
0415378534n-01
0.218541100-01
De 2 34899030-01
0.5925616600-01
0.60408411n-04
0.964908670-03
De23093878D-02
0.42035270n-02
0.6 4486704n-02
0.90089347n-02
04126701620-01
0.16600143n-01
0.221206730-01
0.302219840-01
-0.32199593n-03
0.922434450-03
0.19746271D0-02
0.357177410-22
0.57455541D-02
0.80233937D-02
0.10615385n-01
0.1 37934320-01
OelT76230440-01
0.223932510-01
04245493010-01
0e274124150-01

0.39969020D
0.419690330
0.439690230
0.459690030
0.459690000
0.47969000D
0.47969003N
0.479690300
0.49969020D
0.499696G000
0+499690000
0.51989020D
0.519690000
0.51969000D
0.539690500
0.539090000
0.539690200
0.539090000
0.559690000
0.559690000
0.55969000D
0.559690000
0.579697220N
Qe579690200
Q. 579690000
0.579690000
0.59969000n
0.59969030"
0.59969000n
0.599690300
0.599690200
0.619690%00
0.6419690300
0.619690200
0.619690300
0.6196%03200
0.519690000D
0.63969000D
0.639690300
0.639590300
0.839690900
0.639690000
0.539690000
0639690000
0.659690000
0.65969220D
0.659690000
0659690220
0.659690000
0.659690000
0.659690030
0.659690000
0.5679690000
0.67969030D
0.67969000D
0.679690C20
0.67969000N
0.679690320
0679650000
0.67969020D
0.679690000
0.68969000n
N.68959000N
0689690200
0.689690300
0.5689690000
0.68969000D
G.689690300
G.689690000
0.68969000D
0.689690000
0.69969000D
0.69969030N0
04699590000
0.699569000D
0.699690000
0.699690000
0.699690000D
04699690300
0.699690000
04699690000
04709690000
0.709690200
00709690000
0.70969020D
0.709690000
0.709690000
0.70969000D
0.70969030D
0.709690000
0.,70969020D
0.70969200D
0.70959000D

0.735310000N
0.17420000"
0.809200000
1.8462n000"
0.55220000N
0.88340000"
n.57970000"
0.149%00000
0.921500000
1.6067T00000
q.16710000"7
C.95T40000N
0.63370000"
0.170100000
0.994300000
0.660400000
0.179600009
T 774200000
0.103100000
0.685690000M
C.188%0C200
0.83570000"
0.106800700
0.713300000
0.19780000D
0.89410090N
0.11050000N
0. 739600000
0.206400%00
N1.948000200
0.565100000
0.114200000
0. 166700007
0.21520000n
1,999300000
G.407t00000
0.400400000
0.1178p000N
0.791900000
0.223700000
D.10430030C
0.646800000
0.43900000D
0.303300007
0.121600000
0.817900000
0.23200000n0
0.109600000
0.684000000
0.473100000
0.340400000
0.260200000
0.125300000
0.843800000
2.240200000
0.11430000n
N.719400000
0.50440000"
0.36850000N
0.2771009950
0.20780000"
04127200000
0.854700000
0,244300000
04116600000
0.736600900
0.51910000n
0.38%5300000
0.292800000
0.220800000
0.150000000
0,129100000
0.869600000
0.248400000
0,118800000
0.753400000
0.53350000D
0.399000000
0.305900000
0.23450000N
0.170100000D
0.130900000
0,882500000
0.252400000
0.121000000
4,770000000
0.547700000
0.4120C0000
0.318900000
0248800000
0.190100000
0.166800000
0.13970000N0

n2



0.100000000
0. 14096 000D
0.50000000D
0.100000000
0.15000000D
G« 290000000
0.250C00uct
0 .300Q00000
0.350000000
0.4+0000008"
0.42000000D
Q « 4% 0000000
1Y« 420000000
D.&d000000D
J. 120000000
0.146960000
0.50000000D
J.10000000N
0. 150000000
0. 200000C00n
0.25000000D
0. 30000000"
@ .35000000n
0.40000000D
0 .420000000
J.4«0000000
0.426000000D
0.48000000"
0.50000000N
04520000000
Q. 10000000n
04146960000
0.5000040000
0.100000020
0. 1%0a00000
0.200000000
v +25000 000D
Q. 30000000n
J.350000000
0 .400000000
v. 420000000
0 .440000000
0. 4600000000
0. %8000 000N
C.50000000D
Qe 52000000n
0. 540000000
0 +56000000n
0,580000000
0.600000000
0.42000000N0
0.640000000
0.06600005000
2.68000000N
$.70000000D
0.75000000N
¢.800000000
0.350000000
0900000000
0.95000000"
0. 100000000
0. 110000000
G« 120000007
2140000000
0.160000000
J. 1800004000
0. 200000000
0+25000000D
0. 300000000
U. 350000000
0.100000000
0.146960000
0.50000000n
0.100000000
0. 150000000
0.200000000
0250000000
0.30000000N0
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0.89935874D-02
0.75312259D-02
0.T25454900-02
0.720409620-02
0.712418230-02
0.895836310-02
0.935411140-02
0.26115054D=-03

~0.127201550-01
0.110498620-03
0.5 7UB03530-0¢4
0.957423020-03
0.159717360-02
0.183198760-02
0.207112190-02
0.202913120-02
0.195388920-02
0.15657B370-22
0.77693932D-03
0+331629070-03
0.475965850-04

-0.30200983D-03

-0.788041380-03

-04306626310-03

-0.163323320-02

-0.25402777D~02

=0.29999970D-02
0.27715276D-02

-0.423526800-02

-0,491452680-02

~0.521649850-02

-D.81575931D~02

-0.678215070-02
~0.692513380-02

-0.802037590-02

~0.861241370-02

-0.5670008050-02

-0.2 1622835002
0.16512667D-02
0+547886280-02
0.999789090-02
0.101737900-01
0.5 0854836002

-0.521056680-02
0.255026110-02
0.114202100-01
0.16909342n-01
0.132313460-01
0.4 7636625002

-0.518651650~03
0.480937670~03
0.867483450~03
0.106110960-02
0.12483139D-02
0.12001105n-02
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0.779690300
0.77969020D
0.77969000D
0.779690000
0.779690300
0.77969030D
0.799590030D
0.79969030D
0.79969000D
0.79969030D
0.799690000
0.799490300D
0.799690)00
0.799690000
0.799690000
0799690300
0.7995690)00
0.79959G300
0.799690300
0.799690000
0.799&90360
0.79969000D
0.799690200
0.799690300
0.799690000
0799690000
0.799690200
0.79969000D
0.799690000
0.799690200
0.799690300
0.799690300
0.79969030D
0.79969000D
0.799690390
0.799690300
0.799690200
0.799690000
0.799690000
0.799469000D
0.799690200
0.799690220
0.799490300
0.7996950D0
0.799690300
0.799690000
0.819690000
0.819690000
0.819690000
0.819690000
0619690300
0.819690000
0.819690000
0819690220
0.81969030D
0.819690000
Me 819690000
0.819690200D
0.8194650000
0.8196303000
0.819690200
0.819690000
0-81969030D
0.8196%030D
0819690000
0.819690000
0819590000
0.819690300
04819690000
08194630000
0.8195690000
0.819690200
0.819690000
0.819690000
0819690000
0.319690000
0.8196900C0
0.819690000
0.819690000
0.819690000
0.919690300
0.819690000
0.819690000
0.819690000
0.81969000D
0.81956%0300
0.839690000
0.839690000
0.83969000D
0839690000
0.839690000
0.8395690000
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0.409100000-01
0.396900000-01
0.38750000D-01
0.37050000p-01
0.35d50200n-01
0.349400000-01
0.147600000
0.997900000
0.28820000D
0.140400000
0. 910300060
0.662900000
0.513800000
0.413800005
04341500000
0.287400000
0.269000000
0.2523 30000
6.236900000
£.222600000
0.209500000
0.197200000
0.18% 700000
0.175000000
0.164900000
0.15530000n
0.146200000
0.137650000
0.12930%000
0.121700000
0.11440030n 00
0.981800000-01
0.847000000-01
0.745400000-01
0.672900000~01
0.620200000-01
0.581600000-01
0.531200000-01
0.458000000-01
0.457600007-01
0.433000000-01
0.416100000-01
0.403800000-01
€.382700000-01
0.368400000-01
0.357800000-01
0.151300000 03
8.10230000C 02
0.296000000 01
0.144500000 01
0.939500000 00
0.686200000 00
0.533703000 00
0.431700630 00
0.3584000aD 0O
0.203000000 Q0
04284400000 00
0.267500000 00
0.25200000D 00
0.237700900 00
00224800000 00
0.21230000D Q0
0.200800060 00
0.190200000 00
0182000000 QO
0.170900000 00
3.152102000 00
0.153900000 00
0.14600000D 00
0138600000 00
0.131700000 00
0.115800000 00
0.102000000 00
8. 906100000~01
0.815000000~01
0.743300000-01
0.687400000-01
04609100000~ 0%
0.557903000-G1
0.496000000-01
0.457100000-0¢
0.437900000-01
0.422700000-01
0.395200000-01
0.379100000~01
0.364800000-01
0.15490000D0 03
0104900200 02
0303800000 01
00148600000 01
0.956830000D 00
0.709000000 00



04250000000
0.300000000
0.350000000
0400000000
0.420000000
0,44000000n
J.46000000D
0.48000000D
0.500000000
0.520000000
0«540000000
0.560000000
0.58000000D
0.60000000N
0.62000000D
06400006000
0.66000000D
0.68000000D
0.700000000
0. 750000000
0.80000000D
0.85000000D
0.%00000000
G.950000000
0.10000900"
0.110000000
v.12000000"
0. 140000000
0.16000000"
Q. 180000000
0.20000000n
0.250000060
J. 300000000
0.350000000
0,.,10000000D
J. 146500000
0.520000000
0. 10000 000D
0. 150000000
0.290000000
u. 250000000
0.300000000
0.350000000
0.400000000
0.42000000D
0.44000000D
3.460000000
0.43000000N
9.500000000
0.520000000
U.54000000D0
U .56000000N
04580000000
0.4600000000
0620000000
3640000000
0.060000000
04636000000
J.70000000D
0.75000000n
0.800000000
0.85000000n
0.90000000n
0.95000000"
Je 100000000
0.110000000
0. 12000000
0e140000000
0.+ 160000000
0.18000000D
0.200000000
0.25000 000D
0.300000000
0350000009
0. 180000000
0. 1469 000D
0. 500000000
0. 100000000
0.150000000
0.2 00000uan
L. 25000000"
0.30000000"n
0.350009000
0.+4000060G0D
0.420000000
0440000000
0+450000000
0.«48000000C
04500000000
04520000000
0.540000000
0.56C000000

Q4 249703300
04299776980
04349980350
0. 40027535D
Ge 420395950
0. 440626710
Ce 460834050
0. 481176400
Qe 501439230
Qe 521715110
0. 5421671 6D
Q. 562642210
Q. 581058160
Q. 603614120
Ce 52602213D
0.64625253D
04665235820
0.68582916D
0.706 150000
0.757510500
V. 808795340
0. 859279960
0.90783216D
C.§55132320
0.10010910D
0.108864710D
€. 117501480
Q. 162159060
0. 159849450
0.178134620
0.197723910
0. 244568730
0. 292384430
0.362593863D
0. 100048650
0.16596189%0
2,49971601D
0. 999033900
0. 149884140
0. 199837659
0. 249939000
0. 300079210
0,35027991D
0.400681C3D
€. 420909540
C.44107175D
0. 450845240
0. 481 729020
0.50204870D
0.522431990
0.542681190
0.563158670
0.583524830
0.604037370
0.6264812000
0. 6464981890
0. 665656940
0. 679898090
0. 706866600
0. 75341 868D
0. 809595150
0. 860130620
0.910371840
0. 959089190
0. 100688520
C.11005926D
0.11938787D
00139526930
0.160639260
0.17687301Nn
0. 197869620
0. 243947130
C. 290370760
0.337896700
0.999419840
0. 146957490
0. 499872700
0. 599869980
0. 149988220
0. 200027120
04250219220
0, 300447690
0. 3507524 1D
G401 252830
Q.4214T77260
0. 441726410
0. 461957470
0.48230617D
0. 502 5496 80
04522919570
0.5434L057D
0.56385092D
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0.11867840D-02
0.T4338929D0-03
0.561429470-04
~0.6B837524D~03
=0.942735860~03
-0.142436072~02
-0.181316010-02
=-0.24508398D0-02
=0.28784594D-02
-04329628990-02
=0.401325130-02
=0.47183306D-02
~0.18244087TN-02
=0.60235290D0-02
=0.64873085D-02
~0.666457480-02
-0.79330872D-02
~0.85722884D-02
-0.87857084D-02
~0.100139980-01
-0.10994180D0-01
~0.109176010-01
~N.87024039D-02
~0.54024473D0~02
=0.109097630~02
0.10480914D~-01
0.19987530D-01
~0.154218310-01
0.940921250-03
0.103632400-01
0.11380439D-01
0.217250660-01
0.253852260-01
0.211810460-01
~0.48647574D-03
~0.12860192Nn=03¢%
0.56797239D~03
0.9656098950~03
0.7T72415510-03
0.81174292N-03
0.243982000-03
~0.264032150-03
«0.799751770-03
~0.17025659N~-02
-0.21655723n-02
-0.243580550-02
~-0.18374508D-02
-0.36021164N-02
-0.409740270-02
-0.467690860-02
~0.496516550=02
=0.564048730~-02
-0.607729940-02
~0.67289581N-02
-0.7761284TD-02
-0.77841558D-02
-0.85711228D-02
0.149874670-03
-0.98094217D-02
-0.11224907D-01
~00119939340~01
-0.119772000-01
-0.11524265D-01
-0.356757930-02
-0.680852376D-02
-0.538702260-93
0.5101038360-02
0.337907340-02
-0+399537140-02
0.62610452D0~02
0.10651894D-01
0.242114750~01
0320974550-01
0.345808T10D-01
0.18015568D=03
0.170820870~04
0+25460228D-C3
0.13002263D~03
0.785252360~04
~038564842D0~03
-0.87688860N-03
~0.149231160-02
=0621499137D0-02
~0e313208740-02
~0e351727470-02
=0.392265310-02
~0e425537660-02
~0+480451310-02
=05 09935906~02
~0.561456630-02
~0.63158614N~02
-0.687663610-C2

0.839569000D
0839690200
0.837490000
0.839590000
0.839590000
0.839569000D
0.8395690000
0.53969020D
Q0.839490000
0.839690000
0.839590000
0.8139590100
0.83369000D
0.B83969000D
0.839590000
0. 839690000
0.839590000D
0.83969000D
0.83969002D
0.81949C000
0.839690000
0.839490000
0.839690000
0.8396490300
0.839590100
0.839690200
0.839690300
0.839690000N
0.83959020N
0.839690000
0.839690220
0.839590000
0,839690000
0.839690000
0.85969030N
0.8596030D
0.859690J00
0.85969000D
03.859690300
0.859490300
0.859690000
N.859690100
0.859569023P
0.8595690200
0.859590000
0.859690000
0.859690000
0.85959000N
0.859690200
0.859469000D0
0.859690300
0.859690000
0.859690000
0.859690000D
0.85969000D
0+85969030D
0.85969030D
0.859690000
0.859690000
0.8595690000
0.85959000D
08596902000
0.85965070D
0.859690300
0.859690200
0.6859590000
0+859690000
0859690300
0.859690%0D
04859690300
04859690000
0859690000
0485969000D
0.85969000N
0893690300
0899690000
0899690000
0.29959000D
0.892690000
0.89969020D
0.899690000
04899690320
04899650000
0.899690000
04899690000
04899690300
0.89969032D
04899690000
04899690200
046899690000
04894690000
04899690200
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03
03
03
03
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03
03
03
a3
03
03
o3
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
Q13
03
a3
03
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0.553200000 GO
0.44390000n co
0.37410000n 0D
0.31730000D0 0O
0.299000000 00
0.28180000n 00
0.266100000 00
0.251600000 00O
0.238300000 00
0.226000000 00
0.214500000 QD
0.203800000 0O
0.19480000n 00
0.18450000D 00
0.175800000 00
0.16770000n 00
0.15930000D0 00
0.152500000 00
0.145700000 00
3.130100000 20
0.11650000n 00
0.104300000n 00
0.950100000-01
7.868100000~-G1
0.80030000D-01
0.703400000-01
0.636300000-01
0.534100000-01
0.4910000D-01
0.46590000n-01
0.444200000-01
0.4L1100000-01
0.390300000-01
0.376400000~-01
0.1585600000D0 03
0.107600000 02
0.311500000 01
0.15270000Nn 01
0.996300000 20
0.731700000 00
0.57210000n 00
0.445560000N Ca
0.389400099 00
0.33200000n 00
0.31280000n OC
0.295200000 00
0.279800000 00
0.264700030n no
0.251200000 Q0
0.23870000n 00
0.2272000n0 00
N.21640000n NO
0.20660000n J0
0.197000000 NO
0.188100000 0N
D.18000000n 00
0.17220000n 00
0.16710000D 00
0.158000000 00
0.142400000n 09
0.123900000 OC
0.117200000 00
0.10700000n0 00
0.983100000-01
0.908500000-01
0.791C00000-01
0.70620000n-01
0.594900000-01
0453090000701
N+495300nN0n-01
0.468700000-01
04277000001
040330000001
0.386T70000N-01
0. 166100000 03
0.11250000n 02
0326900000 01
2160700000 01
0. 105300000 O1
0. 775600000 00
0.609100000 00
0.498000000 00
0.418600000 00
0.35890000n0 00
0.33900000¢ 00
04320900000 00
0.30644060000 a0
0289200000 00
0.27530000n 00
0.26240000D0 00
0.25040000n 00
0.23930000D 00



0.580000000
0.600000000
0.62000000D
J.440000000
0.660000000
0.680000000
2. 700000000
0.7%0000000
0.800000000
7.850000000
(.900000000
J.950000000
0.100000000
0.110000000
J.120000000
v« 140000000
0.lo0000000
Se. 133800000
0.23000000D
D0.25000000N
d.30000000D
J«350000Q00
2« 100000000
0. 1406950000
D.500000000
0. 169000000
U. 150000000
3.20000000"
0. 250000000
0.30000000D
0. 350000007
N.40000000"
Ja 620000000
N . 440200000
V+460000000
0.480000000
0.530000000
Ue92C000000
Us. 540000000
J.50000000n
0.5 80000000
0.600000000
0.520000000
Ja.64030C000
J.660000000
0.680000000
0. 70000006
U 750000000
0.80000000n
0.850000000
0.90000000D
0.9%0000000
U.120000000
Jde.110000000
0.12000000P
0.14000C000
0.16000000D
U.18000000r0
J.2000C00000
G .2¢50000000
9. 300000001
0.3500:00000
Je 100000200
0.146960000
0.5 00000000
0.10000000N
0.150000000
0. 00000000
00250000000
0.30000000N
0.350000001
0.400000000
0.420000000
0.440000000
0.450000000
V. 48000000
0.500000000
0.520000000
0.540000000
u.560000000
0.58000000D
0.600000000
0.62000000™
0.640000000
0.660000000
0.68000000n
0.70000000n
0. 750000000
U.80000000P
0.85000000D
0.900000000
0.950000000
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03
03
03
03
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03
03
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3
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0.584247120
0. 504432230
0. 62509598D
0. 45740030
0. 666198800
0.6868716T
0.70737428D
0. 758916810
0.810341130
Ce E61351 71D
C. S12460030
0. 962534220
0.101211310
0.11097161D
0. 120613050
0. 150224880
0. 160348970
C. 179265030
0.1995694
0. 245190860
0.28324073D
Q. 332446560
Qe 599781 730
0. 146942500
0.499886230
C. 10000 700D
0. 150100540
0. 200143240
C. 250306720
C. 300586140
C. 35096 64D
0. 401457660
0. 417117870
C. 44191875D
Ce4622136490
O« 482444 71D
0.502777930
J. 523164190
0.5435703 7
C. 563983960
Ce 584417990
0. 60491590n
0. 25329570
J. £459748T0
0. 066 4988
C.6B201 759D
0. 70740504N
D. 158813590
0. 810370530
0. 881810280
0.912635990
0¢ 963034530
C. 101363790
0. 111486260
D« 121448570
Q. 1419866 240
0. 162133990
0. 178917050
Q. 201C791 70
0. 248909030
0. 291343820
0. 233906350
0.999 742990
0. 146921280
0.49993871D
C. 10003 764"
0. 150099830
Q. 200183070
0. 25036 713D
0.30065094D
C. 350963550
0.401582330
G.421 78025
0. 46205820
Qe 4062 305730
Oe 482571650
00502940390
0.52328536D
0.543711490
0. 564 036860
0. 584432260
Ge 604965430
Qe 625439790
0646225460
0. 666 222290
0. 486199780
0. 707640040
0. 159076390
C. 810110560
Q. 861 154700
0. 511 749830
0 962 61 6800

~0e732261310~02
—0«77287174D~02
-0.0821933050~02
-0.8968795610~02
-0.939212150~02
-0.,101053960~01
~0.1053456890-01
—-0.11889078N~-01%
~0.129264090-01
-0.133550250-01
=0.138444800-01
=-0.13193915D~01
=0a120130640-01
-0.883277950~02
-0.510874620-02
-0.156062846N~D2
-0.218108000-02

0.408317460-02

0.21526322D-02

0.192365790-0i

0.35864247N-01

0.472955340-01

0.218273050-03

0.11632838D-03

0.22743909D0-03
~0.69963288D0-04
-0.670252530-03
-0.716176456D-03
-0.12268889N-02
-0.19538047C-02
-0.27646805N-02
-0.364414900-02
0.68622143D-02
~0e43607931D-02
-0.4B119261D-02
~-0.50931497D-02
-0.55558675D-02
-0,600849829N-02
~0.661178830-02
-0.71142208n-92
-0.761722580~02
~-0.819316350-02
-0.85960817N-02
-0.933573630-32
~0.984677120-02
-0.103199850-01
-0.,105786340-01
-0.117519850-01
-0.12963162"-01
~0.13894452D-~01
~0.140642095N=01
-0.13720563D-01
-0.136379030-01
~0.,134932350~-01
-0,120713170-01
«0.140338780-01
-0.133374580-01

0.601637590~02
-0.539388570-02

0.436386770-02

0.288539200-01

0.459818710-0%

0.25701164D-03

0.263454700-03

0.126571700-03
=04376365790-03
~0.66550541D0-03
~0.91544344D-03
-0.,146853360-02
-0.216981630-02
-0,27530038n-02
-0.395582688D0-02
~0.42386852D~-p2
-0.46778905D-02
=0.515159400~02
-0,535759380-02
-0,58807309n-02
-0.631800720-902
-0.568731215n-02
-0.72086717N-02
-0, 764182830-02
~0.82423878N-02
-0 877385390 -02
-0.972728290-02
~0.942771020-02
-0.91173255D-02
~0.106285630N-01
-0.121018540~01
-0.12638228n-01
~0.131232460-01
-0.120553710-01%
-0.132808470-01

0.8996%0000
0.899690000
0.89969033D
0.899690200
0.899690000
0.899690100
0.899690200
0.89969000D
0.899630300
0.89969030D
0.8996%90000
0.89969000N
0.899690300
0.899690300
0.899690000
0.89969020D
0.899690000
0.89969000D
0.899690200D
0.899630000
0.8996%0000
04899690000
0.939690000
0.939690500
0.93969030D
0.939690200
0.939693300
0.93969020D
0.939690200
04935690000
04939569000D
04939690300
C.93969000D
0.939630300
0.93969000D
0.93949000N
0.939690300D
0.939690000
0+9396%020D
0.93949020D
0.939690000
0.939690000
0,.939490000
0.9395690000
0.939690200
0.939€90300
0.,939690000
0.93965000D
0.93969000N
0.939490230
0.939490300
0.939590000
0.939490300
0.939690000
0.93%690000
0.939590300
0.939490100
0.93969000D
0.939690000
0.939690000
0.939690JL0
0.939690000
0.979690300
0.97959000D
0.979690J00
0,979690J00
0.979690000
0. 979690000
0.979690290
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0.151765620~02
0.116883950~02
0.183685520~02
0.9336i411D-03
0.10294564D~02
0.6997365%90-03
0.231+~80630~03
-0.94383937D~04
0.183505900~013
0.747505200~03
0.870634520~D3
0.4 37657510~03
0.433296540~03
-0.60823551D~02
=0.972991 14D~02
0.708202500~02
-0,691300090-02
=0,548629465N-02
0,.802214 T4D-02
0.142261380~-01
0.266918170-03
0.4 L1428480-03
0.65099884D-03
0.731881530~-03
0.108351350~02
0.152881030~02
0.172418970~02
J,182048020~02
0.207651330~02
Qa1 7506004D~02
0.183319010~02
0.175963300~02
0.16556924D~02
0,181819260~-02
04156706648N~-02
0.1560922590-02
0.14327480D-02
0147174950 2
0.141392810~02
0.,11901858D-02
0.10316619N~02
04 56059640-03
0.110192320~02
Qe175172430-02
0.613621740-03
-0a158826210~04
0.199996470~03
0.37773186D~03

97

3.59969020D
0.899690200
0.899690200
0.899690200
0.899690020
0.899490300
0.89969030D
0.89969000D
0.69969030n
0.89969030D
0.899690300
0.89969030n
0.899630300
0.899690000
0.893690700
0899590000
0.8996%0300
0.89969000D
0.899690300
0.899690000
0.899690000
0.89969020n
0.899690300
0.899690007
0.93969000D
0.93956%020D
0.939690000
0.939690030
0.939690000
0.939590900
0.939690300
0.93969030p
0.939690000
0.939590900
0.93955020D
0.939690000
0.939690200
0.93969020D
0.939690000
0.939690300
0.939690000
0.%29690000
0.939690000
0.939690060
0.93969000D
0.939690000
0.939690200
0.939690000
0.939690000
0.93969020D
0.939690000
0.939590000
0.939690300
0.93949030D
0.939690200
0.939690000
0.93949000D
0939690000
0.939690300
0.939690900
0.939590300
0.939690000
0.939690300
0.939690000
0.979690300
0979690000
0.979690300
04919690300
04579690000
0.979690300
0-979690300
0.979690300
0.979690300
04979690230
04979690300
0979690000
00979690000
0.979690300
0. 979690300
0.979690300
0. 979690300
0979690000
0.979690300
04979690200
0979690200
0.97969000D
0979690300
G.97969000D
04979690000
04979690200
0.979659300
0.979690300

23
03
03
03
03
03
23
03

03
03
03
a3
03
03
03
03
03
03
23
03
93
c3
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
Q3
03
03
03
o3
03
03
03
03
03
03
03
03
03
o3
o3
03
03
03

03
03

03
o3
o3
03
03
03
03
a3
03
03
03
a3
as
03
Q3
o3
03
03
03
03
a3
03
a3
a3
a3
03
a3
a3
03
03

0,25U463000
0.,23930002D
J.2290C0000
0.21940000n
0.210400000
0.20190000N
0.19400000D
0.1865390Q0
0179500000
0.1634600000
0149800000
0.137860000
0.127200090
0118000000
U.109900000
0.9647T00000-012
0.85980000D-01
0.712000000-01
0.62070000D-012
0.565300000-01
0.52380000D-01
0.4652B0000-01
$.431600000-01
0.409300000-01
0173500000 03
0117600000 D2
04342300000 01
0.168700000 D1
0.110800000 01
1.8190000uD 00
0.645300000 00
0.529400000 00
0.446600000 00
0.384500000 DO
0.3168300000 Q0
0.34500000D 0O
0.327800000 00
34312100000 00
0.297600000 00
0.28420000" 00
0.271800G00OD 00
0.2606%00000 GO
0.249600000 00
D 4239600000 00
0.23030000D 0O
0.221500000 00
04213300000 00
0.205&0000D 00
0.19840000° 00
0.18200000D0 GC
0.167700000 00
0.155200000 0D
0.144300000 0O
0.13470000D GO
0.12610000D DO
0.11150G000 00
0.99880000N-01
0.82380000D-01
0.711300000-01
0.646700000-01
0.58620000n-01
0.50620000n-01
0.456370000D-01
Va4 35800000-01
0.18090000D 03
04122700000 02
0357600000 01
0,17660000D0 01
0.11630000n 01
0.,86150000n 00
0.68060000D 00
0.559900000 00
0.4 73800000 00
0.40900000n 00
0.337500000 0O
0.36790000D
0.350000000
0.33320000D
0.318600000
0.30470000n
0,29180000D
0,279%0000D
0.263B0000D
0.238400000D
0.248700000
0.239500000
0.231200000
04223400000
04215600000
0.193850000n0
0.18380000D
0.170900000



. 9020000000
0,.950000000
0.100000007
0.11000000D
0.120000007
0. 140000000
0. 166000007
9,18000000D
0,2v00C0000
0. 250000000
0.30000000D
0.35000000n
3.180000000
0.14696000D
0.50000000N
€. 100000000
04150000000
0.20Q0000000
0.25000000n
04300000000
04350000000
0.400000000
0.420000000
Co44000000D
0.460D00000
0.480900000
V. 50000000¢
0.520000000
0.540000000
0.500000000
UL.58000000N
J.520000000
2.62000000D
0.640000000
0.66000000D
0.68030000D
0.700000000
J.75000000n
0.800000000
0.85000000n
0.900000000
0.950000000
0.k00000000
0.110200000
0.120000000
0.140000000
0.16000000N
0.180000000
0200000000
0.25000000M
0+30000000D
¥ .35000000D
0. 100000001
D. 1469 000D
0.50030000D
0.100000C0D
J.150000000D
U.200000000
0.250000000
0.30000000D
0.35000000N
0.40000000D
0.42000000n
J.440000000
0.460000C0D
0.48000000D
0.500000000
0.520000000
0.540000000
0.560000000
0.58000000"
0.60000000D
0.620000000
0.64000000n
0.66300000D
0.68000000N
0.700000000
0.750000000
0.82000000n
0.850000000
0.90009000D
0.950000000
0,10000000N
0.i10000000
0.12000000D
0.140000000
0.160000000
0.180009500D0
0.200Q00000
0.250000000
0.30000000D
0.3500007°00

04

04

0. 899109330
C. $4386 706D
0. 593014880
0. 109598840
O« 119635500
Qe 140884 73D
Qe 161641360
Ua 179311350
0. 20t&18550
0. 251353650
0.2930057T0
U+ 3645220980
0. 599694320
Co 146872940
0. 499776000
0. 599219000
Je 14987812
0. 199778630
0. 2496901 M
Ce 299642370
0. 349556160
0. 39950656
0.4194990%0
0.433439150
0. 459459640
0. 479434250
0.499501280
0. 519456450
0. 5395286
0. 559552650
0. 573517240
0. 599628670
0. £19763780
0. 64000084
C. €59753600
0. 679796120
0. 6992802950
0. 75003 054N
C. 8002302 10
0. 8496003 D
0. 898670200
0.547659630
0. 9966243 B0
0. 109462880
0. 115509390
0. 140393330
0. 161147140
04179774220
0. 201504000
0. 2517417
0. 298740830
0. 346171 12D
0. 100016720
Je 145953 752
0.493807290
0.59943721D
s 149858540
0. 19984990N
0. 249815420
0. 299777450
04349684770
0. 399663030
Ue 419610760
0. 439672920
0. 459583360
0.47961696D
0.499559830
0.5197L60™
0. 539628810
0. 559469038n
0. 579583740
0. 599662 34D
04619812460
046399025710
0. 659783180
Ce 679 766000
0.49975304D
Q. 74996825
0. 799762470
0. 849285740
0. 898366830
0.5475814620
0+ 996481340
0. 109 41 845D
0. 119393950
0, 140070970
0. 160795610
0. 179984320
0. 201274220

0. 25198417 04

029969620
0.34722979

0.98963436D-03
04119258370~02
0.198512160-02
0.364671200-02
0.262083250-02
~0463195336D~02
=0.,10258496D-~01
0.382583150-02
—0.80927660D0-02
~0.541461830~02
0.566T42220-02
0.135543440-01
0,305677700-03
0.592425150-03
0.45200858D-03
0.780995450-03
0.808540370~03
0.11068595N-02
0.123%¥31530-02
G.119210130-02
0.126811090-02
0.123832290-02
0.11926475D-02
0.1274465020-02
0.117470230~-02
0.117858120-02
0.99743838D0-03
04104529650 -02
0.872968740-03
0.79884496D-03
0.832349250-03
0.61887352D0~03
0,381004740-03
-0.132008030-05
0437333788003
0.299825000-03
0.281500064D-03
-0.607231590~-04
-0.287841610-03
0.470152660-03
0.147755610-02
0,24635,810-02
0.337561810-02
0.488293980-02
0.403844370-02
-0.,280950860-02
~0.716965620-02
0,125430080~02
=0.752029490-02
=0.,6$670706D-02
C.41972168D-02
0.10937937D-0}
=0.,167236650-03
2.425387720-06
0.38542796D-03
0.562794170-03
0.943052520-03
0.750204390-03
0,733312360-03
0.741834620-03
0.90065999D-03
0.8642419370-03
0,926752980-03
0.743362410-03
0.905732790-03
0.798000900~03
0,880343330-03
04546026800-03
0.68727106N~03
0.552889150-03
0.71768884D-03
0.562761570-03
0.302489920-03
0.152239890-03
0.32851457D-03
0434411896D-03
0.352798410-03
0.423346690-04
0429691487003
0.840303900-03
0.18146322D0-02
0.25456626D-02
0+351866030-02
0.528678260~02
0.505039460-02
-0.506908260-03
=0e497256930-02
0.8 70442590-04
=046 37110430-02
=0.793657180-02
0.101238080-02
0.7914872TD~02

>3 °4

0.97969000D 03
0.97969000D 03
0.97963000D 03
0.97969000D 03
0.979690000D 03
0.979690200 03
0.97989000D 03
0979690200 03
0.979690000 03
0.97269030D 03
0.979690300 03
0.979690300 03
0.1C1969300 04
0.101969000 06
0.10196930C D&
0.10194920D 04
0.101969000 04
0.101989000 04
0-101969000 04
0.101969200 04
0.101969200 04
0.10196900D Né
0.101969000 04
0.101969000 04
0.101969000 04
0.101969000 04
0.10196900D 04
0.101969000 04
02101969000 04
0.101969300 04
0.101969000 04
0.1019690C0 04
0410k96900D D4
0.10196930D 04
0.10196900D 04
0.101969000 04
0.10196%00N 04
0.10196930D 04
0.10196930D0 04
0.10196900D 04
0.10196900C 04
0.101969330 04
0.101969)00 04
0101945000 04
0.101969000D 0%
0.10196900D 04
0.101969000 04
0.101969000 04
041019569300 04
0.101969000 04
0.101969000 04
0101969000 04
0.10596900N 0&
0.10596900D 04
0.105969000 04
0.105969000 04
0.105969000 04
0.105969000 0%
0.105969000 04
0.105969000 04
0.105969000 04
0.105969000 04
0.105969000 04
0.10596%960D 04
0105969000 04
0.105969000 04
0.105969000 0%
04105969000 04
0.10596900D 04
0.105969000 046
0.105969000 04
0105969000 04
0.105969000 04
0.10596900D 04
0.10596900D 04
0.105969000 04
0.105969300 04
0.10596900D 04
0.10596900D 04
04103969000 04
0105969000 0%
0.10%5969200 04
04105969000 04
0.10596500C 0%
0.105969000 04
0.105969000 04
04105969300 04
04105969000 04
0.105969000 07
0.105969000 04
0108969000 04
0105969300 04

0.15960000D0 00
0.149500000 00
0.140600000 00
0.12550000M 00
0.112900000 00
0.934000000~01
0.805000000~01
0.726390000-01
0.653700000~01
0.553500000~01
0.49910000D~01
0.462900000-~-01
0.188300000 03
0.127800000 02
0.37280000™ D1
0.184500000 ot
0.121700000 01
0.903300000 a0
0.715000000 NOD
0.58940000D 0O
0.499800000 00
0.432600000 00
0.41020000D0 00
0.389900000 00
0371300000 a0
0.354300000 00
0.33860000n 00
04324200000 OO0
9.31080000" 00
0.29840000D0 0O
0.28690000" 00
0.,276100000 o0
0.266000009 00
0.256500000 00
0.247800000 00
0.239500000 00
0.231700000 00
0.214000000 00
0.19860000D QO
0.18530000D 00
0.17360000n 00
0.16320000D 00
0.153900000 00
0.138000000 00
0.124700000 00
0.104000000 0D
0.897300000~01
0.80400000M-01
0.722900000~01
0.603100000~01
0.53700000N-01
0.493000000~01
01956060000 03
0.132800000 a2
0.388000000 01
04192300000 01
0.127100000 O1
0.944500000 0O
0.748800000 00
0.618400000 00
0.52540Q0000 00
0.455600000 00
0.432400000 00
0.41120000" 00
0392000000 00
0.374300000 00
0.358100000 00
04343000000 00
0.32920000D0 00
0.316300000 00
04204400000 00
04293200000 00
0.282700000 00
0.27290000D 00
0.26380000n 00
0,255200000 00
0.24710000D0 00
0.228700Q0N N0
0.212800060D 00
3.198900000 @0
D.186790000 00
0.17580000D0 00
0.166100000 00
0.149500000 00
0.135600000 00
0.11380000D 00
0.984000000-01
0.873000000~01
0.,791000000-01
0.653900000~-01
0.576300000~01
0.524800000~01



3. 100000000
0.146%000D
0.500000000
0.10000000D
0.15000000n
0.20000000D
0.25000 0000
2300000000
0.35000000n
G .40000000N
0.42000000D
0.4%0000000
u.460000000
0.480000000
Q..5N000 000N
0.529000000
9.540300000
0.506006000D
J.+580000000
0.600000000
0.0620060000
0.6%0000000
0.00000000D
0.580000000
0. 70000000N
0. 750000000
0.800000002
0.,850000000
0.900000000
0.950000000
V. l000o000n
0.l10000000
©.149000000
v.14000000n
0. lo000000D
0.18000C00D
0. 200000000
0. 250000Car
0. 300000000
0.3500p0000
. 1000u00QD
D 14690000
0.5300600Q0n
0. 100000000
0.15000000P
J. 20000GQA0
0.25000000D
V. 300000000
0.35000000N
0.4 00000007
0.420000000
0.+440000000
0.460000000
0.480000000
0.500000000
0.52000000D
0540000000
04500000090
0.% 80000000
0.60000000n
0.06200000060
0.b640000000D
0.660000000
0. 0680000000
0. 700000000
0.75000000D
048900000000
L. 850000000
J.200000000
04950000001
0.10000000D
0.11000000D
04120000000
0.1400D000N
0,160000000
0.180000000
v.20000000n
0.250000000
0.30000000D
J.350000000
J. 110000000
3, 146960000
0 .50000000D
0.100000000
0. 150000000
0. 20c000000
0.250000000
0,.30g0000000
0, 350000000
0.40000000n
0.420000000
G.440000000

01
nz
02
03
G3
23

0.
03
03
03
03
03
73
03
a3
03
u3
a3
a1
03
03
03
a3
03
03
03
03
03
02
04
[123
04
04
04
N4
0%
04
04
NG
oL
n2
32
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
a3
")
03
93
a3
03
03
03
0%
04
06
04
LTS
[
04
0%
04
04
o1
02
02
03
03
03
03

03
03
03
03

0. 59985369
O. 146883030
0. 499779610
0. 100014520
0. 149328620
D+ 199949 70N
Q, 249934220
0. 29952989
0. 349904150
0. 39988070
0, 419942780
0. 439848300
0.459872680
0. 479779040
0. 499900720
Q. 519800870
Q. 539 186900
0.5596882 0
0.57980430"
Q. 599840100
0. 620001010
0. 634665090
0. 65805573
0. 6810964 70
0. 706091060
O 74995684"
0, 7985329
C. 845761840
0. 8956 7146950
0. 949580620
0.99911340"
0. 108867790
C. 118201180
0.139795 1N
O. 16248351
0. 179603420
Q. 19994290
0. 251087107
C.301€£26500
0,350359060
0. 1000303230
0. 146514240
Qe 4979284980
0. 100008280
0. 149949820
€. 200143370
0. 250081180
Q. 3000754 ™
C.350103880
0. 400066520
0.4201439710
Ca 440162740
Co 460101150
C. 480097510
0. 500038170
0.519936397
C. 540123150
0. 56003189
0.5798%932710
0. 600062440
€. 62002528)
0.566020146D
Q. 654680830
C.6801290M
3. ¢99538360
Q. 74991 934D
Qe 799 790650
0.849682320
0.896 70976D
Q. 48611350
0. 598925050
0. 109698550
041191484920
0. 1398961700
G. 160112500
04 180108030
0. 200685630
G, 251402480
0. 301055420
0. 349649350
0. 100019410
0. 146938880
C. 500018850
0. 10002797
0, 150019000
C, 200186100
0.25019845D
0. 3002604 T
0. 350296850
Ge 400 31 484D
0. 420411550
C. 440365170

ag
02
02
03
03
Q3
o
03
03
a3
Q3
03
03
03
a3
a3
Q3
a3
Q3

0.14610515D-03
0.523767000-03
Cu%40789020~03
-0.145193410-03
0.429193480-03
0.251510440D~03
0.263131180~33
D.23369854N~03
0.273861510-03
0.29823876D~D3
0.136239590-~03
0.344780590~03
0.276779620-03
0.460326020~03
0.19856551n~03
0.382946485D~03
0. 394623870~93
0.53665519D0~03
0.337641038D-~03
0. 26649617003
~0.16228039D~05
0.56548933N~-04
0429453704002
-0.161246120~02
-0.B1015078D~02
5 7547999D0~04
0.183387640~02
0.49860738D~02
0.36L45045D~02
0.4%2501150~23
0.88619850D0~03
0.102927960~01
0+149901540~01
0.145920270-02
-0.155223100~01
0.22032212D~02
0.285508370~03
-0.43483954D~02
-0.542168020~02
~0.10258771D0~02
-0.322845820~04
0.311352640~03
0.142030080~03
-0.82773187D~0%
0.33450944D~03
-0.716640960-03
=0.324726490-03
-0.251581080-03
-0+296T192460-03
-0.16628972D~03
~0.342776790-03
-0.36985976D~03
~0.219885140~03
~C.203142150-03
=0.76344436D~0¢
0.122324530~03
~0.228061290~-03
~0+5695040830-04
0.18401937D-03
~0.707337950-0%
~0.40770017D~04
~0.377276280~03
0.8 05934470~02
~0,189814270~03
0.88062948D~04
0.10754356D~03
0.26169172D-02
0373T42450-03
0.365582460D-02
0.146173560-02
0e107495250~02
0.274064410-02
0.709230210-02
0.73766265D-03
~0.703098440-03
=0.60017345M-03
=0.3 42814324002
-0.5609911JN-02
-0435180643D-02
0.100187120-02
-0.154,39410-03
0414369080n-03
«0.377068280-04
“0.27973434:0-03
~04126639620-03
~0.93048287D-+03
-0.793780760-03
-0.86822Q180-03
~0.848131000~0%
-0.78708868D-03
=0.979884570-03
«0.829923 T30-03

L4

0.110969000
0.110969300
0s110969000
0.11096%3000
0.110946%200
0.110969300
0.11098920D
0.11096%00D
0.110969000
D4110956S00D
0.110969000
0.11096920N
0.11096%200
0.1109659000
0.11096%000
0,110969000
0.110969000
0,110969300
0.110969)00
0.110969000
0.11096920D
0.110969300
0130969300
0.11096%000
0.11096902D
0.119969000
0.110969200
0.1109659000
0.110969000
0.110969000
0.110969220
0.130969200
0.11096900D
0.110969000
0.110969000
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OUTPUT FROM STATEQ — CASE 2
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