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ABSTRACT
 

A computer program forthe Boltzmann-Matano solution to Fick's second law in semi
infinite binary diffusion couples is presented. The program is written in FORTRAN for 
the IBM 7090 digital computer. An error function curve fit is used to interpolate between 
and smooth experimental data, and the calculations performed on the regenerated data. 

Examples are given of application of the program to incremental couples with no inter
mediate phases and to pure metal couples with and without intermediate phases. Phase 
boundaries in couples with intermediate phases can also be obtained with a high degree 
of accuracy. By substituting lattice spacings for ordinary distance units, a correction for 
molal volume change due to composition differences can be programmed. 

This technical documentary report has been reviewed and is approved. 

cJ. 1)~vttrv 
1. PERLMUTTER 
Chief, Physical Metallurgy Branch 
Metals & Ceramics Laboratory 
Directorate of Materials & Processes 
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INTRODUCTION
 

Diffusion is the transport of matter by atomic motion. The driving force for the process 
is a difference in free energy from one region of a specimen to another; this may be due 
to a gradient in composition, temperature, electrical potential, pressure, or any other 
Hamiltonian variable. That aspect of diffusion which is of particular interest to the metal
lurgist and which has been most extensively investigated in metals is mass flow due to 
composition differences. 

The phenomenological laws which govern diffusion were first formulated by Fick (ref 1) 
by analogy with Fourier's Laws of heat conduction. Stated in its most general form, Fick's 
First Law for an isotropic substance may be written: 

J = - B grad p. (1) 

where J 
~ 

is the vector of the diffusion current, i.e., mass motion, B is the mobility or 
diffusion current for unit driving force, and ~ is the chemical potential. The surface of 
reference is usually chosen perpendicular to j. Although metals are not isotropic sub
stances, they are usually considered so for diffusion analyses. 

For the case of diffusion due to a concentration gradient along one direction only, 
equation 1 may be written: 

... de: 
J = - 0 dll (2) 

where D = B ~2 is called the chemical diffusivity or diffusion coefficient. In using equation 

2 to determine D we must find an experimental arrangement which enables us to measure 
both dc/dx and j; this is not generally feasible in cases where one metal is diffusing through 
another. The usual method of evaluation involves a measurement of the change in concen
tration with time due to diffusion. Considering a volume element with unit cross-sectional 
area and infinitesimal thickness, dx, we may express the concentration change with time 
as: 

d~= ( 0 de ) (3)dt dll dx 

The above expression implies that D is a function of concentration as is usually observed 
in metal systems. 

A common experimental arrangement for the evaluation of D in binary metal systems 
is the semi-infinite diffusion couple. In this experiment two slabs of metal whose thick
nesses are very large with respect to the distance over which diffusion will occur are 
brought into intimate contact under time and temperature conditions sufficient to establish 
a measureable concentration gradient in regions near the original interface. The variation 
of concentration along the diffusion distance is measured and the diffusivity calculated 
using a solution of equation 3 with appropriate boundary conditions. 

Manuscript released by the authors 17 September 1962 for publication as an ASO Technical 
Documentary Report. 
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Although the foregoing discussion implies that diffusion in metals is a mutual phenom
enon. Le.• the current of atoms of one type through the lattice of the other metal is equal 
to its complementary effect, sophisticated analyses show that this is not the case. To 
account for all experimental observations, it is necessary to hypothesize the existence .of 
a third diffusing entity, vacancies. or empty lattice sites. into which the diffusing atoms 
move. This complicates the mathematical analysis somewhat and introduces two more 
diffusion coefficients, which are somewhat more difficult to measure with the usual 
experimental arrangements. Since the observed effects are usually small with respect to 
those resulting from the process as a whole, their exclusion from the analysis of diffusion 
does not vitiate the more "macroscopic" description developed above (ref 2). 

The boundary conditions for the semi-infinite diffusion couple may be stated: 

c = co'. x<O; t • 0 x = -....• t ., 0 

c = c ; x> 0; t = 0
f 

where c is the concentration of substance A at some point in the diffusion zone. The 
solution of equation 3 for the above boundary conditions is given by Boltzmann (ref 3) 
and was first applied to metal systems by Matano (ref 4). Introducing the parameter

-1/3 . 3 b Y = xt , equauon ecomes: 

d y(D~) ( de ) (4a)dy dy = -"2 dy 

and upon integration: 

I d [00 = -~ (d~) ydc (4b)
of 

SUbSfifutln9 for '1 we obtaIn: 

I dx (4c)0 = ( d) Ie xdc2t c cf 

In the obove expression x = 0 is defined by tlte condition thot: 

[Co xdc = 0 (4d) 
cf 

The quantities dc/dx and that expressed in the left side of equation 4d, hereafter called 
A·. are obtained by differentiation and integration of an experimentally determined plot 
of c versus x as shown in figure 1; t is simply the time interval during which diffusion 
has occurred. Jost (ref 5) has pointed out that equation 4c is valid even when the plot of 
c versus x has discontinuities. i.e., when intermediate phases are formed during the 
diffusion process. 

2 
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It is also instructive to examine the solution of equation 3 for the case of constant 0 and 
semi-infinite boundary conditions. In this case: 

:..:.:.L = 1.. [ I erf (u)]
Co- cf 2 - (5) 

where 

-1IU = 2" x ( Of )2 

and 

2 2[Uerf(u) e-f dt= ..r; 0 

The left side of equation 5 is called the concentration function or the normalized concen
tration and is denoted c.. It can also be shown that: 

1 

(6) 

where'z = - uJ2. Equation 6 is the cumulative normal distribution with argument z. In 
both cases a graph of u or z versus x will be linear and will have a slope related to the 
diffusion coefficient. 

It has been pointed out by Hall (ref 6) that the concentration-penetration curves in cer
tain systems can be approximated with a very high degree of accuracy by a series of 
linear segments on a probability plot, Le., one in which the ordinate is linear in z and the 
abscissa, linear in x. For cases where the experimentally determined curves have no 
discontinuities, two linear segments may be necessary to describe the curve. This implies 
that under certain conditions a diffusion couple can be treated as two or more systems in 
each of which the diffusivity is a constant and different from that in the others. The neces
sary conditions for this treatment are not well defined but appear to be associated with the 
width of the diffusion zone. 

Baroody (ref 7) has suggested that a polynomial of low degree, Le., second or third, may 
be used to fit segments of the probability plot where straight lines are not obtained. By 
solving for the coefficients of such a polynomial a concentration-penetration curve may be 
reconstructed on cartesian coordinates. The principal advantage of this device is that it 
has been observed empirically that the relationship of z or u to x is usually a simpler one 
than that of c to x. 

Figure 2 (ref 8) illustrates a probability plot of a concentration-penetration curve typical 
of a system which forms a continuous series of solid solutions at the diffusion temperature. 
Intuitive reasoning concerning physical behavior leads us to believe that the two straight 
lines should not be extended to the point of intersection (because this would require a 
discontinuity in the diffusion coefficient, hence, in the structure of the alloy) but both 
should gradually deviate from linearity and join so that the slope is well defined and 
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single-valued at all points in the region of intersection. For relatively short diffusion 
distances the resolution of most analytical techniques is frequently insufficient to illus
trate this deviation. However, for longer zones, such as that in figure 3 (ref 8), the 
deviation is readily apparent. and for a sufficiently wide zone a linear plot cannot be 
obtained. However. the graph shown in figure 3 can be approximated by two linear seg
ments joined by a parabola or cubic. Similar effects occur in multi-phase diffusion couples 
such as the one shown in figure 4 (ref 9). 

THE COMPUTER PROGRAM 

Definition of Symbols 

In the following tabulation, problem variable symbol means the symbol used for a 
quantity in the text of this report while program symbol refers to the symbol used for 
that quantity in the computer program. 

PROBLEM VARIABLE SYMBOL PROGRAM SYMBOL DEFINITION 

TX(I)	 Experimentally determined 
distances from one end of 
the diffusion zone in units 
compatible with CVF 

TY(I)	 Experimentally determined 
concentrations at position 
Xi 

ci CA(I)	 Normalized concentration 

x. X (I)	 Distances in regenerated
1 

data 

c CA(I)	 Concentrations in regen
erated data 

None NS	 Number of segments for 
curve fitting purposes 

N NP	 Total number of input 
data points 

None N (I)	 Number of points in Ith 
segment 

None ND(I)	 Degree curve fit desired 
for Ith segment 

None DX	 Tabulation interval for 
regenerated data 

4 
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Definition of Symbols (Cont'd)
 

t 

None 

c 
0 

c
f 

None 

x m 

c
 

x

f 

0
 

None
 

None
 

None 

None 

TME 

CVF 

CMDH 

CMDL 

ID 

XM 

CAF(I) 

XF 

0 

DP 

DERF 

DERP 

DTI 

Diffusion time 

A factor for converting 
the computed diffusivities 
to desired units 

Maximum concentration 
of component A in the 
diffusion couple 

Minimum concentration of 
component A in the diffusion 
couple 

Hollerith information for 
output identification 

The Matano interface 

Concentration at which 
diffusivity is calculated 

Computed distance for a 
given concentration c 

Diffusivity obtained using 
error-function slope 

Diffusivity obtained using 
parabola slope 

Slope of the concentration-
penetration curve from 
error function 

Slope obtained from a 
parabola fit through the 
three tabular points nearest 
to XF, CAF (I) 

Concentration interval at 
which diffusivities are 
calculated 
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Outline of Program Operations 

The program performs the following operations in the order listed: 

1.	 Normalizes the input concentrations by the transformation where c. is equal to the 
relationship expressed by the left term of equation 6. I 

2.	 For the normalized c ' finds z from the relationship given by the right term ofi
equation 6. 

These values result in a table of zi versus xi' 

3.	 Fits a least-squares curve of specified degree to Z., X.; i.e.,
I	 I 

= 

when n ~ 3. 

4.	 Using these curve fits, re-tabulates the data at a specified interval of x by comput
ing c. where c. is equal to the relationship expressed by the right term of equation 6. 

I I 

The	 resulting tabulation of c vs. x. is called the regenerated data. 
I 

5.	 Converts the regenerated data back to original units (un-normalized). 

6.	 Uses Simpsons's Rule integration to findlci (x)dx over the range of x. 

7.	 Translates the origin of the regenerated curve to (c , x ).
f	 m

8.	 Computes x and the area A* for CAF (I); CAF (1) = CMOH - OTI. 

9.	 Computes OERP, OERF. O. OP, for CAF (I). 

10.	 Tabulates CAF, 0, OP, XF, OERP, and OERF. 

11.	 Sets CAF (I + 1) = CAF (I) - DTI and repeats 8, 9, 10, and 11 until CAF (I) = CMOL 
- DTI. 

12.	 Reads input data for next case or returns control to the FORTRAN Monitor if this is 
is the last case. 

Discussion of Operation 

The main purpose of this discussion is to enable the reader to use the program with a 
reasonable amount of effort. A FORTRAN Language listing is provided in Appendix A and 
is considered an adequate documentation of the program. A job deck punched from this 
list can be used to compile and run the program on the IBM 7090 computer, using the 
standard FORTRAN system. The only requirement is that the system peripheral input tape 
be Logical Tape No.2, and the system peripheral output tape be Logical Tape No.3. If this 
is not the case simple changes to the input-output statements of the program will eliminate 
this necessity. 

6 
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Three quantities must be determined from an experimental curve of concentration ver
sus distance in the diffusion zone. First, the Matano interface, which defines the zero point 
on the abscissa, must be obtained. Next, a computation of the diffusivity at a specified con
centration requires that the slope of the curve and the area, A*, be evaluated at the concen
tration, c, for which the diffusivity is to be calculated. It is readily apparent that the values 
of 0 obtained from such an analysis are very sensitive to the particular curve drawn 
through the experimental points. In many cases two apparently reasonable freehand curves 
through the experimental points will yield slopes differing by a factor of two or more at 
some points. The Matano interface and the area A·, will also be affected but to a lesser 
degree. Thus, the curve fit used is the crux of the problem in the analysis of diffusion 
data. 

The experimental data are used to construct a concentration-penetration curve by fitting 
a low order (first, second, or third degree) least-squares polynominal to a plot of z (as 
defined earlier) versus x, the distance along the diffusion zone. The concentration function 
is set equal to zero and 1000 at some values of distance chosen to define the width of the 
diffusion zone. It frequently happens that a straight line is sufficient to describe most of 
the data. However, in the case where two straight-line segments must be used in a single 
phase field, a second degree fit may be used in the region of intersection to avoid a dis
continuity in the slope. A new concentration-penetration curve, called the regenerated 
curve, is calculated from the least-squares fit and tabulated at equal distance intervals. 
The concentration function is then converted back to the original concentration units. The 
quality of the curve fit thus obtained is checked by comparison with the original data; the 
fit is considered satisfactory if the original data are reproduced to within the estimated 
experimental accuracy. An additional check is available for multi-phase couples since the 
regenerated curve must yield the phase boundary compositions at the x-coordinates of 
discontinuities. 

The Matano interface is found by numerical integration of the entire curve by the follow
ing scheme. By referring to figure I, this interface is defined such that A = A'; the area 

x 
A can be calculated by subtracting the area fam cdx from the large rectangle (co - cf) 

(x - 0) where x = a in this case is the distance coordinate of the last point where 
m x 

c = 1.000 (reading from left to right). Now the area A' is obviously f n cdx, where x n x 
is the distance coordinate of the first point for c = 0.000. Thus, since rnA = A', 

= cdx l 
xn 

+ 
Xm 

cdx 

(7) 

= 
rXn

J cdx 
o 

The integral is simply the area under the concentration-penetration curve in the diffusion 
zone. If c = a and c = I, the numerical value of this area is x . To perform the remain

f o m 
der of the analysis, the distance axis may now be shifted such that x = O. 

m 
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The curve which is used to fit the raw data is of the general form: 

2 3 
Z = Ai + BI x + OJ x + E j x (8) 

For the ith segment: 

de = ll.~ 
dx dx dz _~2 (9) 

( B i + 201 x + 3 E i x 2 ) e 2 
= 

~ 

Thus, the slope of the regenerated curve on a cartesian plot can be calculated using the 
coefficients of the polynomial which fits the data on a probability plot and the derivative 
of the normal distribution function with respect to z. For a given value of c for which D 
is to be calculated, the program determines the segment of the probability plot upon which 
it falls, retrieves the coefficients, B., D., and E., and computes the slope by the above 

1 1 1 

method. Another method (used also as a check) fits a parabola to the three tabular points 
on the regenerated cartesian plot nearest that for which the slope is to be calculated. If 
the tabulation interval is small enough, the slope of such a parabola at the point of interest 
will be very nearly that of the true curve. In fact, for the cases investigated, the difference 
between these slopes rarely exceeds 10 percent and is frequently much less. 

Finally, the area A* is calculated. From figure 1 we note that A* may be divided into 
three segments. The distance coordinate of the composition for which D is to be calculated 
is called x and the distance coordinate of the nearest tabular point, x

k
. The subscript

f 
k increases for x to x as defined above. Four cases occur in the computation of A*; these o n 
necessitate different methods of finding Sl, Sa, and S3' 

Ca•• I: Xk< Xf < xm 

5. = (xm - xf ) (co - C ) 

I52 = (x f - xk)(co - c) - 2'( xf -xk)(c +ck) 

1xk 
5. = (x - o )(co - C ) - 0 cd xk 

= 

= 

= 

8 
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= 

= 

= 

Sf = 

52 = 

= 

The diffusivity is the product of 2~' ~~ and A* as shown in equation 4 (c). 

Input Preparation 

The preparation of data for input to the computer involves some preliminary work to 
determine the type of curve fit desired. First, the data are normalized as described in 
equation 5 or 6. Next, they are plotted on probability coordinates versus the distance 
along the diffusion zone. It is determined from visual observation whether the data may 
be adequately represented by a straight line, a curve, or by various combinations of the 
two. The selection of a second or third degree fit for the curved segments is rather 
arbitrary and, generally, either may be used. However, one or the other occasionally 
matches more smoothly with the other segments at the points of intersection. 

Based on the above considerations, the total curve is divided into segments and the 
number of experimental points on each segment determined. The x-coordinates of any 
discontinuities, Le., phase interfaces, are also recorded. 

All symbols used are program symbols as previously defined. The first card of the 
input deck can contain any combination of legal Hollerith characters. Columns 1 - 72 of 
this card will be printed with the output for identification purposes. The following quantities 
are entered with a format of 13, beginning with column 1 of the second card in the order 
shown: NS, NP, N (1), N (2)... N (NS), NO (1), NO (2), ... , NO (NS). All of the above must 
be right justified in the field. No decimal point is used. Beginning with the third card, the 
quantities listed below are entered five per card in the order shown, using a format of 
E 13.7: TX (I), TY (I), OX, TME, CVF, CMOH, CMOL, OTI. Another card is not started 
if the tabulation of a given variable does not fill the last field of a card. If the input data 
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contains discontinuities, the value of x at which the discontinuity occurs is entered with a 
corresponding negative concentration. This point is used only to locate discontinuities and 
is not considered part of any segment. It must, however, be included in the total number 
of points, NP. 

Error Messages and Stops 

There are no stops in the program. A stop normally occurs only when the input data is 
exhausted. Errors in input data can cause the FORTRAN system to terminate the problem. 
The program writes an error message on the output tape when the following conditions 
occur: 

1.	 The solution for the intersection between two segments yields no root that falls 
between the last point on the ith segment and the first point on the (i + l)th segment. 
The message printed is: BREAK POINT ERROR. The roots found are printed follow
ing the message. The program processes the data as usual but the results obtained 
are questionable and changes required in curve fit are indicated. 

2.	 When tabulating 0 versus concentration, the program fails to find a segment on which 
a given value of concentration falls. The message ;:>rinted is: PROGRAM FAILED 
TO LOCATE SEG. FOR CA = C. 

3.	 The value of x found for a given concentration does not lie between xk _ 2 and xk + 2f 
when x is the distance, in the regenerated data, such that the corresponding concen

k 
tration is nearest the concentration at which D is to be calculated. The message 
printed is: UNSATISFACTORY XF FOR CA =C. 

Output 

The first line of output is always the data ID card. This is followed by a tabulation of 
the input quantities NS, NP, N(l) ... N(NS), and c. (x.) versus x. in the order listed. All 

1	 1 1 

other output is clearly identified and needs no further explanation. A sample output is 
given in Appendix B. 

Limitations 

Although the following are limitations of the program as presented, most of them can 
be removed by simple changes to the program. 

1.	 A maximum of 200 points of input concentration data. 

2.	 A tabulation internal for x must be chosen so that there will be no more than 2000 
data points of regenerated data. 

3.	 Least-squares curve fits specified must not exceed 3rd degree. 

10 
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4.	 The number of points in anyone segment of concentration input data must not be
 
greater than 100.
 

5.	 Input concentrations must be non-increasing with increasing x. 

DISCUSSION OF RESULTS 

A typical curve fit obtained from this program is shown in figure 5. This is the carte
sian plot reconstructed from figure 3. The first six and last seven points in figure 3 were 
fitted with straight lines, While the center segment was fitted with both a second and a 
third degree polynomial. This was done primarily to obtain the best possible fits at the 
intersections of the linear segments. It is evident that no difference is detectable on the 
cartesian plot, but the diffusivity versus concentration relationship for this couple, shown 
in figure 6. shows noticeable changes at the concentrations corresponding to the inter
sections. It seemed that the diffusivity calculated using the slope of a parabola fitted to 
the three tabular points nearest the concentration of interest may exhibit a more contin
uous behavior in these regions. However, little is gained by this procedure, as illustrated 
in figure 7. Although it is somewhat difficult to explain the physical basis for these changes, 
the computed diffusivities are believed to be more accurate than those calculated by manual 
techniques. 

An example of a pure metal/alloy couple which forms no intermediate phases on diffusion, 
e.g., copper/alpha brass. is given in figures 8. 9. and 10. The probability plot. figure 8, 
illustrates the linear relationship on one side of the original interface and nonlinear behav
ior on the other. In this case a second degree fit was us~d for the latter. The reconstructed 
concentration-penetration curve is shown in figure 9 along with the experimental points. 
The corresponding relationship of diffusivity versus concentration is shown in figure 10. 

Finally. the case of a pure metal/pure metal couple which forms an intermediate phase 
on diffusion is shown in figures 11 and 12. A probability plot for this pair is given in figure 
4. The values of phase boundaries obtained from the reconstructed data agree extremely 
well with those obtained by other techniques (ref 10). Again the diffusivity-concentration 
relationship shows a sharp change at the intersection of the two linear segments on the 
probability plot. Computing the diffusivity by using the parabola slope does not appreciably 
affect this behavior. Values of 0 calculated by a graphical technique are also shown in 
figure 12. Although agreement is generally good, the graphical technique does not show the 
sharp change which characterizes the computer values. 

An analysis of each step in the calculation of 0, comparing graphical integration and 
differentiation with values obtained by the computer, shows that the only appreciable dis
crepancy occurs in the computation of the slope of the concentration-penetration curve. 
The fact that the values obtained by the computer are calculated by two essentially inde
pendent methods, yet usually agree to within five percent or better, leads us to believe 
that these are the more accurate values. 

A point which might be raised in connection with the curve fitting technique is the follow
ing: if, over some composition range, a linear relationship holds between x and z (or u) 
in equations 5 and 6, this implies a constant diffusivity in that range (ref 5). This diffusi
vity, 0 , may be calculated directly from the slope of the linear segment. However, a 
constant diffusivity is not obtained by the Matano analysis, as shown in figures 6, 7, 10, 
and 12. A careful examination of equation 5 (or 6) will show that if only one straight line 
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which passes through an origin defined by choosing the original interface as x = 0 could 
be used to represent the experimental points, the Matano analysis would yield a constant 
D that would be the same as D'. It is not obvious, however, that the Matano analysis per
formed on a composite cartesian curve constructed from two or more linear segments 
will yield constant diffusivities over the linear regions; in fact, it docs not for the cases 
investigated, although the variation of diffusivity with concentration is frequently quite 
slight. 

CONCLUSIONS 

The program described in this repon represents a major improvement in accuracy and 
reduction in time in the analysis of binary diffusion data. Using a binary deck to avoid com
pilation time, a typical analysis can be completed in thirty seconds. In the case of multi
phase couples the output provides useful information on phase boundary compositions in 
addition to the diffusivity calculations. 

Although not an original development of this program, onc outstanding advantage of the 
curve fitting technique is the ability to obtain a maximum of information from a minimum 
of data. For instance, if a diffusion zone is extremely narrow so that only one data point 
may be obtained in a particular phase, a linear fit may be made on probability coordinates 
using this point and the phase boundary composition, which must exist at the interface, as 
the other (assuming this is known). While the absolute values of the diffusivities calculated 
in such a region are cenainly questionable, at least some curve may be constructed 
through these points, and, since its contribution to the total area is usually very small, it 
is possible to calculate reasonably good diffusivities for the other ponions of the curve. 

Finally, it should be pointed out that While the concentrations and distances used in the 
examples given are in terms of atomic fraction and centimeters (or inches) respectively, 
this need not be the case. If the variation of molal volume with composition is known for 
the system under investigation, the input concentrations may be converted to the units of 
atoms/unit volume and the distances to lattice spacings. The computed diffusion coefficients 
will then be corrected for molal volume changes in the diffusion zone, if there is no gross 
porosity. 

12 



ASD-TDR-62-858
 

LIST OF REFERENCES 

1.	 Fick, A., Annalen der Physik. Leipzig, Vol. 170, p. 59 (1855) 

2.	 Kirkaldy, J. S., Canadian Journal of Phy.sics. Vol. 36, p. 899 (1958) 

3.	 Boltzmann, L., Wied. Ann. Vol. 53, p. 959 (1894) 

4.	 Matano, C., J..€!P.an Journal of Phy.sics. Vol. 8, p. 109 (1933) 

5.	 Jost, W., Diffusion in Solids. Liquids. and Gases. Third Printing with Addendum, 
Academic Press, Inc., New York (1960) 

6.	 Hall, L. D., Journal of Chemical Physics. Vol. 21, p. 87 (1953) 

7.	 Baroody, E. M., Transactions AIME. Vol. 209, pp. 819 - 822 (1957) 

8.	 Da Silva, L. C., and Mehl, R. F., Transactions AIME. Vol. 191, p. 155 (1951) 

9.	 Rapperport, E. J., Data to be published from Contract No. AF33 (616) -7382 (1961) 

10.	 Kaufmann, A., Rapperport, E. J., Smith, M. F., et a1., WADD TR 60-132, Part I 
(Oct 1960) 

13 



.... .... 

1.000i 

.7501 

~~Uu . , 

u 0 

II .500-, 

."84 
".

".\ 

• TABULAR POINTS 
o POINT AT WHICH THE 

COMPUTATION OF 0 
IS TO BE PERFORMED 

As Sl+S2+S3+S4 = A' 
51+52+53 =A* 

.250

-u . 

" ". "A' ., 

O 

..... 
......D ' , I " I ; ....... 

IF 
I I • 

I 
I I I ........... 

I X X m I I I ,,,,,,,,-, 

...1 k kll ,-. 

DISTANCE Xn 

Figure 1. Schematic Concentration-Penetration Curve for a Semi-Infinite Diffusion 
Couple 

> 
~ 
I 

d 
~ 
I 

0
t-:) 
I 

00 
CJI 
00 

-~ 

CAk-1 
CAk 
CAF 
CA k+1 

' 
, , , , I 



ASD-TDR-62-858
 

3
 

2
 

1
 
t 
I
o1
9
 8 6 5 4 3 

-3 

Figure 2. Probability Plot for the System Cu-Ni for 362 Hrs. at 947°C 

15 



~ 

01. 

-3
 

-2
 

-1 

f II 1 2 3 4 Ii & 1 8 9 1'0 1'1 1'2 1'3 14 1'~ lVil I'. I' 2. 21 

1 

2 

3 

Figure 3. Probability Plot for the System Cu-Ni for 312 Hrs. 

X (el) (110~ ) 

:> 
tf} 

at 1054°C o 
I.., 
o 
~ 
I 

01. 
N 
I 

00 
U1 
00 



ASD-TDR-62-858
 

x
 

8
 

5
 

-3 -2 -1 o 1 2 3
 
(-) I (+) 1
 

Figure 4. Probability Plot for the System W-Ru for 168 Hrs. at 1800°C 

17 



00 
....
 

1m 
'-..... "'0--. • ""'i5 ~I"\ 

0= EXPERIIENTAL POINTS 

-:; 0.6 'V =COMPUTER CALCULATED 3rd DEGREE 
FIT OF CENTER SEGMENT 

~ 0.5 • =COMPUTER CALCULATED 2nd DEGREE .... ~ 

FIT OF CENTER SEGMENT.0.4 
c =0.3 

o-l • • • •	 1 • • ~'T.i I • • • • • • • 

o	 2 4 6 8 10 12 14 16 18
 
DISTANCE (x10 1 cm ]
 

> 
~ 
I.,

Figure 5. Concentration-Penetration Curve for the System Cu-Ni for 31 Z Hrs. at CJ
1054°C :::0 

I 
0
N 
I 

00 
CIt 
00 



ASD-TDR-62-858
 

44
 

42
 

40 

38
 

38
 

34 • SECOND DUREE FIT OF 
32 

30 
\ THIRD DURn F~T OF CENTER SUinT 

28 .....
~•
\.
u 

-x 

CENTER SUinT 

c::a 

8 

:~~~,. 
2 

oL...---0L-.'-~0L-.2----::0"'--:.3=----0-'--.4--:0-'--.5=----:0:-'-.8::----:0:"-.7=-----:0:"-.8=---0=-'-.::-'---:-'-::'.0 

ATOILIC FRACTION COPPER 

Figure 6.	 Interdiffusion Coefficient versus Concentration for the System Cu-Ni 
for 312 Brs. at 1054°C 

19 



ASD-TDR-62-858 

·f
/

I 
... 
I..)( -~
!'t-

-•U

CENTER SEGMENT FIT BY SECOND DEGREE POLYNOMIAL 

• COMPUTED BY PARABOLA SLOPE 

COMPUTED BY ERROR FUNCTION SLOPE 

Olr.--_--..L-__-...-_--I__-J-__..L..-_----L__..L-__'---_........_--I
 

0.1 0.2 0.3 0.4 0.5 0.' 0.7 0.' 0.' 1.0 

ATOMIC FRACTION COPPER 

Figure 7. Diffusivities in the System Cu-Ni at I054°C 

20 



ASD-TDR-62-858
 

SEGMENT a 

20 30 40 50 60
 

Figure 8. Probability Plot for Cu-Alpha Brass Couple for 507 Hrs. at 837°C 

21 



ASD-TDR-62-858
 

30 

Co) 20 
~ ..., 

=z:
~ 
Co) 
C 
GI:.... 
Co)-2= 10~ 
c 

10 

REGENERATED POINTS 

o EXPERIMENTAL POINTS 

Figure 9. Concentration-Penetration Curve for Cu-Brass Couple for 507 Hrs. 
at 837°C 

22 



ASD-TDR-62-858 

-= 
= 1ft 

= 
1ft.. 
= =.. 

I 

/
I. 
/
i 
i. 

= 
1ft 
~ 

.. 
::z:: 
""
'" E 

u 

=. =~ 

" = = - 1ft 
N 

X 

~ 

~ 
~ 
en = .... 
!:!: 
c::II 

= = N 

= 
1ft-
= =-
= 
1ft 

I 
i 

/
/

,/,. 
" ~...... 

• ~., ••#'• ...... 
=0 10 20 30 

ATOMIC FRACTION ZINC 

Figure 10. Diffusivity versus Concentration for Cu-Brass for 507 Hrs. at 837°C 

23 



t-,) .... 

~ . REGENERATED
 
gt .... 0 .... 0 .... 0 . DATA
 
.-

8 EXPERIMENTAL 
0. POINT 

o 
c::::) =In '0 

ca::: • o 
0.:z 

C) 000 ..... o 
c
~ 

ca:::=..... = In 
u a Ru 
::E 

00088e·. .....=
c 

= In
 
N
 cr 

l aW 
10 
I : 0 • ...

=0 1.0 2.0 3]1 4.0 5.0 6.0
 
DISTANCE
 

(Xl0""3 in. @ 45 0 to the diffusion direction) 
:> 
~ Figure 11. Concentration-Penetration Curve for W-Ru Couple for 168 Hra. at I..,

1800 a C o 
~ 
I 
0
t-,) 
I 

00 
C/l 
00 



ASD-IDR-62-858
 

.... /Calculat.d By 
1111 VI( Hand By Differ.nt 
~A Individuals 
.•.. Comput.r Calculat.d 

co 

-I 0

-
M

.-..
""' i 
N 

E 
Col-

I:Il 
l· 

r' 
-.J 

20 
... Ru 

40 50 60 70 80 01 
CA (Atomic Fraction Of RU) 

Figure 12. Diffusivity versus Concentration for W-Ru for 168 Hrs. at 1800°C 

25 





ASD-TDR-62-858
 

APPENDIX A
 

PROGRAM LISTING
 

27 





ASD-TDR-62-858
 

DIMENSION C1l32,81,C2(32,al,E~RORS(4,4,21,A(100,51, 

I DUMMY ( 13 321 , TXI 200 I , TY ( 2CO I , X(20°CI ,C A( 2000 I ,N I 101 , SliP ( 101 , 
2SP( 10 I , 5Q ( 10 I , 10 ( 12 I , NO ( 10 I , SR( 10 ) , 5Tl 10 ) ,C ( 5 II ,R ( 100 ) 

COMMON OUMMY,A,CA,XB,H,N,X,KB,CAF,O,TME,CAMAX,CAI,CVF,SBP,SP,SQ, 
IKK,OX,XF,NS,CMDH,CMOL,DTI,SR,ST,TPM,IO,~D 

3 FORMAT( IHI,24X, 12A6/11/)
 
4 FORMAT I IH 21 IPE 15. 71)
 
~ FORMATI6X,JHXM=IPEI4.1,6X,5HTIME=IPEI4.1,6X,4HCVF=IPEI 4.11//11
 
6 FORMAT(IHO,5X,4HXII),12X,5HCA(I) ,6X,16HAFTER AXIS SHIFTIII)
 
5 CALL SI:TUP
 
10 CAF=CMDH-CMDL-DTI
 

CAI=C"'OL
 
H=DX
 
N=KI\.
 
DO 9 [= I, N
 

9	 CAl I I=CA( I I-CAl 
CAMA l(=CA ( II 
CK=O 
M=N/2 
IF(N-Z*MII06,105,106 

105	 N=N+I 
CK=1234. 
CA(NI=.5*(CA(N-21-5.*CA(N-l») 
X(NI=X(N-II+H 

106	 CALL SRrNTll,N,X,CA,S~) 

XB=SY/ICMOH-CMOLI 
DX=XH 
WRITE OUTPUT TAPE 3,8,XB,T~~,CVF 

W~ITf. OUTPUT TAPE 3,6 
IF(CKII01,l0~,l07 

101 N=N-I 
108 DO Ilu I=l,N 

X([)=X(l'-XA 
lUi WRITE OUTPUT TAPE 3,4,xll),CAI11 

WRITE OUTPuT tAPE 3,3,10 
120 CALL OINT 

IFICAF-orI)5,121,121 
121	 CAf=CAF-DTl 

GO TO 120 
ENUII,O,O,O,O,O,l,O,O,I,O,C,O,O,OI 
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SUBROUTINE DINT 

GO TO 504 
503 NOH=3 

C(l)=STlM) 
C(ZI=SR(MI 
CI31=SQIM) 
CI41=$PIM)-lF 

504 CALL ROOTS (C,R,NDEG,.COOl,CKl,CK2,CK3) 
DO 50t:! J=1,5,Z 
IFIR(J)-(XIK-Z)+DX»50B,506,506 

506	 IF(R(J)-(X(K+Z)+DX»501,5C1,508 
501	 Xf2=RIJ) 

XF=R(J)-DX 
GO TO 510 

508	 CONT INUE 
CTP=CAF+CMDl 
WRITE OUTPUT TAPE 3,600,GTP,R(1),R(Z),R(),RI41,RIS),R(61 
RETURN 

600 FORMATIIH 26HUNSATISFACTORV XF FOR CA= 
510 DERP=2.*XF*P+Q 

DlRf= DPCAF(SQ(MI,SR(MI,ST(M),XFZ,IF) 
DERf=(CMDH-CMDL)*OERF 

180 [F(Xf-1210,185,185 
185 Sl=CAF*XF 

IFIXF-X(KIIIB6,186,ZOO 
186 S2=ABSF( (IPCAF(X(K) )-IPCAF(XF») 

GO TO ZOl 
200 S2=IPCAF(XIK+l»-IPCAf(XFI 
201 If(XF-XIK)1 202,202,204 
Z02 LN=N-K+l 

LM=LNI2
 
If(lN-Z*lM) 20B,203,ZC8
 

Z03	 N=N+l 
IND= 1 
XIN)=.5*(CA(N-2)-5.*CA(N-l» 

ZOti	 Nl=K 
GO TO 207 

204	 LN=N-K 
LM=LN/2 
IFIlN-Z*LMIZ06,Z05,Z06 

ZOS	 N=N+l 
IND=l 
X(NI=X(N-ll+H 
CAIN)=.S*(CAIN-21-5.*CA(N-l)1 

206 NL=K+ 1
 
207 CALL SRINTINL,N,X,CA,SZ)
 

SliM=Sl+SZ+S1 
IFIINO) ZO~.Z61,Z09 

Z09 N=N-l 
GO TO 261 

Z10 Sl=(CAMAX-CAFI*ABSf(XF) 
IfIABSF(XF)-ABSFIX(K»)Z50,ZlS,Z15 

F4.3/6E18.11
 

215	 S2=ABSFICAMAX*(XF-X(K-l»I-AASF(IPCAF(XFI-IPCAF(X(K-11II 
lM=(K-UI2 
IF(IK-ll-Z*LMIZ18,211,Z18 

Z17	 CA(KI=.S*(CA(K-Z)-5.*CA(K-l» 
Nl=K 
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SUBROUTINE OINT 
OIMENSIoN Cl(32,81,C2(~2,81,ERRoRS(4,4,2),A(100,5), 

lDUMM Y( 1332) , TX( 2001 , TY( 200) ,X ( 2000) ,CA (2000) , NIl 0) , SBP( 10) , 
2 SPliO 1,S Q I 10 I, 101 12) ,N D I 101 , SR ( 101 , ST( 10) ,C ( 51 ) , R( 1001 

COMMON DUMMY,A,CA,XB,H,N,X,KB,CAF,U,TMc,CAMAX,CAI,CVf,SBP,SP,5Q, 
lKK,UX,XF,NS,CMoH,CMoL,DTl,SR,ST,T~M,ID,ND 

7 FORMATIIHO,6X,7HFo~ CA=F4.3,5X,2HO=IPEI0.3,5X,3HDP=[10.3,5X, 
I~HXF=cl0.3,5X,SHDERP=EI0.3,5X,5HoERF=EI0.3,5X,5HSlG12/1 
oPCAF(R,S,T,U ,V)=(R+2.*S*U+).*T*U**21*I(EXPFI-IV**2)/2.1) 

112.506631
 
IPCAFITI=(P/3.I*T*.3+IQ/Z.I*T*.2+n*T
 
INO-=O
 

C HERE WE FIND INDEX OF TABULAR VALUE OF CA NEAREST CAF
 
00 115 l=I,KK
 
IFICAI II-CAF) 105,108,115
 

C ABOVE STATEMENT ASSUMES CAlI) =CAII+III=I,Z, ••• N
 
105 IFI.ARSFICAII)-CAF)-ABSFICAII-I)-CAF» 106,106,108
 
106 K= 1
 

GO TO 120
 
108 K=I-l
 

GO TO 120
 
115 CONTINUE
 
120 SAVE=CAIKI
 

DEL=XIK-ll·*2·IXIKI-XIK+ll)-XIK-l~lxIKI**2-XIK+II·*21 

1+IXIKI**2*X(K+II-XIK+11**Z*XIKII 
DP=CAIK-l)*(XIKI-x(K+ll)-XIK-ll*ICAIK)-CAIK+l)1 

l+CAIKI*XIK+II-CAIK+II*XIKI 
DQ=XIK-ll**2*ICAIKI-CAIK+111-CAIK-II*IXIK)**2-XIK+I)**2) 

I+XIK)**2*ICAIK+l»-XIK+l)**2*(CAIKII 
DR=XIK-l)**2*(XIK)*CAIK+II-XIK+l)*CAIK»


lXIK-l)*IXIKI**2*CAIK+II-XIK+11**2*CA(K»+
 
2CA(K-l)*IX(KI*·2*XIK+l)-XIK+l)**2*XIK»
 

P=DP/OEl 
Q=DQ/DEL 
W=DR/DEl
 

122 ARG=CAF/ICMOH-CMDl)
 
C 122	 CONVtRTS CAF TO NORMALIZED SYSTEM. MAKES XF CALCULATION CONSISTENT 

CALL WWERFNI-l.,ARG,IFl 
DO 130 J=l,NS 

124 M=J
 
IFISBPIJ)-CAI-CAFI119,179,IJO
 

130 CONTINUE
 
CTP=CAF+CMDL
 

175 WRITE OUTPUT TAPE 3,166,CTP
 
GO TO 300 

166 FORMATIIH ,~IHPROGRAM fAILED TO LOCATE SEG. FOR FeR CA=F4~3) 

179 JC=NOIM) 
GO TO	 ISOI,5D2,503l,JC 

501	 NDEG= 1
 
CIl)=SQ(M)
 
C(Z)=SPIM)-lF
 
GO TO 504
 

502	 NOEG=2
 
C(l)=SRIMI
 
CI21=SQ(M)
 
C(3)=SPIM)-lF
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SUBROUTINE DINT 

GO TO 220 
2 HI NL =K-l 
220 CALL SRINTll,Nl,X,CA,Sll 

CAIK)=SAVE
 
S3=ICAMAX)*IX(K-1)-XI1)I-Sl
 
SUfJ,=Sl +52+53
 
GO fa 261
 

250	 SAVE=CAIK+l) 
S2=AHSFIXf-XIK) )*CAMAX-ABSfIIPCAFIXFI-IPCAFIXIK») 
lM=KIJ 
If(K-Z*lMI252,25l,252 

251	 CAIK+l)=.5*ICAIK-l)-5.CAIK» 
IIlL=K+l 
GO TO 253 

252	 Nl=/l. 
253	 CALL SRINTll,Nl,X,CA,SZI 

CAIK+l )=SAVE 
S3=ICAMAX)*IXIK)-XI 1) )-51 
SUM=Sl+S2+S3 

2b1	 D=-ICVF*.2).1.5/TME).11./DERF).SU~ 

DE=-ICVF·*ZI*I.5/TME)*11./OERP)*SUM 
CTP=CAF+C~DL 

WRITE OUTPUT fAPE 3,7,CTP,C,OE,XF,UERP,CERF,M 
300 RETURN 

ENDll,O,O,u,O,O,l,O,O,l,O,O,O,O,O) 
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SUHROUTINt SETUP 
DIMENSION Cll3Z,81,CZl3Z,81,EiH<ORSI4,4,Z"AI100,SI, 

1DUMM Yl 13 32 ) , TXI ZOO) , TYl ? CC) , X( 2000 I ,C A(20 001 ,N ( 10 ) , SBP ( 10) , 
2 SP I 10 I , SQ ( 10 I , I U( 12 I , f\ 0 lie I ,S R l 10 I , STl 10 I ,C ( 51 ) , R I 100 I 

COMMON OUMMy,A,CA,XH,H,N,X,~B,CAF,C,TME,CAMAX,CAI,CVF,SBP,sP,SQ, 

IKK,DX,XF,NS,CMDH,CMDL,DTI,SR,ST,TPM,IO,ND
 
1 FORMAT(24I3)
 
2 FORMATl5EI3.71
 
, FO~MAT(lH 2F15.5)
 
4 FORMATllH 3( 1Pt:: 14.1 I I
 
5 FORMAT(3XI21
 

6 FORMATIIHO,11x,16HREGENERATED DATAII,1X,8HDISTANCE,8X, 
113HCONCENTRATIONIIl
 

1 FURMAT(12A6)
 
8 FORMATlIH1,24X,12A61
 

READ INPUT TAPE 2,7,10 
READ INPUT TAPE Z,1,NS,NP,lN( II ,I=l,NS) "NO( I 1,I=l,NS) 

CREAD IN NO SEGMENTS,NO POI~TS, AND NO POINTS IN EACH SEGMENT 
KEAD INPUT TAPE 2,2,(TX(II,I=1,NPI,(TY(II,I=1,NPI,DX,TME,CVF, 

lCMDH,CMDL,DTI 
C READ IN ORIGINAL DATA POINTS 

WRITE OUTPUT TAPE 3,8,ID 
WRITE OUTPUT TAPE 3,5, NS,NP,(N(II,I=l,NS) 
WRITI:: OUTPUT TAPE 3,~,lTX(I),TY(II,I=1,NPI,DX 

DO <1 MM=l,NP 
<1	 TY(MMI=(TYlMMI-CMOLI/(CMUH-CMDLI 

C	 ABOVE LOOP CONVERTS DATA TG NOR~AlllED SYSTEM 
NUX=l 
XBp::O 
PXBP=u 
K=l 
KK=1 
l=O 
ASSIGN 60 TO LK 
DO 100 I=l,NS 
ASS IGN 93 TO LI 
L=l+N(11 
GO TO LK,(60,~OI 

60	 MK=O
 
00 10 J=K,L
 
MK=MK+l
 
A( MK,l 1=TX( J 1
 
CALL WWERfN(-l.,TY(JI,RESULTI
 

10	 A(MK,ZI=RESULT
 
K=l+1
 
C1(3,11=0
 
C1(4,11=0
 
CALL LSCF2(O,NO( 1I,3,LOOK,Cl,CZ,ERRORS,Nl!I,11
 
If (I-NS) 11,94, 11
 

11 IfIIYlL+l)I~5,90,90 

80	 Al=Cll1,1I
 
81=CllZ,11
 
01=(1(3,1)
 
El=C1l4,l)
 
MK=O
 
DU 20 J=K,L
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SUBROUTINE SETUP 

Mr<=..,K+l 
I\(MK,I)=TX(JI 
CALL WWERFN(-I •• TY(J),RESllT) 

20 A(MK,2)=RESULT 
K=l+1 
C1I3,11=0 
CU4,1)=0 
CALL LSCF210,NDIII,3,lOOK,CI,C2,ERRORS,NII),I) 
A2=CU 1, 1) 
62=C1(2,1) 
02=C1(3,11 
1::2=C 1(4,11 
C(II=EI-E2 
C(2)=DI-02 
C(3I=BI-B2 
C(41=AI-A2 

40 
IHC( 1) 143.40,43 
Cf 11 =C ( 2 I 

4 1 
IFfC( 11142,41.42 
C( 11 =C (3 1 
CI2)=CI4) 
NDEG=l 
GO 10 44 

42 NOI::G=2 
C(21=CI]) 
C(31=C(4) 
e.O TO 44 

43 NLJE-G=3 
44 CAll ROOTS(C.R,NDE~•• CCOCC1.CKl.CK2.CK3) 
30 Nl [=L-NI I I 

DO 33 KJ =1, 5, 2 
Ifl~IKJ)-TX(NLII 133,31,31 

31 IFIRIKJI-TX(NLI+II)32,32.33 
32 XBP=RIKJI 

GO TO 35 
33 CONTINUE 

XMV= ITX(Nll)+TXINLI+III/2. 
Pl=ABSF(Rfll-XMVI 
P2=AASF(RI3)-XMV) 
P3=AB~FfRI51-XMVI 

IF(Pl-MINIFIPl.P2,P31.46,50,46 
46 IFIP2-MIN1~fPl,P2,P3)41,4q,47 

41 XBP=RI51 
GO 10 35 

49 XBP=R(3) 
GO ra 35 

50 XBP=R(ll 
~Rl1E OUTPUT TAPE 3,34 
WRITE OUTPUT TAPE 3t200,R(1I,R(21,~131 ,R(41,R(51,~(61 

GO TO 35 
34 FORMAT(lH 17HBREAK POINT ERROR) 
200 FORMAT(lH bEIS.1) 
35 IF(I-2121,25,21 
21 JJ=L-Nl I I-N( 1-1 I 

IFITYIJJ)125,26,26 
25 PXBP=XIKK-Il 
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SUBROUT INE SETUP 

GO TO	 28 
26	 PXBP=X(KK-l)+DX 
28 U=PxBP 

C FINO CONCENTRATION 
C FOR USE IN FINDING 
C SEE STATE~ENTS NEAR 

IF ll-NS) 89, 61, tj9 
61	 SI:3PINS)=O 

(jOTO 63 

AT END OF EACH SEGMENT 
SEG. ON wHICH INPUT CA FALLS 

124 OF DINT 

89 AKG=Al+Bl.XBP+DI*XbP.*2+(I*XRP**3 
CALL wWERFNll.,ARG,SHP(NDX)) 

63	 SPINOX)=Al
 
SQ 11\00 :; 1:3 1
 
SR(NDX)=Dl
 
STlNDO=El
 

C	 SAVE AND IDENTIFY COEFFICIENTS 
NDX=NDX+l 
D(J 71 LL=I,20CO 
l=Al+81*U+Ol*U**2+El*U··3 
CALL WWERFNll.,l,RESULT) 
X(KK)=U 
IfIKK-l)66,65,66 

65	 CAIKK)=l. 
GO TO 70
 

66 IfIRESULT-.OOOl)67,67,69
 
61 CAIKK)=O.
 

GO TO 92
 
69· CAIKK)=RESULT
 
10 U=U+OX
 

KK=KK+l 
IF(XBP-U)92,92,71
 

11 CONTINUE
 
92 GO TO LI,193.100)
 
93 IF ll-NS) 95,94,95
 
94 JJ=L-Nlil
 

IFITYIJJ)91,91,96
 
91 PXBP=X(KK-l)
 

GO TO 97
 
~6 PXbP=X(KK-l)+DX
 
91 ASSIGN 100 TO LI
 

XBP=TX(NP)+10.
 
Al =C 1 I 1. U
 
B1=C 1 I 2. 1 )
 
01=C1I3,1)
 
El=C1l4. U
 
GO TO 28
 

95	 IF(TY(L+I»)11,18,ld 
11	 ASSIGN 60 TO LK
 

ASSIGN lCO TO LI
 
IF(I-l)21,16,21
 

21 JJ=l-N(I)
 
IFITYIJJI)16,16,I9
 

19 PXBP=X(KK-l)+OX
 
GO TO 15
 

16 PXBP=XIKK-l)
 
15 K=L+2
 

AND BReAK POINTS 
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SUBROUT INE SETUP 

L=l+l
 
X8P=TX(l)
 
Al=Clll,l)
 
Bl=C lC 2, 1)
 
Dl=C lC 3,1 )
 
El=ClC4,U
 
GO TO 28
 

18 PXBP=XlKK-1)+OX 
GO TO 100
 

90 ASSIGN 80 TO lK
 
100 CONTINUE
 

WRITE OUTPUT TAPE 3,6
 
KK=KK-1
 
DO 106 MM=l,KK
 

106 CA(MM)=CAIMM)*ICMOH-CMDl)+CMDl 
C ABOVE LOOP CONVERTS DATA BACK TO ORIGINAL 

DO 105 M=l,KK 
105 WRITE OUTPUT TAPE 3,3,XIM),CAIMI 

OC 178 J=l,NS 
128 SBPIJ)=SBP(JI*ICMOH-CMULI+CMDL 

CABOVl LOOP CONVERTS CONCENTRATION BREAK POINTS 
RETURN 
ENDl1,0,0,0,0,0,1,O,0,1,0,O,O,0,01 

SUBROUTINE SRINTlN1,N,X,Y,SYI
 
DIMENSION Xl20001,Y(2000)
 
SY=O
 
M=I~-2 

H= XI N1+ 1 1- X( N11
 
DO 150 I=Nl,M,2
 
IF( X( I I-X I 1+ 11 III C, 120,110
 

110 IFIXI I+lI-X( 1+211140,130,140
 
120 SY=~Y+(H/2.1*(YII+ll+Y(I+211
 

GO TO 150
 
130 SY=SY+111/2.1*IY( II+Y(l+lIl
 

GO TU 150
 
140 SY=SY+(H/3.1*(Y(II+4.*Y(I+1I+Yll+211
 
150 CONTINUL:
 
III Rt:TUKN
 

ENOll,O,O,O,O,O,l,O,O,l,O,C,O,O,O) 

ASD-TOR-62-858
 

SYSTEM 

TO ORIGINAL SYSTEM 

36 



ASD-TDR-62-858
 

SUBROUTINE WWERFNII,Z,RESULTl
 
IFIIlI00,200,240
 

100	 AI=2.515517 
Al=.802d53 
A2=-.01032d 
81=-1.432188 
82=.189269 
B3=.001308 
IFIZ-.5)110,110,120 

110	 X=Z 
GO TO 125 

120	 X=1.-1 
125	 P=SQRTF(-2.*LOGF(Xl) 

Q=-P-I(AI+Al*P+A2*P·*21/11.+Bl*P+B2.P**2+B3*P·*311 
IFll-.51130,130,135 

130 RESULT=-Q 
GO TO 300 

135 RESULT=Q 
GO TO 300 

lOO	 IFill 205,210,210 
205	 U=-l 

RtSUlI=-ERFIUl 
GO TO 30e 

210 RESULT=ERFIUI 
GO TO 300 

240	 IFIZI250,260,260 
250	 U=-1/1.414142315 

RESULT=.5-.5*ERF(UI 
GO TO 300 

260 U=Z/1.414142315 
RESULT=.5+.S*(KFIU) 

300 RETURN 
ENDll,O,O,O,O,O,l,O,O,I,O,O,O,O,OI 

FUNCTION ERF(ARGI 
P=.47041 
Cl=.3084284 
C2=-.0849113
 
::3=.6621698
 
Y=l./ll.+P*ARGI 
R=-ARG*ARG 
EP=12./SQRTFI3.141592)I*EXPF(Rl 
ERF=1.-ICl*Y+CZ*Y*·2+C3*Y··31*EP 
RETURN 
~NOI 1,0,0,0,0,0,1,0,0,1,0,0,0,0,01 
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SUBROUTINE LSCf2lHTIN,KTH,MTOUT,LOOK,COEffO,COEFFT,ERRORS,MPTS,NSE 
iTS) 

DIMENSION C1{32,8),CZl3Z.8),E(4,4,Z).A(100.S),YC(100.4,Z), 
lXT(lOOI,OIFFERllOO,4,2),RELERR(100,4,2),DUMMYlI332), 
2ERRORSl4,4,2),COEffOl32,8),COEfFTl32,S),CSIS02) 

COMMON DUMMY,A
 
MTl=MTIN
 
MT2=MTOUT
 
I<=KTH
 
M=MPTS
 
N=NSETS
 
IFlMTl )99,101,100
 

99 MT1=2 
C READ M(NO. OF POINTS),NINO. Of SeTS) FROM fIRST CARD 

100 CALL READT(CS,MTl,LI 
IF(U1S,S,1S 

5	 M=CS( 11+.5
 
N=CS(Z)+.5
 
IF(N-4)6,6,13
 

6	 Kl=O
 
LM=(M*(N+l) )+2
 
GO TO(I,Z,3,41,N
 

1	 DO 7 1=3,lM,2
 
Kl=K1+1
 
A( K1, 1 ) =C S ( 1 )
 

7	 A(Kl,2)=C$( 1+1)
 
GO TO 102
 

2	 UU 8 I=3,LM,3
 
Kl=Kl+1
 
AIKl,I)=CS( I)
 
A(Kl,2)=C$( I+ll
 

B A(Kl,3)=CS(I+21
 
GO TO 102
 

3 DU 9 I=3,LM,4
 
K l=K 1+1
 
A(Kl,I)=C51[)
 
A( K1,2) =C S( [+ 1)
 
A(Kl,3)=CS( 1+2)
 

9	 A(K1.4)=C$( 1+3)
 
GO TO 102
 

4	 DU 10 I=J,LM,~
 

Kl:::Kl+1
 
A(Kl,I)=CS( II
 
A(I<I,2)=C5(1+1)
 
A( K 1, 3) =C S ( 1 +2 )
 
A(Kl,4)=CS( [H)
 

10 A(Kl,5)=C5([+4) 
GO TO 102 

101 IF(N-4)102,102,13 
C TUKNS DATA OVER TO L5CFl FOR SOLUTION 

102 CALL LSCF1(A,M,N,K,L,Cl,C2,AT,BT) 
C EXAMINE TEST CONDITION CELL FOR NORMAL ~ETURN 

IF{Ll14,103,14 
C PERFORM ERROR ANALYSIS IN ORIGINAL ANU TRANSPOSED SYSTEMS 
C COMPUTE YS IN BOTH SYSTEMS 

103	 FM=M 
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SUBROUTINE LSGF2IMTIN,KTH,MTOUT,LOOK,COEFFO,COEfFT,ERRORS,MPTS,NSE 

DO 104 IS=I,2
 
DO 104 NN=I,N
 
EI3,NN,IS)=0
 

104	 EI4,NN,IS)=0
 
no 116 IS =1 , 2
 
00 116 NN=I,N
 
NNN=NN+1
 
SUMO=O
 
SUMR=O
 
00 115 [= I, M
 
J=K+1
 
YCII,NN,IS)=O
 
GO TO 1105,106), [5
 

105	 YCII,NN,l)=IYCII,NN,ISII*AII,ll+CIIJ,NN)
 
J-=J-l
 
IFIJII08,108,105
 

106	 XT=AT*IAII,l)+BT) 
107	 YCIl,NN,2)=YCII,NN,2)*XT+C2IJ,NN)
 

J=J-l
 
IFIJ)108,108,107
 

C COMPUTE DIFFERENCE AND RELATIVt ERROR IN BOTH SYSTE~S 

108 OIFFERII,NN,IS)=AII,NNN)-YCII,NN,IS) 
IFIABSFIDIFFERII,NN,IS»-EI3,NN,IS»110,109,109
 

109 EI3,NN,IS)=ABSFIOIFFERIl,NN,ISI)
 
110 IFIAII,NNN»111,112,111
 
111 RELERRII,NN,IS)=DIFFERII,NN,ISI/AII,NNNI
 

GO TO 1121
 
112 ~ELERRII,NN.IS)=OIFFER(I,NN,IS)
 

1121 IFIABSFIRELERRII,NN,IS)I-EI4,NN,IS»l14,113,113
 
113 EI4,NN,IS)=ABSFIRELERRII,NN,lSII
 
114 SUMD=SUMO+IIDIFFERIl,NN,ISII**Z)
 
115 SUMR=SUMR+IIRElERRII,NN,ISII.*2)
 

Ell,NN,IS)=SQRTFISUMD/FM) 
116 EI2,NN,IS)=SQRTFISUMR/FMI 

C PRINT OUTPUT ON MT2,IF ZERO EXIT 
IFIMT2)1161,127,117
 

1161 MT2=3
 
117 NN=l
 

IP=O 
118	 J=M
 

NNN=NN+l
 
IP=IP+l
 

c DUMP PAGE 
WRITE OUTPUT TAPE MT2,301,IP 

c DUMP T ITl E 
WRITE OUTPUT TAPE MT2,302,K,M,NN 

c	 DUMP HEAD INGS 
WRITE OUTPUT TAPE MT2,303 
IFIJ-491119,122,122 

C DUMP J ANS WITH COEFFICIENTS 
llq IAC=K+l 

WRITE OUTPUI rAPE MT2,304,II,AII,1),AII,NNN),CIII,NN),VCII,NN,I), 
lRELERRII.NN.11,C2II,NN),YCI1,NN,Z),RElERRII,NN,ZI,I=1,lAC) 

C	 DUMP J ANS WITHOUT COEFFICIENTS 
ID-=K+2 
I F I ID-M ) 120, 120. 121 
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~UBROUTINE LSCF2IMTIN,KTH,MTOUT,LOOK,COEFFO,tOEFFT,ERRO~S,MPT~,NSE 

120 WRITE OUTPUT TAPE MT2, 305,II,AII,l),AII,~~N),YC(I,NN,I), 

1KELERR(I,NN,I),YC(I,NN,2I,RELERR(I,NN,2I,I=ID,MI 
IF(J-49)121,123,123 

C DUMP ERROR ANALYSIS ON SAME P~G( 

121 WRITE OUTPUT TAPE MT2,30b,Ell,NN,ll,E(l,NN,7.I,E(2,NN,11,E(Z,NN,2), 
lAT,EI3,NN,l),E(3,NN,2),E(4,NN,l),~(4,NN,2),BT 

NN=NN+l 
IF ( NN-N ) 118, 118, 121 

122 IF (J-54) 119,124,124 
C DUMP CONTINUE 

113 IP=IP+l 
WRITE OUTPUT TAPE MT1,307,NN,IP 

C UUMP NEW PAGE THEN GO TO ANS AND 
WRITE OUTPUT TAPE MT2,30B,NN,IP 

C DUMPS ERROR ANALYSIS ON SEPARATF 
GO TO 121 

C DUM~ 53 ANS 
124 IAC=K+ 1 

ERROR ANALYSIS DUMP 

PAGE 

WRITE OUTPUT TAPE MTZ,304,II,A<I,lI,AII,NNNI,Clll,NN),YG(1,NN,1I, 
1 REL ERR 1I, NN, 11, C21 I ,NN I , YC ( I , NN, 2 I , R( l ERR 1 I, NN , 21 , 1=1 , I AC I 

ID=K+2 
WHITE OUTPUT TAPE MTl,305,(I,AII,II,AII,NNNI,YC(I,~N,II, 

lR ELERR ( I ,NN, 11 , YC1I ,NN ,2 I , ~E LERR I I ,NN, Z I , 1= 10,53 I 
10=54 
.J=J-53 

125	 IP=IP+l 
WRITE OUTPUT 
WRIIE OUTPUT 
wRITE OUTPUT 

TAPE MT2,301,~N,IP 

TAPE MT2,308,~N,IP 

JAPE ~T2,309 

1~IJ-561120,12b,12b 

C DUM~ 55 A~~ 

126 IAC=ID+5S 
WiUTF. OUTPur rAPE MI2t305,(I,A(Jtll,AII,NI\NI,YCII,W~,1I, 

1RELERf( I I ,NN, 11 , YCI 1 , I~ N, 2 I ,KELERR. ( I , NN , 21 , 1=10, I AC I
 
IO=IAC+l
 
J=J-5'l
 
GO TO 125
 

127	 L=C
 
K=K+l
 
00 128 I=l,K
 
DO 12 f.l J =1, N
 
COHFO( I ,J )=ClI 1 ,J I
 

128	 COEFFTll,JI=C211,JI
 
on 129 [=1,4
 
OU 129 NN=l,~~
 

DC 129 15=1,2
 
129 t:RIWRSII,Nr.. ,ISI=EII,N"i,lS)
 
14 LOOI<=l
 

RE TUR~~
 

13 L= 13
 
15 PR HIT 200
 

wRITE OUTPUT rAPE 3,200 
GO TO 14 

200 FO~~ATIIX,60HDATA FC~ CUHVc FITTII\G ~CUTINL HAS Hl(~ StNStO A~ INC 
lORKECT.,56X,JHJ5H) 

C FORMAT STATEMENTS rOf< PKINT OUTPUT TAPE MT2
• 
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SURkOUTINE LSCf?(M1IN,KTH,MTOUT,LCUK,CClFFC,CUEFfT,ER~C~S,MPTS,~SE 

301 FfJRf':ATIIH1,llOX,5H PhGE,I3) 
302 fOR~ATI14X,J4HLE~ST SQUARES CURVE FIT CF OEG~EE ,I2,9X,13, 

121H OBSERVEC DATA POINTS,9X,11HSET NUMAEK 171/) 
)03 FUKMATI12X,IHX,15X,IHY,9X,12HCOtFFIClfNTS,5X,lQHY CC~~UTED,4X, 

17HREL ERR,4X,12HCOEFFICIENTS,5X,lOHY COMPUTEO,4X,7h~EL ERR/BX, 
28HOeSEMVEU,~X,bHOBSERVED,6X,12HO~IGINhL SYS,4X,12HOMIGINAL SYS,5X, 
34HORIG,4X,15HTRANSFORMED SYS,lX,15HTWANSFOR~ED SYS,?X,~HTRA~S//l 

304 FOMMATII4,E:15.7,3t:1b.I,EIO.2,2Elb.7,ElO.21 
J 05 FeR ~I t\ r I 14, E1'; • 7 , E1b. 7, E32 • 7, E10. 2 , E32. 7, E1C• 2 I 
lOb fORMATI19X,1IHOIFFE~cNCES,29X,15HRflArIVE ERROMS,22X, 

173HTRANSFORMt\TlON l=AIX-BI/6x,eHRMS OI(G.,E9.2,11H R.MS TRANS, 
2E9.2,5X,~HRMS ORG.,E9.2,llH RMS TRANS,EY.2,lOX,9hWHcMt 1\ =,f15.71 
3bX,BHMAX ABS.,E9.2,IIH ~t\X hAS. ,E9.2.5X.HHMAX ABS.,l9.2, 
i,llH MAX AuS. ,E9.2,lCX,9H~Hf.ME 1:3 =,E15.7/111X,7HJt'!H/LBF) 

307 fURMATI40X,lbHDATA OF THIS SET,I2.18H CONTINUED UN PAGE,I)) 
30~ FORMATllHl,46X,lqHCONTINUATION OF SET,12,5H OATA,J9X,4HPAGE,I31 
309 FORMATI12X,lHX, 15X,lHY,26X,10HY CCMPUTED,4X,7HREL ERK,21X, 

110HY CO~PUTED,4X,7HKEL ERR/8X,8HOBSERVED,8X,8HOBSE~VEC,22X, 

2l2HORIGINAL SYS,5X,4HORIG,20X,15HTRANSFOKMED SYS,2X,5hT~ANS/) 

ENOll,0,O,0,O,O,I,0,O,l,0,0,0,0,0) 
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SUBROUTINE LSCFllA,M,N,K,L,Cl,C2,AT,BTt 
DIMENSION 1(32,40I,SI49I,DIZ51,AIIOO,5),Cl(32,SI,C2132,81 
ASSUMES THAT K LESS THAN 24 
FORMS TRANSFORMATION CONSTANTS AI AND BT 
AT=2./IAI M,l I-A( 1,11) 
BT=IAIM,11+All,111/2. 
MAPS x INTO ZT AND fORMS MATRIX VALUES 
JJ=IZ*KI+l 
DO 100 J=l,JJ 
SIJI=O. 
KK=I<.+1 
KKK=KK+N 
DO 1001 J=l,KK 
DO 1001 JJ=I,KKK 
ZIJ,JJI=O 
CONT INUI: 
1)0 103 M~= 1, M 
J=l 
KKK",Z*K 
DO 103 KK=O,KKK 
ZT=AT*IAtMM,II+BTI 
SIJI=ZT**KK+S(J) 
IFIKK-KIIOl,lOl,103 
FORM COLUMN VECTORS 
IC=K+2 
IR=KK+l 
NNN=N+l 
DO 102 NN=2,NNN 

OF Y 

Z( I R, ICI=l I IR, I C1+( t IT **KK I*A I MM, NN I I 
IC=IC+1 
J=J+l 
SETS UP MATRIX 
MC=K+1 
DO 104 IC=l,MC 
J=IC 
DO 104 lR=l,MC 
IIIR,ICI=SIJI 
J=J+l 
USE LINEQ FOR SOLUTION OF 
CALL lINEQIZ,C2,MC,N,LI 
lFtlllll,105,1l1 
REVERTING COEFFIC[ENTS TO 
I I =K + 1 
DO 110 NN=l,N 
FORMS COEFFICIENTS FOR SYNTHETIC 
DO 106 1= 1,I I 
o ( I I:: Ie 2 t I ,NN I I * I AT ** I 1- U I 
PERFORM SYNTHETIC DIVISION 
[=1 
JJ=O 
Clll,NNI=O 
J=K+l 
C1I 1, NN )=0 I J ) +( C11 I , NN ). ( BT) I 
D( J ) =C l( I, NN I 
J=J-l 
IFIJ-JJII09,109,10a 
1=1+1 
JJ=JJ+l 
IF( I-K-l) 107, 107,110 
CONTINUE 
L=O 
RETURN 

SYSTEM 

ORIGINAL SYSTEM(C2 TO C11 

ENOl1,0,0,O,O,O,l,O,O,l,O,0,0,O,CI 

DIVISION
 



ASD-TDR-62-858
 

LINEO-lINEAREQUATIONSSOLVEP 

SUBROUTINElINEQIA,X,N,K,l) 
OIMENSIONAI32,40),X(32,8),BI32,40),CI40) 
COMMONB,C,NN,KK,NK,TAP,Z,II,IP,[1,12,I,J,JJ 
NN=N 
KK =1< 
NK=NN+KK 
OOlOI=l,NN 
OOlOJ=l,NK 

10	 BlI,JI=AII,JI 
D0180I=I,NN 
11=1+1 
TAP=O. 
0050J= I, NN 
Z=ABSHBlJ,I)1 
IfIZ-l.130,20,30 

ZO	 IP=J 
GOT060 

30 IfIZ-TAPI50,40,40 
40 IP=J 

TAP=Z 
50 CONTINUE 
60 1=f!IIP,Il 

IflZlSO,10,80 
C DETERMINANT=OINOICATEDBYL=l 
10 l=1 

RETURN 
60	 D090J=II,NK 
90	 ClJI=BlIP,J)/1 

Il=NN 
12=NN 

93 IFll1-[PI95,l60,95 
95 l=Blll,1) 

IflZl130,100,130 
100 IFII1-121110,150,110 
110 D0120J=II,NK 
120 BI12,Jl=Blll,Jl 

GOT0150 
130 00140J=II,NK 
140 BI12,J)=BIIl,Jl-Z*CIJ) 
l~O 12=12-1 
160 11=11-1 

IFI 12-1 1110,17U,'B 
110 DOI80J=II,NK 
180 Bll,J)=ClJ) 

I=NN 
185 1=1-1 

IFIIIZ10,ZI0,190 
190	 D0200JJ;l,KK 

J=NN+JJ 
11=1+1 
00200 I 2= 11, NN 

200 BII,J)=BII,J)-BII,I2HtBII2,J) 
COY018S 

210 00220J=I,KK 
11=NN+J 
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L[NEQ-L[NEAREQUAT[ONSSOL~ER 

002201=1,NN 
nu XII,JI=HII,[l) 

IFACCUMULATOKOVERFLO~Z30,240 

C FlOAT[NGPCINTOVERFlCWINOICATEOBYl=2 
230 l=2 

RETUR"I 
C SUCCESSFULCOMPUTATIONINDICATEDBYL=O 
240 L=O 

RETURN 
ENDll,O,O,O,O,O,I,O,O,I,O,O,O,O,O) 
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SUBROUTINE 
DIMENSION 
READ INPUT 
M=CSI 1 )+.5 
N=CSI21+.5 
IFlM-1001 

READTlCS,MTl,L~ 

CS(502) 
TAPE MJl,lCO,CSIl),CSI2) 

8,8,12 
8 IFIN-41 q,CJ,13 
9 GO TO 11,2,3,41,N 
1	 DO 10 I=l,M 

J=2*I+l 
Kl=J+l 

10	 READ INPUT TAPE 
GO TO 5 

2	 00 20 I=l,M 
J:3*I 
Kl:J+l 
K2=J+2 

20	 READ INPUT TAPE 
GO TO 5 

3	 DO 30 I:l,M 
J:4*I-l 
Kl:J+l 
K2=J+2 
K.3:J+3 

30	 READ INPUT TAPE 
GO TO 5 

4	 00 40 I:l,M 
J=5*!-2 
K l:J + 1 
K2:J+2 
K3=J+3 
K4=J+4 

40 READ INPUT TAPE 
5 L=O 
6 RETURN 
12 L=M 

GO TO 6 
13 L=N 

GO TO 6 
100 FURMATI2E14.11 
200 FORMATI3E14.11 
300 FORMATI4E14.71 
400 FORMAfISE14.11 

MTl,ICC,CSlJI,CSlKl1 

MTl,200,CSlJI,CSII<U,CSIK21 

MTl,300,CSIJI,CSIKl),CSIK21,CSlK31 

MTl,400,CSIJI,CSII<11,CSlK21,CSI1<31,CSIK41 

ENOll,O,O,O,O,O,l,O,O,l,O,O,O,O,OI 
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SUBROUTINE ROOTS IC, R, N, TOL, CKl, CK2, L) 
DIMENSION CI511,RIIOO), A1511, 61511 
COMMON A, B, NN, 

ITKl, TKZ, Ll, P, Q, 
2REAL, DISCR., RT 

EQUIVALENCE IKSCALE, 
llL=O 
NN=N 
If ICll» 20,10,20 

C HI-ORDER COEFFICIENT 
10 Lll= 1 
15 L=lll 

RETURN 

LLL, Nl, I, T, N2, N3, N4. 
M, Cl, C2, C3, DP, DQ, D,DElP, DELQ, 

FSCALE) 

= O. INDICATED BY L=l 

ZO DO 30 I=l,NN 
30 AI l+lI=C (1+1) /e III 

A(1)=1.0 
C	 REMOVE ZERO ROOTS 

Nl=NN 
IF IN1) 32,32,35 

C IMPROPER ARGUMENT N INDICATED BY l=2 
32 LLL=2 

GO TO 15 
35 [F IAINl+lI) 50,40,50 
40 RIZ*Nl-l)=O. 

RIZ*Nl)=O.
 
Nl=Nl-1
 
GO TO 35
 

C	 RESCALE THE COEFFICIENTS 
50	 KSCALE=XINTfI2.*LOGFIABSFIAINI+11)/1.6931471S*FLOATFINl») 

KSCAlE=IIKSCALE+XSIGNfll,KSCAlEII/2)*512+66304 
l=FSCALE 
00 60 [=l,Nl 
AI l+lI=AI 1+1I/l 
RI l)=AI I+lI 

60	 l=Z*FSCALE 
T=TOl**Z 
IF ITI Sl,80,SI 

80	 T=25.0E-14 
81	 N2=Nl 

TK1=0. 
lK2=1.0 
8111=1.0 
LL=l 
GO TO 190 

90	 P=O. 
Q=O. 
PP=I.0 
QQ=1.0 
N6=4 

100	 M=100 
105	 B(Z)=A(2)-P 

C2=1.0 
Cl=B(2)-P 
DO 120 I=2,N2 
B( 1+1 )=A ( I+II-P*BI [l-Q*R I I-I) 
IF (I-N2) 110,120,120 
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SUBROUTINE ROOTS (C, R, N, TOl, CKl, CK2, II 

110	 C3=C2
 
C2=C 1
 
Cl=B(I+II-P*C2-Q*C3
 

120	 CONTINUE
 
Cl=-P*C2-Q*C3
 
DP=BIN21*C2-B(N2+11*C3
 
DQ=C2*BIN2+11-Cl*BIN21
 
0=C2*C2-(I*C3
 
IF (01 130,121,130
 

121 GO TO (123,1601,ll
 
123 IF (M-I00) 160,125,125
 
125 N6=N6-1
 

IF (N61 160,121,127 
127	 P=PP
 

Q=QQ
 
PP=-QQ
 
QQ=P
 
GO TO 100
 

130	 DHP=DP/D 
DELQ=DQ/D 
Z=P**2+Q**2 
IF (II 140,135,140
 

135 Z=1.0
 
140 If (IOElP**2+OElQ**21/Z-TI 142,142,145
 
142 P=P+DElP
 

Q=Q+DELQ
 
GO TO 160
 

145 M=M-l
 
IF (MI 160,150,150
 

150	 P=P+DELP
 
Q=Q+DELQ
 
GO TO 105
 

160 GO TO 1110,2501,LL 
LtD	 N3=2*N1-N2
 

RIN3+1I=P
 
R(N3+21=Q
 
DO 180 1=1,N2
 

180	 AII+ll=B(I+lI 
N2=N2-2
 

190 IF IN2-21 200,210,90
 
200 RI2*Nll=A(21
 

GO TO 220
 
210 R(2*Nl-11=A(21
 

RI2*Nll=A(3)
 
220	 N2=Nl
 

N5=N2
 
Ll=2
 
DO 230 J=I,Nl
 

230	 Al 1+1 I=RI I I
 
GO TO 280
 

240	 N3=2*NI-N5
 
P=RIN3+11
 
Q=R(N3+21
 
GO TO loa
 

250	 N4=NI-N5+1
 
REAl=-P*FSCAlE/2.0
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SUBROUTINE ROOTS IC, R, N, TOL, CK1, CK2, LI 

OISCR=REAL**Z-Q*FSCALE**Z
 
IF 10lseRl Z60,Z10,Z70
 

260	 RT=SQRTFIABSFIDISCRI) 
RIZ*N4-1,=REAL 
RIZ*N4+1)=REAl 
RIZ*N4)=RT 
RIZ*N4+Z)=-RT 
GO TO 215 

270	 RT=SQRTFIDISCRl 
RIZ*N4-1)=REAL+RT 
RIZ*N41=0. 
RI2*N4+1,=REAl-RT 
RIZ*N4+2)=O. 

Z75	 TKI=-RIZ*N4-1'-RI2*N4+1)+TKl 
TKZ=IRIZ*N4-1)*RIZ*N4+1)-RIZ*N4)*RIZ*N4+Z))*TK2 
N5=N5-Z 

280	 IF IN5-11 300,290,240 
290	 RIZ*NI-11=-RIZ*N1)*FSCAlE 

RIZ*Nll=O. 
TKl=TKl-RIZ*N1-11 
TKZ=-TK2*RIZ*N1-11 

300	 D=C I 2 I IC I 11 
IF 101 320,310,320 

310 D=1.0 
3Z0 CK1=ICIZIIClll-TKll/D 

CKZ=ICIN1+11/Cll1-TKZ)/ICINl+11/L\l,1 
IF DIVIDE CHECK 3~0,340 

330 LLL=3 
340 IF ACCUMULATOR OVERFLOW 330,15 

ENOll,O,O,O,O,O,l,O,O,l,O,O,O,O,O) 
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APPENDIX B 

SAMPLE OUTPUT AND INPUT 
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W-IR 52 HR AT 2110DEG C 
004055010029006007001001001001 

3.0 +003.5 +00 4.0 +004.3 +004.5 +00
 
-4.6 +004.7 +004.8 +004.9 +005. +00
 
5.1 +005.2 +005.3 +00 5.4 +00 5.5 +00
 
5.6 +005.7 +005.8 +005.9 +006. +00
 
6.1 +006.2 ...00 6.3 +006.4 +006.5 +00
 
6.6 +006.7 +006.8 +006.9 +007. +00
 
7.1 +007.2 +007.3 +00 7.4 +007.5 +00
 
7.6 +007.7 +00 7.8  +00 7.9 +008. +00
 
8.15 +00 8.3 +00 8.4 +00 8.5 +008.6 +00
 
8.7 +008.8 +00 8.9 +009.0 +009.2 +00
 
9.3 +009.4 +009.5 +009.7 +009.9 +00
 
9.33 -01 9.04 -01 8.72 -01 8.53 -01 8.24 -01
 
8.23 -01 8.14 -01 8.0 -01 7.96 -01 7.87 -01
 

-9.99 +037.56 -01 7.49 -01 7.29 -01 7.06 -01
 
6.98 -01 6.91 -01 6.78 -01 6.70 -01 6.67 -01
 
6.55 -01 6.43 -01 6.31 -01 6.16 -01 6. 01
 
5.82 -01 5.72 -01 5.61 -01 5.46 -01 5.36 -01
 
5.25 -01 5.1 -01 5.03 -01 4.95 -01 4.67 -01
 
4.67 -01 4.6 -01 4.56 -01 4.36 -01 4.24 -01
 

-9.99 +032.4 -01 2.33 -01 2.26 -01 2.23 -01
 
2.2 -01 2.04 -01 9.99 +036.4 -024.4 -02
 
3.4 -02 2.7 -022.0 -02 1.3 -026. 03
 
5.0 -02 5.2 +01 1.79578 -03 1.0 +00 O.
 
1.0 -02 .
 

Note: Each line is one card; the digit at the extreme left is in column 1 of card 2. 
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~-lk 52 Hk AT 2110 elG C 
4 

55
 
10
 
29 

6 
7
 

3.00000 0.91300
 
3.50000 0.90400
 
4.00000 0.87200
 
4.30000 0.85300
 
4.50000 0.8<'400
 
4.60000
 0.82300
 
4.70000
 0.81400
 
4.80000
 0.1l0000
 
4.90000
 0.79600
 
5.00000
 0.78700
 
5.10000 -'l'J~0.00000
1 

5.20000 
! g: j~~gg5.30000
 

5.4000C 0.72900
 
5.50000 0.70600
 
5.60000 0.69800
 
5.70000 0.69100
 
5.80000 0.67&00
 
5.90000 0.67000
 
6.00000 0.6b700
 
6.10000 0.65500
 
6.20000 0.64300
 
6.30COO 0.63100
 
6.40000 0.61600
 
6.50000 O.bOOOO
 
b.60000 0.58200
 
6.70000 0.57200
 
6.80000 0.56100
 
6.90000 0.54600
 
7.00000 0.53600
 
7.10000 0.52500
 
7.20000 0.51COO
 
7.3000C 0.50300
 
7.40000 0.49500
 
7.50000 0.46700
 
7.60000 0.46700
 
7.70000 0.460CO
 
7.80000 0.45600
 
1.90COO 0.43600
 
B.OOOUO 0.42400
 
B. l5000 - Q990. 00000
 
8.30000 0.24000
 
8.40QOO 0.23300
 
8.50000 0.22600
 
A.60000 0.22300
 
8.7000C 0.22000
 
8.80COO 0.20400
 
8.90000 -9990.00000
 
9.0000G 0.06400
 
9.20000 0.04400
 
9.30000 O.OHOO
 
9.40(,)00 0.02700
 
9.50000 0.02000
 
9.70000 o.onoo
 
~.~OOOO 0.00600
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PAGE 
l~AST SQUARES CURVE fiT Df DEGREE 1 6 D~SERVED DATA POINTS SET NUM8ER 1 

X Y COEFF IC IENTS Y COl'PUTEo REl ERR COEFFICIENTS Y COMPUTEO REL ERR
 
OIlSERI/ED OBSERVED ORIGINAL SYS ORIGINAL SYS OltlG TRANSFORMED SYS TRANSFORMED SYS TRANS
 

1 0.8l00000E 01 -0.7060265E 00 O.1063935E 01 -0.7046183E 00 0.19E-02 0.28115819E 01 -0.1046183E 00 0.19t.-02 
2 0.8400000t: 01 -0.12BH41E 00 -0.2130859E-00 -0.1259869E 00 0.38E-02 -0.532114810-01 -0.1259869E 00 0.38E-02 
3 0.B5000001: 01 -0~1518456E CO -0.1412955E 00 0.61E-02 -0.1It12955E 00 0.61E-02 
4 0.B600000l: 01 -0.7618695E 00 -0.16B60~lE 00 -0.88E-02 -0.7686041E 00 -0.88E-02 
5 O.8l00000E 01 -O~ 77191051: 00 -0.1899127E 00 -0.23E-Ol -0.7899121E 00 -0.231:-01 
6 0_88000001: 01 -0~8212418E 00 -O.8112213E 00 O.19t-Ol -0.811221)E CO 0.19(-01 

DIffERENCES RElATlI/t. ERRORS TRANSFORMATION ZaAIX-B) 
RMS ORG. O.IOE-OI RMS TRANS 0.10E-Ol RMS ORG. 0.13E-Ol RMS TRANS 0.13E-Ol WHERE A = O.4000000E 01 
MAX ABS. 0.18E-Ol MAX A8S. 0.18E-Ol MAX ABS. 0.23E-01 MAX A8S. O.23E-Ol WHERE 8 = O. B550000E 01 

J8H/lBF 

~ 
C 
I 

tj 
:::z:s 
I 
0
t-.) 
I 

~ 
00 



>en o 
a I 

PAGE 
l[AST SCUAKfS CUKVE FIT OF DEGREE 1 29 OBSERVEU DATA POINTS SET NUMBf:R 1 

:=0 
X y CDI:,FFIC IENTS Y COMPUTEU REl ERR COEFFICIENTS Y COMPUTED REl ERR 

I 
0

ORSEIl.VED OBSERVEO ORI"CI.NAL SVS ORIGINAL SVS ORIG TRANSFORMED SVS TRANSFORMED SVS TRANS t-.) 
I 

00
1 0.5200000t 01 U.6932073E 00 0.2281929E 01 0.6636514E 00 0.43E-Ol 0.4335889E 01 0.6636575E 00 0.43E-01 (J1 
2 0.53CCOOOt 01 0.6710432E 00 -0.3112061E-00 0.6325368E 00 0.57E-Ol -0.4356885E-00 0.6325369E 00 0.51E-01 00 
1 0.5400000t 01 0.6094442E 00 0.6014162E 00 0.13E-Ol 0.6014162E 00 0.13E-Ol 
4 0.55COOUOl 01 0.5413471E 00 0.5702956E 00 -0.53E-Ol 0.5102956~ 00 -0.53E-Ol 
5 0.5bOOOOOf 01 0.51H2553E 00 0.5391750E 00 -0.40E-01 0.5391150E 00 -0.40E-Ol 
6 0.51CCOOOt 01 0~4982757E-00 0.5080544E 00 -0.20E-01 0.5080544E 00 -0.20E-Ol 
7 O.S800000t 01 0.46168741:-00 0.4769338E-00 -0.33E-01 0.4769338E-00 -0.33E-Ol 
8 0.5900000E 01 0.4394801E-00 0.4458132E-00 -0.14E-01 0.4458132E-00 -0.14E-Ol 
9 O.6000000~ 01 0~4312089E-00 0.4146926E-00 0.38E-Ol 0.4146926E-00 0.38t-Ol 

10 0.6100000f 01 0.3984132E-00 0.3835720E-00 0.37E-Ol 0.3835720E-00 0.37E-01 
11 0.62000001: 01 0.3660450E-00 0.3524514E-00 0.31t-Ol 0.3524514E-00 0.31E-Ol 
12 0.6300000l 01 0.3340608[-00 0.3213308E-00 0.38E-Ol 0.3213308E-00 0.38E-Ot 
13 0.6400000E 01 0.29455901-00 0.2902101E-00 0.15E-Ol 0.2902102E-00 0.15E-01 
14 0.650COOOt 01 0.2529332E-00 0.25908951:-00 -0.24E-Ol 0.2590896E-00 -0.24E-Ol 
15 0.6600000E 01 0.2066329E-00 0.2279689E-00 -0.10£-00 0.2279690E-00 -0.10E-00 
16 0.6700000E 01 O~1811140E-00 0.19664831:-00 -0.87E-Ol 0.1968483E-00 -0.B7E-Ol 
17 0.6800000E 01 0.1531845E-00 0.1651217E-00 -0.82E-01 0.1657278E-00 -0.82~-01 

18 0.69COOOOt 01 0~1151976E-00 0.1346011E-00 -0.17E-00 0.1346011E-00 -0. 17E-00 
19 0.1000000t 01 0~9014249E-C1 0.1034865E-00 -0.15E-00 0.1034865E-00 -0. 15E-00 
20 0.7100000l 01 0.62544821:-01 0.7236591t-01 -0.16t-00 0.1236588E-01 -0.16E-00 
21 0.f200000E 01 0.2499834E-01 0.4124528E-Ol -0.65E 00 0.4124528E-Ol -0.65£ 00 
22 0.1100000t 01 0~1491847E-02 0.1012468E-Ol -O.35E-D0 0.1012468E-Ol -0.35E-00 
23 0.7400000E 01 -0~1249713f-01 -0.2099591E-Ol -0.68l 00 -0.2099591E-Ol -0.68E 00 
24 0.1500UOOt 01 -0.8260912E-01 -0.5211654t-Ol 0.37E-00 -0.5211651E-Ol 0.37E-00 
25 0.160COOOE 01 -0.82609121-01 -0.83237l4E-01 -O.16t-02 -0.8323711E-01 -0.76E-02 
26 0.17COOOOt 01 -~.1001960E-00 -0.1143517E-00 -0.14E-00 -0. 1143577E-00 -0. 14E-00 
27 0.7800000E 01 -0;1102607E-OC -0.1454183£-00 -0.32E-00 -0.1454783E-00 -0.32E-00 
28 0.190COOOE 01 -0.16078821:-00 -0.1165990E-00 -0.geE-01 -0.1765990E-00 -0.98E-Ol 
29 0.8000000[ 01 -0.19130591-00 -0.2077196E-00 -0.86E-Ol -0.2017196E-00 -0.86~-01 

UIFFERE~CES RELATIVE ERRORS TRANSFORMATION l=A(X-BI 
R~S OIl.G. 0.18E-Ol RMS TKANS 0.18E-01 RMS OIl.G. 0.22E-00 RMS TRANS 0.22E-00 WHER~ A = 0.1142851t 00 
MAX AbS. 0.39E-01 ~AX ARS. 0.391:-01 MAX ABS. 0.68E 00 MAX A8S. 0.68F 00 WHERE 8 = 0.6600000E 01 

J8H/lBF 

(J1 
(J.) 
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PAGE 1 
l~AST SQUARES CURVE Fir OF DEGREE 1 6 O~SERVED DATA POINTS SET NUM8ER 1 

II: Y COEFFICIENTS Y COI/PUTED REl ERR COEFF Ie liNTS Y COMPUTED REL ERR 
OIlSERVED 08SERVED ORIGINAL SYS ORIGINAL SYS ORIG TRANSFORMED SYS TRANSFORMED SYS TRANS 

1 0.8300000E 01 -0.7060265E 00 0.1063935E 01 -0.70't6183E 00 O.19E-02 0.28!15819E 01 -0.10lt6183E 00 0.19£-02 
2 0.84000001: 01 -0.1287H7E 00 -0.2130859E-00 -0.1259869E 00 0.38E-02 -0. 5327148E-0 1 -0.7259869E 00 0.38E-02 
3 0.85000001: 01 -0.7518456E CO -0.7412955E 00 O.61E-02 -O.1472955E 00 0.61E-02 
It 0.8600000E 01 -0.7618695E 00 -0.1686041E 00 -0.88E-02 -0.7686041E 00 -0.88E-02 
5 0.8100000E 01 -0.7719705f 00 -0.7899127E 00 -0.23E-Ol -0.7899127E 00 -0.231:-01 
6 0.88000001: 01 -0.8272418E 00 -0.8112213E 00 0.19E:-Ol -0.8112211E co 0.19[-01 

DIFFERENCES RElA TlV'" ERRORS TRANSFORMATION lsA1X-BI 
~MS ORG. 0.10E-Ol RMS TRANS 0.10E-Ol RMS ORG. 0.13E-Ol RMS TRANS 0.13E-Ol WHERE A " 0.4000000E 01 
HAX A8S. 0.18E-Ol MAX A8S. 0.18E-OI HAX A8S. 0.23E-ol MAX A8S. 0.23E-Ol WHERE 8 " 0.85S0000E: 01 

J8H/lBF 

> 
~ 

~ 
:;tl 
I 
0
t-,) 
I 

00 
CIt 
00 



Lt~ST SUUAKlS CUKVE ~IT OF OEG~Ef 1 O~SERVfO OAIA POINTS SfT IlIUMBER 
PAGE 

>
til o 

K 
OBSE~vE(; 

Y 
OBSERVED 

COEfFlCIHITS 
ORIGINAL SYS 

Y COl/PUT ED 
ORIGI"AL SYS 

~El ERR 
ORI6 

COEfFICIEIlITS 
TRAIlISFORMEO SYS 

Y COHPurEO 
rRAIlISfORMEO SYS 

RH ElIR 
JRAIlIS ~ 

:;tl 

1 
2 
3 

"5 
6 
1 

C.9CCCOCOE CI -0~15223~5E Cl 
C.92eCOCCL CI -O~ 1106421k e 1 
0.93eeoeCl el -0.1825415E CI 
C.ll4eeCCCl 01 -e~1921U3l Cl 
e,95ecoeeE Cl -C.2C54lE8E Cl 
C,<llCeOCel el -0~2226654E el 
0.9c;eeeceE Cl ·U~251256lE Cl 

ClfHRlNeES 

e.8Z960HE Cl 
-e.l0885<;6E 01 

-C.lS012<;"" CI 
-0.1119014E 01 
-C.1821813E Cl 
-C.1936133E Cl 
-0.20455'i3E Cl 
-C.2263312E 01 
-C.248103lE 01 

RHArt VE 

0.14E-01 
-0.14E-02 
-C.13E-02 
-C.49E-02 

C.42E-C2 
-0.16\;-01 

C.13E-Ol 
HRORS 

O.IU83HE 02 
-0.4898684E-OO 

-0.1501294E el O.14E-OI 
-0.1119014. CI -0.14E-02 
-0.1821813E 01 -0.13\;-02 
-0.1936733E CI -0.49.-02 
-0.2045593E el O. ~2E-02 

-0.2263312E CI -0.16E-Ol 
-0.2481CHE Cl O.13E-Ol 

TRANSfeRMATIO" laAIX-BI 

I 
0
t-.,), 
00 
til 
00 

R~S CRG. e.2IE-CI RHS T~'NS C.21E-Ol RMS ORG. C.ICE-CI MilS TR'''S O.IOE-OI ""ERE • c C.22222221; 01 
~AX Aes. C.31E-el IIAX AilS. 0.31£-01 MAX ABS. 0.16E-Ol IIAX ABS. 0.16E-Ol "HERE e = C.9450000E 01 

JIlH/lBf 

REeENERAIEC VArA 

elSUNeE ""tENT RA TleN 

e. 1.OCCCO 
C.C5cee C.99435 
c.lceec 0.994C6 
c.lscee ( • .,,9315 
C.20CCC C.99343 
c.25cee C.9931C 
c.3ccce 0.99215 
C.~5ece C.992~9 

c.~oooe C.992el 
C.45cce 0.99162 
c.socce C.9'1121 
c.ssecc 0.99C18 
e.60CCC C.990D 
c.tseee 0.98986 
c.lcecc C.989~8 

c.lseee C.98887 
C.80CCC C.988~4 

c.Escee 0.98719 
e.sccec 0.98722 
c.sscce C.98663 
I.eocce e.986el 
l.e5cce 0.98531 
1'.lccce C.",t470 
1.1SCCC C.ge4(0 
1.20CCC e.98328 
1.25ece 
I.3CeeC 

0.ge25" 
0.'18176 

1.~5ece e.98Css 
1.40cce C.98e12 
1.45eee 0.91<;25 
I.sceee C.97815 
1.55ece C.971"2 
I.Eocce C.9U46 
I.Hcce 0.91546 
l.loeee C.91't42 
1.15eee C.91315 
1.80cce C.91224 
l.t5CCe 0.91110 
I.C;OOC(; 0 • .,,69<;1 
1.'iScee 0.96869 

til 
til 
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2.r.ocee 0.9t:742 5.10000 0.17281 
2.C5CCC O.9f,f>l1 ').10000 0.75641 
2.1cece C.96476 5.1500C 0.15150 
2.15COC (.9U17 5.200eo 0.74655 
2.20cec 0.'1/: 1<;'3 5.25000 0.74154 
7.25CC( 0.96044 5.30000 0.73648 
2.~OCCL C.9S891 5.35000 0.73138 
2.~5C()(; C.95n.3 5.4000C 0.72622 
2.40cce C.95570 5.45000 0.721Cl 
2 .4~,CCC 0.954C2 5.5000C 0.71516 
?,)OCCC C.9522(J 5.5500C 0.71046 
?5500<.: C.'-I5r.51 5.60eoe 0.10512 
?f;occe 0.94!Jt.7 5.65000 0.69973 
2.t5C(;C 0.9467<1 5.7000C 0.69429 
2.70cee C.~4484 5.75000 0.68881 
2.15COC C.942"4 5.Booce 0.68329 
2.fooce 0.~4079 5.85000 0.67173 
Z.t:5<.ec O.'H86{ 5.9000e 0.61213 
2.'70CCC 0.93650 5.95000 0.66649 
2.';500(; C.9347 { 6.00000 0.66082 
3.cocec O.'DICJB 6.0500C 0.65510 
3.C5cce 0.929fd 6.1000C 0.64935 
~.I()CCC 0.92172 6.1500C 0.643'>1 
1.15C\,;0 0.'12474 6.20000 0.63775 
3.20CCC 0.97220 6.2500C 0.63190 
:3.75(;(;(; 0.'1195'1 6.3000C 0.62602 
3.30CCC C. 'Ilbn 6.35000 0.62011 
~.~5CCC 0.91411J 6.40000 0.61418 
3.40cce 0.9113b 6.4500e 0~60871 
3.4SCCC 0.'ICH51 6.50000 0.60222 
1.~(jCCC C.90557 6.55000 0.59621 
3.5,)CO(; C.'JCZ5b 6.60000 0.59017 
·1.l.OeCC O.8994b 6.6500C 0.5A412 
3.f,SCCC o .lJ96 B 6.10000 0.'H804 
3.7cece C.1:9311 6.7500C 0.57194 
".15coe C.li1!ge2 6.8000C 0.565113 
3.;:OCCC (J.bU64~ 6.F.!500C 0.55910 
3.I'~CC(; O.UtJ3Cl 6.<;0000 0.55355 
3.'7CCOC C.iJ795C 6.9500C 0.54139 
1.<J50ce 0.b75<;;> 7.COOOO 0.!>4122 
4.COCCC O.IH2?b 7.C500C 0.53505 
4.C!>t.;OC (J.U6/j'j3 1.10000 0.52886 
4.IOCOC C.06412 1.ISOOO 0.52266 
4.150ac C.UbCP4 1.20000 0.51646 
4.?OCCC 0.H561!6 7.2500C 0.51025 
4.<'5cee 0.1:5785 7. '30000 0.504C4 
4.WODO e.1l4814 7.~5000 0.49783 
4.3500C 0.1l4456 7.40000 0.49162 
4.40ece 0.c40 10 1.4500C 0.48541 
't.45C()e O.H3591 1.50000 0.41921 
4.'SOCOC 0.d1155 7.55000 0.47301 
4.550(;C 0.1.>21C7 7.i-0000 0.46682 
4.lo0cec C.dZ2':il 1.6500C 0.46064 
4. t.5(;()t.; 0.817117 1.10000 0.45446 
4.7000e O.UI3Ib 1.1500C 0.44830 
4.15CCC O.tiOflH 7.80000 0.44215 
4.~.0(;CC 0.U0351 7.H5COO 0.43602 
4.1'5(;Ce 0.791158 7.90000 0.42990 
4.90cec 0.19357 1.95000 0.42380 
4.CJ':iGOC O.7i\849 8.00000 0.41771 
S.COCCC O.7AJ34 8.05000 0.41165 
5.csoce C.l7fll1 d.lOOOO 0.40561 
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A.I5COL 0.399'54 
8.1500C 0.25056 
8.20COO 0.24718 
8.25COO 0.24383 
H.30000 0.24050 
8.3500C 0.23770 
8.J'I999 0.233n 
d.449'19 0.23066 
0.49999 0.22144 
8.54999 0.224?3 
8.')99'19 0.12 106 
8.64999 0.21791 
B.t:999G 0.214711 
8.74999 0.211bll 
1l.79999 0.20661 
8.8499'1 0.20556 
8.89999 0.20254 
8.8999CJ O.Ollles 
8.94999 0.073'l5 
8.9999'1 0.06663 
9.049'l'l 0.05987 
9.09999 0.05361 
'l.14999 0.04199 
9.199'19 0.04280 
9.24999 0.03801 
9.<'9999 0.03378 
'J.34999 0.029QO 
9.39999 0.02639 
9.44999 o.on?3 
q.49qq'J 0.02040 
9.54q'N 0.01187 
9'.59999 0.01561 
q.t:4999 0.01360 
9.69999 0.01182 
9.74Q'l9 0.01024 
9.7999'1 0.00885 
Q.1l4999 0.00163 
9.B9999 0.00656 
9.Q49'1'l 0.00562 
9.99999 0.00481 

10.C4999 0.00410 
10.09999 0.00349 
10.14999 O.002Q6 
10.199'1'1 0.00250 
10.24999 0.00211 
10.<'9999 0.00116 
10.34999 0.00149 
10.39999 0.00125 
10.44999 0.00104 
10.49999 0.00086 
10.54999 0.00012 
10.59999 0.00059 
10.64999 0.00049 
10.69999 0.00040 
10.74999 0.00033 
10.79999 0.00027 
10.11499Q 0.00022 
10.89999 0.00018 
10.94999 0.00015 
10.99999 0.00012 

XM: 6.111B153t 00 TIME: 5.1999lJ991: 01 CVF: 1.1951800(-01 
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XllI 

-6.71181S3E 00 
-6.66181S3E OC 
-6.6118153E 00 
-6.5618152E 00 
-6.5118152E: 00 
-6.46181S3E OC 
-6.41781S31: 00 
-6.3618153E DO 
-6.3118152E 00 
-6.26781531:. OC 
-6.21781531: 00 
-6.16111153E 00 
-6.1178153E 00 
-6.061815310 00 
-6.0118153E: 00 
-S.9618153E DC 
-S.911R1.,3f DC 
-5.86181 "3E OC 
-5.8178153E: OC 
-5.167815JE DC 
-5.71181531' 00 
-5.6678153f: DC 
-5.61781531: 00 
-5.5618l53E DC 
-5.5118154E OC 
-5.4678153E OC 
-5.41781531: 00 
-5.3618153l 00 
-5.3178154E DC 
-S.2678154E 00 
-S.21781531: DC 
-5.1678153E 00 
-S.1178154f' OC 
-5.06181541: 00 
-5.0178154E 00 
-4.96181531:: 0(; 
-4.91781541:. DC 
-4.1l618154E 00 
-4.!:I178154E OC 
-4.76781541: 00 
-4.71781541: OC 
-4.6678154E 00 
-4.61781541:. DC 
-4.5678154l DC 
-4.51181551: DC 
-4.4618155E 00 
-4.41761"l5E 00 
-4.367815~1: 00 
-4.3178155F. 00 
-4.26781551: DC 
-4.2178156E 00 
-4.16781561: 00 
-4.1178156f DC 
-4.0b7tH56E 00 
-4.017815<.E DC 
-3.9678157E DC 

CA 11) 

1.0000000f 00 
9.9434743[-01 
'1.Q405617E-Ol 
9.9375167E-Ol 
9.9343343E-Ol 
9.93100951.:-01 
9.92753681:-01 
9.92 391 09E-0 1 
9.CJ201261E-Ol 
9.CJ161767E-Ol 
'1.91205681:-01 
9. ')Q 11605[-01 
9.9C32815E-Ol 
9.81861361::-01 
9.8937502£-01 
9.88868471:-01 
9.8sH10n-01 
9.8719209E-Ol 
9.8722084E-Ol 
9.H662660f-Ol 
9.86008641:-01 
9.8536620E-Ol 
9.8469855[-01 
9.1!40041l9f-Ol 
9.8328443E-Ol 
9.8253638L-Ol 
9.8175992E-Ol 
9.8095423[-01 
9.80118451:-01 
9.19251 HI:-Ol 
9.71\35324E-Ol 
9.7742207t-01 
9.76457 BE-01 
9.754!i1l15E-CI 
9.7442359E-Ol 
9.7B52741--01 
9.77.244681:-01 
9. 71 09 !:I 4 !It:.-C 1 
<J.69'11318E-Ol 
9.68087841:-01 
9.674215lf-Ol 
9.6611320E-Ol 
9.6476195E-01 
9.63366791'-01 
9.61926701:-01 
9.60440841:-01 
9.51190808[;-01 
9.57JZ749F-Ol 
9.5569805l-01 
9.5401 ddH -01 
9.52288t11E-01 
9.5C50702L-01 
9.4861249[-01 
9.4678423E.-Ol 
9.4484129E-Ol 
9.4204270[-01 

AFTER AXIS SHIFT 
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-3.91781S7t 00 
-3./l67R151l 00 
-].817815h OC 
-3.76781571: DC 
-3.71781S!:l[ 00 
-3.66-'815dE UU 
-].617815/jE DC 
-3.S67/l151:11:: 00 
-3.517815HE OC 
-3.467815tlt: DC 
-3.4176159E 00 
-3.36711159E 00 
-3.317/l159[ 00 
-3.26-'815'1(: 00 
-3.21781591:: 00 
-3.1678160E 00 
-3ol178160[ 00 
-3.06711160r: OC 
-3.017f116Ct: 00 
-2.9678160l OC 
-2.917816CE OC 
-2.tl678161E CO 
-2.8178161E 00 
-2.767816lt: DC 
-2.7178161t: OC 
-2.667BI62E 00 
-2.6178162(; 00 
-2.56711163t: 00 
-2.517816Jt 00 
-2.4678164E Ou 
-2.4118164L 00 
-2.3678164f: 00 
-2.3178165t: OC 
-2.26-'1l165( 00 
-2.t'178166l Ot' 
-2.16781(:61:: 00 
-2.1178167E: 00 
-2.0671l167E DC 
-2.01781681: 00 
-1.9671l1bBE OC 
-1.9178169E DC 
-1.8678169[ DC 
-1.817l'l17CI:: 00 
-1~7678170l. OL 
-1.717/l171E 00 
-1.6678171E 00 
-1.6171l11l't: DO 
-1.6118l"f2E DC 
-1.5678172l 00 
-1.51761731:: 00 
-1.4678173E llL 
-1.4178174E OC 
-1.36781741:: 00 
-1.3178114E DC 
-1.26181151:: 00 
-1.2178175E OC 
-1.1678176t: 00 
-1.1118116E 00 
-1.06781771 00 
-1.0178171l00 
-9.61817181:-01 
-9.17/l1783E-01 

9.40781521'-01 
9.3f<674HII::-01 
9.3650359F.-01 
9.342729Bt:-01 
9.3H8208l-01 
9.2962996f-Ol 
9.27215751'-01 
9.24B86LE-01 
9.2219165[-01 
9.1959208E-Ol 
9.16921061:-01 
9.1418381f--01 
9.11319511E-Ol 
9.0lj.,0760E-01 
9.055611111:-01 
9.0255161E-Ol 
tl.99471:124E-01 
tl.%32843E-01 
8.9H075'f-01 
8.8%1509E:-01 
8. 864'i04 7f-Ol 
8.H3ll1316[-01 
u.7'J50275£'-01 
8.7591/l751:-01 
8.77260791'-01 
8.6U~285UE-Ol 

8.6472157E-Ol 
1l.60d3972f-Ol 
l:l.5611112721::-01 
B.52B5037E-Ol 
8.4f!74752f:-01 
8.4455907L-Ol 
[1.40299961:-01 
8.35965191::-01 
l:l.31"54Blf-OI 
e.270&8tl7E-01 
8.2250152l-01 
1l.11lJ70<.J61:-01 
8.1315~42~-OI 

l:l.C837:HBL-01 
U.0351759E-OI 
1.9R.,70C3(-01 
7.'H56996l-01 
7.0B4fl888E-OI 
7.11333532t:-Ol 
7.71:l1C9'HE-01 
7.1?tl\J30f-01 
1.5640721[-01 
1.5150375l:-0l 
7.46:>4818[-01 
7.41541211:-01 
1.3648353;:-01 
1.3137.,HYI::-01 
7.26<119U5E-OI 
7.2101376F-Ol 
7.1'>'6090[-01 
7.11J4612Hf'-OI 
7.0.,115fjOl:.-01 
6.99/25341:-01 
6.94290HHE-01 
6.88l:l1 Hn-Ol 
6.83293BIE-OI 
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-8.6781788E-Ol 
-8.1781793E-Ol 
-7.67111797E-Ol 
-1.17111802E-Ol 
-6.67618071:-01 
-6. 116lt1l2l-01 
-~~6781816E-Ol 

-5.17811121f.-Ol 
-4.67811:1261:-01 
-4.1781831[-01 
-3.6781lJ36E-01 
-3.1781840E-Ol 
-2.6781845E-Ol 
-2.17811l50E-01 
-1.6781ti55E-01 
-1.1781859E-Ol 
-6.7818642£-02 
-1.7818689E-02 

3.2181263E-02 
B.211l12151:-02 
1.3218117£-01 
1.8218112[-01 
Z.3218107E-Ol 
2.8218102E-Ol 
3.3218098£-01 
3.8218093E-Ol 
4.3218088£:-01 
4.82180831:-01 
5.3218079E-Ol 
5.8218014E-Ol 
6.3218069E-Ol 
6.82180641:-01 
7.3218060[-01 
1.8218055E-Ol 
8.3218050£:-01 
8.82180451:-01 
9.3218040E-Ol 
9.82160361:-01 
1.0321803E 00 
1.0621803E 00 
1.1321802E 00 
1.11:121802£ 00 
1.23211101E 00 
l.l8Z1801E 00 
1.3321800[ OC 
1036218001: 00 
1.43211991: 00 
1.4321799E 00 
1.4b21799E 00 
1.5321798£ 00 
1.58217981: 00 
1.63211971: DC 
1.6621797E 00 
1.7321796[ 00 
1.7821796f. 00 
1.83217951: 00 
1.8821795E 00 
1.932179~£ 00 
1.98217941: 00 
2.0321794f 00 
2.0821793E 00 
2.132119JE 00 

6.777B231:-01 
6.721326bE-01 
6.6649321[-01 
6.60111597F-Ol 
6.5510203£:-01 
6.4935260E-Ol 
6.43)6884[-01 
6. H75192L-Ol 
6.319031 H-Ol 
6.26023591:-01 
6.2011467E-Ol 
6.141776lE-01 
6.0821310E-Ol 
6.02224211E-Ol 
5.9621063E-Ol 
5.9CI1414F-Ol 
5.8411617£:-01 
5.780]805£:-01 
5.7194121E-Ol 
5.65827001:-01 
5.5969687E-Ol 
5.5355219E-Ol 
5.4739435E-Ol 
5.41224861:-01 
5.3504509E-Ol 
5.2Ati5644F-01 
5.2266039[-01 
5.1645834E-Ol 
5.1025174[-01 
5.0404200E-Ol 
4.97tl3068E-01 
4.9162027£:-01 
4.8541251[-01 
4.7920900E-Ol 
4.7301100E-Ol 
4.6681997E-Ol 
4.6063731E-Ol 
4.5446460£-01 
4.483031Zl'-01 
4.4215435£:-01 
4.3601965E-Ol 
4.2990050/:-01 
4.2379627E-Ol 
4.1171436£-01 
4.11650111:-01 
4.0560705E-Ol 
3.9958640E-Ol 
2.5056129E-Ol 
2.4718322 £::-0 1 
2.4382964£-01 
2.4050075£-01 
2.3719613F-Ol 
2.3391780£-Cl 
2.3066411[-01 
2.27435115l-01 
2.2423317£:-01 
2.2105626£-01 
2.11'J0525E-Cl 
2.14780271:--01 
2.1168149[-01 
2.0860901[-01 
2.0'556298E-Ol 
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2~ 1821792E 00 
2 .. 1821792E 00 
2.2321792E 00 
2.2821791E 00 
2.3321191E 00 
2.3821790E 00 
2.4321790E 00 
2.4821789E 00 
2.5321189E 00 
2.5821188E 00 
2.6321788E 00 
2.6821787E 00 
2.7321787E 00 
2.7821786E 00 
2.8321786E 00 
2 .. 8821785E 00 
2.9321785E 00 
2.9821784e 00 
3.032178"E 00 
3.0821784E 00 
3.1321183E 00 
3 .. 1821783E 00 
3.2l21782E 00 
3.2821782E 00 
3.3321781E 00 
3.3821781E OC 
3.4321780E 00 
3."821780E 00 
3.5321779E 00 
].5821779l 00 
3.6321778E 00 
~.6~21778E 00 
3.7321777E 00 
3.7821717E 00 
3.8321776E 00 
3.8821776E 00 
3.9321775E 00 
3.9821775E 00 
4.032171'tE 00 
4.08217HE 00 
4.132177/tE 00 
4 .. 1821773E 00 
4.2321773E 00 
4.2821772t: 00 

2.0254352E-Ol 
8.1871134E-02 
7.3950890E-02 
6.6625129E-02 
5.981'\ 363f-02 
5.3671837E-02 
4.7989852E-02 
4.2800087E-02 
3.8073890E-02 
3.378251t5E-02 
2.989754 lE-02 
2. 6~9Q712E-02 

2.323471t3E-02 
2.0402H8E-02 
1.7869011E-02 
1.5608799E-02 
1.3598528E-02 
1.1815820E-02 
1.0239579E-02 
8.8499970E-03 
7.6285787E-03 
6.5581352E-03 
5.6227706E-03 
4.807ll448E-03 
4.0999427E-03 
3.4868233E-03 
2.9573552E-03 
2.5014766E-03 
2. 1101:125E-03 
1.7751269[-03 
1.4892407E-03 
1.2459755E-03 
1.0395870E-03 
8.6500123[-04 
7.1715541 E-04 
5.9393421E-04 
4.9011409E-04 
4.0332228(;-04 
3.3098087E-04 
2.7086213E-04 
2.2101t383E-04 
1. 7989054E-04 
1.4598668E-04 
1.1811t386E-04 
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~-IM 52 HR AT 2110 DEG C 

FOR CA=.990 0= 2.160E-07 OP= 3.386E-07 Xf=-6.08lE 00 OERP=-6.005E-03 

FOR CA=.qsO 0= 2.214(-07 OP= 2.211E-07 XF=-5.312E 00 OEMP=-1.113E-02 

FOM CA=.no U= 2. 230E-07 OP= 2.343E-07 Xf=-4.823E 00 OI:RP=- 2. 288E-02 

FOM CA=.960 0= 2. 230E-07 OP= 2.485E-07 Xf=-4.455E 00 DERP=-2.132E-02 

FOR CA=.Q50 0= 2.22QE-07 DP= 2.328E-07 XF=-4.155E 00 DERP=-3."90E-02 

FOR CA=.940 0= 2.226~-07 DP= 2.236E-07 Xf=-3.900E 00 OERP=-".190E-02 

FOR CA=.930 0= 2.122E-07 DP= 2.279E-07 Xf=-3.677E 00 OERP=-4.626E-02 

FOR CA=.no 0= 2.2181:-07 DP= 2.247E-07 Xf=-3.477E 00 DERP=-5.187E-02 

FOR CI\=.910 0= 2.2131:-07 DP= 2.217E-07 Xf=-3.295E 00 OERP=-5" 129E-02 

FOR CA=.900 0= 2.208E-07 DP= 2.245E-07 XF=-3.127E CO OERP=-6.100E-02 

FUR CA=.890 0= 2. 203~-07 DP= 2.nOE-07 XF=-2.91l~ 00 OERP=-6.566E-02 

FOR CA=.8bu 0= 2; 197E-07 DP= 2.213E-07 XF=-2.825E 00 DERP=-1.021E-02 

FOR CA=.870 0= 2.192E:-07 DP= 2. 207E -07 Xf=-2.688E 00 OERP=-7.429E-02 

FOR CA=.860 0= 2.186E-07 DP= 2.190E-D7 Xf=-2.557l: 00 OERP=-7.857E-02 

FOR CA= .ci50 0= 2.181F-07 DP= 2.186E-07 XF=-2.433E 00 OERP=-8.225E-02 

FOR CA=.840 U= 2 .l7~E-07 DP= 2.115E-07 Xf=-Z.314E 00 0I:RP=-8.606E-OZ 

FOR CA=.830 0= 2.170E-07 OP= 2.183E-07 XF=-Z.200E 00 OERP=-8.894E-02 

FOR CA=.a20 0= Z.164E-07 OP= 2·.176E-07 Xf=-2.091E 00 DlRP=-9.22 fE-02 

FOR CI\=.810 0= 2.158E-07 DP= 2.164E-07 Xf=-1.984E 00 OERP=-9.570E-02 

FOR CA=.800 0= 2.153t-07 DP= 2.156E-07 Xf=-1.882E 00 OERP=-9~88 5E-02 

FOR CA=.790 0= 2.147E-07 DP= 2.149E-07 XF=-1.782E 00 0I:RP=-1.018E-01 

fOR CA=.780 0= 2.14IE-07 OP= 2.1481:-07 XF=-1.685E 00 OERP=-1.044E-01 
U~SATISFACTORY XF FOR CA= .770 

D.49~9198~ 01 O. O. O. O. 

FOR CI\=.160 0=-4. 708E- 07 DP= 7.616E-12 XF=-1.65"E 00 OERP= 5.982E 03 

fUR CA=.750 0= 2.lt18E-07 DP= 2."19E-07 Xf=-1.552E 00 OERP=-9.888E-02 

fOR CA=.140 0= 2.415E-07 DP= 2. 420E -07 XF=-1.4,2E 00 OERP=-1.008E-01 

FOR CA=. no 0= 2.412E-C7 DP= Z.414E-D7 XF=-1.353l 00 OERP=-1.028E-Ol 

FOR CA=.720 U= 2.408E-07 DP=. 2.409E-07 XF=-1.251E 00 OERP=-1.047E-01 

OERF=-9.4HE-03
 

OERF=-1.710E-02
 

OERF =-2. 1t0"E- 02
 

OERf=-3.0"5E-02
 

OERF =-3. 6""E-02
 

DERf=-"UIOE-02
 

DERF=-It.1it5E-02
 

DERF=-5.25ltE-02
 

DERf=-5.140E-02
 

DERF=-6.20"E-02
 

DERf=-6.61t7E-02
 

DERF=-1.012E-02
 

DERF=-7.H9E-02
 

DERf=-7.869E-02
 

DERF=-8.21t4E-02
 

DEIlF=-8.603E-02
 

DEKF=-8.948E-02
 

DERF=-9.278E-02
 

DERf=-q.596E-02
 

DERF=-9. 9001:- 02
 

DERf=-1.019E-Ol
 

DERF=-1.01t1E-01
 

O. 

DERf =-9. 616E-02 

DERF=-9.89IE-02 

DERF=-1.010E-OI 

OERf=-1.02'lE-01 

DERf=-1.048E-01 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 

SEC 2 

SEC 2 

SEC 2 

SEC 2 

SEC Z 

~
 
I..,
 
o 
,." 
I 
Q\ 
~ 
I 

00 
CII 
00 



CI.l 

I 

~OM 

~UR 

FOR 

FOR 

FOR 

FOM 

FUR 

fOK 

FOK 

FOR 

fUR 

fOR 

fOR 

FOR 

fOR 

fOK 

EUR 

FOK 

FOR 

fOR 

FOq 

H!R 

FOR 

fOK 

fOk 

FOK 

fOK 

FOP 

FOM 

FOR 

fOR 

tA-.110 

CA=.700 

CA=.b90 

CA=.680 

CA=. 670 

CA= .660 

CA=.650 

CA=.640 

CA=.630 

CA=.620 

CA=.610 

CA=.600 

CA=.~90 

CA=.580 

CA=.~70 

CA=.560 

CA=.5S0 

CA=.540 

CA=.~30 

CA= .',20 

lA=.~lO 

tAo. sn~ 

CA=.49lJ 

CA=.48(1 

CA=.47C 

CA=.460 

tA= .45 1j 

lA~.44C 

(A=.4l0 

CA=.42lJ 

lA=.41(, 

O. 2."Cn-01 DP. 2."0-.£-01 ".-1.161t 00 D£IlP--l.06M-ol 

c= 2. H8E-07 DP= 2.397E-07 Xf=-1.069E 00 DERP=-1.082E-OI 

0= 2.392£-07 OPe 2.394~-07 Xf=-'I.113E-OI OERP=-1.091E-01 

D= 2.~B6~-07 U~= 2.387E-07 Xf=-8.8b8~-01 OERP=-1.1l3E-0 I 

0= 2.}79E-07 DP= 2. 379f-07 XF=-7.97SE-Ol OEKP=-1.121E-01 

0= 2.372E-Ol OP= 2.373E-07 Xf=-7.092E-Ol DERP=-1.140~-01 

0= 2.364E-07 DP. 2.365E-07 Xf=-6.120E-Ol 0~RP=-1.IS3E-OI 

0= 2.3S6~-07 uP= 2. 357~-07 XF=-S.357E-Ol DERP=-1.164E-01 

0= 2.348E-07 DP= 2.348E-07 Xf=-4.S02L-Ol OCKP=-I. 11SE-0 I 

0= 2.139(-07 UP= 2.340E-07 Xf=-3.6SSE-Ol OERP=-1.18SE-01 

0= 2 .l30~-07 Ope 2.330E-07 XF=-Z.814E-Ol UfMP=-1.194E-Ol 

0= 2.320E-07 uP= 2. 320E-07 Xf=-1.9AOE-Ol OCRP=-1.202E-Ol 

D= 2.310E-07 DP", 2. 310E-07 Xf=-1.lS1E-Ol DERP=-1.210E-Ol 

0= 2. 29'1E-07 DP= 2.Z99E-07 Xf=-3.2B2E-02 OERP=-1.ZI6E-Ol 

0= 2.288E-07 DP= 2.28Sf-07 XE= 4.910E-02 OERP=-1.222E-Ol 

D= 2.276E-01 OP= 2.276E-07 XF= 1.306E-Ol OERP=-l.ZZ7E-OI 

U= 2.264t-07 OPe 2.Z64E-07 XF= 1.11BE-Ol DEKP=-1.2 )2E-0 I 

D= 2.25lE-07 UP= 2.2SH-07 Xf= 2.928f-Ol OtRP=-1.235E-Ol 

c= 2.238E-07 OP= 2.2HE-07 Xf= 3.73SE-Ol DLKP=-1.Z3~E-Ol 

U= 2. 224E-07 op= 2.223E-07 Xf= 4.S40t-Ol UEkl'=-1.Z40~-O1 

0= 2.Z09E-07 DP= 2.209E-07 Xf= S.344E-OI DEKP=-1.242E-Ol 

r.= "', 194E-(17 UP= i.1 0 3E-07 Xf= 6.147E-Ol UfRP=-1.Zr,2E-Ol 

D= 2.179L-07 DP= 2.17BE-07 Xf= 6.-ISOF-Ol DERP=-1.241E-Ol 

D= 2.162E-07 UP= 2.161E-07 XF= 7.75SE-Ol DERP=-1.240E-0 1 

c= 2.14St-07 UP= 2.14SE-07 XF= 8.S60t-01 UfKP=-1.238E-OI 

0= 2.127E-C7 DP= 2.12BE-07 XF= 9.367[-01 DlKP=-l.23SE-Ol 

D= 2.10'l~-07 uP= 1.110~-01 Xf= 1.01SE 00 OERP=-1.231E-01 

D= 2.0'lOE-07 LlP= 2.090E-01 XF= 1.09~E 00 UlkP=-1.22If-Ol 

Co: 1.0691;-01 UP= 1.07H-07 Xf= 1.lHOE 00 DEkP=-l~ZZZL-DI 

c= l.04'jE-C7 DP= }.046L-01 ~F= 1.2hZf 00 [J!:RP=-1.2111:-01 

0= 2.(176[-07 OP= 1.017(-07 Xf= 1.34Sl 00 OfKP=-1.20'lt-01 

Dfll~--1.065E-Cl 

DtRF =-1.082t-Ol 

UERf=-1.098E-Ol 

OERf=-1.113E-Ol 

OEKF=-1.127E-Ol 

DERf=-1.140E-01 

OERf=-1.153E-Ol 

UERF=-1.16r,E-01 

OERf=-1.17SE-OI 

OERF=-1.185E-Ol 

OERF=-l. 194E-Dl 

DEKf=-1.202E-Ol 

OEIlF=-1.210E-Ol 

IlEKf=-I.Zl7~-01 

l:ERF=-l.ZJ2E-Ol 

DEKf=-1.228E-Ol 

DERf=-l. 232E-0 1 

DEKf=-1.2lSE-01 

DERF=-1.Z38E-OI 

OERf=-1.240E-01 

OEMf=-1.241E-01 

OERF=-1.2r,2"-01 

OEKF=-1.241E-Ol 

OERF=-l.Zr,OE-Ol 

DERf=-1.Z)8E-Cl 

DLRf=-l.HSE-Dl 

DERf=-1.232E-01 

OERf=-1.228E-01 

OEKF=-1.2Z2E-Dl 

Of~f=-1.211E-OI 

IlEKf=-l.ZlOE-OI 

5EG 

,EG 

SU; 

,fG 

,lG 

SI:G 

SEG 

SEG 

SEG 

SCG 

SEG 

SI:G 

SEG 

SEG 

S[G 

StG 

SfG 

SEG 

SEG 

S~G 

SEG 

SCG 

SEG 

SFG 

SEr. 

StG 

SEG 

SfG 

SEG 

SEG 

StG 

l 

2 

2 

2 

2 

2 

2 

2 

1 
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2 

2 
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2 

Z 

Z 
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1 

2 
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:> 
o 
a
 
:;e 
I 
0
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00 
CIt 
00 

0
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0
11>0

~n~ CA=.400 
U~SATISFACTO~Y XF FOR 

C= 1.472E-07 
CA= .390 

OP=-O. (F= 1.427E 00 OH.P= O. OEIIF =-1. 202E- 01 SEG 

0.6301813E 01 o. O. o. O. O. 
UNSATISFACTORY XF FOR CA= .3BO 

0.b424545l 
UNSATISFACTOKY 

(II 
XF FOK 

O. 
CA= .370 

O. O. O. O. 

0.b54HZU3E 01 o. O. o. O. O. 
UNSATISFACTURY XF FOR CA= .360 

O.bbnnOf 01 o. O. o. o. O. 
UNSATISFACTORY XF FOK CA= .350 

0.67Q9195l 01 O. O. o. O. O. 
UNSATISFACTORY XF FOR CA= .340 

C.69Zb59lF 01 o. O. O. o. C. 
U~SATISFACTOKY KF FOR CA= .330 

0.1055443E 01 O. O. o. O. O. 
UNSATISFACTOKY XF FOR CA= .320 

C.71'<Se83E 01 O. O. O. O. O. 
UNSATISFACTORY XF FOR CA= .310 

O. BHC50E 01 o. O. o. o. O. 
UNSATISFACTOKY XF FOR CA= .300 

C.7452099F 01 O. O. O. O. O. 
UNSATISFACTORY XF fOR CA= .290 

0.1588195~ 01 O. O. O. o. o. 
UNSATISFACTOKY XF FOR CA= .280 

O. 772651d~ 01 O. O. O. O. O. 
U~SATISFACTORY XF FOR CA= .270 

0.7861Z65E 01 O. O. O. O. O. 
UNSATISFACTORY XF fOR CA= .260 

0.UOI0653E 01 O. O. O. o. O. 

FOR CA=.250 G= 3. 81ZE-06 OP=-1.813E-ll XF= 1.439f 00 OERP= 1.446E 04 OERF =-6. 773E-02 SEG 

FOR CA=. 240 C= 2.558E-07 op= 2.S60E-Ol XF= 1.589E 00 OERP=-6.6ZZt:-02 Dt:RF =-6. 626E-02 SloG 

FOR CA=.230 c= Z~540l-07 DP= 2.540F-Ol (F= 1.14IE 00 lJF.KP=-6.471E-02 DERF=-6.41IE-C2 SEt 

FUR CA=.220 C= 2.5ISt-07 [lP= 2.S16E-07 XF= 1.8981. 00 OERP=-6.30BE-OZ OERF=-6.310E-OZ SEt 

FOK CA=.21') 0= 2.484E-01 UP= 2.4B5E-Ol XF= 2.059E 00 OERP=-6.1'tOE-02 OERF·-b.142E-02 SEt 
UNSATTSFACTORY XF FOR CA= .200 

C.839'U64E 01 O. O. O. o. O. 
U~SATISFACIU~Y xr FOR CA= .190 

0.8421Zlbt 01 O. O. o. o. o. 
UNSATISFACTURY XF fUR CA= .180 

0.846\(64l 01 O. O. O. O. O. 
UNSATISFACIURY XI fCK CA= .170 

0.1l4'17316E 01 o. O. O. O. O. 
UNSATISFACTO~Y XF ~nR CA= .160 

C.85343HlF 01 O. o. o. O. o. 
UNSATISFACrOKY XF fOR CA= .ISO 

0.B57Z'I1H 01 O. O. O. O. o. 
UNSArISFACrU~Y XI fOR CA= .140 

C.8611311\1 
UNSATISFACrOKY 

01 
KF FO_ 

O. 
CA= .130 

O. C. O. O. >en 
0.865567ZE 01 O. O. O. o. O. 0 

UNSATISFACrO~Y XI fOR CA= .120 I 
0.IlJOr14bF 

UNSATlSFAC10~Y 

CI 
XF FIlR 

O. 
CA= .110 

O. C. O. O. d 
0.~74712b1: OL O. O. O. O. o. ~ 

UNSATIS~ACrO"Y XF FIlR CA' .100 I 
0.87'1~30Sl 01 O. O. O. O. o. 0

N 
I 

00 
CJl 
00 



:> en 
0 
I 

Fr." 
H" 

FUR 

l.A=. C40 

l.~=.cao 

CA'.C10 

D= 

D' 

C' 

4.13I1l-Cb 

1.046t-Ob 

3.959E-C8 

lJ I' =- 1 • 9b8E -I 1 

Dp·-Z.184E-ll 

Dp. 3.959E-00 

KF= 

Xf. 

XF. 

2.13~E 

2.194E 

2.259[ 

00 

DO 

00 

O(RP= 4.2~bE 04 

llE"p. 7.74H 03 

D(Rp·-1.4&IE-01 

DERF·-1.1blE-OI 

OE~F=-1.bI8E-01 

DERF·-1.4blE-OI 

SrG 

SEC 

SEC 

4 

4 

4 

~ 
0
:::c 
I 
0-. 
N 
I 

00 
CJ1 
00 

FUR CA=.CI,D D' 3.914£-08 Dp: 3.914E-08 Xf= 2.33ZE 00 UERP=-1.291>1:-0 1 OElU' :-1. 29&E-0 I SFG " 
FGP (A==.C')\) D= 3.6&5[-06 01" 3.80&\;-08 XF= 2.414t 00 lJI:RP·-1.122E-01 OEI(F·-1.122E-Ol SEC " 
H1" CA'.l.40 U' 3.813E-06 Dp. i.815F-08 XF~ 2.512t 00 DERp·-9.3&8E-02 DERf '-9.314£-02 SfG " 
Fe." CA=.C30 0= 3.753E-08 01" 3.157£-08 XF= 2.b31E 00 OERP=-7.403E-02 OEl(f=-7.40IE-02 SEt; 4 

FOR l.A=.1.2tJ lJ· 3. &B lE-08 UP~ 3.&19E-08 XF= 2.190E 00 CERP=-5.2&9E-02 OE~F '-5. ZbbE-02 SEC " 
EU" '-A=.CIO C' 3.5BE-08 01'= }.511E-08 XF. 3.041E 00 DfRP·-2.903E-02 OERF·-2.898E-02 SEC " 

0-. 
CJ1 






