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SUMMARY

Design and analysis of large booster flight control systems require techni-
ques that account for the time varying character of the dynamic system. In
addition, the techniques must account for system forcing functions that are
random processes, The tools available for these studies have been limited.

In general, they are subject to analytical formulation, but tend toward numer-
ical schemes, Such a numerical scheme was presented in "Launch Vehicle
Winds and Turbulence Response by Nonstationary Statistical Methods, ''" NASA
CR846.

This report is an extension of the work undertaken in NASA CR846 and
presents the application of techniques there formulated, to large amounts
of Jimsphere data with the random process frequency content included,

The work was performed at Hayes International Corporation from June
1968 to February 1969 under Contract No. NAS8-21444, '"Study of a Non-
stationary Adjoint Statistical Wind Model for Flight Control Systems Analysis, "
for Aero Astrodynamics Laboratory of George C, Marshall Space Flight Center,

Mr. Jerome R. Redus and Mr. William W, Heuser of the Optimal Control
Theory Branch of the Astrodynamics and Guidance Theory Division were the

NASA technical supervisors during the periods of performance of this contract.
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I, INTRODUCTION

For time varying systems that ascend the atmosphere, winds are a major
consideration in design of flight control systems. Therefore, it becomes advan-
tageous to have available a tool for design and analysis that can rapidly produce
accurate vehicle response statistics. This tool is available in the winds and
turbulence "shaping filter' and the "adjoint'" techniques of analysis,

The shaping filter is designed for use with the adjoint technique of analysis,
or programs formulated with optimal control techniques requiring méan square
system response, By determining the appropriate coefficients, the shaping filter
can be used to generate the winds and turbulence statistics that are necessary
as an input to adynamic system to obtain the system mean square response due
to winds and turbulence input.

The shaping filter developed in this report is representative of the winds
and turbulence over Cape Kennedy, Florida as measured by the Jimsphere Wind
Sounding Program conducted by Marshall Space Flight Center, Huntsville, Alabama.

To use the shaping filter with an adjoint technique of analysis, the shaping
filter is joined with the time varying system to form a combined system, that
has a white noise input and a response which is the vehicle output that normally

results from winds and turbulence,

WIND AND VEHICLE
WHITE E E
— J TURBULENCE - TIME .&___f,. HICL
NOISE SHAPING VARYING OUTPUT

FILTER SYSTEM
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The combined system equations are programmed as adjoint equations,

COMBINED 3
DELTA ADJOINT INTEGRATE | . MEAN
EQUATIONS
e SQUARE RESPONSE

The impulse response of the adjoint system is the adjoint weighting function
of the system,g(T,t), as a function of the second argument 7. Application of

linear system theory has resulted in the equation

t
0% (t) = S g('r,‘c)2 dr,
0

and allows direct calculation of the same time varying system mean square
response that would result from an ensemble of wind and turbulence profiles

input to the time varying system,

The shaping filter, so named because it shapes a white noise input into

a prescribed random process whose correlation function is known, was suggest-

(1)

ed for use with the adjoint technique of analysis by Lanning and Battin = ,for
stationary processes, and applied to nonstationary processes by Bailey,

2
Palmer, and Wheeler ( ),using statistical dynamics based on the works of

(3) (4)

Batkov ,and Solodovnikov .



HAYES INTERNATIONAL CORPORATION 3

The general synthesis of the shaping filter in the nonstationary case
requires far more preparation than synthesizing the shaping filter for a
stationary process developed in Ref. (1). This is primarily due to the fact that
the power spectra and correlation of stationary processes have a direct transfer
relationship and admit to an analytical solution. There are relationships in
the nonstationary case, but at present there are no analytical solutions which
allow the attainment of the filter equation through direct transformation as in
the stationary case.

The shaping filter is defined as an ni:-}-l- order differential equation with
time or altitude varying coefficients that are developed from the winds and
turbulence data, The input to the shaping filter is white noise and the output
winds and turbulence statistics equivalent to ensemble statistics of the winds
and turbulence used to develop the filter, These ensemble winds and turbulence
nonstationary statistics, correlation or covariance, are related to the filter
characteristics through the filter weighting function.

The winds and turbulence data are reduced and arranged in a form such
that the statistics may be related to the filter. The order of the filter must
be established and the necessary derivatives of the covariance determined.
These derivatives are used to determine the coefficients of the filter equation,

Determination of the time varying coefficients of the shaping filter is
equivalent to development of the shaping filter,

Section I of this report presents the basic equations that have been develop-

ed as foundation stones for the nonstationary statistical development, A
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complete development of these equations is given in References 3 and 4, with
an excellent summary of the adjoint approach in Reference 5. Sections II, II
and IV present the statistical development and underlying problems that are to
be considered prior to undertaking the numerical task of development of the
mean and covariance matrix,

Section V presents the approach taken in developing the derivatives of the
covariance at each point along the altitude span of the covariance matrix.

Section VI presents development of the coefficients for both the left and
right hand side of the equation (1) of Section II.

Section VII presents the filter coefficient development computer programs.
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II. BASIC RELATIONSHIPS

To arrive at the basic equations that are to be used in the numerical and
analytical presentation and development of the shaping filter, let the filter be

th
defined as an n— order differential equation with a white noise input

d” x(t) dn(e) +a.. byt
apl(t) -ngﬁ—— toootag(t)x(t) = by, _ﬁr_n— ofthn(t)

or symbolically d
D(p,t) = Zaj(t) =
D(p, t)x(t) = M(p, th(t) p =

d
M(p,t) = Tby(t)

d (1)
dt
m<n, n(t) = White Noise

The solution to the shaping filter problem is determination of the aj(t), bj(t) of
equation (1) such that x(t) has prescribed nonstationary statistics in the form of
an arbitrary continuous covariance., A solution to the filter equation may be
written as

Wt

X(t) = S g(t, T)n(t) dr. (2)

=00

X(t) is the random process desired and g(t,7) is the filter weighting function, or

impulse response. The impulse response g(t, T) of the filter can be defined as

the solution to

D(p, thglt, ) = M(p, t)5(t-), (3)
Equation (3) plays a major role in the development of relationships between
the filter equation and the winds and turbulence, that the filter is to generate,

for it delineates the form of the equations to be developed.
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The form that is desired is a form that allows the solution to the filter
equation to be in terms of winds and turbulence statistics, namely, correlation
or covariance. The correlation of the solution to equation (1) is the average

product of equation (2) at times t and .

- t T
Ry(t, 7) = x(tyx (1) = g g(t, \)n(\)ax S g{T,0m(e) d(e)

=00 =00

(4)

1

t T
S g g(t, Ng( T, G)Rn(e, \)dxde

=00

where RTI (0,)\) is the correlation of the input which is known to be §(t), a
result following from the input being white noise.
Substituting 6(t) into lequation (4) and recalling that

t
S g(t,m )6 (r =n)dx = g(t,N) (5)

[e]

equations for Rx(t »T) are derived

t
S‘ g(t,\N)g(mNd\ for t<\

=00

n

Rx(t, T)
- (6)
S g(t,Ng(r,\N)dX\ for t<r

=00

i

Operating on both sides of equation (6) with D(p,t), equation (6), part two reduces
to zero for 7<t.  The correlation,or covariance, of the output of the fiiter
satisfies part two of equation (7), hence,

D(p, IR (t,7) = © t< T

. (7)

dr

D(p,T)Rx (t,7) =M (p,T)glt,7); t>7; p =
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Equations (7) state the relationships between the correlation of the winds
and turbulence, and the filter function. They are the basic equations from
which the ai(t), the time varying coefficients of the left-hand side of equation
(1) are developed. The values of equation (1) on the right-hand side, b;(t),
are developed from the initial conditions placed on g{t,T). The initial condi-
tions used to develop the b;(t) have been thoroughly developed in Reference 2.

The numerical techniques that follow are developed in terms of altitudes
h; and hj as opposed to t and 7T in the development presented in Section II.

Transformation from the altitude domain to the time domain can be accomplish-

ed by techniques described in Reference (6).
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III. WINDS AND TURBULENCE DATA DEVELOPMENT

The shaping filter must have a random output which has the same correla-

tion or covariance as the winds and turbulence measured by FPS/16-Jimsphere

techniques, Figure 1 represents a Jimsphere zonal wind speed recording

plotted over the altitude interval of interest.
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From an ensemble of such profiles, the mean and covariance matrices

are to be formed. Utilization of the Jimsphere data to develop a shaping

filter requires a careful evaluation of both Jimsphere data and characteristics

of the vehicle to be analyzed. The Jimsphere data, at present, is represented

by over 1200 records of Cape Kennedy winds, recorded at 25 meter intervals,

beginning at approximately 200 meters and extending to approximately 18000

meters. Present records are zonal, meridional and scalar winds,

Such large quantities of data require selectivity in use such that the model

contains statistics that excite the important vehicle modes that would be excited
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during an actual flight. Selecting data for building the filter can best be ex-
plained by an example. Consider the Saturn class vehicle during actual flight.
The rigid body mode is in the neighborhood of 1 radian per second and the first
the three elastic modes are approximately 6, 13, and 18 radians per second.
The frequency range of importance then will be between approximately 0.5 and
20 radians per second,

The model can be developed around statistics that contain these frequencies
if the proper lag is utilized in development of the covariance matrix. In order
to determine a lag size in the covariance matrix that will insure incorporating
frequencies up to 20 rad/sec into the problem, consider a vehicle velocity of
525 m/sec, and wind data recorded at 25 meter intervals. Then,

V (vehicle velocity at max Q)
f (vehicle frequency of interest).

(8)

Mwind profile wavelength)

525 m/sec
3.18 ¢/s

= 165 meters

Therefore, a wavelength of 165 meters is required to introduce frequencies of
up to 20 rad/sec into the vehicle problem in the maximum dynamic pressure
region. When building a covariance matrix, three points are required to define
one wavelength, Hence, the lag size must be one-half (1/2) the wavelength
requirement to avoid averaging out the desired frequencies. Therefore, to
use the Jimsphere data without interpolation, a lag size of 75 meters would
be appropriate in the example considered.

By considering the frequency range of interest, the analyst can select from

the bulk of Jimsphere data only the wind direction desired, at 75 meter intervals,
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thereby reducing the bulk of data to be handled by from 3 to 5 times. Proper
selection of data can be crucial where the filter is to be developed on a small
digital computer, i.e., 5K storage.

The data selected for this model development were the EAST -WEST (zonal)
component of all Jimsphere recordings available, The data were taken in 50
meter steps, beginning at 200 meters and extending through 16, 050 meters. To
facilitate the analysis, all E-W (zonal)_ data at 50 meter intefvals on 5 Jimsphere
record tapes were transferred to a single E-W tape at 50 meter intervals, re-
ducing the data handling from 5 tapes to 1 tape,

The single tape contains record lengths of 1251 words: altitude, and 1250
recordings at a given altitude, extending over several years, for a grand total
of 320 records each of 1251 words. From the ensemble of such profiles, on
the single tape, separate statistics rﬁay be readily calculated for any altitude
range. The requiréd statistics of interest are:

mean wind at altitude hr

N

v, (hy) = jz: 1 Vi (he)s/N, (9)
covariance of the wind profile
N — —
and correlation defined as
R(V_(h )V _(h ) = C(V(hg)V (b)) (11)

when the average of the process is equal to zero.
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Either covariance or correlation may be used in the filter development. How-
ever, previous developments have indicated that covariance is a more tractable
number and will be used in the filter development,

Utilizing equations (1) and (3), and the reduced data tape, a covariance

and mean matrix can be formed.
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IV DEVELOPING THE COVARIANCE MATRIX

Referring to Figure 2, a typical set of N wind profiles, and applying
standard ensemble techniques, a matrix of covariance values may be
formed.

A sample average or expected value of the wind velocity at any altitude

h . may be calculated by use of equation (9).

N
1 .
AV(Vh,.) = E(V(h,)) = B jél N4 (h,) (12)
1 N
T .2 ) Vj(hr) may also be expressed < Vj (h.)>, the ensemble average of
J =

wind velocity at altitude h..
Let Vi(h) = V() -< Vj(h)>. Then the covariance is defined as

Covih,hy) = <Vihy) Vihg) > = {V(h,) - < Vj(h)>} {V(hg) -< Vjlhg)>}
(13)
= <Vlhy) V(b )>-<Vi(h,)>< Vi(hg)>

Equation (13) indicates the covariance value between wind velocity at
altitudes h, and hg is given by the correlation of wind velocities at altitudes
h, and hg averaged across the wind profile sample, minus the product of the
average values of wind velocity at altitudes h,. and hs., By taking altitudes hr
and hS throughout the wind profile, from the lowest to the highest altitude, a
matrix of covariance values will be formed. The matrix is shown in Figure 3,
and is an n x n symmetric matrix with n depending on the lag size selected.
The numerical scheme that is used with equations (12} and (13) depends

on the computational facility available, and as more Jimsphere data becomes
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available, the computational scheme will play an even more important part.
The scheme used in computing the matrix of this program was to ''split out"

the 320 Jimsphere records into 4 tapes of 80 records each, thus saving com-
puter time in search through the tape as the record number increases,

There were 1251 words read into computer storage for 2 altitudes, be-
ginning with 200 meters altitude, These records were correlated with them-
selves and all records above 200 meters. This procedure is repeated through-~
out the 320 profiles. Any number of records may be read in initially, depending
on available storage space of the computational facility. The technique describ-
ed required 92 minutes on an IBM 7094 computer, An IBM 360-30 of 5K storage
was tried but proved prohibitive timewise. This machine appeared to be execute
bound,

The covariance matrix,generated and stored rowwise, is now ready for
calculating the n derivatives for use with regression analysis to develop the

coefficients.
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COVARIANCE MATRIX
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V. DETERMINATION OF THE DERIVATIVES
OF THE COVARIANCE MATRIX

d dZ (h,,h-),..., dn(h,,h..)
A method for developing g~ C(hjh ) and gt ___nl J
j ! j dh,
J

when C(h;, hj) is given in tabulated form as shown in Figure 3 is to represent

C(h;, hj)’ as shown in Figure 4, as a polynomial and evaluate dC_ and d*C s

dh?
" C along the span of the polynomial, The polnomial that represents
dnl
C(hi’ hj) is called an interpolating polynomial and may be found from the

tabulated data through the use of a finite difference table to develop the
elements of the polynomial.

When tabulated data is given as in the case of C(hi, hj) of Figure 3, h;
is held constant for any tabulation of C(hi, hj) resulting in a C(hi’hj) that has
h; as a dependent variable and hj as an independent variable.

The elements of the finite difference table are developed from the tabu-
lated C(hj), called the zero order difference. Representing the first difference
in the finite difference table as AC, = C(};'H) - C(hj), the difference in C(hj)
over a span of altitude h (lag size of C), A* C as the second difference etc.,

the table takes the form shown in equation (14). The whole curve made up of

all covariance values for a fixed h; = 200 meters is shown in Figure 4.

Determination of the values of by fitting this curve with a single

J
polynomial would require a polynomial of prohibitive degree if an accuracy of
interpolation of 1% is desired. This problem was circumvented by using a

floating point polynomial fit of small segments of the total curve, in this case

2000 meters and and a fourth degree polynomial.
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C (h )
o o
AC
o
Ci(hy)
A C,
o AC,
5]
.:) 13
%’ C, (hy)
8_. AZ C,
= n
5 , ' A Co
3 Cs(hs)
— 1
g ' \ :
-~
) !
o i '
— 1
! i
C(hn)

From this finite difference table, the interpolation of C may be accomplished.

The Gregory-Newton formula for forward interpolation will be used. This

equation is

o u[r] r

r!
r=0

o)
BA
Q

1

u(u-1) (u-2) ... (u-r+1)

o
]

The polynomial is some function of C(hj)’ f(C). It is approximated by the

polynomial P (u) where u=C -C , h = , 05 kilometer,
n 1 o

h
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df(C) _ dp(u) du (16)
dh; du dh.
j j
du - 1
dh; h

Differentiation of P _(u) results in derivative matrices similar to the covar-
ijance matrix. The derivative matrices have as elements the first and second,
or more, derivatives of covariance corresponding to the elements of the covar-
jance matrix. The N derivative matrices are developed from the covariance
matrix by using the row-wise differentiation of the covariance matrix. The
elements of the covariance, first, second, third and etc., derivative matrices
are used with the regression technique of Section VI to develop the a;(t) of
equation (1),

As in the initial selection and organization of the winds and turbulence data,
the matrices must be arranged in a convenient form if a small computer is to
be used for the filter development.

The elements of all matrices are formed by row-wise operation whereas
the regression analysis of Section VI, used for developing the a;(t), is perform-
ed column-wise. To facilitate the regression analysis, data sorting is performed

on the three matrices to form a single matrix, The single matrix is unique in

dC..
1 e 6 9
that each single element of this new matrix has several parts, Cij’ —CE—J, s
d"C;; J
_:i_l:z—lé— . Therefore, when the regression analysis is performed at a given
J

hj, this matrix furnishes all necessary data values in a single record read by

the computer. Regression analysis begins with the second record, since the
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dC

first record contains only one point i. e. {(Cov (200, 200), —— (Cov 200, 200),
n

dn
dhh (Cov 200,200)),and the regression analysis does not hold (is equal to

zero) for a single point.
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VI. REGRESSION ANALYSIS FOR THE SHAPING
FILTER EQUATION COEFFICIENTS

In general theory, multivariate regression plane is represented by
Xip "R+ kg X + ks X3 ... k) X (17)
where X, is a regression on X, ... X,,. In other words, X, is the dependent
variable and it remains to determine the k; such that the equation best approxi-
mates the data represented by the X variables. By relating the variables
C(hi’hj)’ C'(hi, hj)’ e Cn(hi, hj) of the problem to the regression equation,
the ai(t) of equation (1) can be found as the kiare found in the general problem,

The filter order is selected as 2 for the problem filter. The regression equa-

tion and the filter equation as related to the covariance is Cn(hi, hj).,

C"+ a;,C + aoC = 0 (18)
This equation is similar to the regression equation
X, = k X +Is X (19)
where the X; are referred to their mean value and kl becomes zero, The

a;(h) are to found such that the sum of the squares of the deviations between

the observed and predicted values, as given by

N
2 2

is a minimum, By taking the partial derivative of D*, a set of normal
equations are arrived at such that their solution results in the a; given interms

of products and squares of known values of C,C', C'" that were stored in the single

matrix generated in the final stages of the derivative program, The equations
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that result from differentiation of equation (20) may be solved as to equations

with two unknowns, resulting in expressions for ao(hi), a,(h;), i =200, 15950

i

meters, by 50 meter steps.

i
-z: c"(hl,h)zc'(h b)) +j§1c'(hi,hj)c”(h +hy) zc(h vhy) C'(h, h,)

j=1 75
ao(hi): ,
5 C(h h) ZC(h h) -(Zlb(h h)C(h h))z
j=1 i= j=
(21)
1 i
2 (1. . (1. . : . . t ) ' . i
aJ-ZC(h byl 2 C (hj, ;) C''(hy, hy) g C(h;, hy) C'(hy, h)J>_: C(hy, b;)C'(hy, by)
a,(h;) =
i 2 i z_i . N
jZdlc(hi, h,) j;leC'(hi, h;) <j2=§:(hl, hj) C'(hj, hj))

The numerical approach taken to develop the b;(h) can be more easily
understood by referring to Figure. 5 during the following development. When
the C(hi, hj) of Figure 3 is plotted with h; as the dependent variable, the curves
for h; > hj are obfained and when the C(h;, hj) are plotted with hj’ the dependent
variable, the curves of h;< hj are obtained. They are identical due to the sym-
metry of the matrix, Either form may be used to generate the filter coefficients.
For the case taken, h; is the dependent variable and the curves for hj >h;, the

curves to the right of h, = hj are used.

The line hi = hj is of importance in evaluating ah Tl
J h:=hs ! h; -’-h'Jr
de . . +
T is evaluated along the curves B at a point h; = hj + The
i +
value of d(ic is evaluated along the curves A at a point h; = h; 7, or

7
i
o
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can be more readily found by differenting curves C since the values of
C(hi,hj) etc. are taken along the curves B at 50 meter intervals, The values

of C(hi’hj) at h; = h; appear to be zero (0) in Figure 5.

j This, however, is not

the case as is shown in the exploded view of Figure 5, Wwhere a discontinuity

is evident.

5

Figure

The curves A and C are obtained by taking a plane through the C(h;, hj) curves

at points h; or hj'
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Since g(hi, hj) is the impulse response function or weighing function for

this filter

ao(hi) g(hy, hj) + a (hi) dhj dhiz = 0 for hy> hj .
dg(h;j, h; d®* g(hi, bj .
By approximating __%S___l_’_ﬁ_ and glhi, bj) in terms of differences
dhj dhj
representing three points,a system of equations may be obtained to be utilized
for numerically obtaining g(h;, hj) for points near h; = hj‘ If h;,, h;, and hy,

are three consecutive values of h; near h; = h; taken along the span of hi, then

J
an = - [ -3 g(hjo, hj) + 4 g(hil,hj) -g(h;, ,hj)]
hj = hio
am =7 [ -elhio ) g (g0 By
hy = hy)
d g(h', h')
vy 1
h; = hy,
and
dZ g(his h')
J —
wdhj = g(hio»hj) -2 g(hil,hj) + g(hiz,hj)
h; = hig

In terms of three consecutive points the second derivatives are assumed con-
stant. The points are taken close enough together to minimize error.

From the preceding numerical substitutions for the first and second
derivatives of g(h;, hj) in the differential equation of the shaping filter, the

following system of difference equations may be obtained..
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[aohyy) -2 a,(hyy )] glhy,nyy + a, (b)) glhy, ,hy) =

[ aolhjo) -2 aI(hio) + a (hyy )] g(hjq, hJ)
1
(aglhyy ) +1a(h, )] glhy ,hj) + (a,(hy) - aghy, ) -2a(h,) -2a(h, )]

glhy, » By) =3y (hy, ) g(hjo, by,

as developed in reference (3).

2

glhyohy) = [ |4Cueh) |- 4 CMhigh)
dh, O dhyg
| hio = hj hiO =

Thus, the system of two equations and two unknowns can be solved for

g(hil’hj) and g(hjz’ hj)’ Substituting g(hjg» hj)’ g(hi1 » hj), g(hi;, hJ) when

hy = hy, in the formula for < éii hy)
]

h;

hjq

j hio

1]

enables one to compute bj(h;,) from the formulas,

b, (hio) = g(hi’ hj) and
i~ Bio
j = %o
dg(hj, hj
bo(hlo) = ——%—‘]—)‘ + al(hio) bl}(hio)-
J = he
i io

I
o
i
o
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VII. SHAPING FILTER COEFFICIENTS

The coefficients of the shaping filter differential equation (1) are given
in this section, Figures 6 through 9 are A¢, Al, B¢, Bl respectively. Com-
puter tabulations of each graph are given following each graphical display.

No effort has been made to utilize the coefficients in an analog computer
program, as was done during the development program CR846. No data
smoothing was performed on the covariance data to insure smooth curves of
Ao, Al, Bo and Bl, rather, an effort was made to retain as much of the natural
shape of the covariance as possible.

The covariance matrix will not be presented in this report due to the num-

ber of pages that would be required to fully represent all values utilized.
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Wind Model A (h)

coefficients -

beginnin 0.943709E

40% tg  U.BU02144E
MELeTS (5, 82895 9k

and increas- 0. 843599

ing by 50 0.869565E

meter steps. 0.888715¢
0.86893160E
.0.8798706E

0. 10851 3¢E

0.5383673k
.0.744088E

0.682485E

V.631291€E

_0.614490E

U.0606613E
0.589931E
. 0.238330L
0.494154L
0.452656E

_0.454203E

0.4473417E
0,430088Et

. 0.,419509E

0.429190E

0.505635k
_0.448293E

0.147697E
~0+231535E
—0.429863E
-0.375097E
-0.,315105¢E
~0.300412E
—-0.25351 4L
-0.291260E
~0.174032E
-0.147314E
-0.13651 3¢k
~0,118806E

~0.107625E

-=0es948048E~

-0.106617¢E

:QA§90381€f
—0.671857E~
-0.3780602E~
01611719k~
0.488736E—

_0.101570E
0.116154E
Us986002ZE

,",Up b?b‘fOOE

-0.112281¢k

=0.157654L

Ay (h) Bo(h) B, (h) PE:

00-0,211279E Ol Q.317744t 03 0.325791E 01

00 0.157T8B22E 01l 0.10U28U5E U3 U.233026E Ul

00 0.3%0543k 01 0,279399E U1 _UV.622388E_ 00U
0C U.369723E 01 (,517014t Ul U.Z28u380E UL
00 0.380628E 0l -9,196222E Ul 0.251020E OL:
00 0.378451F 0l -y3,133538E 02 0.320822E 01

00 0.352549E 0l -y.,6498158 U2 U.909438E 00
00 0.320951E 0Ol —Q.2U%059E U3 0.3188348E 01
00-0.121552E 01 _9,09/845L 02 0.,191760E O}
00 0.100762E Ol (.445114ab U2 0.324926E.01

00 0.,236039E 01 -(.228122°01 0.1473955E 01

00 0.218749E Ol —G,257396E Ul 0.276551E Ul
00 0.208067E 01/ §.320753E Ol V.220679lE 01

00 0.218301E 01 Q.376675E ULl U.L3050V2E 01

00 0.234383E 01 _9.5L1350E _01 U.392900F _Q1}
00 0.245439E 0] - -U. 25793068700 Usliu94a3e 01

00 0.239308E 01 0.334284E 00 U.296740E 01

00 0.239092E Ol (.7540206E. 00 0.,214086F -yl
00 0.240968E Ol 0.714017E Ol U.217995E 01

00 0.265291E 01 0.696000E Ul Ue2294065E Ul

00 0.286617E 01 LUe 904340k U1 _0.358303FE 01
00 0.303655E Ol '0.38323% U1 0.%901U39E 0L

00 0.325960E 0l §,290048E U2 0.308477E. 01

00 0.307066E 0l ,4671322E 02.0.254102E.01
00 0.458601E Ol (Q,55%26l¢8 U0 U.117LU3E 0Ol

00 00,4641 17E Ol Q,165U26E 03 U.255130E 01
00 0.283752E 01_Q, 407506k 02 U.1T5903E 01

00 0.398151E~-01 (.149830c-U2 U.202026E 0l
00-0,174198E 01 -0,117261E- 01 L. 174727E 01

00-0.126482E 0l -Q,863995E Ul 0.398003E 01

00-0.639294E 00 (,163908E U1 0.138501E 01}
00-0.516356E 00 -0.518522E Ul 0.245332E 01
00-0.571142E-01 -¢, bo?IZBLNQi,UledlbLt*ﬂl
00-0,200119E 00 Q.17¢309t w2 0.2277T03E 01
00 0.105719E 01 0.,336270E 01 0-147708E 0l
00 0.150594E 01 §,974294E 00 U.2032946E.01
00 0.1l64821E 01 U.lZ%SZ«t 02 0.180706E vl
00 0.229773E 01 0.984760E 01 0.245956E 01
00 0.270200E 01 u.¢24960t 01 041863950k 01
Ol 0.285227E 01 ,3018526 Ul 0.114634E Ol

-01 0.313020E 01 -0,263676C 01 Uel49l40E Ol
—-0.572561E—

01 0.308738E 01l y.769005c.02 0.262379E 01
00 0.460042E Ol (,»8U7U5E Ul 0.200069E 01
01 0.478895E 01 0,740592E 0l 0.236l54E 01
01 0.499752E 01 —p, 26526t 01 (.356017E 01
01 0.501886E 0l —p.1lz1078c 02 Y2218 20E Ul

~02 0.480092E 01l 0,700622c 90 U.100238E 01

01 0.490334E 0l 'g.131lo3b 0L:u.335748F 01
Ol 0.436243t 01 Q,423120c U2 0.10U0214E 01

00_0.215354E 01 U,309789E 02 0U.18U77uE 0L

00 0.601752E-01 ), 841065k 01 0.298941E 01

~01-0.117030E Ol =9 ,409474E U1 UG<187342E Gl
0. 6B6666E-

0389109t~

0. 134006E~
-0.089258E~
-0.,314399c~
=-0.545792E~

01-0.923914E 00 y.16233068 0Ll 0.2157308 Ul
01-0.114997E 01 (.92568%:. 00 0.228207F..ul
01-0.471046E 00 (.793175E Ul U.279029E UL
02 0.338095E 00 Q,733691E UU Q.1l42143E Ot
OL U 771772E 00 -0,220435E. 01 _0.304047E_01
01 0.3068309E 00 {,213950E 0l U.246402E Ul

~01-0.309014E 00 §,112275 U3 0.438717¢ 00
-0.800424E~
~0.938338E~

01-0.428428E 00U §,1s0323C Ul U.20911lck 01
01 0¢380518E-01 Q.230223L 02 U.34(595E Ul
00 06550908 00U Q.3841U8E 02 0V.214221lE Ul
00 0.199363E 01l 0.1ul834F U2 UV.8lL3IYSE OV
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-0.199861t 00 0.281284F Ol 0.3%3311lc U2 U.34%138E Ul

~0.243638E 00 0.346806E Ol .184097c U2 U.123070E Ul
~06293965E 00 0.4U05991E Ol ¢.144685% U2 U.123853E 0l
=0.354257c 00 0.470163E Ol ,164699E 0l 0.2408406E 01
=0.38l615E 00 0.473598E Ol —y,222885E 03 U.2324U6E 01
-0.292293E 00 0.,301283E Ol ¢,937383c U2 0.153164E 0l
=0 104789 00 0.159907E OU Q.270512E U2 U.513614E U0
- 0.956720E-01-0.249995E Ol Q,125484k 02 0.173L46E Ul
0.203343E 00-0.373976E Ol =(.244337E 02 0.298L46E-0U1
0.130900E 00~0.263270E Ol =9,369059 0Ol U.l93461E 01
0e109123E 00-0.223724E 01 -0,57664U0F 00 0.118095E 01
T0.707732E~-01-0.169739E Ol—o 1U2937E 01 0.193471FE 01
0.165342E-01-0.101622E 0Ll ¢,537357€ 0l U.145935E Ul
~0.914965E-01 0.26T229E 00 (, 3236808 02 ‘0.472083E. 01,
~0.119734E 00 0.638021E 00—y, 961770 00U D.274235E 01
~0.,669824E-01 0.124399E 00 (,160821t 00 0.207993E 01
—0.268649E~-01-0.252290E 00 {,129107c Ul 0.249531lE 01
~0.,928986E-02-0.428739E 00 LV.108T64E 02 U, 2774305‘01
0.652044E-01-0.116330E 01 .0,130569E 01 0% 210529E 01
0.851464E-01-0.135310E 0l -(,55141 UE=UL U.805345E 00
0e955754E~01-0.141925E 01 0 A,;,l]d‘)t D05 .#67.6609{: UO
0.112430E 00-0.155327E Ol (Q.124526F Ul U.15%4210FE 0l
0.153925E 00-0.138800E 01 (,.364275E 00 U.156582E 01
© 0.985109E=-01-0,1202 86E 01 0,1091906E_01 Q. 1040925 QL
2 0e5344T5E-01-0.666931E 00 0.206858E S 0419¢
~0e554763E-01 Q.436444E 00 Ue2b824 8L uz"

~0.176818E 00 0.,156574E 01l: 4, 308060 200 0% JDDQZ5E DU

-0.195050E 00 0.180132E 0l —(3.251288E ULl 0.256123E 0l
—0.158473E 00 0.154293E 01 -(,3238275E 01 0.329153E 01

~D.111641E 00 0 121141E 0l - -0.953826E V0 0.589831E 00
~0.727T124E-01 0.94%4011E oo_g .159492E O .390000& 00
~0.658601E-01 0. . 9837-7T2E 00" Valololoe © 158131 E
-0.681559E-01 0.108831F 0l —(,54 72145 0 llgﬁﬁjdﬁgﬁu;
~0.731279E~-02 0.552186E 0U = 0.391883E 10 0.394663E 10
_0.926723E-02 0.3511062E 00-4.282795E UV 0.137870E Ol
—0.645760E-02 0.401369E 00-y.333934¢ Ue269709E 01
—0.701579E-02 0.327856E 00" 0. 2092555 P =07
-0.558947E-01 0. , 7025 44E 00 - 0685685020 y : =
—0.883603E-01 0.918793E" OOQQAKA&ijt»_pw_;jopl52E;QQ
-0.874392c-01 0.812315E O00—-y,319728E Ul U.190253E Ol
—0.634038E-01 0,466120E 00 (,182124E 00 UV.178538E Ul

“0.,893636E-01 0.623129E OOMQMgsgbzoL QU U 3393445 00
~0.1423388E 00 0.,106653F 01 V4568138010 ¥
=0.129098E 00 0.848542E 00 {,Y55779C-01" 0;500301t101
~0.877656E~01 0.412275E 00-(,649456E 01 -0.3128064E.01
~0.568658E~01 0.137209E 00 Q.102416t V1 0.321392F 01
=0.877489E~01 0.485996F 00 y.146184E U1 0.260874E 01
-0.111217E 00 0.752009C 00 g, . 8UT066E_ VU _0,9306857E 00
-0.133013E 00 0.100761E 01 (,1i55106 ¢ 990%55E 00
=0.161121E 00 0.129956E Ol $.513590:-00 0.176255E 01
-0.,171295E 00 0.142216E 0l 0,4711026-01 §.270732E.01
~0.203459E 00 0.173446E Ol (.130343E Q0 U.T7U0U33E UL
~0.207558E 00 0.,180690t 0l -y.4261285 V0 0.2527TU9E 0L
—0.152783E 00 0.138752E 01 o, 193483001 U, 137393E 01
-0.881863E~-01 0.863871E 00~ u.allﬁqgc U27062142 94E. 0L
=0,287331E~01 0.375039E 00-y,991124L 00-0=3983 713 G1

0.162784E-01-0.550087E-02 Q,6809206:00.0.8521 64E._00

0.6688236-01-0.403240E 00 Q,326638c 01 U.278390F 01
_0.110078E 00-0.751574E 00 (.193382E Ul 0.313986F 01

U.151361E 00-0.109838E 0l-9,27754¢8E 01 _0.,123052E 01

0.999856E=-01-0.576802E 00 y,1526236 02:0.315059E QL
. 0.3578256~-01 0.119017E 00 0.624935 U1-0.324824E 0l
~0.473252E-01 0.107978E 01 U.995210E-00 0.343629E Gl
~0.164099E-01 0.804549€ 00 (,730336E-0]1 0.2483U3E Ul

0.230375E~01 0.433262E 00-y,185U2¢E Ul 0U.1U6L37E Ol

0.445789E~01 0.244383F 00 (,1ul3u% 01 0.378020F Ul
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0.216552E~01 U«5T75047E 00 ~0.YT18al8k Ul U.2U35538 ul
0.364634E6~01 0.376L44E 00 U.0%2974E 00 0.324578€ Ul
0e693445E~01-0122011E 00 U.557342E 00 0.278593E Ul
0.872145E~01~0.4061336E 00 —U.222190c U1 U.903273E 00U
 0.8l4008E-01-0.369683E 00 J.848892t Ul U.19LloVuE Ul
0.417363E-01 0.185902E 00._U.4636710 vl 0.853111E VO
“0.369772E~01 0.125684E 01 03285240 UU Ve245/50E W1
~0.454301E-01 0.132104E 0l —0.3847u3k 0Ll U.lBY262E Ul
~0.200614E=01 0.895%27F 00 =0sT%0643E.00.:0.322772E_01
~0.301916E~01 0.905357E 00 0.455513F Ul 0.7490930E 0O
~0.295018E-01 0.761288E 00 0.124755k 02 V.402727E Ul
0401461E-02 0.111611E 00_ V201698 U2 U.422955E 01
0.597702E-G1l—0.828778E 00 ~U-1lU306106E U2 U.2006980k U1
0.76736TE-01-0.1167376 01 U.709525E 02 U.354020E 01
—U 566310E-01 Q.804821E 00 U-&oBll#tmuZWD 3554198 Ol
~0e121824E U0 0.174355E 01 0.300094E 0L U.44T7022E 0l
~0.141348E 00 0.196478E 01 —U.053660E Ul 0.34248lt Ol
~0.114037E 00 0.135897E 01 _U.1l8983LE 01 0.188050E 0L
~0.107600E 00 0.109238E 01 —U.284971¢:00 -0.6562116¢ 00
~0.719016E=01 0s511497E 00 ~U+247L157E J0 G.103004E 01
~0.609699E~-01 0.377398E 00=U.2988U0E . 01-0.,229401F_01
~0.524013E-01 0.308032F 00 U.L75938E 0l U.30902/E 01
~0.725371E=-01_0:6321 886 00 U.366867E Ul 0.314600E U1
~0.7759689E~01 0.778019E 00 _U.L115925E U3 0.,5067002E 01
~0.1586T7TE 00 0.221241E 01 U.739513E 02 U.6L0991E 0L
<0.203522E 00 0.299609F 0L ~0.201337¢ 02 -0U.188L41E 01

~0.240030E 00 0.361584E 01 0.2139550.02. Uez25230lE0]

~0.270395E U0 0.414413E 01 U.6316U5E 0Ol U.414474E Ol
~0.207146E 00 0.427736E 01 —U.402133E Ol 0V.244168E 0l
=0.245547t 00 0.420930E 01 =0.396667E UL J.108040F U1
—0.212260E 00 0.400075E 01 —0.8Y9281l4c 01 U.218177E. 01
~0.14587T0E.-00 0.322869E 0170 260944E 00-0.372284E-00
—0.736722t~01 0.227735E 01 —0.93237% U1 0.110032E 0}
~0.T15723E-02 0.127533E 01 0.330320E U1 0.115291E Ul
—0.315233E-01 0.160231E 01 VU.197694k w2 V.278054E 01
~0e617T113E—01 0+211575E 01 ..0.310139% 02 0.280087E_ 0l
~0.101106E 00 0.293162E Ol .U.540204E 01 > 156713E Ol
~0.1130L9E 00 0.326312E 01 —0.291784E Ul U.250966E-01
Z0.1055L1FE 00 0.312396E 01 =0.450763E. 02 Us:867888E01
~0o834538E~01 0.246546F 01 0.235457E UL 05863 ToE 01
~0.822704E-01 0.218585E 01 U.200248E 02 09091 25E U0
~0.518410E-01 0.114781E 01..0232841F 02 0Oe200730E 01
~0.200445E-01 0.780971E-01 O.lbbllet 02 0.274157E 01
0.22822TE=01-0.114292E 01 U-359894E 00 0.651823E 01

0.292208E=01-0+124870E 01.. 0.3842L5E U2 :0.419043E201

0e246053E-01~0s109441E Ol —U.033273E -0l U,651096F 01
—0.150532E-01-0.117035E 00 ~0.120004E U1 0.300918E Ul
—0.319057E-01 0.137392E 00_.0.134157c 0l v.3U5087E 01
—0.569459E-01 U.474103E 00 0.213976k Ul U.318600E 01
=0.72736TE-01. 0.724660F 00 ,0.275712E‘u1 0.273670E-01
20.949331E-01 O0.114677E 01 —U.438580b-01 05104716 01
~0.85T830E-01 0.985494E 00 0202020t U1l 0.280352E 01
~0.827649E-01 0.913476E D0 ~U.344831C Ul 0L.226L04E U1
—0.516514E-01 0.45T636F 00 0.273400E 00 _0.435788E 00
~0o8481T6E-03-0,203705E 00 0.020077E 01l 0.256575E UL
C0.196514E-01~0.402445E 00 0741951 V0 0-346681E 0l

028031 2E~02-0.108226E 00. 0s28Ll501F U2 02304394k 01
~0.350578E~01 0.687286E 00 V.993534c Ul 0.446738E ul
~0.887074E-01 0.171410E 0Ol —0U.Ll89408: 02 U.323725E Ol
~0e440592E-01 0.113393F Q1. V2733068 Ul _va22%L43E 01
~0.720798F=01) Us166357F 01 —v.l3060be Ul U.203%72E 0l
=0, 34T7394E~01 0,1122060F 01 ~0.1a0451E ULl U.257482E 01
=0 BOBYGLTE-02 0.726241F QU =U.1U9383L. U2 U.287472E Ul

0.390208E~-02 0.508030F 00 U.374053E 01 U.25%103C Ul

Q.416689E-01-0.1679220 D0 0.874102E Ol U.892755C Uy

0.843589k-01-0.965042E 00 U.30L740C Ol u.265774F Ul
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O0.416532—01-

U.842536E-02

0e345767c~01-
06258097E-01—

~0.313023E-02
~0.2592308E-01
~0.375366E=01
~0.18808736-01
-0.219552E 00
~0.267449E 00
=0.287308E 00
-0.292084c 00
~0.,277724E 00

=0.,270394t 00

-0.271627E 00
-0.263149E 00
—-0.265333E 00
~0.205690E 00
~0.235240E 00

~0.227334£ 00

-0.227942E 0Q
-0.185201& 0O

—~0.112666E 00

—0,324127E~-01
0e4911T78E-01

L 0.115468E DO

0.153479E 00
0.202516E 00
0.221717E_00
“0.235652E 00
:0,261008E 00
j;912736775,00
0.297059E 00
0.307888Et 0O

0.306443E 00

O 285999& 00
0. 303658 00
. 0.186435E 00
0.,231985E 00
0.247574E 0O
0. 272628k 00
T0.251562E 00
0.264645E 00

0.0.231318E 0O

0.187696E 00
0.191121& 0O
_0.266658E 00

0s785594E-01
0.280812 OO

0334078 00

0.372052E 00
0.366775E 00

0.353632E J0

T U.304029E 00
0295977 00

- 0.290954E 00
Q.442194E 00
0.288827 00
 U.5guse8BE U0
0.069505512 00
0.77T4086E 00
0.B847600 00
0.906111E OO
0 941966k 00

. 33994 t’!" ()O

O.947013t 0o

0.133410E O1
0.164275E 01 . Q.376237E

0.103511E 00 =0.147324c
0.339265E 00 U.214466¢k
0.2547T15E 00 —0.351384¢
0.127857E 00 0.564259¢
0.370412E 00 yU.lloUozt
0.820610E 00 G.c.84%losk
0.169888E 0l -4, 110403E
0.163347E 01 y.3c30l4E
0.410369E 01
0.490261E 01 ©.3402706k
0.531620E 0l —u.702180E

05272938 01 =y, 338406k

0.480535E 01 —U. L7057 7E
0.448562E 01 U.5334339¢
0.4564T0E 0l —0.1370689E
0.442933E 01 0,4099b59t
0.457145E 01 =0, 131 560E
0.362649E 01 0.147910E
U.473098E Ol 0,287904k
0.514200E 01 0.3066364E
0.563281E 0l -u.281987C
0.501348E 01 -0.212245

0.519499E Ul —Q.247223E
0.450507F 01 —0.805165E

0.383803E 01 =0,311395E"
0.325733E Ul (.526248k
0.346851E 0l =0 ,5%0439E
0.277998E Ol -0, 70922 LE
0.268193E 01 0.l42144€
0.275793E 01
0.302703E 0l 0.118298E
0.309844E Ul 0.358224C
0.323L03E 0l ~0.289945E
0.314721E 01 ~0.120120k
0.292469E 0l —y.127u94E
0.259616E 0l 0.112091E
0s273263E 01 =0.1270268
Ue277012E

0.175129E 01 Q.7b8515E

0.203112E 01 =0.109227E

0,182161E Ol 0.250207E
04198973E 01 -0.391 174k

0. LT32006E 01 —=0.107253E
Us50%668E 1

0.134694E 01
0.151334E 01 -0.,234074E
02691 14E 01 —0.234022¢
0.555499E 00 U.489014E
0.337952E 0l U.035261E

U+ 403810E 0L "u.lu5508k

0.438840F 01 —0,5%4028E
0.428L11E 0l —u.58876 3¢k
U:410568E 0l ~U.0lb65¢k

0.405692E 01 -0.532421E

03366308 01l ~0.269034L

De316892E 01 0.101103¢
0.400850E 01 =0.5000956E.

0.248L05E 01l U.513667E
0.429913E 01l U.luoT7u8lE
U.438798E 01 U.503U036L

VeI ud ik

Uselulb30k

UL

Ul U.339560k Ul

ul U.2491 338 Ul

Ji ve28b5443E Ul
Ul 0.343492E Ul
U7z U.2550ust Ul

02 UeD22750E Ul

U2 U.lo40 73001

U2 U.653( 15k 0O

U2 U.53U615E 0L
U2 U:.422478E 01
Ul U.8322VLlE UL
02 0.443331E 0l
U2 0.2795508 01
U1 0.3065841F. 01

W2.04633500. 01

Ol Ue311957E vl
U3 U.579%51E Ul

03 0.641082E 01

02 U.325LU6E 0L
92 0.3765998 Ul

01201067123k 01

02 U.261U58E 0l
U2 0.2804063E Ul
01 U.825717E 00
V2 U.3U5L79E 01
01 0.472417E 01

S 2B babB384E. O

U1 0.377831uE 01
Ul U.35665LE 01

V2 0.610192E 01
Ol U314013E-01

0l 0,320015& 01
310182932801
02 U.440774E Ul
02 V2780175 0l
3091 22E 01
2.52E 02

u3

*

02 U 1500S7E 02
UL UeIB857206E:01

Ul 0.486343E 01
02 Vo445l 93E 01
Q1 . 0.362642E Q1
ol u.Z?ZlZ?E “ul
025023271578 701
010264535 01
U2 0.951927E .01
03 0.4173892E 01
U3 0.903209E 01
J2- u.blSd?jt Ul
U2 0331071 ol

01 0.271704E 01

01 U.2nb384E U1
Ul U.651342E 01

W2 Ue2dBL43E UL

02 D.478g14E 01
U2 0.,283401E 0l
W3 0.Y2blodk 01
03 0.126596E 02
U3 u.8l6o?lE ul
U2 Ueda2197E Q]

0.522821E 01 ©.34087ak
054 7311E Ol ~-0.470597F
0.548923E 0l —-0.,111494r
0.520077E Ol~y.lu?olse
Q455639 0l -y ,9%1u2 1t

0:41048lE Ol -~0.14%4093 53¢

UJ2-0.685092E U1
U170.513984E 01
UZ ua.loelZ2ic U1
U3 U.b707 26t 01
J2 Uebilabilk gyl
02 U.684433E Q1
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0.96854 2E
0.831059€
0.786933E
0.798301E
0.796542E

- 001014906k
0.111458E

L 0.112336E

0.110866L
0.988621E

..U 770002E

T 0.657279¢t

0.433429~
2.06904204E

0.867487C
0.200934t
_0.162938E

00 0.39T7681E
00 V.266810E
00 0.231253t
00 0.245338E

00 0.241754E
01 0.342709C

01 0.387480k

01 0.4061606E.

01 0.422185E
00 D.416457E

V0 0,389730E

0l 0.179491E
02 0.304213E

00 0.492957E

00 0.597022E
01l 0.106794E
01 _0.103614E

01 -U.170658k U3
01 -0.332233E 02
01 0.839044E 01
0l —0.28252%E 01 U.833469E QL
01l 0207576t 03 V1015738 02
01 0.,62(974E_02 0.644301F 0l
01 u bd%owut"uz 09825136 01

Ve 118T7T90E 02
0.951173€ 01
U.8484803E 01

01 AU T80 uz 0. 820u9bL ob

01 . U.IZIYTUL U2-0.847326E 0L
01 ~O.l76658t 04 U.433247E 01

0l -0.400lb8k U4 0.172576E U2

02 =V.03wllok 04 0,223200E 02
0l 0.7613006E 03 UsL102744E 02
01 0.4399586E 03 0.878639E-01
Ol _ 0. Ll58979E 04 U-783744E 01
02 =0.635603E U3 0.696089E 01
02 0.287901E 05 0.104l56E 02

" 0.366376E 01 0.209056E 02 _u, 38la3 7€ U5 0.613511E Ul

0. 757446E Ol O.401476E 02
S 0.819826E 01 0.518227E .02 —0.760323E
0.553436E 00 0.221404E 01

V40T IU9E 05U 8579456 0l
5‘0 711271E- 01
;U.q93d31£ﬂuﬁiﬁ;lﬁZiBEE;uz

0.381869E Ol 0.275444E 02 U.52200%9 v3 0.935415E 01
06421557t 01 0.298740E 02 U.633534E 03 U.389944E vl
T 0.299537E Ol 0.178853E 02 =0 olool30F U6 0.1u33069E 02

- 0,.920998k

_0.1006475E

0.250372t
- 0.337774E

0e482319E

—=0.144521E
0.166828E

_0e441480E

OD.011192E
0.569515E

T0.818811E
0.131514E
_0.438483E
0.667309E
~0.233651E
_0.990260€
0.162218t
0.205831¢

-0.217763E

00 U.H85388E
01 0.487155E
01 0.165377TE
01 0.196197E
01 0.292515E
01-0.676340E."
02 0.762554E
01 0.143055E
01 0.282888E
00 0.109599E

01 0.330381E
01:0.540148E

- 01 0.135823E .

01 0.258263¢
00 0.200355E

01 0.321878E_

01 0.543645E

01 0.989410L&
00 0.1200616E

01-0.332186¢

01l —U. 178067 L B LGB LIIESDL
01l 0 831537804 .0.737039¢E 01
02 V.324611E 04 0. 7L0284E-°01
02 -U,102391k 05 U.1l69322E 01
02 ~UV. 145028 06 0.43U233E 01
01l =0 4138TUE U5 U.428825E 01
02=0- 11019?E,, ). 103385k 202
02 0.1020068E. U5 -U.1663851E:02
02 2024173452058 0957319501
0l 0.170902E 05 0.886191E 01

_0.381050E 01 0,112204E

02 -0.744473¢c
02 -0,263733E .

01 D.lllb558L:

02 0.111662E-
02 =0.850298E

00-0. 14UY39E
02-U.1l48409E
01.0.237776FE

U4 0.9602 73k

05 u.9199715
0570, 835%4£F

Ul

05 _0.101284F 02

Ul
g1

US=0.104T735E.02

U4 0.503203E
U5 0U.100922E
u#_uﬁllé?QQF

0l
02
02

01 0.26578¢8k-
00 0.71703
01 =0.113591E

2L 020

\)4 U 9\)L“|“L—9E
«855939E

-0l
01
2 QL5127

0L
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VIII, COMPUTER PROGRAMS

The computer programs furnished are the programs to calculate the cov-
ariance matrix, A¢, Al, Bd and Bl. The computer program to calculate the
derivatives by polynomial curve fit are not furnished since this routine is
standard in computation libraries and depends on the researchers preferences.
The first program consisting of three pages is the computer program for
calculating the covariance matrix. The second program consisting of one
page is the progfam to calculate the A coefficients. The third program con-
sists of one page and is the program to develop the B coefficients. The cov-
ariance program is developed for the IBM 7094 computef whereas the A and B

coefficient programs were written for the IBM 360 computer,'
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AV1
AV2
AVW
AVS
AVPLJ
CORR

Cov

DC

DDC

IT

W(I, K)

COMPUTER SYMBOLS

Average wind speed

Product of the average wind speed at altitudes I, J
Correlation of wind speeds at altitudes I,J
Covariance of wind speeds at altitudes I, J
Covariance

Derivative of covariance

Second Derivative of covariance

Tape Numbers

Sum

Wind velocity at altitude I, record K
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MAIN2 EFN SOURCE

STATEMENT IFN(S)

o

_DIMENSION W{3,}25)1,

| CORRS(2)
1. FORMAT(IH} ).

. AVH{2}34C0VE2,350) ,CORREI, —

2 FORMAT(FIDel /(10F1304))

e 4_FORMATI(BF 10t}
DO 00 IB=36,159
_iB2s2=l8 -

IF(1B=40) 202,202,200
200 IF(1B=~80) 203,203,20}

201 IF(IB=120) 204,204,205

— 202 17sg.
ISK1P=28(]1B=1])
GO TO 206 - -

203 1T=9
. 1SKIP=28(|B=4}) .

GO 70 2064
e g M- 1 Y= 3 0

[SKIP=2e(1B=8])
G0 _T0..206

2p5 11=1y1

o _1SKIP=2e(]1B~121) .
206 IF(ISKIP) 209,209,207
e 207-DD. 208 _1r 1, ISKIP

208 READ(IT)
o209 READ(IT) (W(lel)el®l,1251)

READ(IT) (W(2, l)ol'lolZSl)
_WRITE(G6,1) .

Ii=0
280

AV1=0,
W“AV2=0|

DO 14 K=2, 125‘
R ¥ 2 N Y ))Al 2911, 12

1) li=li+)
GO_TO0 _ 13 .

12 AVI=AVI+W(1,K)
1A IFUW(25K)) 132,13)141032

331 12=12+1
GO . TO 14 —

132 AVZ:AV2+W(2.K)

34 _CONTINUE

f1=1250=14
lz=y2n0e12. . .
Al=11
SAVREL ) =AVE/ZAL.
Afst2
AYWL2y2ANVZ/AL

AVP L I=AVIW(L)epavw(y)
CAVP i 2=AVW (T SAYWI2)

AVPZZEAVW(Z)*AVW(Z’
b0 22 l=t,3
CORRI(I}=0,
_K=s0

IFUI=2) 15416417

15 L=l
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- e e e e e e e e e s e e e < ! 2 / ! é
MAIN2Z e EFN SOURCE STATEMENT - JFN{S) =
Ma§
e GO YO X8 ) R
16 L=l
— CMs2 _ e S
GO T0 18
\ 7. LB
Mae 2
.} 8.PD 2} Jm2,125y . . _
COReW (L oJ)eW(Myy)
e AFRCOR) 2061 20 -
19 K=Kel
GO._TD. 2}
20 CORR{}])=COR+CORRI(T)
.21 CONTINUE . AR e
Ka]250=K
—e ALK i -
CORR(1)=CORR(X)/AI
.22 CONTINUE
Cov)1=CORR(1)=AVPL])
e COV}2mCORR(2)=AVP}2
Cova2=CORR(3I=AVP22
W_M¢m“___ALr=w(1.4) e
ALT2=W(2,1)
— . 1SF8320=182
DO 90 15=),I1SF
—ee . JIESTeIB2elS ~
IFLITEST=80) 216,216,2100
2100 CALL_CLOSE _(B,H4)
CALL REWOS
240 1ELITEST=)60) 213,213,210
2110 CALL CLOSE (9,4)
e CALL -REWO9
211 IFUITEST=240) 214,214,2150
,,,,,,,, 2160 CALL CLOSE—(-10,4)
CALL REW}OD
— G0 I0..215
213 [T=9
e BO Y0286 B
214 Iv=10
e S0 10236 -
215 IT=11
@ 4 b _READLIT Y (W3 ,0)p)BY,1261)
Je0
i AMS B e e e
DO 25 Im2,125]
e BF AW g 1)) 285 23024 e
23 Jede]
— GO 70258 -
24 AVSsAYS+W (3.1}
28 CONTINUE - S e
Jal280=y
R LAl=y [ S - e S
AVSaAVS/A! '
PO a0 _Isj,2 —
CORRS(1)=0.
... K20 e . - SR _
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e e S e : — e e Y T & ¥ 1A Y
MAIN2Z = EFN  SOURCE STATEMENT =« IFN(S) =
Do 29 J=m2,125}
e CORSEW(l,J)sW{3,J) — -
IF(CORS) 27,264,427
e Db K=K )
GO 1O 29
— .27 CORRS{1)=CORRS(])+CORS
29 CONTINUE
e K2y 250K
AlsK
e CORRS (1 ) =CORRS (-1 )7A]
30 CONTINUE
I AVPA )l =AVW(]1)eAVS
AVP32=AVW(2)#AVS
e €OV} 1S)=CORRS(I)=AVRIY
CoOV(2,1S)=CORRS(2)=AVP32
e 9O CONTINVE
WRITE(6,2) ALT,AVW(L),COVIL,COVI2,¢COV{yo1),1m),15F)
e WRITE (T 4) ALT AV L) o COV L, COV 20 (COV g )y b m) o L SF)
WRITE (641)
e MRITE(6,2) ALT2,AVW(2),C0V2254CO0V (2,104 1m],]SF) — e
WRITE(7,4) ALTZ,AVW(2),C0V22,(COV(2,1),1=1,][SF) !
e CALL -CLOSE 4 bl g ¥ ) — : - ey
CALL REWL] é
————}p0-CONTINUE :
stop 4
e END. S e
)
— - - 1
|
|
3
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DESK UPERATING SYSTEM/ 360 FURTRAN 360N~FQO-451 32

A LUEFFILIENT PRUGRAM

LIMENSIUN ALe320<3A14320<5C%320<,D0%320<,0DDL%320<
S=3uUM L=CUV UL=UERKLIVATIVES GF COV
FURMAT L Lrl)

FurRMATLEELS 7))

FUKMATLS5ELD.T)

FURMAT{1X9H0 A0 CUEFF }
FURMATLUIX9H4 AL CUEFF )
FUKMAT%404£110 <

READ(T)

1irl0

bu 40 1=2,11

WR1ITL4A3,8< |

Reall 7 J(CL)yDCIL) e DDCILYsL=141)
SCLL=0.

SLLC=0.

SLOUL=0.

SLLUC=0.

SDLLDL=C.

Lu 1o d=1l,1

P=C14)

SCL=L (b ) ¥pP+5CC

SLOC=0C Ly )*P+5LDL
SCUDL=ULL L )xP+SCDDC

DU 30 J=1l,1

P=DC{Jd}

SULBUC=0C(JI*P+50LDLC
SULUUC=C0C 4} %P+SulDbDC
TLUPLl==500L*SLCUDC+SCDC®SLLDC

BUT 1=5CL*SDLDC-SLDL*SCOC

TUP 2==5000C*S0LDL+5CDL*SDLDULC
bUTZ2=BUT1

All{l)=TLPLl/BUTL

WK1TES3,3<

WRITE%349< SCUeSLLLpdLDDE y5UCDL SLECDDC TUPL,B8UT L, TOP2,B0T2
FURMATA///710EL3.5<

ARITE®S3510< 3C4L< DLALSDDCALyLaL, 1K<
FORMAT /7 %3E20.7<<

AUl l)}=TUP2/BUT2

WRITE(3,3)

WRITE(3,0)

WRITE(2,5) (AU(J)9d=131T)
WhiTeEl(353)

wkilel3,7)

wWhiTiel3s4) (ALLJ)ed=1,1T)
wRITe(2e5) (ALGJ)gd=141T)

STub

LiNU
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BP5> PURTRAN 1Vu CusPleeR VERSION 3 Level O DEC 1966

JJub SAINLLEGU
BEroln cUMPLILATIUN
C PRUGRAM Tu UCALCULATE B5UyBL
5.0001 ulMEnNSITun AubQZuxyAl4JLU<,bua3£0<yblm3zo<gUbTARC%&2O<y
lULéJZUﬁgUbJ\'L 53 20<
S.00UZ IaLLr30UO
S.0003 ReAUBL 9 LGAU LSy UB 1l LALLK
5. U004 REAUAGLy LKsALpad<sJiFl e 1ALLK
5.U005 %‘JKITE(EJ:Z) (AU(J)yA}.(J)yJ=111ALL)‘
NPRVIVIVISY 1 FURMATIOUR E15.7/15E15.7))
5.0007 READBLy TG0 TARC ISy JE Ly TALLKS
5.0UUs 7 FURMATGoELZ. 6K
5. UUUY KEAD AL s < DULAJIC e di#l s TALLK
S.001LU WRITEL3,2) (DSTARC(J)yOC{J)ed=1s1ALL)
5.0011 ¢ FURMATES5E13.6<
S.001¢ DU 10 1&1ls1ALL
5.0Ul13 Jirlal
S.UULl% CRKEJGL
SL.U0Ld CUNL#AUHRISC— 2 ¥AL LK<
S.uulo CUNZRRALBJL
S.u0L7 CUNB#AULIS—2.%ALSI<&AL BJK
5.0U13 CUNG#AUGIS bl o« XATHKL
S.00U1Y9 CUNDHALLJIS~AULKLS=2 e ¥ AL BKK
5.0020 ALFA=ABS(DSTARC(L)=0C( 1))
S.uL2l WRATEL(3y2) CUNL;CONZ2oCUN3,CUNS yCUNS, ALFA
»eU0LZ 5 Lal<=5WRTHALFAKL
S5.0023 GARKHLLUNS HCUNG—CUNL*C UN2 7/ CUN2 %G ONG~ CONLRCOUNSB<*6% IL
S5.002% Gra J# HLUNZ %05 L K= UUNS%( 3K KK/ CUNSG
S5.0U4D Blili=gil)
S.0ulE BUBl Ko e D% 4=3 o ¥ 0% I<& 4 o ¥ L JK~LEKKKLAL L1 $* 81 %1
S.0u2f 10 CUNTINUL
2.0020 . W ITE%3 4 8<
SL.UU2Y 8 FURMATHE1IHIKL
S.Uu30 W LTEAZ,9<
S.UU31 G FURMATSIX2RBUL2X2HBLK
S0V 32 WRlTES3y0<a8uUslsblal< l#ls IALLK
SL.Ul33 O FURMAT(20XKZ2E15.6)
S.UUISG STuP

35,0035 LD
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CRITIQUE OF RESULTS

The results obtained, as shown in Figures 6, 7, 8, and 9, show an

unusual amount of variability. This variability appears to be directly propor-

dC d?C
dh ’ dh?

tional to the variability in the covariance derivatives, An
important conclusion results from Ithis proportionality: that this technique
will not produce accurate results on turbulence data. A cursory view of tur-~
bulence data obtained by separating turbulence frequencies from Jimsphere
records reveals the impracticality in attempting to obtain these derivatives.
‘To obtain accurate results on the filter development, accurate derivatives are
required. This accuracy is difficult to obtain using polynomial techniques;
however, any other technique results in smoothing of the data, thereby losing
the effect of the selection of an appropriate lag size. Lag size was discussed
in Section III.

The dependence on covariance derivative variability can be seen in
Figures 6, 7, 8, and 9. The data up to 14000 meters were segmented for
curve fitting every 2000 meters (500 meters between points), introducing
some smoothing in the data. The data above 14000 meters were curve fit
at 250 meter increments (50 meters between each point). The latter case
detects each change of sign in the derivatives along the span of the covariance,
resulting in the degree of variability as shown above 14000 meters; whereas,
the former maintains the same derivative sign for large increments due to
some smoothing introduced by the 2000 meter increment selection, resulting

in less variability as shown below 14000 meters. A case for highly smoothed

data which exhibits no variability can be seen in CR846,



HAYES INTERNATIONAL CORPORATION 39

The values of the covariance matrix of the Jimsphere data obtained during
this analysis appears to be accurate. The data sample was adequate and
sufficient care was taken such that the present matrix has the necessary
elements (accuracy, sample size, etc.) such that validity can be placed on
its use in further analyses.

Attempts were made during the present analysis to expand the order of the
differential equation to an order greater than two (2). These were unsuccessful,
primarily due to the order of the right hand side of Equation (1), Section IL.

The coefficients of the right hand side were developed from results obtained
by Solodovnikov(4 ) , based on the works of Ba,‘ckov(3 ) s particularly Solodovnikov's
Equations (10.27), page 383 and (10, 60), page 390, Reference (4). The major

difficulty that arises was pointed out by Stear (7)

, that the Equation (10.27)
is not a recursive relationship as stated by Batkov. Further, as became

evident during the analysis, Solodovnikov's Equation (10, 60) puts a restraint on

the data, forcing the value of ~4C(hi, hj) - __dc(hi’hj
dhj dhj +
h; = hj h; = hj

to be positive. When analysing the data, it is seen that there is no rational
basis for such a constraint.

Equation (10, 60) is equal to the value of the difference between the derivatives

-m - 2 (t)
D1 P 1 b*mit)
at hj = hj, or (-1) azy ()

has meaning when viewed as the initial value of g(hj, hj) at h; = hj. When con-

s the value of the discontinuity at hy = hj, which

sidered as the initial value of g(hi,hj),(all values of g(hj, hj) for h;> hj = 0), only
the magnitude of Equation (10, 60) has significance. Therefore, this report

utilized the magnitude of Equation (10. 60).
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CONCLUSIONS

The shaping filter can be developed using a large volume of winds and

turbulence data.

The Jimsphere data handling requires a computer with large storage

capacity.

Floating point polynomial fitting of the covariance curves produces
derivatives of sufficient accuracy for filter development, except the

end points of each segment fit,

The technique can be very effective for smaller more tractable data
samples, but for large, highly nonstationary processes of high fre-
quency content, accuracy of coefficients becomes critical with small

lag sizes.

This technique is not readily useable on data of high variability, such

as turbulence.
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RECOMMENDATIONS

1. The accuracy of the coefficients should be validated prior to assigning
credibility to analyses utilizing the filter coefficients.

2. Consideration should be given to use of this technique with partitions of
the covariance matrix.

3. Some smoothing of the covariance matrix should be considered.

4, When using a polynomial curve fit to determine the covariance derivatives,
the segments that are curve fit should overlap to eliminate the derivative

error on the polynomial end points.
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