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ABSTRACT

A software package for the identification of the

-modal paraméters, of a n-dégree of freedom system, in the

time domain has heen developed. A systematic method leading
. 4

to un adequate discrete time serics model from a set of

discrete data has béen summarized- and the results of the

testing and the use of the computer package have been presented.
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- CHAPTER 1
INTRODUCTION

The'analysis of a sequence of observed data to develop
a succinct yet comprehensive characterizgtion of the underly-.
ing system in the form of a Tathematic;i model has been one of
the major concerns of researchers in the fields of engineering
sciences. Most principal systems are characterized by linear
different¥al equations, the differential equations being
developed on the basis of first principles such as Newton's
law, conservation of energy etc. The validity of the developed
model is then verified either by experimental data or simul#-
tions. This methad has the obvious advantage of the model

being based on the physical under§tanding of the system. However
as the complexit; of the model increases it becomes more and
more difficult to determ%ge a mathemaé}cél model which is in
agreement with experimental results. .

~ The advent of modern technoloéy has brought forth the
sophistication of instruments and the availaﬁility of micro-
processors as well as high speed digital computers, making
dit%tal data acquisitioﬁ, storage and processing more convenient-
than with analog data. ‘ |

With the development of software and hardware for the

implementation of the Fast Fourier Transform (FFT) algorithm,

modal identification of mechanical structures by random excita-

-



tion and datarprocessing using a Digital Fourier Analyzer
has become one of the most common and popular techniques,
However, in data processing by the FFT method, problems.such

as leakage, bias and variance are unavoidable to some extent.

Time series methods were consequently applied for the synthesis _

of structural systems excited by random forcing fungtions as
well as for the identification of  the natural frequencies and

1

damping ratios. .

This thesis is an effort in the direction 9f implement-
ing the time series analysis for the task of ‘modal identifica-
tion. The maih objective of thé study is to develop:a software
package for the identification of modal parameter§ in the time
domain. | _

The .main sources of study for the development of the
project were riferences (11, 21, [3]. The specific objectives
of this thesis arel' | S .

- t6 summarize a systematic method lqading to an adequate
discrete time series model from a set of discrete data

- to develop a software package which can successivei} fit
such models and then select the adequate model.

- test the soft*are‘package -

- apply the package developed to.the identification of

modal parameters .

- \ B
- compare the results with those of Fast Fourier Transform

Technique of méda{ analysis. : *

It is very important to point ocut here that the original

-



) - N
effort liés in understanding the modelling strategy presented
by other authors (mainly Wu and Pandit) and then developing a
software package. .

The chapterwisé contents of this thesis ére summarized
below.

In Chapter II the tihe domain approach to-the analysis
of random vibrations is introduced. The relationships between
the equations of motion in continudus and discrete tiﬁe are
established. Explicit expressions‘for the damping ratios,
,nétural frequencies and transfer function are also giveh.

In Chapter III the .modelling technique for a continu- |
ous process from a set of discretelysampled data is preéented,
The adequacy ‘of model anﬁ checking criterion are discussed.

It may again be pointed out that Chapters IT and III do
not contain any original work. They are a summarization of the
'theory which has to be used for an understanding of the develop-
ment of the program. This development of the software is my
original contribution and all its details regarding input/out-

.put, flow charts etc. are'outlined‘in Chapter 1V.

‘Chapter V deals with the results. Basically it has
two parts - the first ane deals with the testing of the package
and the second one with the application of khe model to
structural dynamics. . A

] LY “
Chapter VI gives, the conclusions and presents some ideas

about future work that can be done in this direction.



CHAbTER 2
TIME DOMAfN APPROACH TO THE
ANALYSIS OF RANDOM VIBRATIONS &7

In this chapter the time domain approach to the analy-
sis of random vibrations will be introduced. First, the
relationships between the equations of motion of a n-deéree
of freedom structural Eystem in continuous and discrete time
will be established. )

It will be shown that the problem of spectral estima-
tion essentially'reduces to the problem of identification of a
stochastic linear dynamic‘system driven by white noise.

Explicit expressions, for the damping ratios, the
n;}ural frequencies and the transfer function from discrete
parameters, are given.

2.1 Mathematical Definition of Stationary Random
Vibrations in Continuous and Discrete Time

. The equdtions of motion for a general, time invariant,
vibratory system with n-degrees of freedom, excited by white

noise, can be represented in the form of a system of second

L]

order coupled'stochastic differential equations. . ’ -
d d d - '
LugdrxnrcFrmkx®=2® (2D
or simply
MX+Cx+Kx-=1 ‘ (2.2)
Ny '\-'\a”\a'\; ") o
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The specifications of any particular system are
contained in the inertia, damping and stiffness matrices,

M, C, and'sﬁespectively. The individual terms in these

¥

matrices have the following meaning.‘

mijy - is the moméntum component at i due to a unit

acceleration at j,

cij - is the damping force at i due to a unit velocity at
Js
kij - is the festoring force at i due to a unit displace-

ment at j.

In general the equations of motion .(2.2) have. inertia,
damping and stiffness Eoupling. The coupling of the system

depends on the choice of the coordinates used to describe the

motion. Furthermore

x; (%)
X5 ()

x (1) '

represents Q?e vector of n generalized displacements and
Z,(t)

i .Zz‘(t) - . .

2, (1)



represents a n component white noise process characterized

. ’
by zero mean N

E {z(t)} - 0

Y

and covariance .
»

E {i(t) . E(t+s)} ?-2§.G(SL.

: - . ‘..- )
where gﬁ is the variance matrix and &§(s) is the Dirac delta
\ \ ’ .
function.

Since_e&ery linear system obeys the pringiple of
superposition, iﬁ accordance with which the total effect of
several excitafion signals zi(t), i=1, ?} 3, 4 ...n, applied
to the system 1is equhl to the sum of the effects of each
' iéhividual s?gnal applied separately, without loss of general-
ity, one can assume that all thé excitation signals '1n'“a
(2.2) except one zl(t) = z(t), are equal to zero.

Fufthermore, if the time histé;y of only one variable,
say xi(t) = x(t), its of interest, elimination of the remaining
variables from equation (2.2) yields the stochastic differ-

ential equation of order 2n in the form

. L]
e

2n 2n-1 :
d“"x(t) d x(t) . dx(t)
a, o * a1 T In1 S S *a, It + ao_x(t)
dt dt -
2n-2 ., 2n-3.
oo d z(t) _ d z(t) dz(t)
= b = + = + L.....tD + b z(t)
2n-2‘ dth 2 dth_S. 1 t i 0
(2.3)
or )

A(D) x(t) = B(D) z(t)



. o Zn 2n-1
where A(D) = a,, D7+ a5,-1 D + +_§1D + a
[ L4 '
- 2n-2 2n-3
B(D) = b2n-2 D + bZn-S D“ oo, + b1 D +b
kK _ .k, k. * . .
and D" = d%/dt” is the differential operator.

s

The model defined by equation (2.3) is known as the
Continuous Autoregressive Moving Average Model of autorégre5§-
ive order 2n and moving average order 2n-2 and is denoted by
AM(2n, 2n-2). The parameters a; and bi‘aré the égtoregressive
and moving average pa;améteré respectively.

Since continuous vibratory processes arpifrequently
observed at discrete time intervals, the relationship between
the continuous and discrete represeﬁtation of Ehe system will
be ‘established.

Assuming tthat the continuous random vibration ﬁrocess
x{(t) is observed at a uniform sampling interval, say A, then
the resulting.discrete.process has a disérete autoregressive‘
moving average representation of the form
' 2n 2n-1

X, - I ¢.Xx, _.=8_ - I 8. a, . .
ot j=lJtJ: t j=1]t3

(2.4)
denoted by ARMA (2n, 2n-1). The parameters 455 i=1,2,3,...2n
and ej’ j =1,2,3,...,2n-1 are the autoregressive and moving
average parameters respectively. a, is a discrete white noise
with zero mean '

E {a,} =0
and variance
_ 2
E {at at+s} = o, 8s



\

where 6s is the Kronecher delta function. ,

If it is assumed th?t the sampling interval A is 5ﬂa11_
enough to satisfy Nyquist's sampling theorem, the relation-
ship between continuous and discrete parameters is unique,

This uniqueness of the relationships allows the determination

of continuous parameters from the discrete observations.

. a0
2.1.1 Time Bomain Representation of an AM Process

For convenience we will rewrite the equation (2.3)

in the general form

‘ -1 n-2 _
d"x(t) d" T x(t) d x(t) dx (t .
dtn + U’n-l _—r—_dtn' '+ an—Z dtn- 5 +....+u.1 dt + uO x(t)
o .m m-1 .
" Pm : diét) * Bna dd mf£t) +"""+81 d ztt * Bo z(t)
. .
‘ (2.5)

where the coefficients o, and B, are real énd B £0.
When'Bo is not equal to zero,'we can assume, without

loss of generality that By = 1. For x(t) to be stationary

and have finite variance it is necessary that n > m [Ref. 4].
The stability of the system, equation (2.5), can

be defined by letting My j=1,2,...10 be.the roots of the

characteristic equation, i.e.

un + un-l un_l + un-'z pnnz "‘....+‘ ('.11 ut a =0 ; (2.6)

O
*

then the system (2.5) is stable if the real parts of B
j =1,2,...n are all negative. '
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2.1.2" Frequency Domain Representation of the Continuous
Autoregres§iVe Moving Average Process

In systems apalysis the process x(t) is considered
as the output of a linear system excited by white noise., The
transfer function of the system is obtained by taking Léplace

transform of equatlon (2.5) for zero initial cond1t10ns

B+ B, S + B, & +..... +g_ g™ :
0 1 2 m
H(s) = 5 T (2.7)
Go + ls +a2 S e e un_ls + 5
. The éutospect;um of x(t) is
0,2 ‘
s(w) = H(iw) H(-iw) (2.8)

-

/
V-1 and » is frequency in rad/sec. If n; are the

where 1
moving average roots i.e. roots of potynomial

m m-1 | m- 2 -
m-2 ‘ o . (2.9)

then s(w) may be written as
2 _— .
o

m n
s(w) = 82, 2 1 (m:2+6B)/ 1 (u.l+ed) (2.10)
m o, = ] j=1 J

representing a process with rational spectral density.

2.2 Sampling Properties of AM Process

A method for deriving the_discrete-model from the
sampled continuous_ﬁrocess will be presented in this section.
This method is based on the autocovariance fuﬁctiqn of the‘
sampled process.

' Explicit expressions, for the damping ratios, the



natural frequencies and the transfer function based on dis-

N .

crete parameters will also be given. s

2.2.1 Relationship Between Continuous and Discrete
_Parameters Based on Autocovariance Function

When the continuous autoregressive moving average
process AM (n,m) defined by equation (2.5) is sampled at
uniform intervals, the autocovariance function of the discrete .

process x(t} is given by

. nid|k|
Yy = L5 e J (2.11)
J= L
- n
_ - I Ajlkl‘ ‘ (2.12)
‘ = ‘
TP .
where Aj = e J y J = 1,2,3,....n . (2.13)

Using the autocovariance function, equation (2.12),

it can be shown [Ref. 2] using discrete time series theories

that the discrete process can be represented by the model

(2.14) -

where the ¢'s and 6's are the autoregréssive and moving average
parameters respectively and a,'s are a sequence of independent
normal random variables with variance oaz. The values of the

“¢:'s, j = 1,2;3...n, are given by

n n :
mo(1-3;B) =1 - I ¢ B’ (2.15)
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The values of the ej's and o 2 can be found by usihg

a
~ the implicit expressions for the autocovariance functions of
the discrete system, équat?on (2.14).
.Multiplying both sidesiof equation (2.14) by T
and taking expectation

‘where eo = -1, .

Equations (2.12) and (2.16) can now be solved for

. ‘ 2
ej, j=1,2,3,...n-1 and 9,

equation (2.16) represents a set of nonlinear equations and

However, it is obvious that

they have to be solved numerically for i>3.
Let us dqnsider an important and widely applicable
stochastic system corresponding to a one degree of freedom

system given by

» 2 . 0 . 1
d dx(t! 2w d xét! + ng x(t) = 8 dzgz!.+ z(t)

t .

’ ’ (2-17)

having the corresponding discrete representation

Xt 7 %1 Xean T %2 Xpop T3 - 8 Ay - (2.18)

and derive the relationship between discrete and continuous
. . }
parameters.
The characteristie roots of the above AM (2,1) process

are given by

"--‘.. . - 5 & - )
o = gw Ta /2o (2.19)
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I1f the continuous process x(t) is sampled at uniform
intervals a, then the discrete process has the autocovariance

function, equation (2.11).

Yk < S A tCy A (2.20)
‘ . ulA
where Ay = e .
1 .
HaA ' )
and A, = e 2 ' (2.217

A discrete process having autocovariance function given

'by equation (2.20) can be represented by equation (2.18) énd by
using equation (2.15)

- 2
(l-xlB) (1-12B) = 1-¢; B - ¢, B

it follows that
g AT ' .
oy = A3 2y = 2 e cosh (wn v1- 52 a) ' (2.22)
‘ -ZEmnA
b, = - Ay Ay = - @ . (2.23)

4

=~ In order to find expressions for 8, and uaz let us

multiply both sides of equat1on (2 18) by " X¢ 3 k = 0,1 and

take the expectation to  tobtain

- . ; 2 2
To = #1 Yp toép vp - (8 - 09) 8y 0" Yoy

. 2 - .
Yy ¢ &y Yo * ¢y Yy - 8, 0, | (2.24)

It can be shown using equation (2.24) that

2

+ 3 P 91 + 1 =0



Yo T %y Y1 T 93 Y2

whe[e 2? =

= -¢ . (2.25)
y (1"¢.2) Y]. - 4)1 Y 1 .

0

and the‘invertible value of 8, is

It canﬁfdrthér be shown that equation (2.25) can be
written as
2
b{(1+8, w
2P = .1 n

z)sinh(ZaA)-a(l-Bizmnz) sinh(Zbi) _
a sinh (ba) cosh (aA)(l—Blwnz)—b sinh (aa) cosh(bA)(l;Bidi)

A

- 3 for £ > 1
and 2,2y s 2, 2
. 3\b(1+81 @ ) sinh (2aa)-a (1—31 w )sin (2ba)
2p =
a sin(ba)cosh (aa)(1-g;% %) b sinh(as) cos (ba) (1+8; %0 %)
for & <1
" where a-= 5 By o
L 3
and b =uw /{Ez—ll ' .

)

It must be noted that the discrete autoregressive
- _/—-_‘_‘

’ —_——— ..

parameters ¢, and 95 are¥independen;/ﬁf the continuous moving

average parameter 8,. However the discrete moving average

parameter i$ dependent on &, o  and 8,. . *

2.2.2 Explicit Expressions for the Damping Ratios,
Natural .Frequencies and Transfer Function Based
on the Discrete Parameters

The problem of-.interest is to find the parameters of

a continuous vibratory system from a set of data consisting
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~

4 ' e ,
of a uniformly samplgﬂ;yibra;ion record. Hence the problem
. . M : , '
of synthesizing the random vibratof} system reduces to the

identification of the parameters of the equivalent discrete

representation and in using o
| P 211 - n ’ '. ’ ® 'y
R MR T AR SRR WS ¢ TR W T (2.26)
j=1 ) k=1 C ,
Cgr : . [ 2 | :
where Ak’ A = exp {munk (-gk i1 Ek)} ) | €2.27)

k =1,2,3...n

to obtain the damping ratios and natural f?eﬁuencies'of the

system, equation (2.2). Specifically using eﬁuation (2.27).

one obtains [Ref. 5] r !
1 ﬁin(k x.*)]z' A:+A:*
Wn. T AXZr ] ) + [cos-l (_J_..._l. )]2 ;-
J - 4 . -~
2/3:2 -
: ¥y (2.28)
and x

J | YRS
[&n (Aj&j*]z + 4 cos™! 2

and the transfer function in the frequency domain

l - n;l ] eTjkmA ‘ \%\\
k=1 K ‘ |
n .

1~ I ¢ ¢~ Jlwbd
k=1

£(ja) =

T
-~
™~

L]
L7
[
L —-—
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{ ' . .
*
In the above equations Aj denotes the complex con-

jugate . of A &5 and w_~ are the damping ratios and natural
‘frequencies of an underdamped ‘mode of1system reépectively.
The‘multiplicity of tﬁe values of (:os'1 in equations
(2.28) and (2.29) leads to the multipliciéy of the values of
E{land W
in the above equations, the princip}e value of cos™1 may be

n.* However if Nyquist's sampling theorem is satisfied

used to compute unique values of the damping ratio and the

natural frequency.



CHAPTER 3
MODELLING TECHNIQUE

_This chapter concerns the modelling of.a continuous
process from a set of discretely and uniformly sampled data.
The modelling technique is compoéed of parameter estimation
and determination of tﬁe adequate model. The aaequac& of
the model is determined ﬁsing available stat}ggical tests.

In Section 3.1 the approach of Wu and gandit [Ref. 1]
;f using ARMA (2n, 2n-i) in place of ARMA (n, m) is advoéated.
Section 3.2 deals with the parameter estimation in AR (p)
and AR (2n, 2n-1) models. 'Section 3.3 déscribes the checks
of adequacy of a model. Section 3.4 gives a ;tep»by-step

modelling procedure and Section 3.5 gives an introduction to

the‘input/oﬁtput modelling approach.

3.1.1 ARMA (n, n-1) Versus ARMA - (n, m)

The approach of‘concentrating on ARMA (n, n-1) models
and treating 6ther models as their Speciai caées is quite
different from ihe approaches available in time series litera-
ture whereall the ARMA' (n, m) models for arbitrary values
of n and m are ;reafed on par. This approach of fitting the
(n; ﬁ-l) model is greatly advocated by Wu and Pandit [Ref. 1).
The question of determining n and m before fitting a model

is very difficult and has been solved with rigorous statistical

16
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tests only when m = 0, [Ref. 7]. Some empirical guidelinés

for selecting‘n and m have also been provided ‘Ben one of them

is zero [Ref. 3]. ‘
Contrary to this appréach of guessing the valhes of n

and m or finding it by trial and error, the dependence in data

is more closely approximated by an-increasing sequence of

ARMA (n, n-1) models. We stop at the value of n for which there

is no significant improvement -in approximation, as judged by

the reduction in the residual sum of squares. This enables one

fo devise a simpie modelling strategy which can be completely

executed on a digital computer.

3.1.2 Increment in the Autoregressive Order

In-developing a specific modelling procedure, it would
.'appear th#% one would first fit an AR (1) model, then ARMA (2, 1)
model, ARMA (3, 2) model and so on, increasing n by steps of one.

Such a procedure is feasible in theory and may be used
‘when the number of observations in the data set is small (say
200) and models are of low order (say n < S5). 1In general, how-
evér; increasing fhe order n by one is not economical. It is
seen that it is better to increase n by steps of two and fit
ARMA (Zn; 2n-1) models for n=1,2,3, ...n. [Ref.1]. There
are two main reasons for this choice of sequence besides the
economics. |

The first is the analogy of n degreeé of freedom
vibration system to ARMA.models. The increase in degree-of-

freedom by one amounts to advancing the autoregressive order




by two. Thus an ARMA (4, 3) model would represent two degrees -
of freedom vibrating system and the ARMA (6, 5) model a'thrée
degree of freedom system and so on with the ARMA (2n, 2n-1) model
representing a n degfee of ffeédom system,

The second reason is the configuration of the charécter-
istic roots A;. These roots in general may be real or complex.
However since the parameters ¢i'§ are always real the complex-
roots i, can occur only in conjugate pairs. éor examplé“for

an ARMA (2, 1) model since
2 - - . -
(l-A1 B-¢1 B®) = ?ﬁ A B) (1 Ay B)

2
¢ ¢, t4¢ -

the roots are complex conjugate whenever ¢12 + 4 $5 < 0. .This

is also clear from the fact that

1 *2 ‘ (3.2)

and if one of the A's is complex the other has to be a complex
conjugate in order to have the ¢'s real.

Similarly for an ARMA (4,3) model

by T A A Azt Xy »
05 = = (A dp + Ay Az ® Ag A+ Ay Ayt Xy At Ay Ay)
03 = A Ay Azt Ay Az g T A Az g T Ay Ay

' (3.3)
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It is clear that if one of the ‘Toots is complex its conJugate
must be present in one of the remaining roots if $7> ¢2, ¢3
and ¢4 have to be real. '

This fact implies thd%mghenever the autoregressive order
is odd one of the roots has to be rgal. Thus, by increasing
the autoregressive order by one we force one of the roots
to be real. . '

WFinally, increcasing the autoregressive order in steps
of two is econohical, particularly when higher order models
are involved. The total nﬁmber of models fitted is reduced to
one half by us;ﬁg (2n, 2n-1) fitting strategy as compared to the
'(n, n-1) approach.‘ It is necessary to point out that using
the (Zn,.Zn;l) approach may sometimes lead to parameter redund-
ancy at so&e pgint. - , _ '

-

3.2 Parameter Estimation

‘ Since ARMA (n, m) models are conditional regression
models their parameters can be estimated by the least squares
method which minimizes the sum of the squares of the residuals
ai(s. In particular if there are no moving average parameters
..and we have a pure AR(p) model the linedr least square method

.. of estimation can be used.

3.2.1 AR Models _
The AR(p) process denoted by Xy is of the form
) ' . [




4 %1 T % _ (3,4

where a, is a sequence of normal random variables with mean

. 2
zero and variance %a » ®ir 4 = 1, 2, 3, ...p are the auto-

regressive parameters,

[f the data is used after subtracting the mean x we

can also write

¢ = 0] Xpoqp v oo, Xe gt e ¢p xt_p ta, (3.5)

Using vector notation for N observations

p+1 xp xp_l .
X X X X
y = pt2 , X = ptl p 2
", . u . .
*n XN-1 - XN-2 *N-p
and 91
$2
$ = .
vMoo-
then the least square estimates are given by
¢ = It xTy T (3.6)

and
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N
2 1 2
= L - cee” .
%0 TP gafay e T N T T Xep) B0

3.2.2 ARMA Models

When a moving average parameter is present, the
unconditional regression is nonlinear and hence the nonlinear
least squares method is to be used. Once such a method is
available it can be uged for AR(p) models also, for which it
would converge very fast.

The nonlinear least squares routine Eenerally starts
with an initial guess value for the parameters to be estimated.

Knowing these values the a_'s can be recursively computed by
]

t .
A T Xt Xeo1 7 2%eoze o %n¥een T %2%c-1 T %2%t-200 0 Btenm
) " : (3.8)
Since X, is not available for t < 0 the first a, to be computed
is for t = n + 1. The initial a  for t < n are set equal to
zero. Once these starting values of at's are taken, the at's,

t = n+l, n+ 2 ...N can be recursively genératéd by equation -
(3.8). ’ |

- When the nonlinear least squares routine is provided
with initial guess values of the parameters to be estimated, it
monitors these values towards the smaller sum of squares‘of |
the fesidual eTTorTs (at's). Once a.point in the parameter
space giving a smaller sum of squares is reached it starts a
new iteration with the point as ;he initial values. The itera-
tions continue until some specified tolerance criteria are.

reached, such as the relative reduction in the sum of the squares,

>
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or the maximum change in parameter value is below some small

number or the number of iterations is more than a given number.
| So far we have taken the average of the data X as

the estimate of the mean, subtracted it from the data, and‘

assumed that the resulting data has zefo'mean. In .the final

estimation however it is more advisable to estimate mean pn

as an additional parameter by writing the ARMA (n, m) model

as <

(Xmu) - 0y (X 1om) = 0p(Xy pou) oomd (X o)

¢ T 81 2.1 " 8 at-Z""_am By . (3.9)

where X, Trepresents the original data. The initial guess value

o

The main question that remains in estimation is how to

of y is estimated x. ,

3.2.3 1Initial Guess Values

obtain the initial guéss values of the parameters ¢i's and
ei's.. In many cases, when the number of parameters and o#‘
number of observatidns is Small the estimation situation is
simple and the routine converges even from far off guess values.
In general however the sum of the squares surface, (treated

as a function df unknown parameters with the data as known
constants), may be 6f a complex shape. Then fairly close
values are needed, otherwise the routine may not converge or

T~

converge to the wrong estimates.
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The main advantage of the method described here is
'that it involves the solution of linear equations for an
arbitrary ARMA (n, m) model. It is based on the fact that the
relations in ¢i's and ei's expressed by the Inverse function
Ij are linear for an Qr%itrary ARMA (n, m) model. The Ij
coefficients themselves are the autoregressive parameters-of
the infinite expansion of an ARMA model gnd theréfore'can be
estimated well by the linear least squares method. .

The ARMA (n, m) model can be written as,

(1 -¢,B - ¢,B% - 9B rc.. -9 B") x,
L]
2

— _-' - - m .
=1 - o,B - §,B°....-8 B™) a, (3.10)

1

-~

-~ ¢
and the Inverse function toefficients are dgfinéd as
. ) ‘
a, = (1 - IiB - IZB weee) Xy Lﬁﬁ‘) , (3.11)

Substituting for a_, from equation (3.11) in equation (3.10)

t
we get operator identity.

2 m
lB - OZB ...:BmB )

3

(1 - ¢yB - ¢232 - ¢4B%....-¢ B") = (1 -0

2

: Sl - ;lB - I,B

2 cens) » (3:12)

3

Equating the coefficients of equal powéfs of B in equation »

(3.12) one gets
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for all
for j »

j > max

and mo#ihg‘average parameters can be found by equations (3;13)

24

b5 = 05 - 8 I, -0, I, + I, : (3.13)

j with the assumption Bj 0 for j > m and ¢j = 0

n for the ARMA (n, m) model. In particular, for

(n, m)

(1 - 6,B - 9232....em3m) I, =0 (3.14)

It is clear that the initial values of the autoregressive

hY

-

and equation (3.14) proﬁided the estimates for the inverse

functions Ij's are known.

To get the-Ij's let us consider the pure autoregressive

model AR(p). This can be written as equation (3.5)

or |

oT -
~

that for a pure autoregressive model AR(p)

xt.= ¢1 Xeo1 + ¢2 xt?Z f...,¢p xt-p_+ a,

Ap T Kpem 9 X

Y
|

f = (1 - 4B - ¢232 ] ¢333.....-¢§BP) X, (3.15)

Comparing equatiaqn (3.11) with equwation (3.15) we see
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= 3, =1,2,3
IJ ¢J 3 1,2,3, P,
. (3.16)
I. =0 '
j j>p

Although this is not strictly true for an ARMA model,
the invertibility conditions ensure that I, tends to zerp for
sufficiently large j. Therefore fairly good estimates for I,
for an ARMA (n, m) modellcan be obtained from the ¢j's of an
AR(p) model for sufficiently large p; these ¢j's in turn can
be estimated from the data by the linear leﬁst squares formula.

The Ij's_so obfained from an AR(ﬁ) mode¥ can be used to
obtain ai's by equation (3.14) which are linear and can be
explicitly solved.. Substitﬁting these ei's in equétions (3.13) .
one gets ¢i's for an ARMA_model,éégain as an explicit solution.

For the initial values of the m ei'% of an ARMA {n, m)
model, m equations from (3.14) are needed with j > max (n, m).

Therefore it is sufficient to take the order p of the AR(p)

\ model in obtaining Ij's as )
) p = max {(n, m) + m o _ s (3.17)

j's from the AR(p) model, -

as-Ij‘s in equations (3.13) the initial values of 8;'s are

After substituting the ¢

obtained, but they défhot necessarily satisfy the invertibility

condition. To check it the, roots v;'s are obtained as

2 ' 3

(1 - 8;B - 8,B° - 0B ..... ;amnm) = (1-»13)(1-u2h)(1-v33)

1

. .....(l-va)
(3.18)
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If any of the v.'

i 8 S0 obtained are greater than one

"in absolute value, it is replaced by its reciprocal which
then satisfies invertibility. The new invertible Jalqes of the
8,'s are given by the reverse of the equations (3.18)

n

L+l
8, = (-1) S
L i, "1, Tig i,
1,iz,i3. 1£=1 .
tp Stp <lze.e<dy
2 = 1,2,‘3,-10"1 3 (,3'19)5'
Substituting these successively in equation (3.13) we get the % -

L T}

_initial values of the ¢;'s of the ARMA (n, m) model

.3.3  Checking Criteria for Adequacy of .the Model

: The final questlon*ﬁn modelling relates to the stopplng
valdL of n. At what value of n should the “sequence ARMA
(2n, 2n-1) be terminated. .
| The fitting of an ARMA model to a set of obsérved data
can be viewed as expressing the dependent data, x

¢S in terms

of the independent random variables a,'s. Thisris called
orthogonal decomposition or’ Wolds decomposition. Thus, for

a fitted ARMA model (to be adequate, the at's must be indeﬁendent}l
Since it is assumed that a,'s are normally d15tr1buted independ»u
ence and uncorrelatedness are synonymous. The F test is based on
this property. | |

3.3.1 The F Test

- Suppose that an ARMA (n, m) model is fitted to the



® ‘
data using ‘the method described in Section 3.2.2. To check

whether this model is adequate, an ARMA (n + k, m + &) model,

k>0, 250, is fitted to the data. Since the ARMA (n + k,

m ¥ 2) collapses to ARMA (n, m) when the additional«parameters
are zero, one can test the hypothesis whether this conjecture

is- true. Wu and Panditl[Ref.l ] have shown using the test

criteria given in Rao [Ref. 9] that

-

(S -S )(N n-m-k- 1) Y o . -
= (k+£) —~ F (k+2 N n-m-X- L) (3.?0)
where . .
- . ” . ' ’
So‘ ‘'is the sum of the squares of the at's in ARMA (n+k,m+%)

Sl. is the sum ‘of the squares of the a_'s in ARMA (n, m)

t
N is the number of cbservations,

and F(r,s) -denotes the F distribution with r and s degrees of

»

freedom. , o

l . E - [4
The lower order model ARMA (n, m) is presumed to be
aﬁequate if the F-value of equatlon (3.2) 1s smaller than a

predetermlned level of 51gn1f1cance of the F- d1str1but10n.

For the tes¥-of ARMA (Zn, 2n-1) versus ARMA (2n+2, 2n+1)
if | |

A, is the sum of the.squares of the a

Ay is the sum of the squares of the a

'S for‘ARMA (2n+2,2n+1)

¢'s for ARMA {(2n,2n-1)

and N is the number ‘of observations, the ‘F criteria of equation

(3.20) takes the form
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(A=A ) (N-4n-3) - .
F = 2 ~ F (4, N-4n-3) (3.21)
0 ) . *

. fﬁitﬁe-value of F so obtaipéd exceeds the value of
F (4;‘N-4n#s§€for say 5% Significance confidence level obtained
from Ehe F distribution table, then the improvement in residual
sum of squares in going from the ARMAfIZh, 2n-1) model to the
ARMA (2n+2,2n+1) model is significant. If the F value is less

than that shown in the table we may conclude that the lower

model is adequate at the level of significance;

3.4  The Modelling Proc&ure ¥

The adequacy testing criteria given'abgve would not
yield the correct model if the:ldéquate model is not figpéd fq :
the data. Since the true mode% is usually unknown, @ll possible
combinations of (n, m) ﬁ;st-be used to ensure fhat‘the chosen
model is correct. ThiS pfoced&%e would be very time copsqming
and uneconomical if the number of observations is large and

'th? brder of the model is bigh. iWﬁ and Pandit tReffl“] héve
developed a modelling procedure that.;:ads'to the adequate '
mpdel rapidly. The step by step modelling_prp;eddﬁp is des- .

7; cribed below. =~ TN

Step 1: A

\
Fit ARMA (2n,2n-1) model using estimation procedure
outlined in Section 3.2.2. For every increase of n by one

check the improvément .of the residual sum of the squares

{

bf the at's by the F—criteria, équatibn QQ:ZI). Stop
M .

v
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‘
at the point where the F'valnﬁgirom ARMA (2n,2n-1 )

to ARMA (2n+2,2n+1) is insignificant at a predetermined
level such as 5% and choose the ARMA (2n,2n-1) model.

A ) )
Step 2: 2

1

Check the values of ¢2n’ 62n-1 to see if they are small
compared to their largest absolute value one, and if their.
confidence intervals include zero.  If no, the adequate .

model 'is ARMA (2n,2n-1).

Step 3: .
1f bon> eZn:l are spall and their.confidence intervals
include zero, fit an ARMA (2n-1,2n-2) model and check it-
with ARMA (2n,2n—15 model by'the'F criteria. If the F' Y
value is not 51gn1f1cant then dropping the small MA
parameters fit an ARMA (2n- 1 ,M) ‘model with m < Zn 2 and
check by the F-criteria till the adequate model with the

smallest number of parameters is reached.

Step 4:
« Lf the F value is significant dropping th small moving
average parameters determine anm ARMA (2n,, m) model with

~

m < 2n-1,. as in Step 3. .

3.5 Input/Output Time Series Modelling Strategx

The concept of un1var1ate time series modelling dis-
cussed so far can easily be extended to b1varlate.mode111ng.

In earlier discussion it has been assumed that all the
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perfturbation of the system is due to white noise excitation
only. This is not true in préctice. There are other sburﬁes

of noise as well (like electric cables} which may supérimpose'
on the systeh excitation and can not be neglected altogether,
always. This noise has not been accounted.for in the univariate
model. .The‘eerct of the noise largely depénds on the signél

to noise rat io..

Another advantage of bivariate modelling is that it
takes into account the nature of the input. So far the nature
of the input was assumed to be white noise. In the bivariate
model the input can be any discrete input, either deterministic
or stochastic. Tﬂe deterministic inputs commonly used are —
step, ramp, sinu;oidal, pulse, etc.

The form.of the modified autoregressive moving average

model is

3

2 n _
(1-¢99B-41,B%-075B7...-¢;B7) v, = (~ep7%0p,8 +

2 . 3 n
+ ¢23B + ¢24B "“'+¢2nB ) X,

m
+ (1'91B'32B ----- -emB ) a

2

where E[-at at—k] = 6y 9, and E[at] =0

o,

Ye is the vibration (output)

xt. is the force . {input)

and B  is the'baék‘shift operator.
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In other words, we would have a situation like
¢1n(B) !
Yo © 5, (BY ¢ N

n

where Nt is the noise.

Depending upon the noise to signal ratio we can have

the following cases

Case 1 Noise is very small
In such a case our model will be reduced to the model
. discussed earlier and_can be very edsily approximated by a

univariate model with white noise input.

"Case Il - Noise is not small
In such a case a input/output. modelling strategy
should be used. It can be similar to the one discussed in

Section 3.4.
4



CHAPTER 4
COMPUTER PACKAGE

“

This éhapter'concerns the development of the computer
- package fo} the estimation of a Univariate time series model."
Section | deals with the specifications of the program
which includes the igput/output software and user's skills
required. Section II deals with the various subroutines

and the flow charts.

4.1 . Program Spécifications

This section deals with the\general objectives of
the program, the input‘and‘the output of the prbgram and the
technical level of user's programming and modelliqg skills.

4

4,1.1 General Objectives

To develop 'a user oriented program which can fit a
univariate time series model to a set of stationary‘data. The
. bl (p o
program can be used to model a discrete stochastic stationary

vibratory s?sten in-the time domain. It should also be.cap-

able of calculating the ‘matural quencies and damping ratios
of the undamped modes of “vibrration plot out the power
spectrum.

CFLrh aal T .

4.1.2 .Technical Level of User's Modéllingiand Programming Skills

The user does not have to be good at programming'aé long

32
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"

as he can inpugthe data as required by the program (explained
later). In order to make it easier for the user a free format
has been used for inputing the data. He should be able to
indicate his optioné. .

Although the algorithm for the program is very
complicated, it can be undergtood by a person who is familiar
with statistical analysis of time series and analysis‘of random

-

vibration.

4.1.3 Reference for Analysis

Chapter 3 of this thesis explains the modelling strategy

briefly. For a more detailed description one should refer to

L4

the book, "Time Serles and Systems Ana1y51s - Modelling and
Applications" by Wu and Pandit. The program is very well docu-
mented aﬁd can be easdly understood_by a person with an appro-
priate background khowledge with the:help of flow charts and ’

the description presented here.

-

4.1.4 Input/Output Software.

4. 1 4.1 Input

The 1nput to the computer program %s as explained below

. The program uses a ffee format for reading all the datg in.

This has been done in order to make it easier for the user to
input the data:. The user does not have to supply the data
in any fixed columns as long as he takes care that the integer

variables are supplied with integer data (no decimal point)

+
[
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and the real variables arc supplied with real data (with a

decimal point). All data should appear in the same order as

indicated below and has to be separated by commas in case of

batch operation. The input can be supplied either on a tele-

type or through cards, discs etc. The input consists of the

following

NOB

DELTA

OBS (1)

ITYPE

NOB is the number of observations. NOB should

not be g;;ater than 1024. NOB is an integer
variable. ' ‘
DELTA is the s;mpling interval. DELTA is a real
variable. '

I=1,NOB, OBS(I) is the set of samples obtained at
a sampling interval of DELTA. This will also be
supplied with real data. |

This parameter indicates the user's option reéard-
ing fitting of ARMA (n, m) or ARMA (2n, Zn-1) .

models. In case the user wants to fit ARMA (2n, 2n-1)

'hodeié_only (inglhe‘case of vibratory data), it
also tells the program to give the natural fre-
quencies, damping ratios and powér spectrum. ITYPE
should be an integer.

ITYPE

1 means ARMA (2n,2n-1) model
" ITYPE

2 means ARMA (n, m)model

4
In case the user supplies any other number the

“default value for ITYPE = 2 is used giving ARMA (n, m)

models.




MAXNN

MAXEN

NSIG

EPS

35

This parameter indicates the maximum order of

the autoregressive parameters that should be tried
by the program while modelling. This should be
more than one and less than or equal to ten.

If any other value is supplied the default value

of 10 for MAXNN is used. MAXNN is an integer.

Maximum number of function evaluations to be used

-by the nonlinear minimization library routine

ZXSsQ. lIn case the user gives a number less than
or equal to zero the default value of.10000 for
MAXEN. is used. MAXFN should be an integer.

The first convergence condition to be usgd by

the nonlinear minimization routine ZXS8SQ. The
convergence condition is satisfied if on tw6

successive iterations the parameter estimates agree

. component- by ¢omponent to NSIG significant digits.

I1f a number less than or equal to zero is given

it takes the default value of 3 for NSIG. If moTe

than 14 is supplied the maximum value of 14 is
used. NSIG is an integer variable.

Th;‘second convergence criterion for the nonlinear
minimization routine ZXSSQ. The convergence
condition is satisfied if, on two spcéessive intera-
tions the residual sum of the squares estimates

have a relative difference less than or equal to

EPé. EPS can be set equal to zero. ‘Ef_izpegative -

number is supplied for EPS the default value of EPS
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b.

cqual to 0,001 is used. EPS is a real variable,

Library Subroltines

In addition to the above input the user has to make

sire that the following libraries or the routines are attached

to the program hefore running. The library routines used,

corresponding library names and a brief description of the

routines is piven below.

ZXS$SQ

INVSYM

SIMQ

POLRT

ZRPOLY

L]

ZXS5Q is the nonlinear minimization routine
which finds the minimum of the sum of the squares

of M functions in N variables using a finite
L

. difference Levenberg-Marquardt algorithm.
)

This is an IMSL library routine [Ref. 17] and
other IMSL library routines required by ZXSSQ

- are LEQTIP, LUDELP, LUELMP, UERSET, UESTST,

UGETIO.

INVSYM is a symmetric matrix inversion routine.

© This is a MILIS library routine [Ref. 18],
SIﬁQ gives 'the solution‘of a set of simultaneous
linear equations.

This is a SSP library routine [Ref. 19].
POLRT computes the real -and complex roots of a *
real polynomial.

This is a SSP lifrary routine [Ref. 19]. .
ZRPOLY gives ghg\zeros of a polyngmial-with-real

coefficients. .



This is an IMSL library rouiipe [Ref. 17].
Other IMSL libfary.rdutines required by ZkPQLY
are UERTST, UGETIO, ZRPQLB, ZRPQLC, ZRPQLD,
ZRPQLE, ZRPQLF, ZRPQLG, ZRPQLH, ZRPQLI.

4.1.4.3 Qutput
The output of the computer package developed consists

of

- an echo of the iﬁput

- error messages in case of erroneous data

- estimated autoregressivg and moving average parametefs
and their 95% confidence intervals for successively |
fitted ARMA (n, m) and ARMA (2n, 2n-1) models.

- estimated mean, its 95% confidence interval and the
residual'sum of the squares for su;cessive_ARMA (n, m)
and ARMA (2n, 2n-l)¥hodels.

- ‘the adequate model and-its parameters (autoregressive,

'moving average and mean) along with 95% confidence

intervals.

-

N .
- the natural frequencies, damping ratios and the power

spectrum in'case of data.from a vibratory model fitted
with ARMA (2n, 2n-1) models. The natural frequencies %

are in Hz and the power spectrum in dbs.

4,2 Macroflow Charts and Descriptign of Routines

4.2.1 SuBroutine ARMA ‘ - - 1 ,

ARMA. is the executive subroutine. This calls the

“.
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8.

various other subroutines to read and check the:data, fits
different order of ARMA models, selects the adequate model
based oﬁ'cheg&ing criterion and prints the parameters esti-
mated. It also‘gcgs the natural frequencies, damping ratios
and powér spectrum.  The modelling strategy is as described

in Sections 3.2 and 3.3 of this thesis. The flow chart of

the subroutine ARMA is given on the next few pages. The model

follows exactly the same path as shown in the flow chart.

4.2.2 Subroutine INDATA

INDATA is the routine which reads in all the input

data. It checks the data for any possible errors and prints -

I

out an error message in case of an erroneous data;, The input
is to be provided as described in Section 4.1.4.1.

INDATA provides an echo of the input. ‘It takes the
default value for some of the parameters if so desired by the

user.

.]I
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Flow .chart for
unit ARMA

, To provide the input data
Call INDATA check it and get an echo'
~of the input. Q

S \ 4
‘ Subtract

Mean from
Data .
To fit ARMA (2n+2, 2n+1) model
Call FIT Start1ng with n=0.

14

To store the paréme{;fs. R.S.S..
is residual sum of squares.

Check‘yhether the
damping ratios, nat-’
ural frequenC1es and
power spectrum are
required or not.

e ‘

. (Continued_on
next page)

To obtain the natural
frequencies, the damp- )
' ing ratios and the Call ROOTS -

power spectrum +
. Call POWER




MMA (continucd)

120

1)

e A AT YT ca R T e STYRTATEET TSI g

T

Call ROOTS |-

Call POWER &
i
Call SIORE
: Call FIT
7 3 Fit ARMA (2n+2,2n+1) =
: A, = R.R.S.
A = A, Yes

Adequate Model
ARMA (2n,2n-1)

Check if only

ARMA (2n,2n-2) is

to be fitted. -

. Compare Al ~ Ao

No Ao = Al
. Confidence inter- Call CONF
vals of $on+2> Onel -
* include zero? ’
| ' Call FIT
" Al = RoSnSl

Y

F-Significant?

(Continued on
next page)

Fit ARMA (2n-1,2n-2-
model



AMA (Contined) 4 ']_

O—=p —

Call STORE
»
Confidence intervals of -
$9n-1* Ooq.o include Call CONF No .
zero? ' .
Adequate Model is |
ARMA (2n-1,2n-2)
|
Fit ARMA Call FIT '
(2n-1,2n-3) A = R.5.S .
Model. 1 eedde ,
> " ' Yes |
The Model 15 . * Significant
White Noise Compare ‘
A "\,;-0\0
m o Call STORE
| * ' Yes ‘ (Continued o
Confidence intetvals Call CONF ntma S n
of ¢ 8 - next pag
2n-1’ "2n-3 .
include zero? ‘ No
. - _
The Adequate Model . .
is ARMA(2n-1,2n-3) ; . o

S



Compar Al-Ar

~

. Confidence inter-

val of ¢2n-2’

®2n-2

12

Call BIT
Al = R.S8.5.

v
Fit ARMA

(2n-2,2n-2)
Model

>

Yes

Call STORE

Yes

Cpl CONF

include zero?

No

Adequate Model is

ARMA (2n-2,2n-2)

Adequate Model is
| ARMA (NN,mm-1)

NN=2n(I",I n}g }
| )

: @.

Call FIT
A1.= R.S.S.

l

Call STORE

Call FIT

A, = R.S.S5.

F Significant?

(Continued from
previous page)

Compare;

.AITAO




AIMA (Continuecd)
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Fit ABMA (2n-1,2n-1)
Model

Compare AjWA

Yes

Call FIT
Al = R.S8.5.

Fit ARMA (2n,2n-2) Model

<—

s Z

B

§ Yes

Call STORE
Confid-
N Yes ence inter-
ACdilRl'éIS it Call CONF Valseof
1 e ¢2n’ 2n-2
No include
- 2Eero.
Adequate Model
F Significant is ARMA
\ (2n,2n-2)
‘ No :'
Call STORE
\ 4 Confidence inter-
Call CONF vals Of ¢2n_1, '
N eZn-l include
zZero,
v i

| Adequate Model

- 999
is ARMA . -
(2n-1,2n-1) Write the
. Adequate
‘. Parameters
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4.2.3 Subroutine FIT

*Subroutine FIT-calls the subroutine GUES in order
to get the initial values of the parameter eséimates.' These
initial GUES values are then supplied ®to the nonlinear mini-
mization library routine ZXSSQ. The subroutine FIT then
calculates the 95% confidence intervals for the estimated
parameters. Il prints out the parameters, their confidence
intervals, mean and its confidence infefval and the residual
sum of squares. |

The nonlinear miﬁimization routine ZXSSQ estimates
the parameter values which minimize.the objecéive function

) .

. The input to the routine ZXSSQ consists of mainly

- Objective function I a

t2 (contained in MODEL) =~ '

- Number of observations
- Number of parameters
- The initial values of thé_parqmeters
- The'cbnvergence criterion .-
- ' The maximum number of function evaluations

- Some constants. . | -

Here the mean‘is taken as an additional parameter.
ZXSSQ gives the final estimates for parameters and residual
sum of squares. It also provides the vector of approximate

Jacoblan at the output vector which can be used for evaluat1ng

the 95% conf1dence intervals,

~



Flow chart for unit FIT

45

Find Number
of

JLlarameters

Call GUES

Call ZXSSQ

Find 95%
Confidence
Intervals

L

Write
Estimated

Parameters,

To get the initial
estimate of the

garameter54
For nonlinear
minimization
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‘.4.2.4 Subroutine STORE' ' ' 4
\__’ )

Subroutine STORE takes the estimated parameters’

and their 95% confidence intervals and stores them till such
a time that they are #eplaced by a better model paramgter

estimate. STORE is called by ARMA.

4.2.5 Subroutine MODLL

The nonlinear minimization liﬂkary routine ZXSSQ calls °*
the subroutine MODEL. In this subroutine the value of the
function at certain ﬁredetermined parameter values is calculated.
The new estimated mean is subtracéedxfnﬁ; the original data before
getting the residual sum of squareé. .

-

4,2.6 Subroutine CONF

e _ .
Subroutine CONF finds as to whether the confidence
intervals of the autoregressive and moving average parameter

includes zero or not. It returns a logical variable as true

or false as the case may be, CONF is called by ARMA,.

4,2.7 Subroutine ROOTS SN

A

ROOTS takes the parameters and solves the character-
istic equatibﬁ to obtain the roots of the equation (eqﬁation
EETEB)) and then uses them to obtain the damping ratios and
natural'frequencies for undérdamped modes of vibration by

"selecting a conjugafe pair bf roots and solvingﬁgﬂuatiéns

(2.28) and (2.29). ROOTS is calléd by ARMA.
~r : : y



Flow chart for MODEL . _ S
.. MODEL

Y

Calculate the a¢'s from the ARMA (n,m)
model as follows.

8, (D) = GO-D - 4 ((1-1)F. .4 ((1-m) )
at(I) = at(1)+el at(I-l) + Bzat(I—Z)...e-‘ﬂat(I-m)

n

‘The first few at's where I =1,

max (n,m) are taken as zero.

“Note:

-4

h 4
Store at'_iI)

L3
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4

Flow chart of Program unit CONK. '

L

| Initialize
TB = TT =1

Calculate
FB, FT ¢

TB, TT are the lower and
upper bounds of moving
average parameters

FB, FT are lower and upper
bounds of autoregressive
parameters,

Yes

Calculate

TB, TT

LGC is a logical
variable

LGC =TRUE
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Flow cart for program unit ROOTS.

b

B

Call ZRPOLY

A

Seléct conjugate

pair of complex
Toots

Y
Get the w's

and £'s

This IMSL routine solves
the characteris
equation (2.26)

Using equations (2.28)
and (2.29)



o

—

4.2.8 Subroutine POWER

POWER takes the ﬁaramgters and obtains the transfer
function using equation (2.30). Then it uses this transfer
function to obtain the power spectrum. POWER then calls

the plotting routine PLOTING to plot out the power spectrum.

4,2.9 Subroutine GUES

-

Subroutine GUES calculates ‘the initig; valuesﬁbf-the
autoregresgive and moving average parameters %or the nonlinear
minimization routine ZXSSQ. The inverse function coefficiéﬂt
approagh is used to get ghe iniiial estimates of the parameters.
GUES is based on the algorithm described in Section 3.2.3.

GUES is called by FIT. ) '
: *

LY
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Flow chart of program unit POWER

Obtain the .
Transfer Func- Use equation (2.30)

tion F(jw) ' . i

2
Obtai 9 . i
Poror 2 * £(ju)F(-ju)

Spectrum 2%

Convert the | ' ,
Power Spect- 10 * ALOG10 (POWER(I))

Tum to Db's
h‘ ] ’
——“- h
Y PLOTING plots the -
plots power .
Cal} PLOTING spectrum

-~
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Flow chart for subfoutine GUES.

Initialize
PH(I) =0
TH(1)=0

{ NP=MAXO (NN, mm)

+ MM

Compute
~X'X and X'Y

INVSYM is.a MILLS
library routine for
maxtrix inv?rsion

PH(I) and TH(I) are autoregfessive
and moving average parameters

NP is the order of autoregressive
model required for obtaining inverse

. function estimates. (Equation (3.17))

.,

Equation (3.6)

‘ w
Yes
i
Call INVSYM 114 = X'Y/x'x: -
and get X'X1 =1

$ (1) = XX Iaxry(n)
(equation (3.6)

Compute
XX Laxry

I(I) = ¢(D) .
(equat_i_on (3.16))

Cenm )

.

O

(Continues on next page)



""(Continued from previous page)

@ r -»{ Call SIMQ

53

Call POLRT
(GivesrROOTS)

Obtain new
ei's

+

u — _

Obtain ¢.'s

7~

Obtain Bi's by using a

set of simultaneous liner
equations jbased on equation
14) and solving them by .

M.

Check for invertibility of
the moving average para-

. meté?s | . ’?\b

This solves the characteristic
equation of moving average
parameters v

tUse-equations (3.19)f

¥

Use equation (3.13)



CHAPTER 5
RESULTS

Y

This chapter deals with the results of the computer
A .

program where various sets of.data were supplied to the program,

b . . ‘
Section I déals essentially with testing of the

. program when data taken from the book Time Series Modelling

by Wu and Pandit [Ref. 1] was supplied to the developed
package and the comparisofi of the results with those given

Y
in the book.

Section II deals with application of the program to. |

structural dynamics. It gives the results of applying the

data for mechanical vibratory'izstems of various degrees of
freedom to the computer program .and comparison of the results

with the known parameters-of the model simulated and with ihe‘

Fast" Fourier Transform approach.

-

5.1 -TeSting of the Computer Program -

oo

In order to test the accurécy:of the software devei§ped
thé testing was done by supplying.four'séts of data taken
from the book by Wu'and Pandit [Ref. 1] and comparing tﬂe*JI |
resulti obtained with those'oE}ained by Wu and;PanQii [Ref. 1].

The data is provided in Appendix B.

&

The four sets of data used are for :%g' .
79 to 1924.

- Yeé}ly Sunspot numbers for the years 1

-
oA

5 54
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/7 _ ‘ g\"

- Response data for mechanical vibratory system

of a mass, spring and dashpot.

- Daily record o IBM stock priceg from the 17th May,
1961 through 2nd November 1962.

- Grinding wheel profile data.

In all four cases the softwire was asked to use the
default values of the ‘parameters- for convergence criterion,
maximum order and maximom function evaluations (Section 4,1.4.1.)

-, i

The mbchanicql vibratory data was also tried with other

convergence conditions.

~

5.1.1 Yearl} Sunspot Numbers

Cv e |
The results of the computer mjzilling o nspot

activity data are given in Table 1. TableiZ Fves_the result -

from the book [Ref. 1] for 4

*

arison,
this set of -data the sequegnce

), ARMA (4,3). Although \

Table-lj%howg tha
‘of the model fitted is ARMA ( |
the residual sumuof -squares is less in the case of the ARMA (4 3) -~
T S

‘model, the F value based on F!ntenon ‘is not significant,
hence ARMA (2,1) }s‘cons1dered~{ bettér,qqﬁgl..”Hngver g&hﬁ ‘e
the case of an ARMA (2,1) model the parameter 01 includes zero
in its confidence interval and hence an_kRMA (1,0)° model 15

"‘—.—ﬂ—- o
tried. ARMA (1,0) has a hlgh res1dual\?hm of squares but -
. ARMA (2,0) turns out to have a low re51dual sum of - squases o /;

and the parameter estlmates do not have zero in their confxdence
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‘1. i ‘.
~_
—  Order ARMA - A
P L :
arameter X
. (2,1) (4,3) (1,0). 2,0)
]
5| 1;406%0.16 0.257%0.2 0.8096%0%087| 1.33%0.11
. 4 -0.708%0.14 | 0.0483%.14 -0.65%0.11
45 0.407%0.11
o+
¢4 -0.626%0.13
K 0.126%0.22 {-1.06%0.26 .
S
\9% -0.74%0,31
ey e 0.1170.23,
“u 44.37f6237 - |44.31%6.56  [42.87%15.8 44,26%7.3
Residual '\ 4
Sum of 41280 39190 71910 41550
Squares .
- '
The adequate model is ARMA (2,0) -
. * The values in ( ) indicate the 1. 9 x standard errors
7  of the paraméter estimates. e
Table 1. Computer Output of Modelling Sunsiaot Series Data.”
LY




57 ‘
. Order ARMA '
Parameter
2,1) (4,3) (1,0) (2,0
4 1.41%0.16% 1.27°1.16 | 0.81%0.09 1.32%.11
"4, -0.71%0.14 ,-0.8472.22 -0.63%0.14
b 0.39%2.01
4 -0.25%1.02
8 0.14%0.23 -0.04%1.56
8, -0.34%1.39
05 0.11%0.26 R
1 44.8%6.6 " 44.4%.8 44.7%5.4° 44.Tf;;4
Residual x_(
Sum of 40788.00 39624.58 71577.86 41173
Squares : :

H

The adequate model is ARMA (2,0)

*The values in (%) indicate thé 1.96 x standard
errors of the parameter estimates.

Table 2, ‘ _Canputt;r Output for Modelling Sunspot Activity Data [Ref.

1].
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intervals. Hence ARMA (2,0) is tHe adequate model. This is
the same as an AR (2) model.
Comparing the results of Table 1 to the results of

Table 2, it can be scen that they are very much similar,

5.1.2 Mechanical Vibratory Data

According to the modeiling,strategy, the sequence

ARMA (é ,1), ARMA (4, 3), ARMA (6,5) is fitted, since the
reduction in the residual sum of squares is found to be
significant for the ARMA (4,3) model. Using the tests for
adequacy such as the F criterion, confidence limits an ARMA (4,3)
model is found to be adequate for mechanical. v1hratory data.
The detailed results are given in Table 3. Table 4 gives the
results from the book [Ref, 1] fq; comparison.
| The results for the ARMA (2,1) and ARMA (4,3) models
are almost the same“bqt*forjthe case of the ARMA (6,5) model
they are very much different. Also the residual sum of squares
. for the ARMA (4,3) model as obtained is much less than what | !
-is in Table 4. Also, fhe adequate model'as found in ARMA (4,3)
.whilé as Table 4 gives ARMA (6,5) as an adequate model. The
difference can be explained by the fact that the machine used
is different, accuracies are different and the nonlinear . }
minimization library.routines are differeﬁt. |

Th{; getrof data was also tried by changing the con-
vergence criterion. The results diﬁ not change ?ery much
althoJ;h they were different. ‘The adequaté model still remains

to be ARMA (4,3). Increase in sum of squares for ARMA (6,5)
’.'

indicates that the routine did not converge. - -

-

Sae.
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P
ARMA Order ,
Parameters y .

- (2,1) (4,3) - (6,5)
4 1.43%0.16 0.64%0.17 1.88%.72
4 -0.61%0.16 -0.4%0.14 -0.98%0/85

4 0.92%0.07 .-0.8%.8

)
4 -0.6420.12 1.43%.69
b -0.877.48
b .22%0.33 .
8 -0.54%0.17 -1.29%.28 -23%0.75
ez' -0.62%.26 -0.72%0.47
85 -0.51%.28 -0.72%0.47
0 -0.15%0.67
' +

o 0.21%0.44
. 24.2%3.0 24.75%1.84 21.2123.7

‘EgségEZiegum 535.7 318.8 436.5

The adequate model is ARMA (4,3)

¢

Table 3 Comppter Output for Mechanical Vibratory Data.
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.5.1.3 IBM Stock Prices

The results obtained by followihg the outlined
modelling procedure are shown in Table 5. The adequate ‘
model using the F-criterion turns out to be ARMA (1,0) which
is the same as AR (1). .

Again it may be noticed that the results are very much

close" to the ones in Table 6. Table 6 has results from Wu's

book [Ref. 1] for comparison.

5.1.4 Grinding Wheel Profile | o
| The results of the computer simulation of Grinding
Wheel Profile data are presented in Table 7 while as Table
8 gives the results from the book [Ref. 1] for comparison.
The’sequence of the model fitted is the same as in the
case of the sunspot series "data with the.aaequape model turning
out to be ARMA (2,0).

The results obtained in Table 7 match with those in:

-
N

Table 8. ) . -

5.2 Results of Applying Time Series Modelling
to Strugtural Dynamics .
‘Ov
Thé software developed is used to obtain.the natural

;frequencies, damping ratios and power spectrum for various)
single and multi-degree of freedom systems. The softwaré

was tried on various var1at10ns of the s1ngle degree of freedom
systqm and for a two degree and a f1ve degree of freedom system.

Few of the representat1ve cases of single degree of freedom-

* ’ ()



L 4 {
“ ARMA Order ,
Parameters
(2,1) (4,3) (1,0)
4 1.39%1.69 1.53%1.23 0.999%0.0016
4 -0.39%1.69 -0.79%2.63
b5 -0.1822.54
64 0.4571.19
6 0.34%1.72 0.49%1.28
6, 0.23%1.33
R ﬁ +
0y -0.40%1.12
" 325.5710.11 | 365.3%12.02 .| 320.5%10.3
ggségggiegum 19990.0 20120.0 19990, 0
h Y
Table S,

4

"... e

*

Computer Output of Modelling IBM Stock Prices.
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ARMA Order
Parameters . -
(2,1} (4,3) (i,0)
& 1.0071.12 0.82%0.05 0.999°0.01
‘ +
4y -.002%.20 -0.44%0.11
¢s 0.23%0.09
b 0.39%0.03 \
0 -0.08%0.23 -.25%0.05
Ve .
0y --.71foJ5§\\{»‘ 5
6 -.46%0.01
2 478.5%14.0 478.5-14.0 478.5%12.0
Residusl Sum
of Squares’ 19183.96 18707.56 19360.48
The adequate model is AR (1) :
" Table 6.  Computer Output of Modellihg IBM Stock Prices [Ref.1].
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ARMA Order
Parameters
(2,1) (4,3) (1,0) (2,0)
¢i 0.85-0.39 1.83%0.19 0.63%0.09 0.79%.12
¢ -0.27%0.26 -1.86%0.34 -0.22%.12
¢z 0.79.34
. l +
. 4y -0.15%.14 ‘l .
8, 0.0770.41- 1.07%0.22
0, (’L_)>j{? -0.87%0.28
SN
e;l } -0.07%.22
u 9.48% .68 9.46%0.68 9.417.86 9.48%0.69
Residual Sum 2 ‘
of Squares 1473 1420 1619 1474
' [

Table 7. Computer Output for Grinding Wheel Profile Data.

Adequate model is ARMA (2,0)

4

P
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ARMA Order -
Parameters .
(2,1) (4,3) (1,0) _ (2,0) .
% 0.890.58 1.75%0.84 0.63%0.10 0.7670.12
4y -0.29%0.37 -1.68%1.62 | -0.21%.12
¢z .622%1.46
0 | -0.08%0.52 .
o, 0.12%0.60 0.97%0.83
+
g, S0.74%L03 L
s +
8 -0.15%0.66
g 9.48%0.69 2.44%0.68 +9.52%0.88 9.5120.69
ggsggxieg"“ 1472.81 1426.95 ™ | 1819.32 1475.32
3.
LY * The adequate model is ARMA (2,0).

<. . -

Table 8.  Computer Output of ModelMng Grinding Wheel Profile [Ref. 1].
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’

‘) 1{iiems and the results for "the two and f1ve degrees of freedom

systems are belng presented here:

< ]

In the first section the question - how to obtain
discrete time series data, for a system ¥ith known continuous
parameters (natural ffequency and damping ratio), is discuSsed.

In the later sections the results of simulation along ~
withathe plots for power spectrum are presented. The power
spectrum though discrete Fast Fourier Transform is also
presented, for the same data, for comparison purposes.

The data used.is presented in Appendif\B.

bl

5.2.1 Dis¢érete Time Series Data from the Continuous Model

The problem of identifyfng the moda} parameters of

- -
a system and cbtaining the transfer funcfionyof the system,

L

when a set of discrete time series data, the ~system under

white noise excitation {s available, has been discussed till
\ L 4

now. Now the problem is of a reverse nature. For the

purpose qg,simplation we want to obtain the discrete time
series data of a system excited bylwhite-noise, ther;;stem
parameters and the transfer function being known. |

‘The approachfbeieg discussed here‘is‘based on the
cqnceptlef Gaussian white noise and distfete time simulation.

A set of random numbers’is geﬁerefed and then this set

of random numbers 15 u;ed as a forc1ng funct1on for the system,
The equation of mot1on for a single degree of . freedom system

with mass, spring and dashpot can be wrxtten‘as

.. [P
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mx + cx + kx = F..
this gives us

X = (F - ¢x - kx)/m » .

rY

'‘We obtain the acceleration 'in eath sampling'intervalA‘

by using one random number F, _and previous x and x values __)
- Ty -
and then obtain

. =l x *k . - ' et
in+1 Xp + x *dt . i
and '
- ; - = x R h
Xi4] = Xp T x ¥ dt | ' \
where dt is the sampling interval-, o o

4 .
N \

By this method the values.of X, x and x are varying

f)

} stepwise and will have discontinuities. If the centrél, \?\

diffetigfe approximatioh is used one may getox closer to the
continuous systeﬁ% c

Thi stafting values for x and x are takeh as zero

‘as the system is ﬁt'rest in the beginning and has zero dis-
placement and ze}o velocity ' The d1scret1zat10n perlod was ‘
chosen to be the same as the sampllng 1nterva1

One has to be careful regardlng the cho1ce of the
sampling 1errva1 1t should not be large or the system becomes
‘unstable and if it is too small the amount of data required ‘
would becomg veryllarge in order to have all the Eparacter-
istics of the system. It was observed that, although as_per‘.. .

Nyquist's samplihg-criterion, sampling frequéncy'should be

only two times_the_highest natural gzgquengy, in practice a

sampling frequency at least five, to six times the highest

- L]
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natural frequenrcy' is a good choice. : il
\This approach of ‘time sinulation to obtaindiscrete_

time series data gave fairly good results for 51ngle ‘degree
of freedom systems. It was observed that the approach had
a’tendency to geneggte data wh1ch had somewhat higher natural
frequency then the gatural frequency of, !he thedretical
system. (The hlgﬁer natural frequency be1ng calculated by
the Fast Fourler “Transfer- approach) The data being used

" in the next sectton_for single degree of freedom SYSBEEE,EES
been genereted by tnis approach only.

B For hiéher degrees of freedom systems- this kdnd of
'approeeh did not yield any good results.  The data generated
'by this approach did not give the same natural frequency as
'theqretlcally 1:f;hou1d have when the Fast Fourler Transform
was ' app11ed to it. This could probably be dub to the fact
that ‘the system frequenc:es tend- to become higher_ (as observed
with szngle degreenpf freedom systems) and as a net result,
—the data generated becomes ‘very much 1naccurate.

yIt may ‘be noted that the 1naccufhcy in the data heing
generated can be controlled by decreas1ng the time 1nterval
dt. Thus 1f a smaller time interval for 1ntegr:3oon is chosen
then one will get, better results; ‘ If it is not des1red to ﬁ'e
avvery small samp11ng 1nterva1 for computation during ARMA

th

mode111ng every 'n value out of this data sampled at small -

dt can ‘be: takep. w1t'h essentzally gwmg us a samplmg interval

f\f,n*dt. ‘

The use of other differen

K

formilae like central

.1
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.

differences or the Runge-Kutta approach of numerical integra-

.
tion ‘instead of the Euler formula being used may result in.
different results. ' . - '

The data for higher degrees of freedom systems was
obtained by u51ng/“hdvanced Continuous Slmulat1on Language

(ACSL). This was deve10ped by Slmulatlons Counc11 Incorporated
. o~ -

[Ref. 8]. 1t is used for modelllng~5ystems described by a

time-dependentm nonlinear differential equation and/or a

transfer function., It tukes in the transfer function of a ~

continuous system and gives discrete time series data, generated

at a:certein‘s pling interval (input), under the influence

_of bend limitezcﬁﬁfée noise (band limits being input). It mey
be pointed out here that the details of the algorithm of thie
eimulation language and simuletion procedune are not known and

the re11ab111ty of the language was conflrmed by comparlng the

'results of using the Fast. Fourler Transform approach Tresults

with actual parameters of.the system and finding them to b

The data used was generagld at the University of

Wisconsin-Madison. o

\

5.2.2 . Single Degree of Freedom Vibratory. Systems

- The developed modelling techn1que was. app11ed to..
- .
vaftbus s1ngle degree of freedom systems Four such .cases

ua%e being presented here. The" natural frequency of v1brat1on

for the systems chosen are 98.7 Hz and 793.6 Hz and for

" each case a. damping ratio of 0;008 and 0.08 has been used thus’

-

L C - ' -
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haV1ng four typcs of systems

5.2.2.

indicating a single degree of freedom. system. The estimated’

parameters and their 95% confidence intervals are

b

1

g = 0.008 .

low natural: frequency and low damplng ratio
low nabpral frequency and 'high damping ratio
high’natural frequency and low damping ratio
and high natural frequency agd high damping Patio.

.'\'_ . &

Low Natural Frequency and Low Damping Ratio . .«

The system parameters are

fn = 08.7 ﬂzj

Sampiing interval used is 0.001 sec.

%

The adequate model 1s found to be ARMA (2,1) thus

!

A"

0.0116

Ced

¢ =
1 1.6013

4

4y = 0.9858 * 0.0116

.
-

o, = 0.0535 ¥ 0.0322 )

1

»
.

"The natural frequency of vibration and damping ratio

calculated by using the above paqgmeiers in equations (2.26)

(2.28) and (2.29) is -

using the FFT'approach are

A\

£, = 101.0 Hz -
g = 0.0113

The natural frequency of. vibration and_dampingrratio

-

A
£, .= 100 Hz
g = 0,011



-

flOn
-20l
Sf(dB)

-30.f

‘40-'

500400 . ©

'_5. 1 1 L1 M |
"%.00 100.00 200,00 300,00 400.00
-
f(Hz.)
4
. . ,
Figure 5.1 Power spectrum of the single degree .
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It may be seen that the fnatural frequency is very
much close to the system's natural frequency but the damping
ratio is somewhat on the higher side. If the percentage

error in the ‘two is calculated we observe that

percentage error in natural frequency 5, 2.3%

percentage error in damping ratio = 41,25%

The plot for the power specfrum is presented ih
Figure 5.1. Figure 5.2 shows the power spectrum as obtained
from the Fast Fourier Transform appndd&h. "As can be clearly
seen they both show the same natural ffequency but the damping
ratio in the case of ARMA (2,1} model ig a little bit higher.

-~ e

§.2.2.2 Low Natural Frequepncy and High Damping Ratio

The system parameters are

£ = 98.7 Hz L~

3 = (.08
‘ ' /
Sampling interval of 0.001 sec. is used,
Again the adequate model was ARMA (2,1) indicating
again a .single degree of.freedoh system. The estimated para- ,

meteré and their 95% confidence ‘intervals are

. ¢p =+1.4893 ¥ 000316, U
s, = -0.8903 ¥ 0.0306 :
¢, = -0.0715 * 0.066

‘The natural frequency and damping ratio obtained by

solving equations (2.26), (2,28) and (2.29) are e~

g N
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h -
irl = 106.0
o= 8T875
The natural frequency of vibration and damping ratio as
7 ’
\h\ obtained by FFT is 99,2 ﬁ:\und-0.0BS respectively
"
This time one can sec that the damping ratio is much ~

closer to the damping ratlo of the system The percentage

error in these parameters ‘are

7.4%

percentage error in natural frequency

percentage error in damping ratio 9.4%

. Also the power spectrum as -obtained by using‘the
estimated parameters of the ARMA (2,1) model (figure 5.3)
is the same as that obtained by using Fast Fourier Transform %
(figure 5.4). . S o

»

5.2.2.3 High Natural Frequency and Low Damping Ratio

The sys%@r parameters are A

793.6 Iz

‘ 0.008

ey . |
Sampling interval, used was 0.000125 sec.
* a
-

Once again the adequate model was ARMA (2,1) thus

Ly _ dndicating a single degreﬁhgf freedom system. The estimated | fv;
. ) gki?meters and 95% confidence 1ntervals are o . ‘1=§w
$; = 1.5957 T o, 0127 : - . e
4, = ~0.9835 * 0.0126 | '
. 51 = -0.0546 * 0.0324 :
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The natural frequency of vibration and damping '
ratio as obtained from the ARMA (2,1) model are
£, = 810.0 Hz -

£ = 0,0131

The natural frequencf.of vibration and damping ratio as' -
obtained by FFT is 799.2 Hz and 0.012 respectively.

It may again be noted thai\the'e?}or in the damping
ratio \s large as compared to the error in natural frequency. ~
fﬁb percenfage errors being 63.75% and 2% respeciively.

The power spectrum from thg ARMA (2,1) model (fig. 3.5)

compares well with that obtained by Fast Fourier Transfornm.

5.2.2.4 High Natural Frequency Higli Damping Ratio

% The system parameters are
fn = 793:6 ﬂz
€& = 0,08.
Sampling interval used was 0,000125 sec.

Once again ARMA (2,1) is the adequite model and the

e

systéms \parameters are ‘ . R
;= 1.4853 To.031s \\\\\r.

b, = -0.8908 - 0.0305

14 14

14

8, = -0.0710 0.068, :

The natural frequency obtained is fn = 850 Hz
: e
and 'the damping ratio is . E = 0.0866

* 2
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" The ngggral frequency of vibration and the damping ratio
as obtain through FFI is 802.3 Hz and 0.083 respectively,

Once again the error in estimated damping ratio is
less in this case as compared.tO'the‘previous one

% error in-naturai frequency = 7.1%

'$ error in damping ratio, = 8,25%

T
A

The. power spectrum with the ARMA techhique (fig. 5.7)

-again matches the power spectrum‘from the FFT approach,

"+ 5.2.2.5 Discussion of Results Obtained in Single
Degree of Freedom System

By looking at ell the fout cases one may be tempted
to think that in the;cases where. the damping ratip is low tﬁe
. error in estimation of damping ratio is high. 'This‘fs
although a cottect inference, yet theLARMA'mo&blling technique
is not giving all this high error.’ This error is partly due

to our method of generation of time series data.‘ The proof

for this lies in the fact that ;he Fast Fourier Transform is
- -+ L — .

.also giving a similar result. - ' , -

One can thus safely. conclude ‘that the ARMA mode121ng

‘ technlque works fairly Wellvwith 51ngle degree of freedom

systems, e RN - !

s . -
L] .

L
-

5.2.3 " Two Degrees of Freedom V1bratory §ystem

.« A two degrefJ“F:freedom system shown in’ flgurg 5.9

was s1mu1ated us1ng ACSL [Ref 8]
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m1 f'mz = 1.0
zt(t)‘ ml i (:1 = 0.1
c, = 0.02
2 k , k, = 0.3
2 : :!‘ ¢
kz = 0.2
)

Fig. 5.9 Two .Degrees of Freedom System ' -

In the computer s1mu1at10n fb = 10/2n Hz and
0.

A‘= 2.5 sec were used for the break frequency and the samp11ng
'1ntprva1 respectlvely Ten numerical integrations were per-
formed between each sampllng point and 1024 data points from
_each ser;es of xi(t), i=1,2 were f1tted by ARMA models.

- . : o,

5.2.3.1 Adequate Model . ' L,

In both ceses xl(t) and xz(t) the adequate model was
:fouﬂd to be ARMA (4,3). The parameter estimates thus obtained
and the-naturel'frequency'and damplng (atlos obta1ned on solving:
characteristic equation.are given in Tables 9, 10 along with
~ theoretical moda]‘aramet.ers. Table 10 also contai:ns the

'parameter estimates obtained from the FFT approach7 -
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by

)

bq !

0.7635

-0.8454

0.4587

-0.7003

-0,5745

-0..3425

-

0.745

-

-0,8295

0.4426

-0.6968

-0.8291

-0.1321

00161

Table 9 Estiméted

»

Parameters for ARMA'(4,3) Model.,

R

Y

Ist Moae‘

11" Mode

f

n HZ

£

f

n‘Hz

E L

Theoretical

_0{05046~

0.012

F]

0.1226

0.068

X, - ARMA

0.0497

0.0432

0.1233.

0.0746

x, FFT

1

0.0500

0.0212

0.1230

0.0700

1

X, ARMA

0.0500

0.0450

v -

0.1238

0.0748

X, FFT

+

0.05

0.0235

0.1232

0.0702

of Freedom System.

-~

Table 10 Modal Parameters for the Two'Degreg'

The powér spectrum through estimated parameters

of ARMA

(4,3) model for xl(t) and xz(tj are given in figs. 5.10 and 5.12

réspectively. Figs, 5.11 and 5.13 show the power speé}rum for

X, (t) and x,(t) by Fast Fourier ‘Transform for compaxison.

L3
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5.2.3.2 Discussion of Results for Two Degree
of Freedom System

The estlmates-of natural frequencies as obtained
are fairly accurate and the damping ratios are alse.correcF o
in the case of high damping ratio (second mode). ‘The other
damping ratio islquite off from the actual value Puf again
this is also shown by FFT which can only mean éhat the data
generated by ACSL had this higher damping ratio. '

Thus. we can see that the ARMA modeliing technique

is good for getting the modal. parameters in the case of two

e
degree of freedom systems.

»

"of ‘Freedom Svstem \pf
A five degree of freedom system was 51mu1ated with

the héﬁ% of developed software.

-

¥.Fhe time domazn data was again generated by using

ACSL [Ref 8] with a sampllng 1nterva1 of 0.0008 sec. The, data
t g

. was geneTated by supplylng transfer function of a milling

machine wh1ch had been measured earlier [Ref. 12]. The data
for all x;, i=1,2, -5 was then tried'on the software developed.

. Thé results obtained in‘each case, i.e. with the |
different xi were dlfferent and are be1ng presented here.

The theoretical modal parameters were
\

" Natural Frequency Damping Ratio’
Mode I - 22,2 Jyz _ 0.013
Mode II 73.6 Hz 0.032

. Ay
. oy
KT

{2
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Mode III . 118.9 Hz 0.03
Mode IV, | 300.8 Hz . 0.05
Mode V 546.5 Hz 0.034

5.2.4.1 Results for Fitting the Model to x,(t) .

When the ARMA modelling approach was gpblied to xl(t)
the adequate modei found by the approaéhgwas ARMA (8,7)

“which suggested only four degrees of freedom. The estimated -

parameters were

"¢y = 1.659 1 0.1777
4, = -0.6701 ¥ 0.2879
* 45 = -0.6022 * 0.2367 .o ‘
64 = 0.7547 ¥ 0.2155
45 = -0.279 % 0.2095
b = -0.5271 ¥ 0.1688 -
.47 = 0.8322° % 0.2027 | :
4g = -0.3628 i 0.114 . A
ey =-1.211 ¥ p.1807 o o
6, = -1.555 ~ 0.2304 . ’
s = 0.6409 * 0.3370 *
6, = --4247 ¥ 0.2502 T
8c = -0.3338 * 0.2579
| eg =+ 0.2011 ¥ 0.1549
0= ~0.2374 ¥ 0.1125

~The natdral'frequéhcies of vibration and damping

rativ. ‘when g;ése parameters were used are giveh_as under



: ‘ . L. L N
. o ' \\r o . . ‘ . f\ ' .
' - 92 e //\

/‘

fgl = 73.9 | )' g, = 0.5319
£2 = 117.}7; | g, = 0.1032
£3 =‘292-6i - g o= 0.0974 | ‘
£4 = 544.13 g, = 0.0384

The pover spectrum for the ARMA (8.?) model is in
f . fig. 5.14 and the correspond1ng one by the Fast Fourier Trans-
form is fig. 5.15. .

¢ The natural frequencies of vibration and damping

ratios as obtain by the Fast Fourier Transform.approach are

N AT L A AT e aee e L
-
-

£1 =225 Hz g, = 0.012
! £,2 = 72.8 Hz g, = 0.030 :
1 - £33 = 118.1 Hz Eq = 0.029
£4 = 302.2 Hz g, = 0.052
£ 5 = 548.1 He g = 0.036 :

:
l“
:
k
¥
:

It is clear that although the system has all the five
modes present yet our model could identify ‘only four modes ‘
of vibration. Those which have been identified have fairly
accurate natural frequencies but the damping ratios are Ver&

much}far off. The possible explanation of having so far off‘damp-

ing ratios. is the non identification of the 22.0 Hz mode.

5.2.4.2 ‘Result. of Applying the Modelling Strategy to x,(t)

The édéﬁuate model, as per the modelling strategy,
when applied to xZ(t), is ARMA (4,3) which means only two

-
[
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The parameter estimates are

+

4, = 1.028 ‘o

+

0.1432 * 0.0829 .
.4707

$5 = 0.1900 - 0.0047

+°

¢4 = -0. 4781 - 0.0484
| 8, = -0. 7044 - 0.0842

(X 4

8, = 0.2454

1+

93“= 0.5886 0

10.1179

.0669%

i

.

The estimated natural frequencies and damping ratios

are .
L £f1 =421 Hz

These vatues are very muqh off from the actual para- .

meters of the system.

in fig 5.16 and for that of the FFT approach in flg. 5. 17

They do not match each

by FFT are |
. £1 = 22.5.-
£,2 = 72.7
£3 . = 118.0
£4 = 301.3
£,5. = 547.3

fnz = 524f68 Hzl ‘

The power spectrum'for ARMA (4, 3) is

other.

-»

.53;3:0.034-"

82

Eyrm 0.032

&y = 0.052
g = 0,038

e 0.97
= 0.06

The natural frequenc1es and damplng ratlos as obta1ned

The Fast Fourier Transfoim power speétzum'(fig. 5.17)

L]
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clearly shows all the flve mode's of vibration and. it is quite
evident that the ARMA .(4,3) model which is the adequate model

as per the modelllng strategy does not p1ck up the same natural

frequenc1es

5.2.4.3 Results for Simulating x3(t) : s

. . S
The adequate model, when xs(t) data was fitted, was

found to be ARMA (8,7). The estimated parameters were0

$; = 0.9037 T 3,483
¢, = 0.1697 T 3.452

45 = -0.4246 T 0.2885

64 = 0.4122 T 0,1424

g = -0.119 ¥ 1.521

¢ = -0.6539 ¥ 0,538

¢, = 0.4033 * 0.2223

g = 0.4243 T 0.1602 .

0; = -0.4029°% 0,3481, » _

6, = -0.8666. % 0.1125

0, = -0.3867 1 0.3111

8, = 0.2669 * 0.1326 | .
6c = -0.1659 ¥ 0.1029

8 = 0.3274 ¥ 0.7067

6, = -0.1120 ¥ 0.1094

It may be noted here that many of .the confidence

intervals 1nc1ude zero. The natural frequency and damping
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ratio of underdamped modes are

L]

El = 87.9 £, = 0.15
r f2 = 203.9 £, = 0.05 .
£3 = 545.3 E; = 0.04

The natural frequencies and damping ratios as obtained

by FFT are

L)

£l =22.2 Hz g, = 0.013
fn2 = 73.2 Hz g, = 0.03
£3 = 118.3 Hz €5 = 0.03
£,4 = 300.5 Hz £, = 0.05
£5 = 547.5 Hz Ec7=-0.04

Again the two lower modes are not present. The power

,spectrum for ARMA (8,7) is given in fig. 5.18 while as fig.

5.19 shows the spectrum‘through Fast Fourier Transforms;

5.2.4.4 Results of Applying the Technique to x4(t) Data

Once again the adehuate model is ARMA (6,5) showing
only three dominant modes.of vibration. The power spectrum is
presented in fig. 5.20 while as fig. 5.21 gives the power
spectrum through the Fast Fourier Transformé. "The estimated

parameters are

1}
14

¢1 *0.5958

2

0.1286°

'+

0.5695 0.1450
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+

' -0.1294 ¥ 0.1891

14

0.1490
0.1062 .

14

0.2385

-0.5986 + 0.0868

.

+

0.9672 - 0.1389

-0.6341 T 0.1931

V4

0.2816 0.1836

1+

0.2520 0.1545

+

0.1027 * 0.0956

The natural frequency and damping ratios of the

different modes of vibration are

fnl
f 2
n

£3
n

= 22.9 ’ €1 ° 0.14
= 281.8 ' £, = 0.3:007
= 536.7 £z = 0.036

The natural frequencies of vibration and damping

ratios as obtained by the FFT are

‘correct

W

£ 1
£ 2
n
£ 3
n

fn4

fnS

Once

but all are not identified,

= 22.8 Hz. g€, = 0.013

= 73.8 Hz X g, = 0.033 - ®
' 1

= 118.5 Hz 5 = 0.036

- 300.NHz - . &4 = 0.05

= 548.1 Hz 55 = 0.039

again the identified natural frequencies are

=
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5.2.2.5 Results for xs(t) >

!

The adequate model is ARMA (4,3). The power spectrum

.plots are in figs. 5.22 and 5.23 for ARMA (4,3) and FFT

respectively.

The estimated parameters are

4 ='1.389 ¥ 0.2114

f-¢2 =0.2864 ¥ 0.2892

45 = -0.7971 ¥ 0,5545
¢, = 0.1035 ¥ 0.3452
o, = 0.2604 ¥ 0.2211
6, = 0.7277 ¥ 0.2226

8, = 0.01914 ~ 0.0034

»

There is only one underdamped mode of vibration and
that is 22 Hz with 0.02 damping ratio.
The natural frequencies and damping ratios as obtain

by FFT are

£,1 =22 Hz - £y = 6:013 g 5

) £,2 = 73.2 Hz £, = 0.038 -

| £,3 = 117.8 Hz g, = 0.03
£4 =303.2Hz - g, = 0.05 | |
£5 = 546.3 Hz &g = 0.04 T | e

Once again only one of the modes of vibration could

be identified by ARMA.
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5.2.4.6 Discussion of Results for Five Degrees
of Freedom System

It is very clear from the results'that by the ARMA
modelling approach w; were ﬁnablc to identify all the five
modes of vibration, from one sct of data, while as the FFT
could give us all the five modes of vibéation.

" The. main difference between the two approaches lies

~in the fact the ARMA gives only those modes of vibratiog which

are significant statistically and stops fitting higher order

models as soon.as certain criterion are satisfied. If the

I

checking criterion are ;hanged so as to have higher confidence
intervals for the parameter estimates one might get higher
order models. In the FFT ﬁpproach the program is before
hand éupplied with data indicating ?he number of modes, hence
it:éivés the exact number of modes.

It may also be pointed out here that in the caée off
‘FFT averaging is usually .done and for ARMA no averaging is
done, hence 1ess number of data points are required, -If the
number 6f data is increased one might gcf better results,
We were restritted’;n our humbef of observations because of "

the computer memory area available.

. o v _ . | ' ;J//
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-regarding the damping ratios. This technique tends to give a

CHAPTER 6
CONCLUSTONS AND
RECOMMENDATIONS
A data analysis technidge in the form of a discrete

time series modelling hasTbeen developed into a Self-contaiﬁed
software package for describing a cohtinuous|system sampled
at uniform sampling intervals._ The package has been teéted
on a few sets of stationary data and has been found to be
correct. The software thp§ develbped has been aﬁplied to the

analysis of modal paframeters.

. : ! :
, It is obvious that the technique works well for single

or two degrees.of freedom but does not guarantee all mode
shapes for higher order models. None «of the'xi(t}, i=1,..5 for

a five degree of freedom system could yield an .ARMA (10,9)

" model indicating five modes of vibration. Different modes were
T .

analyzed by different models and if one looks étﬂall'the

xi(t) one can see that‘all five have been identified somewhere
or the other. The maiﬂ’hdvantage of the Eeehnique lies in phe
fact that no averaging is.rgquired.' However, one would liké |
to see all the five mode shapes being derived from one set of

data only. For lower order.models also one has to be careful

higher value fof dﬁmping ratios..

In this thesis some fundamental Cbncepts of discrete

109.
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time scries modelling have been-investigated and a basis for

further woJﬂ in the direction of timc.analysis of the data

csfuhlishcd. "It is not a technique whicﬁ ‘can be cast off as

nbt good just on the basis of results obtained for a five

degrece of freedom system. The two degree of freedom system

and the single degree of freedom -systems show that the potential

for develgéﬁent of the Eechnique to establish modai paraméfefs

ig there.. Further work can be done to ‘investigate thc’follgwing:
- The effect of sampling interval on the estismates of the

parametérs. If the accuracy of the estimaggg%depends-a
lot on the sampling interval a.techniqueafgf selection of -
opiimq@ sampling interval should be developed. -

- . The Samﬁling propérties, parameter estimation and modell-
ing strategy could bé studied for the time'geries resulting
from random sampling. _

- Most important of all, a ﬁodifiéd form of the Autoregressive
Moving Average model which takes into account the input

. - _/\
~ also, 'ahd doés not assume it to be white noise should be

investigated (as discussed in Section 3.5).

This Input/Output model i being inVestigé presentlj
and the results of such a model will be ﬁresented at a later

{Stage.
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SUBROUTINE ARMA
* .
AWK KA AU AR IR A A AR AOR IR R KR K KKK R KA AR KRR

THE EXECUTIVE SUDROUTINE ARMA CAN BE USED TO MODEL A
DISCRETE BTOCHASTIC STATIONARY VIBRATORY SYSTEM IN TIME
DOMAIN. ARMA ALSO GIVES THE CONTINUQUS PARAMETERS OF A
VIBRATORY SYSTEM IF S0 DESIRED BY THE USER.

THE PROGRAMME ANMA READS IN THE INPUT DATA,CHECKS IT FOR ANY
POSSIBLE ERRORS AND PRINTS OUT AN ERROR MESSAGE IN CASE OF
ERRONOUS DATA,BUCCESSIVELY FITS ARMA(2N,2N-1) AND ARMA(K,M
MODEL,PRIRTS OUT THE ESTIMATED AUTORECRESSIVE AND MOVING
AVERAGE PARAMETERS ARD THIER 98% CONFIDENCE INTERVALS,
CHECKS WHETHER THE MODEL, IS ADEQUATE OR NOT AND SELECTS
THE BEST MODEL BASED ON RESIDUAL SUM OF SQUARES AND F-
CRITERION AND GIVES THE NATURAL FREQUENCIES ',DAMPING RATIOS
AND POWER SPECTRUM WHEN DESIRED.

HEA A A NN AR AR AR R K AR R R AR KRR R KRR R K KKK R KRR R KK
ALGORITHM AND REFERENCE FOR ANALYSIS

*
*
*
x
x
*
*
*
™
*
*
*
*
*
*
*
*
*
*
* ) :
* THIS PROGRAM USES THE MODELLING STRATEGY AS DESCRIBED
E S IN CHAPTER THREE OF THE THESIS *TIME SERIES MODELLING
* IN STRUCTURAL DYNAMICS" BY CHANDRA,CYAN.FOR DETAILED
* ANALYSIS ONE SROULD REFER TO THE BOOK "TIME SERIES
x MODELLING A SYSTEMS APPROACH" BY WU AND PANDIT.
*
x
*x
*
*x
x
x
*
*
*
*
x
x
x
*
x
*

AR AT A A AR A AR AR AN AU AR AR AR AR IR A AR KRN KK R KA

v

INPUT

THE INPUT TO THE EXECUTIVE SUBROUTINE CONSISTS ESSENTIALLY
THE SAMPLING INTERVAL AND THE SAMPLES.USER ALSO SUPPLIES
THE VARIOUS OPTIONS.DETAILS OF INPUT ARE EXPLAINED IN
SUBROUTINE INDATA.

****************************************************t****t***it***#*#*

OUTPUT

THE OUTPUT OF THE EXECUTIVE SUBROUTINE ARMA WOULD CONSIST
OF AN ECEO OF THE INPUT,ERROR MESSAGES, IMATED
AUTORECRESSIVE AND MOVING AVERACE P AND THIER
95% CONFIDENCE INTERVALS FOR SUCCSESSIVELY FITTED
ARMA(2N,2N-1) OR ARMA(N,M MODELS.THE ESTIMATED MEAN
WITH ITS 95% CONFIDENCE INTERVAL AND THE RESIDUAL SUM
OF SQUARES IN EACH CASE WILL ALSO-BE PRINTED.ARMA ALSO
GIVES THE NATURAL FREQUENCIES,DAMPING RATIOS AND POWER
SPECTRUM IF S0 DESIRED, .

FERERERRREREEREERREREEETRRERRERRERRRER R KRR RE LR LRV KRR U XKL RRKKI R KK KKK R KA
SUBROUTINES CALLED BY PROGRAM UNIT ARMA

*

*

*

*

*

*

*

*

*

* . ,

* INDATA = INDATA READS,CHECKS AND PRINTS THE INPUT
* DATA AS SUPPLIED BY THE USER.
*

. ‘
*

*®

*

*

]

*

*

*

*®

I

FIT ‘FIT GETS THE INITIAL PARAMETER ESTIMATES AND
CALCULATES THE FINAL PARAMETER ESTIMATES
FOR LEAST SQUARE SUM OF RESIDUALS.

STORE * STORES THE ESTIMATED PARAMETERS

POWER
CONF

FINDS THE NATURAL FREQUENCIES AND DAMPING
RATIOS FOR ARMA(2K,2K-1). '

PLOTS THE POWER SPECTRUM.

CHECKS IF THE 93X CONFIDENCE INTERVALS
CONTAIN ZERD.

*********3***********3**#*******t**t***#*}*******t*******t****t***#***

[ EE S EESEEEEENEEZEESEEEEEEEEEEES RS EEEEAESEEEEEEEEREEEREEEREEE R EE R R R EREXEN.]
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*************************************t***l**************#***************

KKK KKK oM N WM ENEKNXN

% % % M

¥ % W %

L E X X

.

AUTIIOR

%*
x
E
CHANDRA, GYAN *
DEPARTMENT OF MECHANICAL ENGINEERING *
MCMASTER UNIVERSITY *
HAMILTON, ONTAR10O *
CARADA, LBS 4L7 *

%*

*

*************************!l*#**********#**********3********************

REAL CBS(1024),0DS(1024) ,X(20) ,C1¢20) , PAR1( 10) , PAR2( 19)
REAL CI1(10),CI2( 1) ,FK(4)

LOGICAL LGC .
COMMON/PARAM/MAXFN, NSIG, EPS »

FK(I) CONTAINS THE F-DISTRIBUTION FOR 93% CONFIDENCE
INTERVAL FOR F(1, INFINITE) DECREES OF FREEDOM.

DATA FK/3.84,3.00,2.60,2.37/ »
FORMAT STATEMENTS

! FORMAT (1H1,//,12X,32HTHE ADMUAEM MODEL IS ARMAC,I2,2H, ,I1,
+21) ) '

2 FOWMAT (/,7X,74HTHE ESTIMATED AUTOREGRESSIVE PARAMETERS AND THIER
+983% CONFIDENCE INTERVALS)

'3 FORMAT (//,27H THE MODEL IS *WHITE NOISE* )

4 FORMAT (~/,20H “M* 1S GOIRG UP *N") : ‘

5 FORMAT (/, 12X,25HAUTOREGRESSIVE. PARAMETERS, 12X, 24H95% CORFIDENCE 1
+NTERVALS)

6 FORMAT (/,24X,F10.4,27X,F16.4)

7 FORMAT (~,7X,74HTHE ESTIMATED MOVING AVERAGE PARAMETERS AND THIER
+95% CONFIDENCE INTERVALS)’ .

8 FORMAT (-, 12X,20IMOVING AVERACE PARAMETERS, 12X, 24H95% CONF IDENCE 1
+NTERVALS)

9 FORMAT (-, 12X,5HMEAN=,F10.4,3H+/-,F10.4)

INDATA D CHECKS THE INPUT AND GIVES AN ECHO OF
THE, INPUT.
CALL INDATA (NOB,DELTA, OBS, NTYPE, MAXNN)
MAXN = MAXNN/2

OBTAIN TIIE MEAN OF THE DATA AND SUBSTRACT THE MEAN
FROM TIE ORIGNAL SUPPLIED DATA.

SUM = @.e .
DO 1606 I = 1 ,NOB

+

180 SUM = BUM + OBS(I)

AVE = SUM/FLOAT{NOB)
DO 116 1 = 1,NOB

116 CBS(1) = OBS(I) - AVE

FIT AN ARMA(2,1) MODEL AND STORE THF. ESTIMATED PARAMETERS
IR CASE THE. FREQUENCIES,DAMPINC RATIO AND POWER SPECTRUM
IS REQUIRED CALCULATE IT BY CALLING ROOTS' AND POWER.

N=o B

RN = 2 - -

MM =1

CALL FIT (NOB,RKN,MM,OBS,CBS,X,CI,NPAR, RSS; AVE)

Al = RSS

CALL STORE (PARL, PAR2, AMEAN, CMEAN, NPAR, NN, MM, X, CI,CI1,CI2)
* IF (NTYPE.EQ.2) GO TO 126

CALL ROOTS (NN,PAR!,DELTA)

CALL POWER(PARI1,PARZ, NN, MM, DELTA)
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x .
*  SUCCESSIVELY INCREASE THE ORDER OF THE MODEL TO FIT
* ARMAC2N,2N-1)’ MODELS TILL THE CRITERIA FOR ADEQUATE.
* MODEL BASED ON RESIDUAL SUM OF SQUARES IS MET OR
» THE MAXIMUM:ORDER OF MODEL ALLOWED IS REACHED..
*
120 N = KN+ 1
NN = 2%N + 2 .
IF (N.CT.MAXN) GO TO 999
MM = NN - 1
CALL FIT (NOB,NN,MM,0BS,CBS,X,Cl, NPAR, su)‘vm
AO = RSS
IF ( ((A1-AQ)XFLOAT(NOB-4%N-3) /(4.%A0)) . L'r.rx(-h ) GO TO 140 -
Al = A0
CALL STORE (PAR!,/PAR2;, AMEAN,CMEAN, NPAR,NN,MM,X,CI,CI1,CI2)
IF (NTYPE.EQ.2) GO TO 130
CALL ROOTS (NN,PAR1,DELTA)
CALL POWER(PARI1, Pnnz KN, m.nu.'rm
130 GO TO 126
140 AG = Al
* ..
* IF ONLY ARMA(2N,2N-1) MODELS ARE REQUIRED THEN EXIT
* IF ARMA(N,M) MODEL 18.TO BE FITIED CHECK IF THE
* CONFIDENCE INTERVAL OF PHI(2N+2) AND-/OR TIIETA(2N+1).
* CONTAINS ZENO OR NOT. IF NO THEN ADEQUATE MODEL
% IS ARMA(2N,2N-1),IF YES THER FIT ARMA(2N-1,2K-2)
* MODEL.
* L ]
IF (NTYPE.EQ.1) CO TO 999
NN = Nx2
. MM = NN - 1
CALL CONF (PAR1,PARZ, NN MM, cl1,CI12,L6C)
IF (LCC) GO TO 150
C0 TO 999 :
*x
*  FIT ARMA(2N-1,2N-2) MODEL AND CHECK BY F-CRITERION
* IF F SIGNIFICANT,THEN FIT ARMAC2N,2N-2) .  MODEL :
x IF F NOT slcmnﬁcmr CHECK IF CONFIDENCE INTERVALS
* OF PHI(2N-1) AKRD/OR 'RPETA(2K-2) INCLUDE ZERO.
* IF NO ARMA(2N-1,2N-2) 19 ADEQUATE MODEL(EX]I'D .
* IF YES GO TO 160 .
3 .
150 NN = NN - 1
MM = NN -1 . ot
CALL FIT (NOB,KX,MM,O0BS,CBS,X,CI,NPAR, RSS; AVE)
Al = ‘RSS~
IF ¢ ((A1-A@) *FLOAT(NOB~NN-MID /(2.*A0)) .CE.FK(2) ) GO TO 260
AB = Al
CALL STORE (PAR1, PARZ; AMPAN, CMEAN, NPAR, NN, m:.x.ct CI1,c12)
CALL CONF (PARI,PAR2,NN,MM,CI1,CI2, LCC)
IF (LCC) GO TO 169
GO TO 999
160 IF (N.NE.1) CO TO 170
*
* CHECK IF THE MODEL 18 WHITE NOISE
* m .
WRITE (6,3) * _ '
. STOP ' .
* e
*  FIT ARMA(2N-1,2N-3) MODEL AND CHECK IF F~SIGNIFICANT.
% -.IF F SIGNIFICART FIT ARMA(2N-2,2N-2) MODEL.
* .- IF F NOT SIGNIFICANT CHECK IF THE CONFIDENCE INTERVAL
* OF PHI(2N-1) ARD-/OR THETA(2XK-3) INCLUDES ZERD.
% IF NO ARMA(2N-1,2N-3) I8 ADFQUATE MODEL.
* IF YES CO TO 180
*

170 MM« NN - 2
CALL gég (NOB, NI.HH.OBS QBS X.GI NPAR, RSS, AVE)
Al =
IF ( ((Al1-A9) *FLOAT(HOB—M—H!D/AO) GE.FK(1) ) GO TO.250 .-
CALL STORE (PARI,PAR2, AMEAN, cm‘.u.m’m NN,MM,X,CI,CI1, c12®
CALL CONF (PARL, Pm NN HH.G!I CI2,LGO)
IF (LGC) GO TO 180
GO TO 999
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FIT ARMA(2N~-1,M) MODEL AND CHECK FOR ADEQUACY BY

186
196

200

210
2260
230

240

F-CRITERION.KEEP ON INCREASING M TILL IT BECOMES
EQUAL TO 2RN-3 .

MM = O
NN = 2%N - 1
ﬁALL FIT (NOB,RN,MM,0BS,CBS,X,CI,NPAR, RSS,AVE)
1 = RSS
CALL STORE (PAR1,PAR2, AMRAN,CMEAN,NPAR,NN,MM,X,C],CI1,CI12)
MM = MM + 1
CALL Fl'g (NOB, NN, MM, 0BS,CBS, X,CI,NPAR, RSS;AVE)
AO = RS
IF ¢ ((A1-A0)%FLOAT{ ROB-NN-MM)7A0) .LT.FK(1} ) GO '10 240
IF ¢ NN.CE.2*N ) GO TO 21e
IF ( MM.EQ.{NN+3)} ) GO TO 226
GO TO -230 )
IF ( MM.NE.(NN+2) ) CO TO 230
WRITE (6,4)
STOP
Al = AO
CALL STORE (PAR1,PAR2, AMEAN,CMEAN, NPAR, NN, MM, X,CI,CI1,CI2)
CO TO 200
MM = MM - 1
GO TO 999

FIT ANMA(2N-2,2N-2) MODEL AND CHECK BY F-CHRITERION.

250

IF F SICRIFICART THEN FIT ARMA(2N-1,M) MODEL.

IF F NOT SIGNIFICANT CHECK IF CONFIDERCE INTERVALS
OF PRI(2N-2) AND/OR THETA(2N-2). INCLUDE ZERO.

IF YES CO TO 180

IF NO ANMA(2N-2,2N-2) IS THE ADEQUATE MODEL,

NN = 2%N - 2 . (
MM = NN
CALL FIT (NOB,NN,MM,O0BS,CBS, X CI,NPAR,RSS,AVE) -

. Al = I88

IF ( ((A1-AO)*FLOAT(NOB~RN-MM)~A@) .GE.FK(1) ) GO TO'180

CALL STORE (PARI,PAR2, AMEAN, CMEAN,NPAR, NN, MM, X,CI1,CI1,CI2) -

CALL CONF (PARI ;PAM NN MM, CII ci2,LGcd)
IF¥ (LGC) GO TO 80
CO TO 999

FIT ARMA(2N,2R-2) MODEL AND CIIECK BY F-CRITER]ON.

260

IF F SIGHXFIGMT .THEN FIT ARMA(2N-1,2NK~-1) MODEL.
IF F ROT SIGNIFICANT CHECK IF CONF IDENCE INTERVALS
OF PHI(2NK) AND/OR THETA(2N-2) CONTAIN ZERO.

IF NO ADEQUATE MODEL IS ARMA(2N,2N-2)

IF YES FIT ARMA(2N-1,2N-1) MODEL

NN = 2xN

MM = NN -2

CALL ;‘ég ({NOB, NN, MM, 0BS,CBS; X,CI,NPAR, RSS, AVE)

Al =

IF ( ({A1-A0)*FLOAT (NOB-NN-MM)-/AQ).CE.FK(1) ) GO TO 270
CALL STORE (PARI,PAR2, AMEN,CMEAN,NPAR,NN,MM,X,.CI,CI1, Glz)
CALL CONF. (PAR1, Pm I!N.HH.CII Cl2,LG0)

IF (LGC) GO TO 270

GO TO 999 . -
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x
*  FIT ARMA(2N-1,2N-1) MODEL AND CHECK BY F-CRITERION.
* IF F SIGNIFICANT FiT ARMA(2N,M) ‘MODEL. -
* IF F NOT SIGNIFICANT CHECK IF CONFIDENCE INTERVALS |
* OF PRI(2N-1) AND/OR THETA(2N~1) .INCLUDE ZERO.
* IF NO THE ADEQUATE MODEL IS ARMA(2N-1,2N-1).
- * IF YES FIT ARMAC2N,M) MODEL.
x
. 270 KN = 2%N - |
MM = KN
CALL FIT (NOB,NN,M,0B8,CBS, X, CI, NPAR, RES; AVE)
Al = :
IF ¢ ((A1-A8) *FLOAT(NOB-NN-MM) /A0) .GE.FK(1) ) GO TO1280
CALL STORE (PARI,PAR2, AMEAN,CMEAN, NPAR, NN, MM, X,CI,CI1,CI2)
CALL . CONF (PARI,PAR2,NN,MM,CI1,C12, LGC)
IF (LCC) CO TO 280
G0 TO 999
E 3
*  FIT ARMAC2N,0) MODEL AKD CHECK BY F-CRITERION .
. * SUCCESIVELY FIT ARMAC2N,M) MODEL INCREASING M TILL THE
* ADEQUATE MODEL IS FOUND OR M STARTS T0 BECOME LARGER
* THEN N.
- x
280 NN = 2%N
MM a0
‘ €O TO 190
999 WRITE (6,1) NN,MM » .
' WRITE (6,2)
i WRITE (6,5) |
v WRITE (6,6) (PARICI},CIH(I),I=1,NN) _
e IF (MM.EQ.@) RETURN '
‘ ) WRITE (6,7) .
. WRITE (6,8) .
' WRITE (6,6) (PAR2(I),CIZ(I),I=1,MM®
" WRITE (6,9) AMEAN,CMEAN .
* .
RETURN
END
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SUBROUTINE INDATA (NOB,DELTA,OBRS, ITYPE, MAXNN)

»* .
AR IS 6 AN NN TN 22030 20 2200 SIS K 30 3 SN R R T G M3 o o R e ok

*x

THIB SUBROUTINE INDATA READS IN THE INPUT DATA AS SUPPLIED BY TBE x*
USER. IT CHECKS THE DATA AND PRINTS OUT AN ERROR MESSACE IN CASE =x
OF ERROUNOUS DATA. IT PRINTS OUT AN ECRO OF THE, INPUT.IT ABORTS
EXECUTION OR TAKES DEFAULT VALUES BASED ON THE, GEVERIETY OF THE x
ERROR IN INPUT.INDATA 1S CALLED BY ARMA. *
»

AN AR HCOR KRR AN AR ICHN A K A R S 00 K K AR KK 3K 3K R K ok K K Ko
*

ARGUMENTS )
. x

NoD ~ NUMBER OF OBSERVATIONS(OQUTPUT) *

DELTA - BAMPLING INTERVAL(OQUTPUT) %

OBS - OUTPUT VECTOR OF LENCTH NOB x

] IT CONTAINS THE OBSERVATIONS *

ITYPE - THE TYPE OF ARMA MODEL TO BE FITTED(OUTPUT) *

ITYPE = 1 18 ARMA(2N,2N-1) R

ITYPE = 2 IS ARMA(N, PD *

IF_WRONG INPUT THEN DEFAULT VALUE ITYPE=2 - %

(ARMA(N,M ) IS USED. *

MAXNN - THE HAXINUH AUTOREGRESSIVE ORDER(OUTPUT) *

: THE MAXIMUM SHOULD BE MORE THAN 1 AND *

LESS THAN OR EQUAL TO 10.IN CASE LESS *

THAN 2 OR MORE THAN 10 I8 SUPPLIED IT *

TAKES THE MAXIMUM VALUE OF 10 AS DEFAULT - *

VALUE FOR MAXNN. x

. MAXFN = MAXIMUM NUMBER OF FUNCTION EVALUATIORS.(OUTPUT)x
. THIS I8 USED BY THE NONLINEAR MIMNIMISATION =x
ROUTINE 7ZXSS8Q.1F A NEGATIVE NUMBER IS CIVEN t
IT TAKES A DEFAULT VALUE OF 10000:

RSIC — FIRST CONVERGENCE CRITERION FOR ‘THE NONLINEAR *
MINIMISATION ROUTINE ZXSSQ(QUTPUT) .CONVERCERC*

CONDITION SATISFIED IF ON TWO SUCCESIVE -
ITERATIONS THE PARAMETER ESTIMATES ACREE *
COMPONENT BY COMPONENT TO WNSIG SIGNIFICANT %
DIGITS. IF A NUMBER LESS THAN OR EQUAL TO *
ZERO IS GIVEN IT TAKES THE DEF JVALUE . *®
*
*®
x

*

OF 3.IF MORE THAN 14 IS GIVEN IT™FAKES THE
MAXIMUM OF 14,
EPS - SECOND CONVERGENCE CRITERION FOR THE NONLINEAR
MINIMISATION ROUTINE ZXSSQ(OUTPUT) . CONVRGENCE*
CONDITION SATISFIED IF ON TWO SUCCESSIVE %
. ITERATIONS THE RESIDUAL SUM OF SQUARES .
ESTIMATES HAVE RELATIVE DIFFERENCE LESS THAN *
"OR EQUAL TO EPS.EPS MAY BE SET EQUAL TO ZERO *
IF A NUMBER LESS THAN ZERO IS GIVEN IT *
TAKES THE DEFAULT VALUE OF 0.001 ®
x
*x®

*#t******t***********************t***********t*t*****************3****

DIMENSION OBS(1)
COMMON/PARAM/MAXFN,NSIG, EPS

DATA IORE, ITWO, ITHREE [FOUR. IFIVE/2,10, 10000 3,14/
DATA S1X-r0.001/

FORMAT STATEMERTS "

11 FORMAT (/,12X,44HTHE NUMBER OF OBSERVATIONS IS MORE THAN 1024)
12 FORMAT (-, 12X,32HARMA(K,.M MODEL IS TO BE FITTED.)

13 FORMAT (., |2x.4ommum AUTOREGRESSIVE ORDER TEN IS USF.D)

14 FORMAT (., 12X,30HFIRST CONVERCENCE CRITERION I8, I4)

15 FORMAT (/,12X,29HTHE NUMBER OF OBSERVATIONS IS, M)

16 FORMAT (-, 12X,24HTHE SAMPLING INTERVAL IS,E10. 4)

1?7 FORMAT (/,12X,20HTHE, OBSI!:RVATIOBS ARE, /)

18 FORMAT (/.BEIO 4)

19 FORMAT (/7) : .
20 FORMAT (7, 12X,29HARMA(2N,2N-1) MODEL I8 FITTED)

21 FORMAT (/,12X,40HMAXIMUM AUTORECAESSIVE ORDER OF MODEL Is 12)
22 FORMAT (/, 12X,32HMAXIMUM FUNCTIOR EVALUATIONS ARE,114)

23 FORMAT (-, |2x.amsnconn CONVERGENCE CRITERION I1S8,E10.4)

X R X R EE R XX EE S XEEE 222X ESEE R AR R R REREEREEE R SR E R R RN

¢
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WRITE (6,19)
READ (3,x%) NOB
IF (NOB.LE. 1024) €0 TO 100
WRITE (6,135 NOB
WRITE (6,11)
sTOoP
160 WRITE (6, 15) NOB
READ (5,%) DELTA {
WRITE (6,16) DELTA
READ (8§, 109) (OB8( 1), I=1,NOB)
169 FORMAT (8310 4)
WRITE (6,17)
WRITE (6,18) (OBS(I), I=1.HOB)
READ (5.*) ITYPE
IF (ITYPE.LT. 1.0R. ITYPE.CT.2) GO TO 200
IF (ITYPE.EQ.1) WRITE(6,20)
IF CITYPE.EQ.2) WRITE(6,12)
GO0 TO 300
200 ITYPE = IONE
WRITE (6,12}
300 READ (B,%) MAXNN

IF (PMXNNLEIORHAWGTIO)GOW&OO'

WLRITE (6,21) MAXNN
€0 TO 500
400 MAXNN = ITWO
WRITE (6,13) .
5606 READ (5, *) MAXFN B
IF (MAXFN. LE.0) MAXFN = IT'HR.EE
WRITE (6,22) MAXFN
READ (5.*) NSIG
IF (NSIG.CT.14) GO TO 600 .
IF . (NSIG.LE.®) RSIC = [IFOUR -
WRITE (6, 14) NSIG
GO TO 700
600 NSIC = IFIVE '
. WRITE (6,14) NBIC -
700 READ (8,%) EPS
IF (EPS.LT.®.) EPS = SIX

e

! WRITE (6,29) EPS .
*
RETURN
END
]
"~
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I
SUBROUTINE FIT(NOB, NN, MM, OBS,CB8, X,CI, NPAR, RES, AVE)
ERXRERRE RN A RKRR R ARKE R EARIR R KA BRI RRIARKT K KRAR KK TR IR KRN

THIS SUBROUTINE CETS THE INITIAL VALUES OF THE PARAMETERSE BY
CALLING THE SUBROUTINE GUES AND FROVIDES THE NECESSARY INPUTS-
FOR THE NONLINEAR LEAST SQUARES LIBRARY ROUTINE ZXSSQ.IT ALSO-
CALCULATES THE 93% CONFIDENCE INTERVALS FOR THFE, PARAMETERS
ESTIMATED BY ZHSSQ.FIT 1S CALLED BY ARMA. .

* % %

% % % % NN %K

**********************************************************************

ARGUMENTS .
NOB ~ RUMBER OF OBSERVATIONS ¢ INPUT)
NN - AUTOREGRESSIVE ORDER ( INPUT)
MM - MOVING AVERAGE ORDER ( INPUD
oBs - INPUT VECTOR OF LENGTH NOB
~_IT CONTAINS THE OBSERVATIONS
cBs - INPUT VECTOR OF LENGTH NOB

IT CONTAINS THE OBSERVATIONS AFTER THE
MEAN HAS BEEN SUBSTRACTED FROM THEM. .
AVE + ~-MEAN OF THE OBSERVATIONS( INPUT)
NPAR NUMBER OF PARAMETERS ESTIMATED (OUTPUT)
X OUTPUT VECTOR OF LENGTH RPAR
IT CONTAINS THE ESTIMATED PARAMETERS
(H | ~ OUTPUT VECTOR OF LENGTH NPAR
: IT CONTAINS - THE 98% CONFIDENCE .
INTERVALS FOR THE ESTIMATED PARAMETERS.
OUTPUT SCALAR WHICH IS SET TO THE
RESIDUAL SUM OF SQUARES. :

*************t************t**********t**********t**********t**********

R8s

1

L E A EE A EEEREEEEEEEERENE R E

*
SUBROUTINES CALLED BY PROGRAM UNIT FIT *®
) . x
GUES - IT SUPPLIES THE INITIAL ESTIMATES FOR *
' , . THE PARAMETERS TO BE ESTIMATED. »
ZM8sa - = NONLINEAR MIMIMISATION ROUTINE x
GETS THE MINIMUM OF THE SUM OF SQUARES %*
. OF NOB FUKRCTIONS IN NPAR VARIABLES %
* USING A FINITE DIFFERENCE LEVENBERGC- *
* MARQUARDT ALCORITHIM.THIS IS A *
* LIBRARY SUBROUTINE FHOM IMSL. *
* INVSYM - ROUTINE FOR INVERTING A SYMMETRIC MATRIX *
E THIS IS A MACLIB LIBRARY ROUTINE. *
* MODEL — THIS CALCULATES THE RESIDUAL VECTOR FOR *®
* GIVEN PARAMETER VALUES. IT IS CALLED *
® BY NONLINEAR MINIMSATION ROUTINE ZXSSQ .
* . ) ’ *
*****************l#************t********3**************************t****
* . ‘ : B )
EXTERNAL MODEL .
REAL PARM(4),X(1),F(1024),XJAC( 1024,20) , XJTI(210) , WORK(2358) ,
+ OBS(1),CBS(1),CI(1),PH(10),TH( 19) , BBS( 1624)
COMMON-/BLOCK/BBS, MMB, NB . .
COMMON/PARAM/MAXFN,NSIC,EPS
DATA DEL-9.0/
DATA I0PT/2/
* .
*  FORMAT STATEMENTS
*

1 FORMAT (1H1,/, 12X, 230THE ARMA MODEL IS ARMA(,I12,2H, ,11,2H) )
2 FORMAT (/,7X,74HTHE ESTIMATED AUTORECRESSIVE PARAMETERS AND THIER
+98X CONFIDENCE INTERVALS) -

- '3 FORMAT (/, 12X, 25HAUTORECRESS 1 VE PARAMETERS, 12X, 24H93% CONFID“CE I
+NTERVALS) -

4 FORMAT (/,24X,F10.4.27X,F16.4) - © : .
5 FORMAT (/,7X,74HTHE ESTIMATED MOVING AVERAGE PARAMETERS AND THIER
+95% CONFIDENCE INTERVALS)

6 FORMAT (/, 12X,28HMOVING AVERACE PARAMETERS, 12X, 24H95% CONFIDENCE 1
+NTERVALS) - f

= 7 FORMAT (-, 12X,3HMEAN=,¥10.4,38+/—,F19.4)
8 FORMAT (/, 12X,28HRESIDUAL SUM OF SQUARES = ,E18.4)

(53
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STORE THE OBSERVATIONS IN ANOTHER:ARRAY BBS FOR MODEL .

tDO 10 I = t,NOB
16 "BBS(I) = OBSC(I).

SUBROUTINE GUES BUPPLIES THE INITIAL PARAMETER
ESTIMATES TO BE USED BY NONLINEAR MINIMISATION .
_LIBRARY ROUTINE ZXSSQ.

CALL GUES(NN,MM,NOB,CBS,PH, TH)

CALCULATE THE NUMBER OF PARAMETERS TO BE ESTIMATED
AND STORE THE PARMETERS ESTIMATED BY GUES IN X
TO BE SUPPLIED TO ZXSSQ .

NPAR = NN + MM + 1 l
. X(NPAR) = AVE .
DO 26 I = | NN ;
20 X(I) = PH(D
K= NN
DO 30 1 = 1,MM
K=K+ 1
30 XK * THC(D)

1XJAC = 1024
MMB = MM

KRB = NN

ARMC1) = @,1

ARM(2) = 2,
‘PARM(3) = 5@8. "
PARM(4) = 6.1

THE NONLINEAR MINIMISATION LIBRARY ROUTINE TAm-m '

»

PARAMETERS ESTIMATED BY THE SUBROUTINE GUES AND GIVES

+ THE NEW PARAMETER ESTIMATES WHICH SATISFIY THE
CONVERGENCE. CRITERION AB SPECIFIED BY THE:USER.

- CALL ZXSSQ(MODEL, NOB, NPAR, NSIG, EPS, DEL , MAXFN, 10PT, PARM,
+

X,RSS, F,XJAC, IXJAC, XJTJ, WORK, INFER, IER)

CALCULATE THE 98X CONFIDENCE INTERVALS FOR THE PARAMETER

ESTIMATES BY USING THE APPROXIMATE JACOBIAN AT TEE
OUTPUT VECTOR X STORED ‘IN SYMMETERIC STORAGE MODE
SUPPLIED BY ZXSSQ AS AN OUTPUT. .

ﬁALL INVEYM( XJTJ, NPAR, IER)
= @
DO 40 I = |,NPAR R
L«L+ | . ’
40 CI(I) = 1.96!GQM(ABS(!UTJ(L))IW(IOB ~- NPAR))

WRITE. (6,1) NN, MM
WRITE €(6,2)

WRITE (6,3) : :

WRITE (6,4) (X(1),CICD), I=1,RW)
WRITE (6,5) - '

WRITE. (6,6)- :

WRITE (6,4) (X(I+NF) ,CICI+RNN),I=1,M0
WRITE (6,7) X(NPAR),CI({NPAR) L
WRITE (6,8) RS

Il

‘END

(%%

Past
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SUBROI.H"IHE CONF (PAR:L,PAR2,NN,MM,CI1,CI2,LCC)

SUBROUTIRE CONF FINDS AS TO WETHER THE CONPIDENCE IKTERVALS
OF THE HIGHEST AUTORECRESSIVE AND-/OR HICHEST MOVING AVERACE
PARAMETERS CONTAIN ZERO, OR KOT.CONF IS CALLED BY ARMA.

*************t***************t!*****tt*****l*t***8#**********#*&!‘**#*

ARGUMENTS
NN — AUTORECRESSIVE ORDER ( INPUT)
MM . - MOVIRG AVERAGE ORDER ( INPUT)
PAR] -. INPUT VECTOR OF LENGTH NN
IT CONTAINS THE ESTIMATED AVIOHECRESSIVE :
PARAMETERS.
-~ INPUT VECTOR OF LENCTH MM

PFAR2
: PAR2 CONTAINS THE ESTIMATED MOVING AVERAGE
FARAMETERS . :
INPUT VECTOR OF LENGCTH NN :
. CI1 CONTAINS THE 98X CONFIDENCE INTERVALS
FOR AUTOREGRESSIVE PARAMETERS,
cia2 = INPUT VECTOR OF LENGTH MM
Cl2 CONTAINS THE 95% EONF IDENCE INTERVALS
FOR MOVING AVERACE PARAMETERS .
LGC . ~ LOGICAL VARIABLE
TRUE IF 93X CONFIDENCE, INTERVAL CONTAINS: @.
FALSE IF 93X CONFIDENCE INTERVAL DOES NOT
CONTAIN ZER®.

*****t*****#*#****t**t******************i%*t**t*t***l**#*t***tt#*#tt*t

REAL PA&\I( 1) ,PAR2(1),CI1C(1),CI2( 1) ' -
LOGICAL LGC

INITIALLY SET THE LOWER AND UPFER BOUNDS oF mvmc AVERAGE
PARAMETER TO mo

™ = 1.
TT = 1.

FINDING THE LOWER AND UPPER BOUNDS OF THE HIGHEST -
AUTOREGRESSIVE PARAMETER., .
FB = PARI(NN) - CI1(NI) ' _ C

FT = PARI(NN) + CI1(KN) ‘

"IF THE MOVING AVERACE l’m IS NON ZERD. FIND THE LOWER
AND UFPPER BOUNIB FOR THE HICHEST ORDER OF MOVING AVERAGE .
PARAMETER.

IF (MM.EQ.0) CO TO 1
TH = PAR2(MMD - CI2(MMD
TT = PAR2(MM + CI2({MM

IF THE 95X CONFIDENCE INTERVALS OF ' AUTOREGRESSIVE. AND ~0OR
MOVING AVERAGE PARAMETER CONTAINS ZERO SET LOCICAL AS TRUE.

"1 LGEC = (FB!'&O..OR.TBBQO )
IF (LGC) GO TO 2
LGC = (FT/FB.LE.9..0R.TT/TB.LE.9.)

2 RETURN .
END

CI11

4

bt ]

% % % % %M

»
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SUBROUTINE BTORE (PAR1 » PAR2, AMEAN, CMEAN, NPAB NNIMM, X,CI,CI1,C12)

x
********#**********************************************“*******#*******

L - =
*® STORF, TAKES THE ESTIMATED PARAMETERS ARD THEIR CONFIDENCE x*
* INTERVALS AND STORES TIHEM IN ARRAYS OF AUTOREGRESSIVE AND *
* MOVING AVERAGE PARAMETERS AND THEIR CONFIDENCE INTERVALS ®
* BEPERATELY. IT ALSO STORES THE MEAN OF THE DATA AND ITS *
* CONFIDENCE INTERVAL.STORE IS CALLED BY Amm.. R
* L
**:l:**m********mg*****t*********#*******t***ﬂt*****ttt*t#t*tt‘\*t*t*****t
» . . . *
* ARCUMENTS *
: x
NN ~ AUTOREGRESSIVE ORDER ( INPUT) %
MM - MOVING AVERACE ORDER, ¢ INPUT) - »
. NP - NUMBER OF PARAMETERS ESTIMATED ( INPUT) *
° X = INPUT VECTOR OF LENGTH NPAR . ' *
IT CONTAINS THE ESTIMATED PARAMETERS *
Cl = INPUT VECTOR OF LENCTH NPAR - *
. IT CONTAINS THE 98X GONFIDENCE *®
y INTERVALS FOR THE ESTIMATED PARAMETERS. *
PARL = OUTPUT VECTOR. OF LENGTH NN ) b x
- IT CONTAINS THE ESTIMATED AUTOREGRESSIVE .
- PARAMETERS. . *
PAR2 ~ OUTPUT VECTOR OF LENGTH MM . x
- ‘ PAR2 CONTAINS THE, ESTIMATED MOVIRG AVERACE *
3 o PARAMETERS. *
* CI1 - OUTPUT VECTOR OF LENRGTH RN *
* e CI1 CONTAINS THE 94% CORFIDENCE INTERVALS *
:{/ OR AUTOREGRESSIVE PARAMETERS. %x
ciz .= 0 uT VEC‘I‘ORSOF LENGTH MM I ’ v *
* ) + CI2 CONTAINS THE 93% CONFI1DENCE INTER x
* FOR MOVING AVERAGE PAEAHFI‘EHB. N-S,- x
% . AMEAR — ESTIMATED MEAN OF DATA (OUTPUT) x
* " CMEAN >~ 98% (_:ONFIDEHCE INTERVALS OF AMEANR (¢ OUTPUT) ®
* -- . *
.*mt***#*#*f*#’**tt***t*t**ta*******!**tt#t**********t*t****t****tt***n*
[l L . = - '
« REAL PARI1CIM,PAR2(1) yCI1L 1) ,GI2( 1) X 1) ,CIC 1)
BTONE THE ESTIMATED MEAN é\.ND ITS- CONF IDENCE INTERVAL

AMEAN = X(NPAR)
CMEJH = CI(NPAR)

. STORE THE AUTOREGRESSIVE. PARAMETERS AND THIER. CONFIDENCE INTERVALS
DO 100 I = | ,NN* -

. CII(D = CI(D
"100 PARI(D) = X(D) -
AND THIER CONFIDENCE INTERVALS -

* H ¥

% _ .
*x STORE THE IIOVING_AVERAGE P
x

K = NN
DO 200 [ = 1,MM ,
K=K+ 1 s
. PAR2(I) = X(KO | '
200 CI2(D = CKK)
* RETURN ' - T .
END o A

v
»

-



' SUBROUTINE ROOTS (NN,PAR,DELTA)
*
**t*t**************t*tt**#******&********t******t*tt*t*#*#***t**t****t**
* * -
*  ROOTS TAKES THE mm R VALUES AND. SOLVES THE CHARACTERSTIC *
* EQUATION TO CIVE THE.N0OTS. IT SELECTS THE CONJUGATE PAIR OF "
* COMPLEX NOOTS WRITES THE NATURAL FREQUENCIES AND *
* DAMP ING RATIOS FOR THE UNDERDAMPED MODES OF VIBRATION. %
. *, ROOTS I8 CALLED BY ARMA. *
*®
*****************t*#***8**“*#*********#t**x*****t*t**t********l*t**m
* . *
*  ARCUMENTS *
* . *
x NN - AUTORECRESSIVE ORDER ( INPUT) x
* PAR ~ ESTIMATED AUTORECRESSIVE PARAMETERS ( INPUT) *
* DELTA ~ BAMPLING INTERVAL ( INPUD) *
x €&®
************!ﬂ*********************************t************8************
x x
*  SUBROUTINE CALLED BY PROCRAM UNIT ROOFS - x
x . . *
. x ZRPOLY = FINDS THE COMPLEX/REAL ROOTS OF A *
. 4 . POLYNOMIAL WITH REAL COEFFICIENTS. *
" ZRPOLY IS FROMGIMSL, & * .
ok ’ *
**************t***M*******tt****t****************t*********ﬁ***&*v***
*
B REAL BP(11),FREQ(S),ZETA(S) ,PAR( 10)
. COMPLEX Z(10) r"? , _
* o —
. *  FORMAT STATEMENTS
*
. 1 FORMAT (//, 12X, 17HFATURAL FREQUENCY, 12X;. 13HDAMP ING m'no) YA
2 FOMMAT (/,20X,F6.0, 18X,F6.4) ] : -
x o
PIE = 4.%ATANC1.) ) :
* . .
' . %  ARRANCE 'THIE COEFFIGIENRTS OF TAE cnmmmwé' EQUATION IN
% ORDEN OF DECREASING POWER OF THE VARIABLE.
]
BrC1) = 1.
DO 10T = 1,NN , L
10 PP(I+1) = —PARCD) e .
x -
* GET THE ROOTS OF THE CHARACTERSTIC EQUATION IN ARRAY Z
* .
CALL ZRPOLY (BP,NN,Z, IER) ,
x - v .
* %  SELECT 'nm CONJUGATE PAIR OF COMPLEX notns : 4«
] . s
. 20 KA = NEW - N
- DO BO I = 1,KA
IF (AIMAG(Z(I)).FQ.6.) CO.TO 30
CO TO 6@ ,
80 NEW = NEW-1
_IF (NEY.EQ.Q) RETURN. \
" DO 40 K= I, NEVW ,
40 Z(D = Z(K+D)
CO TO 20 .
50 CORTINUE
* .
. . |
v . {
b .

. L)
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THE UNDERDAMPED MODES OF VIBMTIOR AND HRI'I‘E THEM,
HIIITE (9 1)

DO 69 I = 1,NA,2
nML = GABS(Z(]))
SL 3 2.xREAL(Z(I))
A = (ALOG({ RML*RML) ) %%2,
B = (ACOS(SL-/(2.*RML)))*%x2,
FREQ(J) = (SQRT(A/4. + B))/(DELTA%2.»PIE)
ZETA(J) = SQRT(A/(A + 4.%B))
WRITE (6,2) FREQ(J) ,ZETACJ)
60 J = J + 1

NETURN
END

tE R X

*

-

CALCULATE THE NATURAL FREQUENCIES ARND DAMPING RATIOS FOR
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SUBROUTINE POWER(PARI,PAR2, NN, MM, DELTA)

* -
************************************************************************
* »*
* FOWER TAKES THE ESTIMATED AUTORFCRESSIVE AND MOVING AVERACE *x
* PARAMETERS AND PLOTS OUT THE POWER SPECTRUM. *
* POWER 18 CALLED BY AltMA. X
* %
******-r*****************************************************************
x *
* ANGUMENTS *
x . *
* NN - AUTOREGRESSIVE ORDER ( INPUT) *
* MM - MOVING AVERAGE ORDER ( INPUT) *
* PARL = IRPUT VECTOR OF LENGCTH NN *
* ) IT CONTAINS THE ESTIMATED AUTOREGRESSIVE *
* PARAMETERS. *
* PARZ = INPUT VECTOR OF LENGCTH MM *
* PAR2 CONTAINS THE ESTIMATED MOVINC AVERACE *
* , PARAMETERS. .
* DELTA " =~ BAMPLING IRTERVAL ( INPUT) *
% *
*************************“*********************************************
* *
* SUB“OUTINES CALLED BY PROGRAM UNIT POWER *
* *
* MAPMUL - PLO’ITING ROUTINRE *
* B
*******************************************************************t****
x

COMPLEX CA,C(10) ,TF,AUX ™ °
REAL -FRE(260) , "POW( 260) PARIC1) ,PAR2( 1)
DIMENSJON WX( 260) WY(260) .

DATA OF/9HFREQUENCY/
DATA NP/9H  POWER ~/

.PIE = 4.%ATAN(1.) . - S
YMAX = -9099999 . ‘ -

DO 30 1s1,267

TF = CMPLX(1.,0.)

AUX = CMPLX(1.,0.)

FRE(I) = (I-1)/(206.%2%DELTA) . v
TEMP = FIE( 1)*2.*P1EXDELTA

DO 16 J & §:NN

A3xJ ) -
10 C() = cnm.xmosm*mm).-smm*mmm

OBTAIN TﬂE THANSFER FUNCTION OF THE MODEL IN FREQUENCY
DOMAIN USING' THE ESTIMATED AU'IOREGRESBIVE AND MOVING
AVERAGE PARAMETERS.

DO 20 J = 1,MM

AUX = AUX - PAR1(J)*C(J) : o : .
20 TF = TF - PAR2(J)xC(J)

AUXK = ADX ~ PARI(H!!)*C(M) .

TF. = TF/AUX .

OBTAIN THE POWER BPECTRIIH OF THE MODEL

POW(I) = CABS(TF) ' .
30 YMAX = AMAX1(YMAX,POW( 1)) .

L E KR XK

* % %

b
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CONVERT THE POWER SPECTRUM IN DBS

DO 40 I = 1,207

POW(I) = POW(I)/YMAX

IF (FOW(I).LE.0.00001) POW(I) =:0
40 POW(I) = 10.%ALOC1O0(POW(1)) :

XMAX = 0.85/DELTA

. 00001

CALL THE PLOTTING ROUTINRE TO PLOT THE POWER SPECTRUM OF THE

ESTIMATED MODEL.

CALL MAPMUL (®.,XMAX,-30.,0..5.,5
+X, WY}

RETURN
ERD

- +FRE, POW, 287, 1,5,8,HF,9,HP,9,W
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SUBROUTINE MODEL (X,NOB,NPAR,F)
t

* )
*****t*m****************************ﬁ*****************#*****************

. L
TIIS SURROUTINE CALCULATES THE RESIDUAL VECTOR FOR GIVEN - *
PAMAMETER VALUES.THE NEW ESTIMATED MEAN IS BUBSTRACTED FROM *
ORICNAL DATA BEFORE GETTING THE RESIDUAL SUM OF SQUARES , MODEL *

. *

*

*

LR R R

IS CALLED DY NONLINEAR MIRIMIBATION ROUTINE ZXSSQ.

~*#*******t********T***********t*********#********&****t*************t*

ARGUIENTS
NOD

RPAR
. X

*
*x
*
NUMBER OF OBSERVATIONS ( INPUT) *
NUMBER OF PARMETERS ( INPUT) *
INPUT VESTOR OF LENGTH NPAR *
*
*
*
*
*

IT CONTAINS THE ESTIMATED PARAMETERS
¥ - OUTPUT VECTOR OF LENGTH NOB

THIS CONTAINS THE RESIDUALS
-***************t*t**t***********************t************** ARRE KRR KR

REAL X(1),F(1),0BS(1024) : )
COMMON/BLOCK/OBS , MM, NN \

M = MAXO(MM,NN)
INITIALISE THE RESIDUAL VECTOR

DO 1 I = 1,M n \
1 F(D =

oMK MMM NN WM N M N

0.
XX = X(NPARD _ »
M=HM+ 1 .

CET THE NEW RESIDUAL VECTOR USING' THE DATA AFTER subsmc'rmc
THE NEW ESTIMATED MEAN FROM THE DATA. .

DO 4 I ='M,NOB
C=0nsS(n - Xx
N2 J = §,NN
2 C=C - XIHxOBS(I-) ~ X .
D03 L= 1,MM-
3 € = C + X(AN+L)*F(I1-L)
4 I = ¢C

+ RETURN- ) ) -
END : _ , e

L,

4

***‘H<H HHEN M
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‘SUBROUTINE. GUES (NN,MM,ROB,CBS,FPH, TH)

* : ) .
it LRSS S DRSS 2 SR DR D R g DR L B T T T e,
. . *
SUBNOUTINE GUES CALCULATES THE INITIAL .VALUES OF THE *
AUTOREGRESSIVE AND MOVING AVERAGCE PARAMETERS FOR THE *
NONLINEAR MINIMISATION ROUTINE ZXSSQ.THE INVERSE *
FUNCTION COEFFICIERT APPROACH IS USED TO CET THE INITIAL *

*

*®

*

R

¥

FSTIMATES OF TIHE PARAMETERS.THE LINEAR LEAST SQUARES
METHOD 18 USED.CGUES 1S CALLED BY FIT. '

***************************************************t*************}****

*
*

*

*

*

*

*

*

* *
* ARCUMENTS ! *
* *
* ROD - NUMBER OF OBSERVATIONS ( INPUT) . *
* NN - AUTORECRESSIVE ORDER ( INPUT) H *
* MM ~ MOVING AVERAGE OHDER ( INPUT) *
* CBs : - INPUT VECTOR OF LENCTH NOB #®
* I'T CONTAINS THE OBSERVATIONS AFTER THE *
* MEAN HAS BEEN SUBSTRACTED FROM THEM. . S
* Pll —- OUTPUT VECTOR OF LENGTH NN *
* IT CONTAINS THE ESTIMATED AUTOREGRESSIVE *
* PARAMETERS . *®
* ™ = OUTPUT VECTOR- OF LENGTH MM *
* T CONTAINS THE ESTIMATED MOVING AVERAGE *
* PARAMETERS. *
* *
HIRRKKERK LA RHKRREREIR KKK KRR RRRRKRRK KRR AR KRR KRR KKK KRR EL KRR IR RN K
* : . ' *
* BUBROUTINES CALLED BY PROGRAM UNIT CUES X ) x
* *
® INVSYM - .ROUTINE FOR INVERTINC A SYMMETRIC MATRIX *
x THIS I8 A MACLIB LIBRARY ROUTINE. B
* SIMQ = ROUTINE FOR SOLUTION OF SIMULTANEOUS LINEAR
* ALGEBRAIC EQUATIONS.TRIS IS A SSP ROUTINE *
* POLRT - ROUTINE FOR FIRDING THE REAL AND COMPLEX *
x ROOTS OF A POLYNOMIAL.THIS IS8 A SSP ROUTINE x
* o - *
ittt b 2L E LSS S 2 SE S D R LT ST D L e e
* )

REAL PH(1),TH( 1), XTX(500) ,XTY(30) , XX(30,30) ,B( 10) , RR( 18) +RCC 10)
REAL PIC10),CBS(1),XXX(908) ,COF(19) ,BP( 10} )
COMPLEX CB,CSUM,CR( 18) . .

INTEGER K(10) ,KI( 1)

INITIALLY S8ET ALL THE AUTOREGRESSIVE AND .MOVING AVERAGE
PARAMETERS TO ZERO. :
L=29o
DO 166 I = 1,19

PH(I) = @, . ’
100 TICI) = O.

CALCULATE THE ORDER OF AR MODEL REQUINED FOR COMPUTING
THE INVERSE FU'NGTI%S. ‘

NP = MAXB(NN,MM) + MM

LE R X N

k]

T ‘
COMPUTE X X AND STORE IN XTX
T
ALSO COMPUTE X Y AND STORE IN XTY

N2 = NOB - NP
KN = NP
LL = 1
L=1
IR = FP - 1

LE R S KX B EE X
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DO 140 I = 1,NP
JN = NP - 1 (
DO 120 J = 1,1
TEMP = 0.
DO 110 KA = 1,R2
TEMP = TEMP + CBS{ IN+KA)*CBS(JN+KA)
XTH(L) = TEMP
JN = JN - 1
L=L+1"
TEMP = o.
DO 136 KA = 1,N2
TEMP = TEMP + CBS(KN+KA)*CBS( IN+KA)
XTY(LL) = TEMP .
LL = LL + 1
IN = .IN - 1 - -

T=-1 T =1 N\

COMPUTE X X =X Y THAT I8 XTX =*XTY AND STORE IN PI.

THESE ARE INITIAL VALUES OF PHIS FOR AN AR(NP) MODEL.

IF (NP.CT.1) GO TO 150
PI(1) = XTY(1)/XTH(1)
FH(E) = PICIL) ’

* RETURN

160

160

170
180

® % %NN

190
200
210
220
230
240

250

CALL INVSYM (XTX, NP, 1ER)
L=6o
DO 160 I = 1 NP
DO 160 J = 1,1
L=L+1 . .
XH(I,J) = XTX(L)
WH(JT, 1) = XTX(L) :
Do 180 I = 1,NP
TEMP = @.
DO 170 J = 1I,NP .
TEMP = TEMP *+ XX(I,J)*XT¥(J)
PIC1) = TEMP

COMPUTE, TIE MOVING AVERAGE PARAMETERS USING.THE ESTIMATED

PHIS AS INVERSE FUNCTION ESTIMATES FOR AN ARMA MODEL AND
SOLVING A SET OF SIMULTANEQUS LINEAR ALCEBRAIC EQUATIONS.

L = NP - MM
DO 190 I'= 1,MM
L= L+t . o
MDD =.PHLY. .
KK = L
DO 190 J = 1,MM
KK= KK~ 1
XXC1,J) = PICKIO
IF (MM.NE.1) GO TO 200
DC1) = BC1) /XH(1, 1)
CO TO 220
1 =0
DO 210 ML = 1,MM
DO 210 K1 =+1,MM
1= 14 1 .
RAXCI) = XHCN1,M1) o
CALL SIMQ (XXX,B,MM,KS)
DO 230 I = 1,MM
TH(IY = B(DD
B(1) = 1,
DO 240 1 = 1,MM
BCI+1) = -TH(D)
MMA = MM + |
DO 260 I = 1,MMA -
BP(I) = B(MMA+1-I)

~% CHECK THE INVERTIBILITY OF THE MOVING AVERAGE Pmm BY

CHECKING THE ABSOLUTE. VALUE OF THE MOVING:AVERAGE
PARAMETERS. IF THE ABSOLUTE VALUE IS LESS THAN ONE THE
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PARAMETER IS INVERTIBLE OTHERWISE NOT.

IF (MM.NE.1) GO TO 260

TH(1) = —-B(2) '

IF ((ABS(TH(1))).CT.1.) GO TO 280 .
GO TO 400 -

NOT INVERTIBLE

ARE
THEN SOLVE THE CHARACTERSTIC EQUATION OF THE MOVING AVERAGE
PARAMETERS, *

260 CALL POLRT (BP,COF,MM;RR, RC, 1ER)
IF_THE ABSOLUTE VALUE OF THE ROOT OF THE CHARACTERSTIC -

EQUATION IS MORE THAN ONE DIVIDE THE ROOT BY ITS ABSOLUTE
AND COMPUTE THE NEW INVERTIBLE VALUES FOR THETAS,

J = @

DO 270 I = 1,MM .
TEMP = NA(I)#*AR(I) + RC( IY*RCC 1)
IF (TEMP.LE.1.) €O TO 270

RICI) = RR(I)/TEMP
RCCI) = -REC 1) /TEMP

270 CONTINUE
) IF (J} 290,400,290
280 (1) = 1./THC1) )

RCC 1)

0.

290 DO 300°1 = 1, MM

o1 = 1,

300 CR(I) = CMPLX(RR(I),RC(I)) -

DO 390 L = 1,MM

310
320

330

340

- 3Ge

% % % NN

360

ave

380

DO 310 J = ,L
KI(Jy = g
CSUM = CMPL}(@Q.,0.)

'CB = CMPLX(1.,0.)

-

KE = L
D0 330 J = |,L \

CB = CB*CR(KI(J)) .
CS8UM = CSUM'+ CB :

IF (KI(L).EQ.MM) €O TO 340

KICL) = KI(L) + 1 -

GO TO 328

" IF (L.EG.1) GO TO 380

IF (KI(KE-1).NE.K1(KE)~1) -CO TO 360
KE = KE ~ 1 ‘ ’

"1F- (KE.EQ.1) CO TO 380 .

CO TO 356

KI(KE-1) = KI{KE~1) + 1
DO 370 | = KE,L

K(I) = K(I-1) + 1

GO TO 320

TH(L) » OIXREAL(CSUM)

3906 0OI = -0I

COMPUTE THE AUTOREGRESSIVE P

OF THE ARMACN,

MODEL DY USING THE INVERSE FUNCTION PARAMETERS AND
THE INVERTIBLE MOVING AVERAGE PARAMETERS .,

400 PI(1) = TH(1) + PICI1)

IF. (MM.NE.1) CO TO 410
PH(2) = PI(2) ~ TH(1*PIC(D)
GO TO 999 . :

410 DO 430 1 = 2.RN

420

TEMP = TEMP - TH(J)*PI(I-J)
430 PH(CD = PH(I) + TEMP

POCI) = THCD) + PICI) .
8.

TEMP =

[1e -1 ) ' .
DO 420 J = 1,11 :

~

999 RETURN
END

L]
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***%#****#**!*********tﬁ!i************#***t***************************##*

* . *
* ' YEARLY SUNSPOT NUMBERS FROM THE YFAR 1749 THROUCH 1924 ®
*

: *
'*******t********************************************H***************t****

176 OBSERVATIONS

32.4 47.6

80.9 83.4 47.7 47.8 3.7 12.2 9.6 10.6
4.0 62.9 85.9 61.2 48,1 36.4 20.9 11.4 387.8 69.8 .
106.1 100.8 81.6 66.5 34.8 J0.6 7.0 19.8 92.5 154.4
125.9 84.8 68.1 38.5 22.8 1.2 24.1 82.9 132.0 130.9
118.1 89.9 66.6 60.0 46.9 41.06 21.3 16.0 6.4 4.1 -
6.8 4.5 34.0 435.0 43.1 47.0 42.2 28.1 10.1 8.1
2.8 6.0 1.4 5.0 12.2 13.9 33.4 43.8 41.1 30.4
23.9 16.7 6.6 4.0 1.8 8.3 '16.6 36.3 49.7 62.8
67.0 1.6 ‘47.8 27.05 8.5 13.2 566.9 121.5 138.3 103.2
5.8 63.2 36.8 24.2 10.7 15.0 40,1 61.5 98.83 124.3
95.9 66,5 64.83 $54.2 939.0 20.6 6.7 4.3 22.8 b54.8
93.80 95.7 7.2 89,1 44.0 4?.9 30.5 16.3 7.3 37.3
V3.9 139.1 111.2 101.7 66.3 44.7 17.1 11.3 12.38 3.4
6.0 82.3 54.3 09.7 . 63.8 63.58 82.2 25.4 13.1 6.8
6.3 7.1 306.6 70.3 84.9 78.0 64.0 41.8 . 26.2 26.7
12.1 9.8 2.7 5.0 24.4 42.0 63.5 83.8 2.9 48.5
. 43.9 1.6 5.7 3.6 1.4 . 47.4 §7.1 1e3.9 80.6
63.6 87.6 26.1 14.2 5.8

Ll
_0\0
k o§ O

o




wemadr

LA e it n L e e s

B ) i

T Fae T v

(o

135

:t***:k**m:**m*m***n*:*uxt****tt**uta*"**aa**m#*nst&*ttttttutt:tttt
%
* NESPONSE DATA OF MECHANICAL VIBRATORY SYSTEM OF HASS SPRING DASHPOT - *
3
*t******m**m:«****t*******n*3***1:**********mt**:*s*:u*tu*t**a:**tn**

130 OBSERVATIONS

30.6 28.0 25.0 24.0

23.0 . 21.0 20.6 22.0 24.0° 27.0 .
40.¢ 3r1.e 3¢4.¢: 37.6 33.0 28.0 25.9 23,0 .21.0 19.0 .
18.0 17.0 16.6- 17.0 18.8 22.0 29.0 32,6 32.0- ge.0 .
23,6 20.0 17.0 14.0 13.6 . 17.0 22,0 27.0 33.0 3Je.e
21.0 15.0 12.6 "l10.0 9.0 6.0 6.0 8.0 10.0 12.0 .
16.0 16.9 16.0 18.0 *21.0 13.0 7.0 4.0 3.0 " 7.0
15.5 22.0 Je0.0 40.0 490.0 . 39.0 38.0 "35.0 30.0 23.0 .
20.0 18,0, 20,0 22.6 27.0 32.0 g2.5 3.6 32,0 30.0 .
20.0 23.3 23.8 29.6 27,0  31.8 35.0 36.0° 34.0 3o.5 .
29.0 28.0 -20.0 (9.9 21.0 . 23.5. 28.0 33,5 ' 86,0 37.8 .
30.0 36.9 33.6. 29.83 28.0  28.0 30.6° 30.5 30.6 3¢.0 .
28.0 25.0 23.0  .24.0 ' 27.0 31.0 34.0 33.0 25.¢ 16.06 .
13.0 14.0 17.0 22,0 29.¢ . 32.0 3 26.0 + 24.0 24.0

3,5
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S AN
.

P THACRERATST G s

-.3860E-04
+6177TE-04
-.9283E-04
.3917E-04

- ~=.2001E-04

-.G631E-04
- 1229F-04
-.2636L-04
-.8608L-05
»2303E-04
=.9357E-04
-5990E-04
=. 101GE-03
- 1331E-03
- 1814E-04

-.1628E~03

.« 1756F-03
-. 1403k-03
" .49207E-04

+6BOJE-04

. —«2616E-00

«2333E-03
-.2036E-03
. 173 1E~04
- 1120F~-03
-.3354E~-03
+ JO70E~03
-.2437E~03

» 1412E-03

» 7064E~03
~. I813F-03
. 22221E-03
-.24996E-063
« 702404

+

- 1122E-03 .

-.2207E~03
+2972E-03
=.3980E-03
«2934E-03
=. 1346E-03
=. 1209E-04
- 1612E-03
-.2200E-03

.2017E-03

~. 1176E~03
-. 1314E-03
.2643E-03
-.3310E~03
. 1B10E~03

L37

SINGLE DEGREE OF FREEDOM SYSTEM
FREQUENCY 98.7 HZ.
DAMP ING RATIO @.008

~.4964E-04
.B466E-04
-.7907E~04
- .5O66E~04
~. 1316E-04
~.35808F-04
~.4007E-04
.47 16E-04
-.9173E-04
. 1073E~03
-. 1447E-03
. . 1082E-03
~.9110E-04
.5266E-04
. 1220E-03
-. 197 1E~03
. 1950E~-03
~.5208E-04
-.8383E-04
.2033E-03
~.2909E-03
. 1219E-03
~. 1260E-04
-. 1700E~03
.2986E~03
-.3993E~03
. 2949E-03
- .5403E-04

=.7114E~04 .

. 1413E-03
-.2406E~-03
» 2099E~03
-. 1182E-03

- =+ 1406E-03

+2762E~03
-.3049E-03
- 306 1E-03
-.2582E-03
+B767E-04
+4111E-04
=. 1972E-03
- 2628F-03
-.2032E-03
. 1362E-03

-9021F-05

~.2727E-03
. 3239E-03
~.1827E-03
- 1410E-04

-.4291E-04
+3144E-04
-.8927E-08
-.13183E-03
~.2114E-04
. 1186E-04
-.0029E-064
- 1222E-03
-. 13%2F-03
- 1624E-03
-. 1388E~-03
. 1174E-03
-.67T74E-04
~.3276E-04
- 1936E-03
-.1363E-03
.2681E-03
+3331E-04
-.2025F-03
.2013E-03
~.2180E-03
-.3171E-04
. 1620E-063
-.2783E-03
»3447E-63
-.3161E-063
- 696 1E-04
« 1248E-03
-.2357E-63
- 2020E-03
-~.2293E-03
+9133E~04
.6730E~-04
~.2998E-03
- 3424E-03
-.2829E-03
- 1931E-63
=~.2763F-04
=. 14309E-03
- 1986E-63
-.3060E~-03
- 2661F-03
~.9983E-04
+4440F-04
« 1296E-083
-.3244E-~03
-2413E-03
-4747E~04
-.1896E-03

- .4240F-04
—.2400F-05
.5938E-04
—. 1422E-03
~.4674E-04
-6592E-04
-.8996E-04
- 1426E-03
=. 1633E-03
. 1367E-03
-.9B63E-04
«9902E-04
+2306E-04

=.9999E-04

«2010E-03
=-.6233E-05
«.84036E-04

. 12B7E-03
-+ 1994E-03

- 1872E~-03
-.3333E~04
=. 1933E-083

. 30B4E~03
~.2901E-03

-2629E-03
-.1109E-83

~.1811E-03

- 2600E-03
=-.2991E-03
« 186BE—-03

~. 1369E-03

-.7779E~04
- 2242F-03

=.3327E~03 .

-3003E-03
=.1104E-03
—~. 1400E-04

- 2090F-03
~.3132E-03

«3222F-03
=~.3026E-03

- 1624E-03

-3908E-04
-.9371E-04

-2103E~-03
-.2680E-03

- 9083E-04

« 2282E-03
-.2815E~03

= 1719E~-04

-+ 2648E~904

-. 1286E-03
-~.7087E-04
. 1977E-03
~.9337E-04
- 1002E~-03
=. 1347E-03

. +BI78E-04
-.2497E~04 .

. 12B8E~04
» 1162E-63
~=.1396E-03
- 1 147E-03
- 1163E-63
-. 1310E-63
. 1578BE-03
-. 1449E-03
. 3099E-04
- 1GS0E-03
-.3083E-063
- 3268E-03
~.2137E~03
-5194E-04
- I260E-03
-.3049E-03

~.2674E-03
-T713E-04

~.2813E-03

-2813E-63 .

-.2696F-03
E-03

-8328E-04 .

=.2041E-03

+3688E-03 .

-.3666E-083

-. 1983E~03
-.6990E-05

~. 16 17E~03
. 1838E-03
-.1153E-03
~. 18BOE-03
.3306E-03
-.8220E-03

*****t***********************************************************i****&*

. 5007E-04

-=.7I173E-04
-9016E~04 .

+9886E-04

. ~.6990E~-04
.~ .6398E-04

- 7B64E-049

 ~.B330E-04

«3933E~-04

(~+6204E-04
'-.2627E-04

+ 1272E-04
- 1676E-03

—.8781E-04
«=.4042E-04

. 1942E~03
-. 1766E-03
. 133(E-03
~.2770E-04
-. 1196E-03
. 2638E-03

. =.3084E-03

.2121E-03

= 7211E~04
.=+ 1732E~03

- 3192E-03

= 3644E-02
3167E-03 |

. 2859E-~03

-=. 1483E-03
= 677IE~-04
« 16B8E-64 .

* 1683E-03
-.3125E-03
+2302E-09

-=.9289E-04

=.9159E-04
+2149E-03
~.3981E-03
+4024E-03

-~.2875E~-03
. 32 IOE—OS .

. 1825E-83

-=.7167E-03
-=. 1442E-03
+ 1666E-03 .

.2107E-03

-=~. 1684E-03

329 1E-04

» MSOE"“
. —.3310E-83

.« 299 1E~-03

~.2438E-03

IR EE X R ER

N

.~.6911E~-04



-.7217E-04
-.48683—&3
< 2496E-0
-.4100E-03
-3241E-03
-.4267E-04
-, 1331E-03
«J3803E-03
-.3617E-63
. 7347E-04
- 1693E-03
~.2004E-03
- 2002E-03
=.9186E-04
-.6097E-04
. 8B808E~-04
~. 2221 E-03
+ 2333E~-03

. =.2162E-03

.2116E-03
.5210E~00
-.2119E-03
.2094E-03
~. 1908E-03
-.3G (3E-04
.G9G7E-04
-. 1608E~-03
. 1840E-03
-.B26GE-04
.3054E-04
. 7669E~05
~.8837E-04
.G979E-04
-. 1307E-03
. 1108E-03
-. 1170E-03
-. 1683E-07
. 1834E-04
-.2004E-04
~. 1622E-04
.B8960E-04
~. 1404E-03
~. 1370E-04
. 1363E~09
-.2659E-03
. 1794E-03

. —.1190E-04

-.7237E-04
- 1123E-03
-.2364E-03
+ 1924E-03
-. 1039E-03
. GOOBE-03
»2387E-03
—-.3300E-~-03
. 3060E~03
-.6250E-04
-.9099E-04
+2204E~-03
-.2441E-03
-~2486E-03

- 9449EF-04
~.2717E-03
» 303 1E-03
=.J276E-03
«7O90E-04
« 1740E-03
-.3240F-03
-3741E-03
~. 100 1E-03
-. 1904E-03
+ 2028E-03
-.2201E-03
+ 1199E-03
+6101E~04
-. 1321F-03
+ 1326E-03
-.3110E-03
- 2617E-063
-. 1149E~-03
«2661E-04
- 1004E~03
-.3120E-03
+ 1636E-03
-. 1043E-03
=. 1344E~-03
. 1448E-03

~.2223E-03

. 1487E-03
~.6191E-04
~.3816E-04

.9857E-04
-.1150E-03

. 88290K-94
-. lOBGE-03

. 7290E-04
-.8052E-03
-. 174GE-04

.24 19E-05
-. 1649E-04
~. 1943E-04

.6731E~04
~.7633E-04
~. 1002E-03

. 2632E-03
~.2392E-03
.. 4526F-04

-9697E~04
-.1576E-03

.20 18E-03
-.206 1E-03

. 8734E-04

.7830E~-04

-.2032E~063

-3600E-03
~.3376E-03
. 1024F-03
» 112BE-03
-.2281E-03
+2121E-03
-. 1T12E-63

emon—ea

'

- 2338E-03
-.3B86E-03
-8243E-03
~.1101E-03
-. 1603E-03
-3008E-03

~.3671E-03

. 1992F-03
. 1282E-03
~.3674E~-03
. 2786E-03
~.B481E-04
-.6980E~04
- 1466E~03
-+ 1822E-63
. 1390E-03
-.3110E-83
. 16B6E~Q3
« 129 1E-04
-. 166 1E-03
+ 2044E-03

. -.2661E-03

.8178E-04
. 1998E~-04
-.2030E-03
+2071E-03
~. 1963F-03
« B229E~04
.3670E~05
-.1190E-063
+ 16 10E-03
-.1103E-83
.G6120E-04
-. B766E-04
-8204E-03

« 1149E-03 -

-.1920E-04
-. 1832E-04
-.2191E-04
-.9996E-005
+3286E~-04
-4666E-04
-.1981E-03
«2624E-03
=.1149E-083
-.8581E-04
- 1083E-03
~-. 1883E-03
+2173E~03
-.8623E-04
~.7301E-04

. 2333E-83 "

-~.3833E-083
- 3463E-03
~.2079E-03
-.5688E~08
- 2269E-083
-.2702F-03
. 1089E-063
.6 183E~04
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+3331E~-03
-.3733E-03
» 1499E~063
. IB20E-03
-.3282E-03
»3302E~03
~.2532E-02)

-~.T300E-04

.9241E~063
~-.3909E-03
. 1228E-03
.7974E-04
~.2166E-03
. 1663E-03
-. 1314E-03
.1162E-03
~.2034E-03
. 14993E-04
. 1381E-03
-.3136K-03
.246 1E-03
~. 1343E~03
~.7603E-04
. 1209F-03
-. 1865E-03
. 1935E-03
-.9843E-04
-.4240E~04
.6194F-04
~.1541E-03
. 1700E~03
-.87050E-04
~. 1797E~04
-.2979E~-04
=, ?776E~04
. 1582E~03
. 1648E-05
=-.7182E-05
-.7507E-03
-.2548E-008
-.3339E-be
. 1030E~03
~, 1954E-03
. 1663E-03
493 1E~04
~-. 1886E-03
. 2053E~03
~. 1363E-03
. 1460E-03
.6714E-04
-.2090E-03

«3296FE-03 -

-.3458E~-03
. 1943E-03
. 1093E~04

-.1711E-03
.27 IBE-03

~. 1999E-03

- .83628F-04
.7984E-04

~.8319E-04

.3203E-093
-.Z189E-03
=.1182F-03

- JI47E-63
-.3821E-03

. 2068E-03

=.2991F-04 .

-.3091F-03
-4013E-03
~.270TE-03
-.3B60E-04
+ 247 1E-03
~.2607E~03
. 1033E-03
~.9034E~04
»J306E-04

~. 136 1E~03
« 2724FE-03
-.00683E-03
+ 1437E-03
+920'1E-08
- . 1664E-03

-. 1386E-03
. 10603E-03

. 7200E~-04 .

-.0936E~-04
- 9692E-04
-. 1863E-03
.8246E-04
-.B476E-04
-.9512F-04

+4930E-04 |

-.1647E-03
. 1297E-03
-3130E-04

-.5431E~-06
. I519E~04

+3496E~04
=-.9468E~04
. 1069E~04
-.1161E~03
. 3933E-08
. 1978E-03
-.2072E-03
. 1452E-83

-.B540F-04 .

-.3523E-03

- .2644E-83
.3241E-03

-+ 1838E-03 .

-. 1378E~-04

- 2266F-03 .

-.2429E-03

+2218E-03
-.4894E-04
~. 1648E403

« 1724E-03 .

-.2029F-93

- 1697E~03

. «9040E-08
.=, 3260E-03

+4127E~-03

- .2763E-03

. 8149E-04
. 2110E-03

-~ 4206E-03

-83013E-03

-=.5433E-04
»=. 2063E-63

+3163E-09

.-.2140E-03

« 1944E-04

-, 4084E-03
.~ 90 18E~04
-.3246E-04 .

- 1301E-03

.= .2423E-03

+J171E~03
-+ 1933E-03

.= +34857E-04

» 160?E~03

-=.2022E-03
. 1306E-03 |

+8619E-04

.~.5183E~-04

-.3066E-04
» 1816E-03

~.B494E-04

. 8620E-04

- 8997E-00
-.1239E-03
- 9836E-04

-=. 172BE-03

«4377E-04
- 1877F-04

-=.9884E-08

- 4760F-00
»6323E-04
-.1425E~03
.5834E-04

- . T734E-03
.=+ 1B72E-03

. 2400E-03

+=. 1364E-063

- 4880F-04
< 1183E-04

.=. 1378E-03
. 1879E-03 .

»2273F-03

.=, 2287E-03

+2163E-03
+3665E-04
-.2049E-03
+3196E-09
-.2053E-03
. 807 1E-04
. 100BE-03
~.2315E-03
«2937E~-03

-=.2839E-03

.=, B47BE~04
.~.9292E-08 -




N

.—.4602Ejg4

-.2111E-03
.3035E-04
. 1094E-09

-.2443E-03
. 2874E-03

~. 1380E-03

. 2907k~
-.4018E-03
. 2233E-03
-. 1839E-04
-. 1964E-03
.34085E-03
~.3057E-03
. 1481E-03
. 9177E-00
-, 1418E-03
. 2869E-03
-.2710E~03
. 1907E-03
-. 1179E~04
~.2030E-03
.3069E-03
-.864GE-03

© . 28003E-03

~. 1868E-03
. 1130E-04
.4907E-04
-.6539E-04
. 3036 E-04
-.7267E-04
. 623 {E-04
. 1983E~04
- .5203E-04
. 6070E-04
-.4247E-04
. 13662-03
. 2674E-04
-.2679E-03

«3967E-03 -

-. 15333E-03
«2774E-04
- 2389E-03

-.2540E-63
. 1830F~03

-.J798E~04

-.989 IE-04
. 1488E-00

-. 1284E-03
+ 1066E~03
+3407E~04

-.1031E-03
+I712E=-04
- 1810E-03

=. 1334E-03
- 1424E-03

-. 1970E-03

~4297E-04.

- 1609E-063
-.28317E-03
. 3045E-03

E-04
8E~03
SE-03
7E-03
1E-03
6F-04
9E-83
-3 18E-03
o0 14E-03
-.2373E-04
» 16483E~-03
. J27BE-03
. 2724F-03
-.1121E-03
.3260E~-04
. 16O7E~-03
. 2012E-03
27 17E~-03
-. 1609E-03
.67 19E-04
. 1668E~03
+3468E-03
»JO04E-03
~.2020E-03

-9924E-04
-.1149E-04
- 1017E-03
- 0632E-04
+ 2323E-04
.3918E-04
. 8200E-04
«4988E-03
.G368E-04

1

. 4620E-03
~. 1702E~04

.4753E-04

.2009E-03
~.3430E-03
.2G65BE-03
.9490E-08
. 1620F~03
.34084E~03
.2340E-03
.7300F-04
. 1078E-83
-.2627E~03

. I783E-03
-.6455E-04

. 1533E-04

.4065E-04
-.29835E-04
-.4081E-04

. 1643E-03
-.1115E~03

. 1136F~03
-.1068E~93
.2467E-03
. 2469E-03
. 1920E-83

. 3042E-04

i

g

.8201E-04
- 2499E-00
-3103E-093
. 1306E-03

. J420E-04

. 1876E-03
+2014E-02
+ 303 1E-02
. B495E-04
+2630E-03
.2810E-03
. 2897E-03
. 1189E-03
» 1221E-03
. 1834E-03
« JO98E-03
«3313E-03
. 1731E-03
. 4082E.

- 2638BEL03
-3162E-03
. 3393E-03
. 2087E-03
. 1104E-03

» 1033E-03 °

. 1389E-03
. 1326E~-03
. 8468E~-04
.2001E-04
.76 18E-04

-.38517E-04

+6166E-04
.J00BE-04
. 1940E-04
«2934E-04
«2326E-04

r

+67 1BE-04

3064E-083
+27T40F-03
- 4601E-04
. 1378E-03
+3029E-00
-2808E-03
. 1043E-03
-8116E~-04
- 2143E-03
«3172E~-03
. 1358E-03
.61G65E-04
. 66BIE-04

. 1BBBE~04

.5090E-04
«7542E~04
. 127 1E~03
+5297E-04
+2981E-64
. 3322F-04
. 1983E-03
. 1981E-03
- 1602E-03
-.8761E-03

1349

.1aouz~oa"‘232azzroa .
-.2155E-03

-.2792E-03
+ |1B96E-02
+ 2T66E-04
=. 1279E-03
270 1E-03
-.2010E-03
« 15 18E-03
. 1628E-03
=.3642E-03
- 2928E-03
~. 1336E-063
-.1138E-03
+ 27 10E~-03
-.2B49E-03
-3149E-03
-.2626E-03
-.53277E-08
+2075E-03
~.3751E-03
-3233E-03
-.2126E-93
+4420F-04
. 1287E-03
-.2548E-03
«2691E-03
-. 10837E~-03
-4707E-04
. 6738E-04
+69 10E-04
+6326E-04
-.1333E-03
. 1080E-04
- 5446E~-04
~.Q292E-04
+6145E-04
-.1637E-03
. 2766E-063
-.8700E-04
-. 1558E-03

. +2826E-03

-.3071E-03
- 1410E-03
«.3483E-04

-.2118BE~03
+2402E-03

-.2442E-03
+3767E-04

1460E-03 .

~.9980F-04
-.8282F-04
. 1343E-03
~.6270E~-04
+6276E~04
- 6664E-08
-.6921E-04
. 1829E-03
~.2200E-83
.9116E-84
=. 1429E-04

-.2201E-03

-3132E-63
-.27783E-03

~.4939F-04
=. 1724E-03
-4011E-03
-.3414E-03
+ 203 1E~-03
=-.3494E-60
-. 1479E-03
. 2856F-03
~.3278E-03
«2388E-03

-.4339E~04 .

=-.3996E-04

.6968BE-04 .

. 1390E-04
- 1250E-083
=. L130E-00
-.2979E-04

-.6630E-04

*« 1102E-03 .

~.2076E-63
- 1233E-03

-.2795E-03
«2599E-03
-. 1839E-63
-.4327E~-04
+ 1346E~03
-.2366E-02

=. 1077E-03
-.6213E-04

. IB4BE-03 .

-.6783E-04
-. 1289E-03
- 1“55—03
+4013E-03
-.3047E-04

-. 1389E-03

. 1938E-63
-. 1388E-03
= 41085-0‘

+ 1607E-03

.—=.8767E-04
.=. 1603E-03

. 2382F-03
~.2188E-063

« 1290E-83 °

. 1104E-03
54339 1E-03

. «J642E-03
.=.2319E-03

«.7330E-08
+27B3E-03

. =.376BE-03

.2743E-03

-=. 1731E-03
+2094E-03 .

-3296E-04
. 1629E-03
-.2868E-00
.36 10E-03

-=.2041E-03

. 7B6OE-05
. 1693E-03

- .3076E-03

. 3854E-03

-=.2941E-03

. 1439E-03
+2024E-04
-.0654E-04
-5174E-04
-.0506E-04
+9627E-04

-.3034E-04 °
.=.5451E-04
.7210E-04 .

+9654E-04
-.6846E-04
. 1I579E-03

.=.1367E~-03
.= 7247F-04
. 1481E-63 .

- 36 13E-03
-, 2722E-03
. 1837E-03
+927T0E~085

.=, 190GE-00

- 2207E-03

«=. 1726E-03
. 1950E-03~ .

.6769E-04
. 2600E-04
-. 1169E-03
. 1780E~03

<=+ 1709E-04
.=« 1445E-03

-9593E-04
- 1099E-03

.= +.9924E-04
+ T400E-04

. 1231E~03
-. 18285E-03
. 1319E-03
. 1860E-0%

.~. 1471E~-083
. 1630E~03 .

~2886E-03
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.3868E~84
. 4876E-04
.6062E-04
.3551E-03
.1671E-04
. 1743E-04
.390GE-04
.G101E~05
. 1090E-04
.2067E~-04
. 12B0E-04
.2993E~04
+2930E-04
. 7200E-04
.4300E-04
. 1064E-03
. 3820E-04
-.1611E-04
- 1080E-04

. 1875E-04
-.1161E-83

. 2862F~04
~, 4722E-04
. 1398E~-04
-.0659E-00
-.9716E-04
. 1126E-03
. 19 18E~04
.B434E-04
. 1020E-03
. 37GOE-04
.2014K~04
.G369E-04
. 1363E-980
.2651E-04
.4377E~08

LI I O |

«2879E-04.

- 1GG9E-03
« 1493E-03
- 1374E-03
+ 1 179E-03
~OG66F-04
«2262E-04
.141ME-04
-3857E-04
.D607E-04

.90B0E-04 *

-.7713E-04

SINGLE DECREE OF FREEDOM SYSTEM

L

=.4619E-04
+3640E-064
~.0406E-04
- .6090E-04
-.4942E-04
. 1379F-04
=. 70 12E~-04
+2963E-04
-.3331E-04
-2713E-04

- =~.3239E-04

.35326E-04
~.4334F-04
- J227E~-04
.83837E-04
-.8116E-04
-.2458E-04
. 3400E-003
~. 4632E-04
+7489E-04
-.1081E-03
=~.3346F-04
. 2073E-04
~.5046E-04
.67 1OE-04
-.1319E-03
+794E-04
. 1782E-08
.3107E-04
~.9640F-04
. 1416E-04
. 1892E-04
~.4069E-04
=.60035E-04
.B877E-04
-.3493E-04
. B6OOE-04
=. 1370E-03
« 1133E~03
~. 1249E-03
+4160E-04
. 8867E-83
- .6202E-08
-806BE-04
~.3613E~-04
-.1131E-03
. 9346E~-04
-2324E~04

-.3670E-04
. 16 16E-04
. 202 1E-00

-. 1869E-03

-.B021E-04
.0 132E-04

-.6966E-04
.7081E-04

- .B6B7E-04
. BO44E-04

-.6689E-04
.8338E-04

~.6326E-04
. 4974E~06
. 1636E-03

-.7315E-08

-~.6370E-04

~. 1664E-05

-.B8392E-04
. 8B83E-04

~.6918E-04

- .7298E-04
. 7T4B5E-04

~.3222E-04
.9472E-04

-. 1194E-~03
. 8302E-08

- .B535E-08

. «2083F-04

-.7213E-04
-.3498E-04
+2115E-04
-.B136E-03
~.9420E-04
. TB3BE-04
-, 3069E-04
. 1604E-80
~.T626E-04
+4110E-04
-.6630E-04
~.4436E-04
-67T31E~-04
« 1036E-03
-.2136E-04
-.1135E-03
+4310E-04
"« 1179E-83

FREQUENCY 98.7 IIZ,
DAMPING RATIO 0.00

-.3669E-04
-~.7073E-05
«479 1E-04

-. B832E-04

-. 1029E-03
« T674E-04
-.4660E-04
"« 7T368BE-04
-.9333E-04
-9389E-04
=.7304E~-04
. 1123E-03
~. 1626E-04

-.2357E-04

-9283E-04
.7894E-04
-.5930E-04
- 1818E-04

-.4380E-04

.6232F-04
.2111E-04
-. 1022E-03
.9812E~-04
- . 4525E-04
. 8327E-04
-.6119E-04

-.5930E-04
-.9097E-05

-.6472E-00

-.2026E-04
-.8667E-04
-. 1549E-03

- 2626E-04
=.7613E-04
. B830E-04

-.2167E~-04

.B385E~04
.8501E-03

~.3186E-04

.B360TE-04
-.1116E-83
-8946E-04
-.2961E-04
. 7114E=-04
« 1153E-04

-.8563E-04
- . 4479E-04

: 1289E-03

-.1418E-94 .

~. 167TBE-04
«B679E-04
~.6831E-04
-. 1006E-03
.B372E-04
-.3635E-04

»4032E-084 -

-.9665E-04
«7T487E-04
~.B5497E-04
. 6533E-04
+4594E-04
~-.4768E-04
+3109E-04
« 1160E-03
-.4527E-04

+ 1266E-04 .

=.1737E-04
-.2145F-04
. B698E~04
-.1188E-03
+.9347E-04
-.47TOTE-04
.121tE-64
-53981E-006
-.9304E-04
. 1604E-04
~.4884E-04
.+ 1160E-04
-.6818E-04
=.3734E-04

.3620E-04 |

-.6290E-04
+BI1BTE~04
.5 150E~05

~.4928E-04

-.8352E-04
. 1450E-03
~-. 1447E-03
« TO7GE-04
-.3602E-04
. 3100E-04
. 1088E-04

« 1004E-03

*****************************#**************************************#***

“4725E-04
-.0067E-04
-3207E-04

.=, 2B23E~-04
. =.0623E-04

. 2883E-04

.=.J?GHE-04

+ 3432E-04
-.65992E-04
» 1371E-04
-.6212E-04
+6164E-05
-8734E~-04
-.13?6E-04

- =.6207E~-04

- 1087E-03
-.2704E-04
- 1003E-04
+22408E-04

~.6370E-04

«9483E-04

.=.9204E-04

«4G07E-04
=.4366E-04

-=.5296E-04

+ 713J0E-64
-.6128E-04
. 6B32E-04
-.8330E~04
-2910E-04
=, 3274E-04
=.7166E-04
.3020E-04
-.1619E-04
- 4033E-04
-.B099E-06

= 1272E~03
.8747E-04 .

« 1422E-03

.=+ 1231E~03

+ 1556E-03
-. 1869E~03
+5444E-04
-.2044E-04

»
x
*x
*x
*
*
*

+9623E~-05 -

-.2764E-04
-.3385E-04 .
-.1213E-03" .

. 2992E-04
=+ 1324E-03
+3043E-04
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. 1364E~03
.6390E-04
. 1375E-04
.3647E-04
. 4638E~04
.6G7GE-00
. 389GE-04
. 1302E-03
. 1324E-03
.3421E-04
. 6320E-04
.63 16E~04
.6894E-04
.4366E-00
.67BIE-05
. 3G97E-04
.5119E-04
. 1502E-04
. B493E~-03
.31B7E~04
.3566E~04
. 1017E-04
. 1433E~04
.B593E-04
.9896E~04
. 1501E-03
. 1143E-03
-. 1429E-03
. 1168E-03
-.6269E~04
~.6645E-04
.8287E~04
- . 2033E-04
. 1348E-04
.2369E~00
~.1973E-04
. 135 IE-03
.2147E-04
~. 1865E-03
. 2064E~03
367 1E-04
-.3254E-04
. 1329E-03

. =.1010E~-04

-.3673E-04
.8225F-04
-.4866E-04
-.3877E-04
«9223E-04
=.4111E-04
- 467 1E-04
-.4528E-06
-.9689E-04
+2064E-03
-.6314E-04
- 3953E-04
-. 1053E-03
-.4773E-03
. 1120E-03
-.7988E-04
- 1153E-03

-, 1202E-03
. 1014E-04
. 7348E-04

-.3321E-04
776F-04

L 2896E~-64

-.3444E-04
. 10B1E~-03
-.H069E-04
=.1344E~-03
+4657E-04
-.3378E-04
-.3284E-064
. 6426F-04
«7704E-00
-.2307E~04
.6617E-07
«3120E~08
=.7204E-005
-.3089E-04
~. 1098E-04
-.3200E-04
.2208F-04
-. 1696E-03
+T?27E-04
-.1400E-03
. 1160E-03
-. 1236E-03
.9993E~-04
-53648E-04
-.1300E-63
.53932E~04
=. 1293E-04
+3174E-04

~.2109E-04

-.3338E-04
.7393E~04
. 1481E-03

-.20%6E-03
.7348E-04
.6576E-04

-.7633E~-04
. 1213E-03
.2127E-04

-.6990E-04
. 7347E-04

-.B127E-04

-.6644E-04
. 1082E-03

~.1767E-04

- .3480E-04

. 1020E~-03
-.1038E~-03
+1198E-03
~.1162E-04
.3010E~-04
-.6669E-04
-.4530E-04
- 1167E~03
=-.7671F~-04
.580 1E-04

141

=.7234E-04
-.4409E-04
. 1168E-03
+ 2947E-058
+3274E-04
.3079E-04
.53663F-04

© .7284E-04

.4344F-04
. 1768E-03
. 1204E-04
. 2330E-04
.7621E-04
. 1008E-03
.3058E-04
. 1743E-04
.6647E-04
. 1420E-04
.3550E-04
.7084E-04
.2007E-04
- .5482E-04
.4367E-04
. 1074E~-03
. . 4788E-04
.B474E-04
. 1149E~-03
. 6423E-04
.4520E-04
. 1535E~83
. 1127E-03
.7522E~05
~. 18607E-04
.3227E-04
. 1097E~-04
.2460E-04
. 1781E~04
.2146E-03
. 1294E-03
.4646E-04
.8799E-04
-. 1007E-03
.2711E-04
.6027E~04
.7103E-04
.4160E-04
,T274E-04
.64 10E-04
. 1196E-03
.2432E-04
. 1756E~03
. 1519E-03
.6614E-04
.3759E-04
.3317E-04

H

—. I570E-03

»4878E-08
-.8839E-04
«J08IE-04
-.3787E-04
=.3833E-04

-. 1395E-04
~.9498E-04
.3962F-04
.2927E-04
. {114E-08
.3523E-04
- .3200E-04
.2646E-04
.1121E~-03
-.1123E-03
-.1905E-04
. B432E-04
-. 1207E-03
.30B9E-04
. 19B6E-04
.4589E-04
-. 1097E~03
.45562E-05
.8013E-04
-.B054E~04
.4116E-04
-.46567E-04
.5725E-04
-.4220E-04
. 1229E-04
.2623E-06
.7631E-04
. l069E-04
~. I1727E-04
. 1873E-03
~. 1523E-04
-.7138E-04
.3220E~04
.4377E-04
.2143E-04
. 2049E-06
-. 1024E-03
. 1765E-09
.5194E-06
-. 1130E~03
.6389E-04
.6578E~-04
-.4108E-04
.4313E-04
.53B8E-04
. BA94E-06

.4417E-04
.6625E-84
.7546E-04
-.2291E-03
. 1614E-03
. 129BE-04
~.2920E~-04
.4212E-04
- .3408E-04
.5642E-04
-.68411F-04
-.3247E-04
. 1059E-04
-.1194E-03

-3214E~04

. 4399E-04
-.1093E-03
~. 300BE-05

. 3800E-04
+ ITI13E-04
-.6012E-04

© + 1418E-03

-.4663E-04
-.2038F-04
. 1047F-03
-.1129E-03
-.2023E-00
-.1147E-03
+.6443E-04
-.6234F-04
« 1493E-08

. 1265E<03 .

-.8B64E-04

+4110E-04 |

-.1927E~04
. 3528E-04
. 1633E-04

-.4583E-04
. 4000E-04
- 7224E-03
+4237E-04

- .B8063E-04

+ 1241E~03 .

+66908E-04
-.7011E-04
- .3009E-04
«2321E-04
-.3061E-06
.8700E-04
-. 16O5E-03
-5864E~04
- 1339E-03
=-.1134E-03
+2037E-04
-. 1020E-00
-.73360E-04
. 6332E-05

~-.1697TE-04
- . 1292E-904
.26 18E-0%
.4220E-00G
. 1199E-03
-.2038E-03
.8317E-04

. 1094E-03 .

-.8349E-04
. 4484E-04
~.4833E-04
. 6734E~-04
-. 1800E-04
-.7286E-04
- 7930E-04

3

+ 6940E-04

.~ .9B27E~04
-.3685E-04

. 1790E;-04 .
. - . DO66E-05

. 2087E-04
~.3340E~-008
-.1012E-63

.9287E-04
=. 1676E-03
. 67H2E~04
+ 1073E-04
087 7E-04
. 1194E~-03
-.7213E-04 .

I

.=. 1703E~04

.29 18E-04
. 8492E-04
-, 2084E~04
-.1667E-04

.9019E-04
~.43?5F-04

.2728E~04
-.2287E-04
- 2447EZ04

. 7303F-04
-.1001E~03
.9051E-04

.=.T2B6E-04

« 7TB82E-04
=-. 1001E-03
. 1042E-04
+ T386E~04
- .8040E-04
-. 1261E-04
. 3046E-04
-. 1438E-04
. 1282F-03
-. 1014E-03

= .7069E~04

+ 2400E~03

= 4778E~-04
- . 1890E-00

. 6026F-04
-.5063E-04

-=.2228F-04
+.B362E-08 .

. 5427E-04
-.8262E-04
~.3264E-04

+6384E-04

. ~.2682E-94 .

. 1045E-03
-. 1222E-03
-. 1594E-04
. 1946E-03
-.B80846E-04
.4290E~04

.=.708%5E-04

+2165E-04
+4922E-04

=.T209E~04

. 1202E-63
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-.1619E-04
~. 2042F-04
. 569 1E-04
+2604E-04
=. 1168E-03
-09200-04
-0401F-04
-.1118E-04
.893 1E-04
~. 1737E-04
=. 1314F-03
. 9802E-04
.2413E-04

.~ +309BE-04 -

+.9391E-04
-.2340L-04
-.7860F-04
=. 199GE-04
«4209E-04
-.066G53E-04
. 1364E-03
-. 17420-04
-.6263L-04
-. 1909E-04
«2014L-03
-.1123E~03
-.8909E-065
+4042E-490
=.9633E-03
- 5323E~-04

' ~.2018E-05

=-.393GE-04
.2030E-04
-.6031E-04
-.3269E-04
.56 18E-04
-.9398E-04
. 2787FE~04
-.0206E-04
«3979E-04
=.4618E-94

+?736E-04°

- . 0906E-04
~.6240FE-04
- 1198E-03
-. 1521E-03
. 1399E-064
.0378E~-04

-.3916E-04

-. 1839E-04
-.6196E-04
«2044F-04
~. 1970F-04
« 3844E-04
. 7445E-94
-.7004E-04
-4613E-04
«7633E-04
-.4693E-04

. 1610E-04

.6751E~08
. 7193E-04

~.3233E-04

-.2929E-04
~.4203E-04
. 6900E-04
-.7270E-04
- .20890E-04
.G976E~04
-.4457E-04
. 3836E-04
.7613E-04
-. 1713E-03
.2816E~-04
. 1158E-93
-.9913E-04
. 6302E~-04
.4603E-04
~.9481E-04
-. 1260E-03
. 1285E-03
~.6033E~04
. 652BE-~04
. 3552E-04
~.89 19E-04
- . 4379E-04
~. 1158E-04
- .7874E~04
. 1818E-04
- .3247E-04
- .5O37E-08
- . 1908E-04
. 1B37E~04
-.1918E-04
-. 2280E-04
-.2109E-04

- ~.6010E-04

. 7116E~04
-.3077E-04
-6289E-04
-.7631E-04
+2196E-04
=. 1947E-04
-3260E-04

Bty 28!2E-M

~. 1030E-03
. 170 1E-03
-.9320E-04
-.6760E-04
.8109E-04
~.2044F-04
. 2963E-04
-.4423E-04
+4979E-00
+3874E-04
-.4980E-04
- 1136E~03
-.8797E-04
»3289E-904
.8169E~04
-028172‘“
=.4967E-04
< 1772E-04
. 1294E~-83

4
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. 1439E-03

-.3748E-04 -.3898E-04
-.3251E-065 . 6644E-04
~.1106E-63 -.105AE-03
.0638E-04 . .460BE-04
-.4890E-06 «6972E-04
~.6842E-04 -.6228E-04
+.2923E-04 -.2812E-08
-.3829E-04 -.2002E-05
-.4713E-04 -.1310E~09
. 1422E-03 « 1242E-03
-.1303E-03 -.3789E-04
-.79368—0;* -. 1803E-03
.- 1690E-63 . 100TE~-03
-, 1029E-03 -.B247E-04
-.3211E-04 ~.I'137E-03
.7929E-04 .7039E-04
-.5939E-04 « 1936E-04
-.2024E+03 -.2067E-903
. 1306 E-03 +9324E-04
-.4825E-04 «4766E-08
-,2230E~04 -,1133E-03
- 3942E-04 - 4408E-04
-.3308E-04 ' ~, 1721E-04
-.85087E-804 -.4062E-04
=.2161E-04 -.3678E-04
~.4000F-04 . 1653E-04
«'1408E-04 +4211E-04
=.4194E-04 -.3479E-04
-.4303E-03 - 1936E-04
-.3363E-04 -.7260E-04
.2873E-63 -, 1048BE-04
+2138E~04 . .B393E-04
-3217E~03 - ,3950E-04
-3844E-008 - 4143E-05
-. 1043E-03 -, 1008E-03
.3802F-04 .83197E-08
. J704E~04 +3790E-084
- 7903E-04 +T7B0E-04
=.7271E-04 -.1634E-04
-.1783E-04 ~.33546E-04
. 1709E-04 .38 18E-04
~.66603E-03 ~.5O98E-04
« 6782E-04 - B266E-04
-. 1447E-0] =,1160E-03
. 1303E-03 . 6608F-04
- 1326E-03 . 8326E-04
-.9604E-04 -.9071E-04
+6B43E-04 « 2948E-04
=.1032E-04 ~.2843E~03
- +6631E~-@ » 7TOB6E-04
-.7664E—:§ +4028E-04
=-.3846E- =-.679 |1E-04
. BOBBE-04 . 1206E-03
-.12B84E-03 -, 1314E-03
- 1699E-03 «J923E-04
~.6297F-04 -.3708E-03
+ 1274E-04 . 8348E-003
«3879E-04 - 4080E-085
-.4298E-08 « 2994E-04
-.1032E-03 ~-.1129E-03
+97T19E-68 -, 1979E-04
« 1013E-063

=.0341E-04
. 1248E-03
~.1363E-03
=.4444E-04
.8697E~-04
~.0164E-04

. 1B72E-08 .

. 4390E-04
~. 1468E-03
. 6061E-04
.61 14E-04
-.1818F-03
. 1109E-03
.26 10E~04

-.1619E-03.

.2338E-04
.6769E-04
- . 14G0E-03
. 2604E~04
.8211E-04
-.1191E-03
.3178E~04

-.1619E-0

-.4202

~,6000E-04 .
+2397FE*04 .

+6369E-04 |

~.0867E-04
-.4018E-04

-.08768E-04
-.1275E-04
-~.4830E-04
-.76 12E~-04
- 4347E-04
074 1E-04
+J332E-04
~.3217E-04
JT137E-04
=.9196E-04
-4879E-04
=.3611E-04
~.3864E-04

- .4036E-04
—~.1478E-04
-.1361E-04

+2447E-04

.B681E-04 .

-.6946E~04
. 1359E~-03

-.6202E-04 .

. ¢6H3E-05

.B126E-04-
. 2729E-04 -

~.1814E-04

G669E-04 .

-.7663E-04

~-.3842E-04

+ 1396E-04

. =.B139F-04

+1141E-03

~.7310E-04
=.9747E-04

904 1E-04
-.9007E-08
. 1426E-00
. 7768E~04

.=+ 1037E-03
=42 12E-04

. 1161E-03

+=.1039E-03

» 309 |lE-04
- B8489E-04

.=, 1249E~03
~.4135E-04

-5614F-04

.~ B272E-04
-=.0303E-04

-+ 1564E-03

- ~.9023E-04

-. 1312E-04
. 3B43E-03
« 197 [E-04

=.9077E-04
. 3029E~-08
. 2647E-

- =.45340E-04
+J437E-04 .

+2840F-04

. =.D564E-04

=-. 1201F-04

+7213E-03
-. 1054E-03’

.5058E-0%
-.1656E-94
.4915E-04
-.43808E-04
.7040E-04

-. 1699E-03

-.9660FE-03
. 5004E-04

.=+ 1169E-03
+ 1297E~03 .

+9296E-04
-3000E-04
-, 3004F-04

. =.2716E-04

-. 1403E-04
. 4144E-04
- .5327E-04
. 1196E-03
. 1365E-04
-.3204E-04
. 4955E=-04
. 4895E-04
~.8781E-04
. 3569E-04

.=+ ITTSE-04
»=.4411E-08
-.T766E-04

s e —

- i 2 L
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***************************************:*l********Mﬂ***************

- »
* SINGLE DECREE OF FREEDOM SYSTEM *
* x
* FREQUENCY 793.6 NZ. *
* *
* g DAMPING HATIO ©.008 *
* ‘ - *
******ﬁ*******************************************************************

- 7616E-06
-.1010E-00
. 2042E-07
-.2166F-06
-.2604E-66
-.0407E-06
=+ 6347E-07
- 1540E-06

= .4992E-06

-.2131E-06
~.4609E-06
-.46066E-06
. 110GE-038
.7 140E-06
-.1701E-03
.B679E-06

-, 1906E-06

~.2110F-06
+J102E-06

= 1790F-00

.3880E-06
-.6510E-06
- . 20083F-06
=. 1 1OBE~06
-. 1505006

- 1TO0F-00
-.2180E-06

. 1264E-056
=. 1552F-006

LB710E-06
-.2916E-06

<. 0308E-06

~.3048E-08

" .4853E~06

-. 1013E-06

«4494E-06
-.2406E-05
. 2263E-08
-.2037E-00
« 1747E-08
=.??73E-P6
+2975E-06

227 1E-06 .

-.GB83E-06
-.1381E-03

. 1488E~-05
-.1180E~05

=.3298E-
-. 4006!1—33

. B4AT7E-06

.3880E-06
-.B306E-06
-.9837E-06
=, 7013E-06

+2404E-06
-. 1202E-00

-4708E-86
~.3123E-06

+4181E-086
~-.0078E-06

+3402E-06
~.6642E-06

«4620E-06

- 1343E-00

=. 1269E-08 ’
‘= 4404E-06

. 1072E-06
~-.7919E-06
. 1154E-08
-.1637E-60
-.09B1E-06
.3900E-06
~=.0121E-06
. 1030E-05
~.2005E-03
. 1159F~-88
. 1068BE-06
.76 1BE-06
-. 1482F-03
«2120E-06
+ JOTOE~06
-.6141E-06
-. 1023E-08
+9392E-06
-.3476E~06
-+« 1316E-008
-.2078E—0:
.16 —
. i691E-03
-.567TBE-~06
+ 1926E-06
-. 1032E~-06
« 1229E-03
~.5204E-06
-. 1834E-083

~ + 1464E~08

- 4240F-06
-.569 1E-06
-.430BE-066
-.6721E-06

+2334F-06
+6096E-07
-.1686E-08
~. 1208E~-00
.B277E-086
-.1092E-05
. 1088E-03
-.0381E~-06
. 1233E~-08

-.1013E-03 -

. 1278E-00
~.9683E-06
=.3997E-07

. 16J5E-05

~.7611E-07’

-. 1956E-08
..9718E-08
-. 1329E-0
. 1344E~0
-.1010E-08
-.1199E-08
» 1 183E~03
=-.7034E-06
. 1423E-00

=. 1786E-03

+4TBOE-07
-.8704E-07
. 308B8E-06

- =, A121E~03

-.3487E~06
- 3233E-06
~.9513E-07
-. 1493E-05
. 1168F-08
~.4330E-06
« 1922E-08
=.1114%-03
.5390E-06

-.9724F-06

=.7339E-086
- 1049E-08
- .3024E-06
. IS350E-03
-.2770E-06
~. 1788E-03
. 639 1E-06
. 1989E-08
-.6113E-06
-.9282E-07
-. 17808E-08

=. 1300E-06

. 76B3E-06
- 1369E-0%
. 1630E-05
- 1212E~08
»7041E~06
«1111E-03
. 1416E-03
. 143 1E-03
. 1105E-035
. 1221F~-08%
+ 2004E-06
- 4022E-06
. 1433E-03
« 1292E-03
-9616E-06
. 2749E-06
+6733E-06
. 7890E-06
« 3942E-06
. 1613E-03
. 1499E-00
+6362E-06
- 1227E-00
.B770E-06
. 2837E-06
+ 1426E~06
.BOG6E-0O7
+J253E-06
« 1343E-08
- 4348E-07
4399E-06
. 11806E~-05
" 1296E-03
. 2898E-06
- 7B9QE-06
+ 1967TE~06
. B427E-06
.8939E-06
. 1726E-08
- 1341E-03
. 3928F-06
. 1044E-03
+2263E-06
-. 1321E-03
=.7873E~-06

+2032E-03
~.3882F-06

. 9978E-06
-.2386E~-88

)

1

-.2737E~-06
.8879E-06
-.1027F-03
-. 1592E-05
- 1300E948
-.B3203E-06
+3816FE-06

-.1467E~058"

«1126E-00
~.8204E-06

-9887E-06

+74B6E~06
-.7510E-06

+4393E-

. 186 1E~03
-.7004E-06

. LB97E~06
~.2164E-06
-.38685E-06

-.1821E-03
« 1236E-06

+ 1436E-66
~. 1407E-068

.+2182E-06",

-.7208E-06
« 1633E-
=-. 19043
-.9201E-06
.B638BE-06
~.9041E-06
. 1221E-08
. |279E"'06
-.8099E-06
« 1392E-03

.=, 1296E-05

.2231E-05
+2191E-05

. 1016E-03
-.4927E-06

.7438E-06

. t8B3E-06
-.4847E-06
+ 15809E~-03
=.TT72E-06
- 1690E-83
-.20656E-05

. =.7906E-06

. BOO6GE-06

.=, 3B8B6E-06
.~ . 8834E-06

- 4210E-06
~-.5423E-06
+4972E-06

.=+ 1660E-05

- 1BIJE-06

.~.9459E-06

+6938E-87
» 1374E-03
-. 1915E-06

=~ 10B6E-03

. 1711E-03
-.3789E-36
+ 106 1E-06
. 396 1E-06

=. 1018BE-03
. 1390E-05 .

« 1466F~05

.=+ 1371E-03
. 1385E-05 .
.¥.6834E-06

.6360E-06
-.6180E-06

.=~ .BD604E~006

+ 1110F-065
- 9006E-06
. 1603E-05

.=, 1253E-00G

- 43508F-06
-.4840L-06
=-.1136E-086

- 465 1E-06
-.209 1E-06

-GBO9E-06

+ 1495E-07
~. 1997E-00

+.2198E-05

. TB63E-05

+2354E-05
-. 1672E-008
« 7624E-06
-.2740E-06
. 1284E-06
~.4463E-06
. 5207E-06

_~.2089E-0%
. . 4196E~06
-.7318E-06

» 1727E-08
-.1108E-03
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. 4580E~06
-.1819E-08

.B576E-06

.9228E-06
- . 2083E-06
. 1377E-03
. 19 14E-06
. 213 1E-03
. 1634E-03
.47B2E-06
.6765E-06
. I503E-05
. 2099E-06
. 1324E-03
. 27B6E-06
. 7278E-06
. 1090E-03
- .2097E-03
- . 1878£-06

-.10G6GE~-03
-.2703E-06
+6616E-0

-. 1772E-03
-. 1404E-06
+ 7T467TE-07

+=. 1632E-06

Y B256E-06
<,7986E-08
-.6170E-06
. 2933E-06
-.. 9048E~06
-.5362E~06
.8993E-06
-. 1445E-00
. 37B9E~-06
-.7921T-06
.6001E-06
- .6982E-06
. 1172E-03
-. 136 1E-00
-.1013E-00
. 1890E-095
-.2345E-08
. 1218E~06
. 1400E-00
-.6370E-06

'=.3155E-06

-.9331E-066
«3486F-06
~.2088E-06
. 5488BE-06
. 1193E~03
~-. 1082E-05
. 6633E-06
. 1249E-05
-.7556E-06
. 2290E-06
‘|602E‘06
- 1102E-03

~.2140E-03

t&

-

/\

. 1695E-086
-. 1082E-03
-=.0379E-06

+9834E-06
-.6894E-06

-53444E-06

. 1270E-00
~.2699E~-05

- 37I6E-06

- 1920E-03
-. 1608E-03

+9440E-06

.8301E-06
-. 1346E-03
=. 1967E-03

. 2063E-03
=.9497E-06

+9836E-06

+6467E-06
-. 1433E-05
~.V312E-06
~. 1438E~06
~. 1236E-03
~.2931E-06
-.B037E-06
~. 1012E-06
-.3081E-06

. 23589E-06
-.2877E-06

+J316E-06
~.2934E-06
-.9000E-06

& .1102E-05

-.5034E-06
+9289E-06
-.1170E-05
«3211E-06
~.2828E-06
. 4837E-06

‘=.4056E-06

-. 1620E-00
.2706E-05
-, 1372E-08
~. 1162E-05
. 1308E-05
-~ .3644E-06
.4111E-06
- .6443E-06
.3483E~07
. 6328E-06
~.7993E~06
. 1768E~05
-.1317E-05
.437 1E-06
. 1314E-05
~.4297E-06
-.B177E-06
.3163E-06
.2018E-08
-.1917E-05

144

-+ 1312E-08
- T16BE-07
-.1136E-005
-4569E-06

2 B545E-06

—.8048E-06

«2344E-03
~. 1990E-08
=. 1343E-00

.27 18E-03
-. 1588E-08
-.0993E-06

» 1194E-03
=.9370E-06
-.3203E-08

.2141E-08
=.7153E-06
~.4368E-06

. 6760E-06
-.HB267E-06
-.9191E-06
~.2997E-06
-.6176E-06

. 2048E-06
~.6466E-06
~.B223E-07

-~ .B437E-06

+ 46285E-07
. JBS3E~06
+2944E-07
.B191E~07
-. 1622E-08
+D6B6E~06
+6BO6E-06
- 1196E-08
=.1119E-08
-.2938E-06
- 2813E-06
-.1160E-06
+ 1078E~-03
-.2236F~-05
«2277E-08
+ 1209E-06
-. 1667E-08
. 1643E-08
~.B722E-07
" .9791E~-06
+3037E-07
~.6220E-06

. 1209E-05.

-..1988E-03
. 1656E-08
-.5020E-06
. 1310E-06
.6098E-06
-.2994F-97
~.1652E~-05
. 16 10E-06
.2254E-08
-.1104E-05

«6660E-06
- 1160E-08
-.9913E-06
-.8982F-07
-2813E~07
-.2097E-08
. 1923E-03
~.4930E-06
-.290BE-00
. 2348E-08
-.7303E-06
-. 1884E-003
. 1219E-03
. 3348E-06
-.3268E-03
. 14933E-05
« 1419E-06
-.1840E-08
-6946E-06
-.2079E-06
-.6866E-06
- .5494E-06
. 2784F-06
- 6438E-06
~.3311E-06
+2938E-06
=.1134E-0%
~. 1¢BBE-06
. 8938E-06
-.6260E-06
- 647BE~07
- . 1542E-00
. 2887E~-07
- 9488E-06
+ 1203E-03
~.248BJE-06
-.08358E-06
+5903E~06

‘~.9187E-06

. 1280E~05
~. 1756E~a5
«9393E-06
. 1382E~08
-.1417E-05
. 3824E-06
. 4292E-07
. 1057E-05
.650TE-66

=-.1082E-058

~.1997E-08
+8409E-06
~. 1393E~-07
.9597E-07
+33I7E-07
3 lm—OG
-.1779E-08

~.9318E-06

. 1087E-03
~. 1608BE-96

~.7628E-06 ,.~. 1863E-03

« 1690E~808
-.7713E-06
~.3987E-07
~y2299E-08

- D7608E-06
. 1064E-005
. 2873E-05
. 1652E-008
.B283E-06
. 2098E-00
- 336 1E-06
. 1140E-05

i

«3487E-06

+ 1349E-05
-. 1882E-05
- 4483E-06
« 1736E-06
. 1018E-06
-9311E-06
.39538E-06
- 7O87E-06
«2631E-06

\J909E-06 .

-3040E-06
«7T248E-06
. 3439E-06
. 1385 1E-05
«2191E-06
. 708B6E~06
- 1234E-008
. 6846E-06
-9082E-06
-3167E-06
+488B9E-06
. 1098E-006
-1413E~-68
+ 7258E-86
-.4943E-06
+ 68 16E-06
. 20350E-05
-.5660E-06
-.3288E-06
. 1854F-06
.3633E-06

104BE-05
. 2062E~-08
.8939F+06
.427BE-07
.8409E-06
. 4352E-06
~.3324E-06

.9212E-06
-. 1178E-08
.6407E~06
.2433E~06

.2273E-05

- 1468E-008

-~ .6746E-07
= 4104E~07

+ 1228BE-058
-, 1374E-05

.~.7T836E-06

+ 1870E-035

.=« 1679E-005

+3600E-06
. 1426 E~-005

.=. 1947E-00
.=+ T202E-06

.9005E~06

= 7920E-06
.—.9088E~-06

J2ZT9E-056

.=. 1369E-05

-.2848E-06
« 126 1IE-06
+3022E-06

-. 1474E-008
.5969E-07

. +4076E=p6
..42685:86

. 1497E-05

—.4710E-06

~. 728 1E-06
+4346E-06

.~.1311E-05
_~.2167E-06

. 1849E-06

.=+ 1662E~05

.B736E-07

-.2339E-06 .

. ?8533E~-06

.66 18E~06

. 1195E-05
-.1681E~03
-. 1987E-06

» B427E-06
-. 1837E-0806

. 1405E-05

. 5696E-06

.=.5455E-06

-7200E-06 .

¢

- =.4094E-06
.= 2082E-06
. .O743E-06 .

+6116E-06
-.8109E-06
. 1803E-03
«2BO3E-06
-.5390E~06
. 7634E-06
. BO74E-06

-~.6361E-06

565 1E~06
-.2299E-06

.~. 1074E-06
-=. 1226E~03

. 1698E-035



- 9840E-06
=. 167 1E-06
~-.6169E-06

. 7218FE-906
~.7320E-07
~.6L22E-06

+ 2049E-05

- =.2034E~-05
=.6242E~-06
. 1067E~-03
~. 1018E-00
. 0483 E-06
3141E-07
=. 146 1E~-06
-.56686E-06
.8141E~-06
- 2396E-06
=. 1306E~-06
- 4648E-06
-.51068E-06
= 1844E;06
.2317E-06
. 1336L-03
« 1G21E~-03
-.2294E-03
- 1724E-03
-.2184E-03
+ 17GOE-03
~-.9219E~-06
«1110E-03
. IB00E-05
- 26308E-06

. 1512E-06

L 622208-07
-. 3120KL-06

L20UG1-05

AO87E-06

-.29G2E-05
".3191E-03

+ 6935E-06

=.6129L-06
J2118E-03
=. 106G0L-06
=.9505-06
« 13321-03
~-.76171-06
-.6300E-06
. 1481LE-03
-.66%90L~06
. 6832E-06
«9673L-07
=. 1569E-00
«31941-03
-.UB17E-06
-5069F-06
=. 1674E~-03
-. 1089L~-06
- 17GOE-03
=.1196L-05
« 1728E-03

. 1211E-06
< 1236E-03
-.6298E-06
. B6B7E-06
49053E-06
-.0706E-06
« 1666E-05
~.7184E-06
-.2102E-083
- T974E~06
-.7878E-06
-.60380E-06"
. 107BE-0%5
» 1192E~06
-.4363E-06
. 1970E-07
- 4708E~07
=. 1043E-06
<. 6390E-06
-, 1481E-06
-.8276E-06
. 3368E~-06
-.1683E-63
- 11G6E-05
-.2119E-08
« 1'T42E-05
-. 1874E~03
. 1506E-03
+9347E-06
- . 2036E-00
-8741E-06
-.1166E-06
+4474E~06
~-.3225E-06
-.B128BE-06
. 1110E-60
. 2377E-03
-.3199E-08
. 1038E-05

- 1183F-00

=. 1249E-00
. 1839E-80
- 42G9E-86
~. 11G7E-038
+ 1149E-00
-.1221E-03
-. 1607E-003
- 1708E-03
-.2580E-06
-.9211E-086
« [667E-0%

© —=. 1603E-03

« 1762E-08
~.B327E-07

- 3B82F-06
-. 1009E-83
-.708 1E-06

« 17685E-05~

-.1121E~08 .

+ 7848BE-06

145

-.7449E-06
. 18602E-05
«TITIE-07
.48096E-06
-9079E-06

-.0840E-06
« 1084F-00
+7612E-06

~.2797E-08
. 1449E-06
+ 4464E-06

~. 1262E~08

. « 1588E-05
', B206E-06
+2242E~06

-. 1023E-03
«21536E-06
.3684E-06

=. 1123E-08
+3123E-86

~.8341E-06
- 6497E-06
~. 1632E-03
. 6888E-06

-. 1287F-08
. 1738E~08

-.9049E-06
- 6634F-06
« 2422E-08

~.1726E-08
«2942E-07

-.2099E-06
.7946E-06

-. lB20E-06

~.3610E-06

-.329 1E-06
. J377E-08

=. 193 1E-08

-.B683E-06
« 1432E~-05

~. 1038E-03"
+J269E-06
« 1093E-03

~. 1132E~03
-6031E-06

- . 1064E-03

~.1041E-03
« 1642E-Q8

- 4276E-06

-.27Y93E-05 -
. 2382E-00

=.9619E-06
- H493E-06

.6180E-06 -

-.0 l“E-O?
+68039E-07 .

=. 1342E-08
-4881E-06

-.0121E-06

~.6102E-86

-.1513E~08
+9148E-06
- BOBTE-06

~.J260E-07
. 8737E-06

-.4708E-06
+3477E-06
. 1BO6E-08

-. 1722E~05

~.3812E-06
- 1393E-05

-=. 1906E-05
. B697E-06
.3818BE-06
6759E~06

=. 1702E-08
-6104E-087
« 1208E-05

~. 1249E-05
.6 1B6E~06

-.6878E~06
. 85673-06

-.6102E-06
- 1462E-86
+4BO7E-07
. 1161E~058
» 1934E-06

-.2068F-06
- 2904E-085

~. 15858E-06

-.1201E-83

=.4694E-06
- 69 10E-06
+3132E-06
+ 2924E~-07
-. 1634E-08
+ 2707E~-08
« 1244F-06
~. 1876E~00
+9964E~-06
-.9448F-06
-.7337E-06
+ 7269E-06
-.8124E~-06
-.8720E~-07
<~.43343F-06
-.7018E~06
, +98706E-96
. 1231F-08
-.3588E-03
+ 2460E-08
. 3160E-06
-.0711E-06
«69 12E~-06
-+ B663E-06
-.1233E-05
~.83793E-06
+2111E-06
-.1877E~-08

. .

N .

-. 1706E-68
~.9986E-07
»3303E-06 .
.B776E-06
+3130E-06
+9912E-06
-2217E-08
-.6414E-06
~.4044E-06
- 1669E-08
-.1722E-03
-. 1308E-06
+4377E-67
+98B49E-06
-.9636E-06
+ 1920E-07
+1986E-00
-~.B823E-06

-.2084E-06
+52060E-06
« I962E-66

T=.7282E-06

-6430F-06
. 1139E-06
.6568E-06
-. 1243E-05
. 1872E-95
. 1140E-085
-.1219E-08
- .4824E-06
.0905E-06
-.2965E-07
.9087E-06
~.2351E-05
.7B383E-06
. 2203E-05
-. 1803E-05
.83676E-06

=-.1227E-80
+9237E-07

- 1814E-06 .

=.3344E-06
-.1611E-06

-4976E-08
. 18690E-05
-.3137E-05
« 1189E-05
« 1814E-05
-.1352E-05
+658B1E-06
-.68BO7E-@6
-9B77E-06%
~.2312E-06
-.1180E-03

. 1240E-03 .

- =.2477E-008

+=. 1500E-05
. =.6400E-06

+433BE-06
~.4990E-07

.=, 54908E-07

» 1492E-03

-9989FE-06
- 3804E-06
—-.9200E-06
. 18643E-05

.= 1039E-08
-~.30682E-06
- —.4238F-06

» 1327E~-008

-=.3891E~-06
.~ 26832E-06

» 1388F-03

. =.6378E~-06
+6035E-06 .

- J876E-06

- =.9277E-06
.=+ 3977E-06

. 1148E~08

.~. 1545E-05

. 1380E-05

-=.1104E~05

- 1197E-008

.~. 1822E-053

« 7006E-067
+ 121 1E-03

- ~.7741E~06
.= 2440F-06

-5 104E-06

. &.2425F-06

- 2002E-008

-=. 1543E-05

-. 1203E-03
. 3803E~03
-.6870E-06

.~ .8463E-07.
«B343E-07 .

. 16J6E-05

-—=.B8860E-06—

- . 4088E-06
. 9228E-06
<+, 5465E-06

-=.5096E-06
+6147E-07 .

+ 1639E-63

= . 46T7E-06

. l624E-03

+—. 1816E-08

-.3657E-06
. 3090E-03

=+ 1345E-03

.8736E-06
-.1017E-03
.2784E-06
.B092E-06
~. 1120E~@5 -
. 1833E~05
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***************#*******************************************t**************
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*
*
*x
*
*
*
b

.6044E-06
+9676E-06
. 1433E-05
. BB 19E-06
- 2106E~06
- 9234E-06
. 1636F-06
-.2987E-06
+ 2972E-06
+BO2Z1E-066
. 1514E-006
. 8330FE-06
- 1419E-03
. 1833E-00
.0612E-06

t

i

-, 2725E-03.

+2681E-03
=-. 1862E-00
. 1906E~-06
« 100BE-05
=-.4285E-03
+ 3437E-00
~.2063E-03
-.5418E-06
. 2922E-053
-.5432E-08
. S?770E-008
-.2816E~-03
- 1023E-08
. 1010E-00
-.J84BE-00
+ 2906E-60
-.2?27E-00
-+ 1104E-06
+ 2724E-05
~.3639E-08
- 3922E-08
-.4788E-08
+ 3094E-03
-.963BE-06
- .4976E-06
- 1910E-0%
-.2165E-08
- 1676E-08
-.7482E-06

- —.2369E-053

. 3586E-0608
-.3925E-08
. 1317E-68

SINGLE DECREE OF FREEDOM SYSTEM
FREQUENCY 793.6 HZ. )

DAMFP IRG RATIO 0.08

-.7733E-06
.B424E-06
-.1198KE-05
- .B8683E-06
-. 128 1E-06
- .GOO3E-06
~.8395E-06
. B683L-06
- . 1543E-05
. 17 10E-05
-.2165E-05
. 14BOE-05
-. 116 1E-05
.5632E-06
. 2062F-00
-, 3043E-03
. 1346E-03
-.3757E-06
-, 1728E-03
. 3369E-05
~. 437 LE-03
. 1356E-05
.5500E-06
~.3279E-05
.4775E~-05
-.583 1E-08
.3683E-05
.27853E-06
~. 1984E-05
.2439E-05
-.3203E-05
.2146E~-05

~.4949E-06

-.3144E-08
. 4498E-08
- .4067E-08
. 3427E-05
~.2471E-00
+2834E-06
-9266E-06
~.2439E-06
+2794E-05
~. 1683E-05
. 1323E-05
. 4649E-06
-.3697E-05

. 3832E-03

-. 1380E~-08
= 9‘39!‘"“

-

- . 6636E-06
.4666E-06
. 8827E-07
.2110E-05
.8094E-06
. 2800E~-06
. 1365E-005
. 2002E-05
.2121E-08
. 2438E-03
-. 1954E-05
. 1872E-05
.8281E-06
. 6520E-06
.299 1E-03
. 1865E-08
, 3720E-06
-9183E-06
-.3304E-05
.3781E-00
.29 | 3E-05
. 1176E~05
. 3427E-05
.4832E-05
.5016E-03
. 407 1E-08
. 1739E-07
.27BBE-08
. 3904E-03
. 2627E-08
-.2466E-03

. 1383E-06

. 198BE-05

I

1 I [ i

- -.4873E-08

+4664E-080
-.2628E-08
. 1543E-08
- 6427E-86
-.2036E-68
< 2427E-03
-.3436E-08
« 2642E-08
-.4305E-06
. 356BE-86
« 14653E-05
=-.3834E-05
«2324E~08
. 1682E~-63

-.6313E~06
-.6711E-07

+9707E-06 .

~.2230E-03
=.7782E-06
. 1130E-085
. |1490E-8%
+2237E-03
-.2430E-05
«2135E-08
-. 1284E-08
- 1328E-08
-4731E-06
-. 15331E-00
.2921E~-03
-2B96E-06
=-. 1693E-88
«2199E-05
-.2993E-05
+2486E-03
« 1102E-06
-.J366E-05
. 3003E-05
-.4192E-03
. 3309E-65
=.7294E-06
~.3631E-038
4275E-08
-.4150F-05
. LB29E~-03
-+ 1103E-05
-.3130E-08
"+ 3705E-08
- .4544E-08
.3393E-060
-.2789E-06
=-. 1200E-03
- 3487E-05
=.4191E-08

-3689E-083

-.3190E~05
. 1393E-05
+9482E~-06

-.9317E-06
".2063F-08

- .2749E-03

-.4762E~06

-.2848E-06
-.4366FE-06
. 1423E-03
-.1958E-60
-.1197E-05
. 1775E-038
-. 1479E~-08
. 1482E-03
-.19232—35
. 1110E-63
~. 1B34E~-06
. 1048E-06
. 1766E-05
-. 1985E-085
. 1462E-05

.2150E-008 .

-.2641E-05
.2366E-05
-. 1868E-05
- .85B2E~07
. 2945E-05
-.5007E-05
. 4805E~05
-.2626E-05

-=. 1172E-06

.2724E-05
-.8760E~05
. 444 1E-05

. ~+3102E-08

+J928E-08

l-.SBQTE—OG

v

-.2600E~07

« 1169E-68
-.4130E-03
. 9E-08
. BE-08
. 1129E-05
.2312E-08
-.4161E-035

» 3040E-08
-.4174E-03

+ 346 1E-035
-.1951E-03
=.4306E-06

+ 1774E-058
-.1284E-056

. i400E~08
-.70851E-06
-.3292E-00
" +4603E-03
-.37J3E-08

**************l************************************t****************#***

+7944E-06
-.1127F-68
. 1968E-08
~.9958E-06
-. 1093E~08
. 127 1E-05

-, 1276E~-05

. VT7OE-06
-.7706E-06
-.0860E~06

+2741E-96

.~. 1018E-005

«2422E-05
-.10B1E-05

-.9807E-06

+3217E-08
«25379E-03
- 1724E-05
49 18E-07
-.2349E-05

+4326E-00

.~.4560E-03

«2628E-03
-.2586E-06
+3406E-03
" .5196E-08

L~ ,.B220E-05

+3426E~008
-. 1095E-05
+ 1956E-05
- 2849E-05

-=.4288E-0%5,

.2392E-05
.7316E-07
. 1649E~05
. 3540E-05
- .8489E-05

x
*
*x
x
*x
*x
*

.4889E-08

-.2928E-65
. 1708E-05
.2189E-06

-=. 166BE-05

. 2019E-05
~.1196E-008
- 2472E-06
+ 16867E~-05
~.4626E-03

+3393E~08
-.2276E-08



T

T

-~

.5600E-07
-. 1170E-03

+3405E-03
-.3238E-03

,3472E-03

,687bE-06
-.260B6E~-00

. 3403E-03
~.4284E-03
-.6780E-06

.3987E-03
-.4446E-03

. 3048E-03

. 34156E-06
-.2719E-03
. 2616E-03
L3011E~-03
. 2023E-03
. 1603E-03
. 1436E-03
. 1228E-035
.3295E-08
.210BE-03
. 1126E-03
.2317E-03
. 169BE~-08
L2139E-05
. 15B0E-08
.5400E-06
. 1039E-03
.8333E-06
.99 18E-06
.3769E-06
.3670E-06
.4069E-06

-+ 4660E—-06
-9179E~06
. 1088E-00
. 1244E~-03
. 1683E-00
161 1E-00
. 1489E-08

+343 1E-08 .

-4876E~00
. 2099E-0%8
. B760E~-06
-2567E-00
+. 29 14E-03
+4067E~-00G
. 2305E-00
- 2479E-06
+ 1474E-00
.4807E-05
-.5230E-05

. J760E-08

. 7389E-06
-.3204E-08

+4378E-00
- .3026E-03
. 2504E-00

. 1336E-03

. 1860E-03
-.3708E-00

. 4263E-05
-.3056E-00
-, 0724E-07

. 32082E-00
-, 46 12E-00

. 4305E~03
-.6519E-06
-.4408E-08
.5O99E-05
.2697E~06
. 1510E-06
.2909E~08
-.3334E-053

.2167E-05
-.3741E~08
.2237E-03
.3850E-07
. 7288E-06
.2821E~03
.3720F-05
. 707B5E-06
. 1743E-06
.3103E-05
.2073E-053

I

+4733E-06
.6769E—~06
+ 1366E~00
« 1123E-08
-.4729E-06
+4431E~06
+307BE-06
+6166E-06
.5434E-06
+9323E-06
. 1400E-083
© .79 1BE-06
.+ 3442E-06
+4131E-086
+ 3640E-07
. 2840E-008
+4718E-08

]

=.2935E-06
+2938E-00

.3368E-05
.2668E~05
.601BE-07
. 2749E~08
- .4283E-05

. 5745E-08
-.4319E~08

. 1165E~-08
~ 3463E-05
- . 4497E~08
- .3119E~08
-. 1345E-00

.9963E-06

-.1418E-05 Q.QBBGE-O6
»

+2193E-08 - -

+3612E-08 -

+3647E-05
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-3121E-008
=.4790E-08
- J027E-00
-.4381E-06
-.3127VE-08
«4377E-008
=.4927E-08
. 1399E-00
.3420K-00
-.6296E-08
»3692E-03
+.J281E-06
~.3033E-80
. 364BE-008
-.J002FE-03
. 1088F-05
-.2996F-03
- 7620E-06
« 1300E-08
-.25399E-008
+2830E-03
=.2006E-08

-.1011E-05.

. 1370E-03
-.3019E-03
. 1963E-08
« 1213E-035
-.8737E~06

-912BE-06
-.1511E-083

. L1B8E-03

- 1860E-07
-.6237E-086
- TY72E~-06
. 3962F~06
.3639E-06
- 1170E-005
=.1396E-03
-.4741E-07

+ 4402E-06
-.6928E-06

+ 2026E-08
~.3770E-08

.4643E-03
-.8643E-06

‘=, 2744E-83

416 1E-05
-.3416E-03
. 2903E-03
".82“5'07
-.2641E-08
47 17E-08

-=.3688E-03

+4316E-03
-.1617E-08
=-. 17T90E=-003
-4363E-03
e moz".
+$430E-06

« 1 164E~08

+2083E-03

-3907E-08
+4287E-05
. 1096E-085,
- 2896E-08
- 4682E~-05

. +3B65E-03

.2280F-03
-2611E~08
.5647E-08
.3883F-03
+3242E-06
+J164E-08
- 4704E-05
- 2834E~03
« 1326E-05
. 2204E-07
. 1290E-03
+9393E-066
« 2473E-03
«3763E~-08
. 2002E-03
+2877E-06
«2275E-08
« 1796E~-00
. 1664E-08
+ 1163E-03
-‘2213 -06
. 134 1E-03
+6893E-066
. 1080E-065
. B887E-06
» 1260E~06
.BB66E-06
+92179E-06
.3268E-07
983 1E-06
. 1178E-058
-4598E-06
.6B26E-06
» 1184E-03
. 1820E-035
+ 2498BE-~03
-J067E-05
. 1740E-08
«2143E-08
-4198E-03
«3738E-03
+ 2004E-03

. 2835:-05

- 4360E~-03
+3346E-03
- 4876E-03
- 1468E-00
- 1831E-08

. 2069E-05

-

.3465E-08 . 1450E-05
-.Z192E-03 . ,6001E-06
-.2326E-05 . -.4620E-03
- .47T73E-053' . .B518BE-03
-.4696E-03 .-.2600E-03"

«2364E-83 -, 1020E-06

.9326E-06 . 3883E-05 °
-.0419E-08 -.6080E-03

. B735E-08 .3248E-08
~.2693E-03 . . 1034F<053
-.2B22E-05 -.4695F~-005

.5291E-08 .. .5317E-05
~.4457E-08 ~,2432E-008

.6382E-06 -, 1499E-00

4169E~-06 ., 1841E-03
-.1333E-68 .-.2599E-05

. 6839E-06 . 2074E-03
~.2153E-03 '. ~,2660E~00

.311BE-05 . .3106E-03
~.2943E-08 .-, 1174F-08

.4066E-06 -, 1668E-08

. 1266E-03 . .248B4E-00
~.2334E-08 ~,1968E-083

. 1150E-05 -,4981E-06
~.2872E-06 . .9477E-06
-, 1687E-06 .-, 1496E-08

.2039E-003 . .2098E-005
~.1130E-858 =.2046E-07

+2006E-06 .-.4364E-06
-.6312E~06 . .2384E-06
-.2401E-06 .-.B8476E-06
-.1950E-06 . -,2693E-06
~. 1044E-08 . -, 6209E-06
-.0183E-06 ~.B8346F-07
-, 1002E-08 -, 1427E-085

.8040E-06  ,220TE-066

.8984E-06 ~.2364E-06 |

.5301E-06 . .1053E-03
~.9896F-06 -, 1284E~-03

. 1868E-03  , 1921E-03
-.2368E-065 ~.2355E-05

. 1753E~653 . 19|6E-96
-.1028E-03 . 1460E-08
-, 1268BE-053 ~,3734F-03
- ,4366E-08  .4419E-0G
~.3840E~03 .-. 1846E-05

. 1902E-053 -.339GE-06
-.16135E-066 . 1634E-03
~. 1524E-65 ~-.3299E-03

.4008F-03 . .3866E-05

.~.4383E-63 ~.2H80FE-00

.4296E~-053  .1933E-085
--1965E-6% . .217BE-03
~.1862E-05 ~-.4279F-03

.4615E-08 .B5039E-63
-.3800F-03 -.2150E~03

+2334E-65 . —.5000E-06

1082E-03 = .3278E-03
- 3E-03 .-.4479E-03

.0006E-08 .3301E~-08
-.2795E-6% -, 2572E-05%

. 2080E-03 .6340E~-06



8S8C

~. 107 1E-08
.244 | E-05
- -,3361E-03
.25 19E~00
~.2384E-06
- .2291K~-00
.5107E-00
- .56567E-05
. 1726E~00
. 1827E~05
-.46 10E~08
. .57 10E~03
~.3G692E-00 .
- 1649E~06
. 2254E-08
- .3527E-08
. 439GE-08.
- . 2699E-03
.6290E-06
.2010E-00
- . 42B80E~00
.4346E-00
- . 3858E-00
. 1976E~00
~.7?89E-06
.7685E-06
. 16 16E-06
.B257E-06
. 1790E-08
.56453E-06
’ . 4904E-06
-.B269E-06
.9298E-06
.9585E-06
.5963E-06
. 1994E-05
.5263E~06
.266 |E-03
. 4600E-03
. 1350E-85
. 2336E-06
. 3065E-08
+2699E-03
. 1469E-03
. 4424E706-.
-. 1866E-05
. 1727E-05
.'7677E-06
.2672E-06
. . 1492E-03
. 1702E~05
. .5266E-06
. 410 1E~08
- .3247E-03
. 2747E-03
~.2730E-05
. 4016E-06
. 3842E-05
-.4579E-03

+4876E-00
A2GOARJ

ot 1

t

-.2721E-03
.3704E~-053
-.235 IE-03
. 10 1BE~-00
. 202 1F-03
-.3693E-d3
. 4B33E-005
~.3009E-05
-.2446F~-08
.4136E-08
-.3466E-058
.3169E-005
.3400E-06
-.2701E-05
.4163E-03
-.4314E-03
+2760E~-00
-.2131E-06
- .30BOE-00

+ 406 1E-08.

-.5010E-05
.2966E~05
~.1928E-08
-.6063E-06
.80B0E-06
-.1031E-03
-.4903E-06
. 195 1E-08
-.8?773E~-06
- /7302E-06
.894 1E-06
-.9193E-06
. 1472E-05
-.1250E-03
~.8364E-07
. 169 1E~03
. 1344E-08
-.3783E-65
.2942E-08
.3830E~07
~. 1841E-08
.4139E-03
-.23218E-08
. 1043E~06
. 1936E~-085
- .3486E-08

« 1494E-03 -

. +3845E-06
~.7892E-06
' .BO9E~-06

.2708E-06
~. 1926E-085
.3778E-05
-.2331E-05
. - 1494E-06
~.6372E-06
~.2571E-08
.4857E-00
-.4831E-05
.2264E-005

=. 1260E-08
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'-.3340E-008

. 3406E-08
-.1283E-06
-. 1068F-03.

. 306 1F-00
-.3787E~008

+JO093E-00

+709TE-06

-.36B3E-00

+4792F-00
-.3468E-008
-.1611E-06
+4992E-00
-.42783E-008
+4807E-08
-.3737E-08
" +4298F-06
»2936E-00
-.03293E-05
. 4586E-00
-.3038E-00
L 7974E-06
+4413E-06
~.26 1BE-05
« 1942E-08
-.2336E-06
-. 1033E-03
+2270E-058°
+3829E-06
~.1343E-08
- 8249E-06
-.1213E-03
+ 169 1E-03
-.6988E~06
-.3910E-06
. 6050E-06

© +3141E-08
‘=.3227E-0%

.3464F-06
. 1731E-03
~-.3398E-05
.30 1BE-058 °
-.3846P-06
~.1826E£~08
.2A729F-08
=-.3692E-00
.'7106E~-86
. 1976E-08

-.9695E-06
. 206708
- .2453E-05
. 265 1E-05
-.6143E-06-
~.506B4E-06""
. 1BI6E-05
-.4693E-03
.3370E-05
-. 1803E-05
~. 1444E~-05

CHANDRA ¢ 82/63/31. 09.03.34,

-.2933E-68
« 1064E~008
. 2042E-08

-.2663E-03
. J632E-083

- .2333E-83
+ITI1E-06
-4124E-653

-.6141E-08
«3651E-83

=-.1348E-06

-.3938E-008
» J654E-008

-.4478BE-03
. 3522E-03

~. 1832E-05

~.2267E-00
« 8223E-08

-.3500E~00
+3337E-08

-.8740E-06

=-. 1482F-003
+«2937E-05

=.3446F-03
«2034E-05
+T489E-06

-. 1220E-03
. 1769E-03
« 1838E-058

-.8290E-06

-.2208E-07 *

-.1289E-08
« 1143E-03
+4210E-06

-.7303E~06

=-.8430E-96
J243ER5

-.1227E-03

~. 1669E-08
+ 2874E-08

-.3338E-68
« 11534E-0%
. 8008 1E-06

-.2689E-03
- 2490E-08

‘= .2389F-03

= . 4480E-86
+2613E-806

. =-9126E-06
=, 2548E-08

« 3403E-03
~.1741E-08
- B4OTE-06
« 1030E-05 .
-.2365E~-03
- 3462E-03
—~.3869E~05
. 860 1E-06
« 1016F-03
= 403E-03
PLOT o -

-.1479F~08 .

-. 1563E-08
- +3026E~-08

-.2899E-00 .:

+ 2393E-00
. 2489E-06
-.2996E-05
.6074E-05

]

-.4763E-08 .

. 1406E-03
.+ 3 18B4E-058

-.6120FE-08 .

- 4988E~-08
-.2998E-05

. 1046E-03 .
+ 1423E~08 .

-.3941E-08
+6021F-03

-.3661E-08 .
- 7834E-06 .
+2131E-068 .

~.3333E-00
- J949E-08
-.32566E-658
. 1286E-053
. 13563E-03
-. 1426E-05
" +3716E-06
. 2009E-08
- 1748E-06
-.2296E-06
-.8256E-06
. 2186E-06
«6991F-06
-.7703E-07
-.2128E-05
. 1818E~03
- 1488E-008
-.2962E-03
+3877E-08

-. 1870F-05 -

- .92BOE-06
N., 1794E-008

~.2436E-05 .
. 1I626E-085 .

-.6 E-06
«2246E-00

.2008E-06

~.3345E-03
«3017E-85
- 1096E-06
-.1361E-08
« 2432E-008
-.3237E~08
«3444E-058

—.1689E-05 .

-. 1823E~03
- 3923E-00

1

+200TE-06
+J222E-008
+3216E-08
. 1802E-08
7T811E-07
. 329 1F-08
. 5840E-~053
+ 49 |BE-08
« 1778E-Q5
+ 2020E~05
.5806E-085
.6862E-08
«3013E-03
.B167E~-06
- I368E-03
+3677E-0B
- 4298F-08
+4035E-08
«7922E-06
-2063E-08
«3722E-05
+3699E-00
+2116E-00
- 1799E-06
. 1193E~03
+6974E-06
. 1084E~-05

-~ + 1338E-03

. 1107E-66
- 3881E-06
. 166 1E-07
+ 2400E-06

. 7870F-06
+ 1274E-03
«2029E-08
. 2027E-06
.4183E-05
+2742E-00
. 1838E~-08
« 360BE-06
+ 2039E-08
+2184E-08
. 1227E-05
. 1900E-07
. 6988E~86
. 1822E-05
« 1100E-08
+3142E-005
- 1616E~08
.2532E-°g
+2828E-0

+3074E-05
+3312E-08
. 16G3E-08.
. 1166E-03
+3629E-08
- 5428E-035
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TWO DECREES OF FREEDOM SYSTEM-X!
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1.97938
2.7826
2.2747
~1.8922
3.85776
4.7917
=6. 1432
-5.9064
5.5933
2.4176
~-.7G48
- 5201
3. 1066
-.2391
-4.0494
=-6.7690
1.9334
3.00609
. 62280
7.9286
. 1248
-5.0115
-2.8623
1.7418
1.1681
2.5042
=-1.77221
-2.7836
. 3046
5171
2.6381
3.0200
-2.8246

1.0944
-.2088
~1.5812
-.7826
4.1788
1.1881
~5.4178
-1.91069
3.3684
1.7967
. 5340
.3092
.0618
-1.6763

-4.6614.

~-6.,7909
3.2304
1.9831
2.4961
1.3316
-2.06438
-6.5815
2.5326

5.9167.

2.63408
1.8867
-6.6368
2.7469
~.8173

1.6349

§.1322
2.606089

« 17581
-2.3%14
.8104
5.3678
6.7298
2.3261
=3.9815
1.4230
1.3952
-1.8680
-3.0118
3.6321
3.0141
-3.6846
~4. 1923
-.2704
.6762
-4.06177
2.6700 -
-4.8960
-5.0004
~1.0678
4.2189
4.9052
2.6951
-1.8737
-.7118
2.8600
-.0863
2.1084
0451
-9.0502

-3.6097
2,7788
3.08326

40861

-3.2316

-5.0483

-4.0122 -
6.2227
~.086898

-4.85173
3.8907
3.6620.

~1.7698

-2.6628

—6.4467

-.0694

2.9767

1.0183

1.0700

-8. 1267

~5.0732

-3.9862

- 6257
~TT17

=3.3020 .

-1.7483
3.6838

~2.3836
23,2807
1.5219

-B8.4663

-2.4821

-4.4442
. 4899

~-1.7616 -

-3.9443
-7 L] 4640
-6.,7947

3.338688

7.8288 .

-4.2282
-2.0706
6.0203
-3.0088
-3.6078
=3.4407
-. 8874
4.1096
3.6617
-. 6424
-5.4249

-9.2333.

-1.9848
4441
1.7112
=1.0969
-~6.3390
~3.9034
-1.0261
2.5883
.3062
3.6682
-1.62373
~-2.0863

=6.3478
6.2843
4.9107

-.2742
6.8921
2.6177
-2.40065
~-4.7803
-3.9707
-.70186

3929
-3.0818
3.6723
1.5267 3.6140
-4.0048 -1.4531
=3.0917 §B5.384%
-2.0486 1.0850

)

3.3918
. 8844

-.3236
-2.6954

3.4047-
-2.7443

2.6533"

3.4602-

.2904
1.7323
-2.7876
-2.3464
1.9280
-.5838
-.9834
-.9801
-1.5992
3.6881

4.0024 4.1081
4.0278 4.0824
-5.4893

4.08719
~B.2007
~8.9174

1.6932 =.2643
=4.0799 . T422
~2.6330 -.0512

2.4633 -4.2408

1.1781-~0.4779 ~4.1746

-. 8957
-3.2632 2.7813
-.8700
-. 5938,
-.2989

-2.0117
-2.4829

. 9623
1,2883
—4.9867
.8617
6.5978
. 4703
-4.4902
-2,.2334
‘83.2741
-2.5210
-2,5092
2.0419
- 4. 1830
5.0837
-1.1539
-1.1338
-6.2223
~4,6393
5.7319
’7-8785
' 8.8437
=2,3683
-2,9011
~F 4524
2.8635
-, 4468 -3.1144
-1.8489 2.2277
-3.7491 —-6.0246
-3.9981-10.222]
=, 1871 7.2679
3.9412 -1.5331
-8.5108 -5.6272
-3.0601 -2.0057
L 1448 2662
< 8.7%97 4.6416
1,2993 -3.1730
. 1339 -4.0006
-1.8098 -3.2985
1.4769 ,2386
3.0638 —1.4248
-3.7422 ~3.2986
-1.8736 -1.9238

-.82106
2.4961
« 9984
=1.4922
-2.8731
‘3.3313
7.1599
-1.2886
-4.8790
-.3812
.0387
-2. 1349
-2.1813

4.5491

~-. 2890

~1.4896
~1.7346
-3.8927
~.0944

5.65332

-.4299

-4.3808
~-.9829

-2.7138
1.4760

4291

3.9992-

-.1821
4.5090
-3.7826
-2.2646
-5.4729
2.1327
1.2248
-. 12082
-3.6162
3.489%6
2, 1900
-~5.2352
7246
2.04%50
1.9936
2.0493
4.8807
-.928%
~-2.4178
4.458%
4.3688
s IBTQ
~5.0714
-6.9458
-3.8721
1.6301
~2.0673
~1.4138 -1.9171
~.6788'-3.06420
-2.9930 -1. 4262
8.4368 9.830347
4.6286 -2.69605

~. 7014
~-1.6617
-1.3661

2.60372

4.2928

8.3891

~5.4716
a.7787
1. 1289
-4. 16358
-1.8726
-, 6889

-.36594
-1.5100
2.0441
-2.0758
=.2197
8.8302
4,3212
1.1238

4.9284
-1.6721

-3.389%0

5.6865.

1.1369 .
2.8101.

0726’

1.6944
4.3697
.1.7874
-6.0878
=-.5121
-1.2379
-2.0996*
7.0787
-1.7278.
-4.5944

' =.6349 -2.9679

3.4962 -1.68 .

-2.4484 -6.2759

1.2349
2.4407
L1914

. 3.4187
3.0438
~ 1. 1932

-1.06849
=-1.8821 ~1.3779
~5.9663 ~3.3593
-2.86436 4.4381

-6.3992"

1.0903
8.7270
5702
+ 2237
4.93067

4711

1.4121

3.2407

1.2814
6.9890
1.1070
3.9945
5.0664

2.0309 .
2.9%904
-.7110
6.8316 -
8.6876

-.3560
-4.7869
-.4670

3.8744 .

-.3301
-3.7641
4.1472
+ 1911
1.9249
~-.08172
-4.4234
-3.6436
- .6136
4.5816 -
6.29185
.0239
-3.7284
2.4133
4.3939
4.6747
-1.0173
=1.9209
~2.1214
- 3341
.« 1336
-, 1220
=-6.5117
1.8204
8166
-1.2383

1.1906 -

1.691
~3.448
-1.8887

-.0042

-1.1254
4.6670
2.2818

-4.6743

-1.9046



1.1944
2.74608
1.8403
1.96208
-1.0388
6.30694
1.7820
-1.3941

L

. 1666
-.7369
-2.1588
-2.2788
2.3034
4.1128
-4.6930
2.3282

~4.0499

2.9443
-.7413
-2.1641
4.6267
=1.4470
-4.2933

. 4128
» 1072
+ 0069
-.0369
2.56463
=3.3198
2,54808
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7.3381
.2098
-1.7348
3.2709
-2.7321

-3.0884
-5.2911
~. 8967
"08391
-7.1318

1.3364
1.8668
1.7991
-.7548

rd

~.0187-11.7193 -4, 4552
~8.6495 ~8.1760 . .63537
2.8887 2.2954”" .3157

.98247=2.7168 ~1.5200

-3.8263

+ 2023

-3.7689 8.0860

.93982

-. 1673
4867

4.9223
-1.1612

4.2488 -.3143

3.3103

-.98839 ~3.2026 -2.9399

*3.7126
8.7877
5.0732

-2.09158
-1.6718

- 4408
B.8601
-2.1403
-6.2906

- 1.8086
" 6168
2.7160
2.6620
8.4703
-. 4262

‘3.6890

-1.3001

. 4382
2.1303
1.0593
6.07539
2.2848
-2.6593
-1.7886

. 1627
1.3504
-4.0808
-0.0663

. 2409
-.56278
-2.8823
-2.7822
1.6844
6.8213
3.7043
1.2196
-7.6133
-. 1368
-1.124808
3.0681
-1.8755

4.1688
2,6434
-2.8671
2.3699
2.2712
4.3681
1.00886
-5.6183
~3.3303
4.2820
3.3280
+ 3634
-.8796
5.9201
~3.8039
-1.9286
~-3.58047
-4.9144
-6.93%6
4. 1648
4.4744
~. 34062
-3.6628
-. 8443
2.080412
2.6108
-3.0129
=1.3749
2.90688
~1.2922
-4.3931
-3.0040
-1.1298
4. 1658
8472
-5. 18010
-4.7039
3.7460
2.2497
- 9177

3.8919
-5.4919
-4.3200

4.2490

2.6718

4.7343
-4.7706
-5.3608

. 9476
4.7518
. 3993
-1.8839
-1.05824

3.2031
-4.2108
-1.6489
-3.4878
-6.40862

-. 4801

- 6487
-1.6264
-6.0036
=1.4470

2.8996
-1.1309
-1.1463
1.6736

. 0638

. 8600
-500861
-5.7891
-1.6078

1.16897

1.0898
-2.5838-

4.32686

3.6493

278403

3.3922
-2.1832°
-4.01083

-. 4196
-1.8307
.8841
-.2000
~. 0023
3.1273
-6.5641
-2.95587
6.7000
4.8016
-2,6982
3.2739
3.2087
3-7“°I
4.4704
4.1513
‘4. 1494
6.0979
9,3954
3.2179
-6.9426
=8.3240
.4588
-.4873
-1.3786
"~.9231
.B812
-2,0198
-5, 1187
-2.0641
‘1.1189

~4.2944
-4.2809
-. 7417
+ 1042
1.1212
-1.7231
=-3.3237
-.4690
3.6920
5.4601
+ 0293
-1.7618
TlgoQ26
~1.:7836
-.4392
8201
7.4433
1.05873
1.9080
-2.6868
=-. 7722
2. 1950
1.0363
1.5075
2.1209 .
4.0734
-.9917
1.2614

-4.4203 ~-3.9800
~-4.3838 .6137
2.3721 2.0183
-2.68208 -5,7215.
1.2237 -.4346
~3.4817 -,7383
~2.4010 2.9763
7.0640 7.6332
'6.8999 6119
5899 ~5.0640
-.5929 -3,3952
-6.3003 3.2818
=-5.9179 -3.8846
-3.6498 -1.6634
-2.2188 05.6210
7738 2.3191
-2.6118 4,3332
-3.6827 6.3870
-4.0826 2.8427
~6.6037 -3,5937
~5.4547 -1.8038
2.7360 2,.8137
4.0210 .8968
2.0763 -,0711
-.3104 0731
-4088 2.6097
8.4837 9.2448
2.1048 -.8121
1.6246 3.13354
3.8380 . 3280 . 6723
2.1078 2.3341 1.3406 05.8620
2.4909 -6.8144 -5, 1412 ~-2,5892
=3.1328~10.8879 -=6.8770 -3.4983
-2.05204 -3.5764 4188 6.0148
2.53874 © .2121 9.9378 3.6624
2.9023 -.9494 2.2061 5.9341
3.4656 -.B464 1.9010 -1.0486
-1.6840 -3.9399 -2.4898 -3.0827
—3.9882 -7.83448 ~3.2550 .5130
~2.2242 1.0714 3.9292 5.3762

-1.2731
B.8292 -
-2.2197
~2.6033
-1.4817
2.4421

4,
1.236
~3.921

-. 4430
1. 1367
-1.3656
=.03294
-. 7789
2.2867
740

4.0543
4.8887
-4'1653
-3.7913
7. 1849
5.0417
-. 4821
1.1237
1.8341
2.7291
-2.4397
8.3020
5.05884
1.6862
. 8030
-$.7149 -
~1.5644
2.1183
-2.7667
~8.1851
~8.2416
-5.2424
4. 1246
. 1031

-.6148
2.9023
1.0602
-.2769
-.4322
.7857
6.08010
. -.8950
-4.7943
2.2516
1.6341
-6.5769
-.39810
-4.9910
-3,5830
-3, 1509
-5.4679
-5.3694
-9.8939
4.7407
B.2216
3.8657
-.8969
1.3029
2.4749
1.4003
-3.2361
. 1843
10.2161
-1.5644
-1,3334
-2.8832
1.5640

. 5.4796
©.6087
-2,3720
~7.4730
4442
4.6787
6.0891

1.1790
2.3672
1.7889
1.0243
B.4201
2. 1839
-5.8047
-~4,8463
-2. 1806
=1.4477
-.7382
1.0427
-1.0506
-. 3482
~3.7766
-3.8645
-1.15108
-2.6673
6.0432
5.3340
1.7116
~1.0402
-.6850
2.8168
7117
-6.,6138
1.4736
.B159
-9.1678
~8. 1248
1.9207
7.6310
7.0926
&. 8070
~“{% 8188
.0782
1.6021
7.9308

2.7764 !

-1.6309
.3861
2.3189
0271
~-3.6891
3.1378
3.1700.
-.7897

1.7920
-1.1763

-.2872
-2.2892.
8.3046.

-1.8997
.B81e

-3.0398
~1.8197
. 2000
gl.0012
1.9982
9.3343
1.879e
-2.5030

=1.7247
-.9813
1. 1462
~2.3689
3.2740
6.0499
-1.8609
~1.4938

3 -958’
2.1408
-2.9967
-333793
‘5.8086 . 1.5944
.1.4848 .~.6940
-‘05692 -109933

" 1.4876
~-3.99581

. 1426
. 1.4781

T . 6288.

“.78&6
2.35651
3.4283

~1.3886

-4.2160

- 1466
--8090
-. 3928

1217

=2.1261

. 0824
6.0391
-1.08479
-3.6488 -5.9122
-2.9090 -2.6142
-.3026 4.8362

-208423
-. 1844
6.1229

-1.1193

-2,0536
4.0398
-97‘
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4.8818
-.2663
-.5870
T739
11.1308
13.5498

1.7826

. 0298
1.5192
7.2278
7.8722
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TWO DEGREES OF FREEDOM SYSTEM-X2

.6033 -2.8986 .

1.4073

-3.6456

-1.9047

=.7964 3791

-4.1089
-.9480
F. 9268

-4.3701
-9161

-2.2119
. 1920

**h***t**#**tt******#t*************#****#*##******ti**38****!******3**!*****#

1.3943

2.2840

1,9 145

.B760
+ 46083
-4.0738

~5.11032-14.2071~-13.4044

~12.0851 -2.87069
4,4966 9.0373
6.4334 2.5787

-4.6017 -3.0934

~2.1084 U.0444
7.0988 U.8429

.0327 -3.5304

~2.7340 -7.9244

-9.8339 -B8.62860
-.9925 3.1837
-. 8675 -3.8341
2.8372 4.94493
9.4603 6.8427

. 25689

-6.2900

~3.4993
6.0272
7.56409
7.6044

~7. 13086
4.2436

.4813

-2.8269
7.9479
6.1002

-16.8941
-2.7604

9.2407
2.6944
-4.6729
2.7570
8.6279
-1.0192
3.1778 -.2823

-8.9080
. 2449
7.2505
5.1327
. 2406
-7.1587
.4046
3.2708
2.0030
6.7637
-4.3101
~5.2321
0.0703
2,2778
-.5655
-4.6219
.3665
-2.4703

-2.4269 -7.9186.

5.0215 9.3212
6.8305 4.7638
1.6453 -7.1987
.B8692 1.6583
3.636Y -.2017
-6.8603

6.9932
6.7914
-2.08027
- 3177
6.1694

-.4976-

-4.2240
~9.1930
-4.3606
6.8409
-1.47406
3.3809

-2.1169-13.8309-18. 1224—~11.85320
-7.7926-10.3718 -6.8389 -1.3207
~-. 3277

~7.9100

4. 1386

=~. 94305

-9.5874
-4.2718
19.9064
-1.5791
~6.9020
2.9128
B.3767
-4.9642
=35.3892
3.7094
3.84060
-1.0369
1.6338

2.9391 -3.0463
~4.5388~10.6062
=-9.8469 -56.4696

3.0934 12.2127

9.4786 U§.1088
-9.06331-10.4298
~7.8604 -2.7761

-1.2370 -2.5388
-8.26017=2.0892
-9.7219 -2.10608
4.6330 11.8287
12.2188 08.7746
=3.7368 =9. 14608
-5.7310 -.3613
2.9011 3.2312

6.5666
1.6891
-4.3790
-3.8711
-1.9418
7.8214
~. 1286

L5194
-1.8764

3.8861

6.1783 9.0379 3.1456
6.4938 3.7679 ~1.78603
.0762 -2.7600 -6.6303
-1.8336 -6.6004 -5.7972
1.5128 .8.9897

-5.3761
-.9838

- 9368

-6.7098

6.3182 B.085459

3.1363 —4.8078-14,2487-10,0086

.0509 B5.4377
13.0604 8.0420
-2.4879 ~7.0474%
~-.2818 ~1.9842
-1.2328 -5.0086
<2271 =1.0673
-8:2881 ~3.9136
4.1138 2.0378
=3.7488 5. 1026
=7.4304 -1.3449
7.2823 1.3271
. 7666 -3.8768
-9,2382 -2.1166
5.4162 - 6.1689
=3.2433 -D.4682
.53834 3.9496

.3698

-. 8744 .

.B676

-4, 8886
9.08629
~2:05048
=-8.61530

-4.1038 -

9,2633
-3.9288
-3.4250

-.71823
~4,2987

4.2038
-4.0669
-8.8344

4.5981

=, 5912
=7.1879

7.8219

»

.8.9447 4.2673
~6.6228~-10.0198
=3.6780 -1.7794

=1.2673 4.4727

2.3080 7.9446
7.4478° 3.4770
-.4782 ~1.2281
1.0488 -1.2008
-8.0148-11.8376
2.0068
10. 1340
7.8587
~-3.6924
=3.83291
~4.9410

3.8916
-8,2221
-3.6892
~6.3619
-8.7123
-2,7231
6.8626 -1.2324
1.8030 . (2864

’ a‘l% :

=-4.0249
-8.2786
. 0647
8.9919
9.2776
-3.54085
- l‘o 2387
-3.9179
-6.0703
12.6327
16.7491
2.1377
-3.3488
-.9989
5504
4. 1821
~-6.4818
=3.9326

. 9099
~1.9931

4.9899
' 7.3792

-7.1693=11.2147.

-3.5684
.. 4287
~4.6458
-2.8699
*1.9082
' B.1230
-8.6333
7.0406
-4. 1828
=1.2224
' 8.8998

.3886
-.4919
92.4213
1.1041

1.0370
-9.22%4
1.4672
10. 1027

-8.0678
3.1389
9.9797

-1.7436

2.8231
4.7128
-=1.9595
1.5869
2.5913
6.53429
2.4641.
-7.6038
~-.4233
4.3028

-4. 1047
5.3382
-4.8190
-3.3638
5.05846
-4.42589
=1.1836 ~2.4872
6.2275 4.8814
-1.3078.-8.3311

1.6760

x
x
x
x
»

3.0383
8.1961 '1.7411
~4.3610 -0.0454
1.0108 6.6714
3.2244 9.1810

8.7492 3.8189

=5.3977-13.7900
-§.2703 -.3768
2.4622 §.7962
4.8718 5064
-6.2389 -5.3658
.08066 J3.0182
2.2183 2.2700
6.2826
2.3784
-8.1872
4.40838
-3.50034
3.6184
14.0241
4. 4868
~-3. 6837
=-3.9399
-.2708
-2.1999
4.2412
=-6.0486
=5.698%
=. 4785
=5.4356

~7.0922
-2.6701
6.3067
-.8236
8.8870
B8.8307

-6.2101

3.1688
-1.9801
-3.3830

-3.8692
2.9411

6.7147 13.1189 -

3.7839 -7.9974

=-7.8996-13.3327-10.8117 .

. 4.7488 12.9681

4.85283 6.1316
L7693 -2,7214

-4.0717 -1.5968
-, 1602 2.7493
~4.9145 -3.0428
-1.91900 3.0011
4.8373 2.7700
-7.1999 ~1.7107

1.6237 3.08449 -

8.1098 G5.2489
=8.7639 -3.25843
-3.9067 1.0876

2.7363 1.0774
-7.0844 -9.3102

7330

1.8372 -

-2.1964
3510 |

5.6600 .
. T226 s



-5.3512
-1.1626
=1.7873

-.0770
11.2037
=8.07408
-1.0140

3.6690
11.3471
=5.2742
~3.1106
-3.7428

8.0727

12.3824.

6.3809
*2.2796
-3.3620

3.0741-

44,3872
-6.06428
3.2678
6.0493
7.0910
-4, 03899
3.6671
=3. 1821

10.3028

10,8396
1.1608
-3.2360

4.7634.

-2,.9217
-4.7958
6.48023
3.6186

=1,4600

2.6606
0.6309
3.4804
6.6656

6.8240.
-1.8708
~3.0771

4. 1800
-8.2929

6.4788
2.9369
-4.1987
4.8988

. 3133
7.2939
1,3074

-7,
~1.6847

0.9419 -4.2982-11,7999~

-1.2620~10.8219-13.5425 -7,9400

-8.7086
-1.7080
-1.0242

0300
.J700
1.0224
0782
-1.3030
2.7879
~10.2770
4.2810
14. 1940
4.8254
-2.6630
. 2268
4.3922
3.9654

=6.7702 ~1.8148

0.1106
2.1638
=3.6446
7.10887
-.3363
-1.4248
-0.0629
~4.2798
-2.6164
~7.0533
11.3823
14.3681
-1.6606
~3.3618
-8993
3.0149
9861

-7.0873-10.7001

-2.0306
7.6790
-2,9209
~2,6237
-.9993
2.3874
B8.2700
5.2567
-~2.4780
-4.7948
-5.0716
2.7097
1041729
~2,0018
-1.2812
3.8479
9.0063
-7.7863
1.8238
7.2918
4.0796

.8922
10.08277

4.6261
2.4120
-4.3321
8.2246
-3.0980
«1,7189
~7.8981
-6.2439
-6.0084
. 4B46
12,3413
4.3568
-4.6117
-1.4401
-.0840
1.5044
~2.94084
-8.6201
3.8089
3.3133

-5.6098-11. 1620

-1.8693
-3.8966

-3.0827
=-. 8583

8.8247 12.7043
9.9078 7.929)
-3.2070 =1.6271
-6,33306 ~3.7834
-8.8279 -3.2699
-3.48091 2.8294
6.7276 10.9197
6.8626 - ~.8377
-8.1789 ~7.9672
3.3688: 85.3968
2.8634 -1.7012
2.6096 ~6.4902
~3.9389 2.1152
10.0458 13,0397
5.16806 -3.2302
=.7470 -4.0988

6.6343:
e lno
2.3618
1.9427-
8.4311
-3.0020
2.6691
-3,8212
~1.9397
-1.8612
8.3397
6.0476

-7.0024~-

-5.1034
" .36842
~.6610
-. 1878
-2. 4662
3.1633
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3.1418
-3.0073
1.6014

6
2
5.9d96

3.8641
. 8964
=5.0494
3.9107
-3.2184
7.3420
-4.3616
11,9488
. 8887
12.0980
-1.6691
+ 0033
4.8376
5.8886
-3.7278
1.9678
~5922

-1.2243.

-.9030
16,3560
11.7238
-3.6047
1.2221
1.4377
4041

4.4936
1.3892

-7.8037-11.7799

-5.1991
4.3060
92.9100
1.3049

2,2092 -

4.8127
5.89798.
6.7036
-8, 2288
. 0363
-anmz
=7 .6338
7.4733
10.9147
-4.98786

~1.3148
-3.9489
4.0067
7727

-3.6414-10.7205
-2.3980 . .4983
3.8117 3.0824
~6.2610-12.8882
-2.7272
10,5821

8621

-3.9671
2.9209
-.9732

" 4.0789

-4.6137
'9.6273
9.3847
-.8673
-3.4406
: 1. 4440

-6.0653
" 4.0076
-3.3043
-8.5833
4.8728
-3.270%
-8.9897
-6,2332
4.8317
~3.9600
4. 1746
-6. 1528
-6.0684
8, 1968
6.6390
=1.9944
=. 4794
« 2427
-3.68682

-.7801
3.7876
-5.4167.
4.5993
7.8169
-7.2088
-8.7078
-. 5936
“B.2266
-5.8990
2.20908.
~7.9028
3.5622
10.5319
i) 8165
-3.4264
-.2298
—309695

-2.2692
3.2040 -
-3.7878 .
12.4999
2.8338

-5.8978

~3.8073
6.4801
1.6011
-6.90676
~2.3850
-1.06068
11.8789 -
8.4493
~-6.3418
=5.3432
-2.6134
-1.8100"
-7.6141

' . 7456
-3.9289
-1.

. 7069
-~3.9064
-1.4242

398

-1.08247
4 00
* l
4.7066
2.6696
10.6960

-8.1193
-3.6036 -5, 1498
6.3911

.,2.9183

=2.8176
- 338

3.096 : L B
9.8388 3.1247 -1.8781
7.2128 1.6302 .6052

'9.8010 -4.3954~11.4830 *

‘2.6771 ~5.2099-10,3840-10.2654 -3.2238

-9,6138-13. 1796
-9.3434 -5.3168

3287 4.9466
2.8244% 1.7744

. 9947 ~2.1212
-.4662'=1.3640
'8.1697 9.8291
6.49531 3.6400
-1.8381 -6.9917
-7.4348 2.3386
1.5276 8.6946
' 5.3823

-9.2981
1.9263
3.0034
1.0017

=2, 2R87

+ 35038
2222
. 6393

-5.80389

10,3690
8.1939
6.8242

8-12.2483-1372998

-4.6378

-.9029
4.7989-10.2136
=3.0178~10.8341-11.3614 -6.7388
-7.805¢ -2.7489 3.0310 6.3748
4.3074 6.3576 2.7916 -2.9299
=4.8502 ~3. 15048 ~2.2407. ~3. 4007
~1.06086 - .2196° 1.1807. 2.5903
-2.8909%. 1.5442 0.6478 6.5897
8.4430 - 3.8637 -1.8076 -7.8326
"3.1453 -5.9283

-1.5192 12980 -1.299

-1.1863
9.3038
129912
1.2118
-. 0668
2.7230
5.

-1.9648

2]
%56
1.7941
2.9049

~1.7041 -8.76828-11. 1767

~-7.0801
6.20061
1.8609
=-2.3881
".2[77
-6.8364
1.3162
7.0138
=-1.4610
2.2773
<2904
-9-2038

6.8518
9.7782"
-.0279
.3373
2.6000
4.4778
~2366
T2.1861
5.2940
.9301
-2.0092
1,272t -
-4.7211
2.8168
10. 1296
B. 4247
-2. 1966
-.9854
.0873 .
8.3684
'4,9908
-4.3470

2.0326

5.8518 .
. 8000
=0+ 9021

4789 -6.3839 9743 (3.9744

A

1.0703 '3.8638

[N
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x , FIVE DECREES.;F FREEDOM SYSTEM-XI
x ,

—.54873+0[~.L9g76+00 +64732+01 .73180+01 .41943+01 .67312+01~
-, 10726+02-,804974+01-. 10040+02-. 11470+02-, 13384+02-. 11917+02-
-.22368+Q1-.43071+0]1 .44921+01 .97797+01 .14802+82 ,21987+02
.22206+8%S;10379+02 81176+01=, 18340+01~. 19027+01~,.82956+01~
.60600+0 0629+02 .11674+02 .19690+02 . 12766+02 , [9768+02
27064+01 .29414+01 -.91223+00-.85R687+01-.49109+01-
.96820+01-.30778+01-.83089+01-,31110+00-, 10352+02-
02-.79000+01~, 12006+02-.89977+01-.91701+01~, 12887+02-
=. |4077+02-.24953+02~. 17808+02—-. 15243+02-,66461+01 .74054+01
T19970+02 ,21964+02 . 10167+02 .22409+01~.48438+01~-, 113953+02-
57836+Q0 .10119+02 . 15680+02 .20738+02 . 16314402 . 19687+02
=-.60645+01-.31992+01-.41863+01 ,.20132+01 .B87332+01 .14314+02
- 14720+02 . 17766+02 ,223056+061 .33777+01~-. 16431+02-,95097+01~
=.176B89+02~, 15369+02-.11184+02-"11708+02-.28208+01-.62650+01
.64918+01 .21610+00 .B4904+01 .38781+01 .66391+01 ,64263+01
=.10552+02-, 17004+02-. 19942+02-.21339+02-. 11727+02-.81130+01
- 16992+62 .26118+02 .19021+02 ,.16369+02 .11486+02-.11031+01~
=.12951+02-.83028+901-.86890+01~.25797+01 .46018+01 .31116+01
« 11446402 .196931 . 18322+02 .22611+02 .19086+02 . 17832+02
=.71250+01-.2602 2y .19141+02-,32877+02-. 12162+02-, 15783+02
-89331+01 .15830+02 .74714+00 .60336+01-,93317+01-~.953828+01-
—.33774+01-. 12780+02 ,084333+01-.68371+01-.88370-01~-.62875+01~
=.26526+02-.108117+02-. 19636+02~-. 10813+02~,24122+01 ,31232+00
-Z20104+02 . 17964+02 .90004+01 . 185709+02 .44008+00 .44794+01-
=. 16434+00~,24702+01~. 'N050+01 .24313+01 ,.60167+01 .87936+01
22307402 . 230372+02 ., 14872+02 .128405+02 , 14644+00-.81613+01~
= 22600+02-, 24646402~ 12670+02-.57837+01 .41788+01 . 13710+02
. 200665+02 . 12208+02 . 13092+02 .73268+01 .27686+01 .33635+01~
=. 11703+02-. 18934+82-, 197 10+02~., 253084+02-. 1B833+02~-, 19493+02-
-.68531+01 .08605+01~.40994+01 .76983+@]1-.26067+01 .34183+01-
=.06501+01~.11544+02-.22711+01-.96296+0] .26287+01-.21204+01
.86190+01 .11400+02 .12056+02 .16071+02 .11183+02 ., 18723+02
+78113+01 .56178+01-.28388+00-.41098+01-,B86268+01~-.89514+01~
L46B02+00 ,20002+01 .86306%01 .88113+01 .63727+01 .483221+01
-.43500+01-.69790+01-.41186+01-.45966+01-.49446+01~.,51054+00—
=.6670i+01-.39903+01-.368847+01-. 164531+01 .41883+81 .42220+01
=.87207+01-.77342+01-.24312+02-.212168+02~,26811+82-, 26023+02~
.64754+00 13733+ . 73023401 .11732+02 .403947+01 .13413+02
. 6854001 .11140+ . 10411402 .80267+01 .54238+01 .89905+00~
-.62053+01 .43118+01-.18830+01 . 14992+02 . 13468+02 ,26830+02
-20957+02 .16306+02 .12527+02 .47962+01 . 19829+61-~.42230+01~
-.64716+00-.49639+01 .22276+01-.16281+01 .12199+01 . 18599+01-
-.81289+0|-.40055+Ql->1ﬁ465+02-.12660+027.22465+02—.240!2}02-
-.28947+02-.21 146+02~.25490+02~. 10799+02-. 10883+02~-. 10979+02~
-.40880+01-.77573+01-.16617+01-.28181+01 .29891+01 .37483+01
.56280+00-.26380+01—-.84693+01~.40200+01~-.46383+00 .55641+01
.36694+02 .38110+ -45211402 .41072+02 .38059+02 .38823+02-
2 21765+01 . 99490+01-.40343+00 .23429+01 .37186+01 .66952+01
=.30335+01-.97107+01-.60863+01~. 13142+02~. [3394+02-.,.12031+02~
-, 13197+02-, 15899+02-. 17B22+02-. 15091+02~.21078+02-. 15132+02-
=. 14467+02-, 19133+02-. 14367+02~. 18954+02~. 10839+02~, 15421+02~
~.04292+01 .618050+01 .27093+01 .10046+02 .29787+01 .42905+01
+20763+01-. 10413+01 .28328+01 .10232+01 .69307+01 ,46000+01
+ .B8230+01 .11548+02 .11279+02 .17472+02 . 180098+02 .22019+02
.22983+02 ., 15988+02 . 14971402 .73709+01 ., 14238+01 ..94133+01~
-. 10440+02~.45314+61-.64139+01-.59283+01~.87009+00~, 19841+01
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.30863+01-, 18556+01
.97833+0 I~ . 126823+02
.24489+02 ', 22856+02
.96322+01-,27857+01
. 10746+02 ,81875+01
.96037+01-,.99404+01
.39031+81- ., 145069+02
.69982+61-,21311+02
. 11169+02 ,229290+02
. 11572402~ ,76254+01
.58292+01 ,27279+01
. 16646402 .23517+02
16724402~ 13146+02
+28354+01-.%82190+01
< 12286+01-.37977+01
.38814+01 , 15251+Q2
.66218+91-.86860+01
<T9274+01 . 10469+02
.90027+01-, 13105+01
. 16761401 ,60971+01
. 10249+02~, 17892+82
. 14134+402-. 11992+02
. 15964+02 . 107 13+02
.32776+00-.20471+01
. 15291+02 . 18412+02
. 15412+02=-26844+02
17101402 ,2p744+02
.58089+01-.55135+01
. 15114+02-, 15264+01
.80877+01-.81616+01
. 86263101 .64986+01
. 12487+62 . 16470+02
+74570+01~.36539+01
+ 46416+00~,
.58510+01-
o1 . 23557+61
. 11886+02~, 14923+02
. 14448401 .. 15112+02°
.23518+01~.43868+01
. 24879+02 .29311+02
. 14324+01-.38777+01
. 28040401 .13297+01
.80861+02-.26674+02
.51366+01-, 10800+02
.85184+01 .49329+01
. 12900402 .28266+02
. 14855+02 . 19850402
+29783+01-.29178+01
. 11345+02~.11915+02
- 197768+02~, 17745+02
. 10639+02-.93735+00
+31420+01- 14587+00
.B9534+01 .64126+01
. 244903+02 .21197+02
.T6770+01~-. 18093+01
.23876+01 .45036+01




-.24801+01 -04710+01-.B8657+01~,30604+01—, 13267+02-. 12899+02~. 15295+02~
—.l4304+02-.23609+02-.l3|36+02-.13331+02-.10547+02—.l2982+01-.26424+01‘
-.26388+01 .10602+02~,78839+01 -711850+01-, 11027402, 16943+01-,.56089+01—
=.64240+01-, 14999+02-. 484056+Q1~. 14919402~ .51 145+01-.50942+01 .33741+01

. 134530+02

" -,48873+01

. 16009+02
-42169+01

.23379+02
.40091+01

.26920+00 ,60129+01-.33608+01-
-10032+01-.51060+01-,63085+00~

. 188041+02
.22863+01

.20206+02
. 18017+02

=.92650+01-.71402+01~.47283+01-,26671+01

. 12089+02 .62038+01
. 16164+02 ,22048+02
-16036+00 .36413+01
- 19348+02-. 10894+02~
. 78409+00-.89293+0 1~

-.80073+01-, 14060+02-.82293+01~.86144+01]

T . 16811401-.82466+01-,39961+01-,09840+01~

=.02260+00 .13035+02 .49470+01 .33042+01

-.33095+60 .97909+00-.93076+01-,54549+01~

.81892+01
. 11323+02-,7289 1+01

. 94788+01-.23140+01
«45652+01

. 11268+02
.32937+01
. 12349+01-.63969+0 1~

. 15669+02

.10976+02 .61792+01 ,70613+01-

.30014+01 .67477+01
73604+01-.40436+01

. §32448+01~.49819+01~. 19692+01~
-.37091+81-.51662+01~.00812+01 .48610+01~
—.20833+01-.11386+02-,46260+01-. 14488+02-

+ 19946+02 . 17186+02

- 10938+00 ,403908+00-.74931+01~

+61174+00-.31036+00

. 24817+01

- 11386+01

. 77089+01-.20188+01~

.833731+01

. 19096+01

.21689+01~.58408+01-

» 1404 1+02

. 12001402

.76873+01-.39397+01
. 13608+01-~.8039 1+00-
.38813+01-, 10948+02~

.50367+01

-48919+01-

+29610+91-.38152+01

« 17971+02

» 16204+02

.39830+01-.653169+01

+ 180 10+@1

76004401

- 29401+01-
+29263+02
.36907+01
. 19283+02-
-69042+01-
.45877+01
. 00646+01
. 63200+01
. 11286+02-
. 12108+02
. 10917+01~
. 34021401
24501401~
+34799+01~
.27816+01
.11212+82
+44861+00-
. 84200401

. 12893+02 . 19340+02 . 87238+081 .39303+01-.78234+01-. 17059+92-. 22280+02-
-.26868+02-.24906+02-. 13403+02-.76663+01 ,33076+01 .83206+061 .11981+02
+42417+01-,.81938+00~.40374+01~.63202+01~,.54122+01~, 685350+01~. BOBBT+01—
-.07430+01-.20693+01-.61616+01 .13985+01 .9 +00 .713%8+01 .78823+01
. 18369+02 . 16051+02 . 14527+02 . 18027+02 .7 6+01 .61224+01-,30430+0]1—
=.49166+01-.77730+01 . 14053+01-.56200+00 ., 15087+02 .11240+02 . 17679+02
- 13633402 , 16125+02 , 12632+02 .52988+01-.81266+00—,40880+01-.83540+01~
=. 17484+02- ,28790+02—. 17710402, 2441 1+02~, 14227+02-, 11268+02 . 10994+0]
-60040+01 .74541+01 .28303+01-.42061+01-, 1 1899+02-.27368+02-.23157+02—
~.24116+02-,34755+02~. 17067+02~. 14610+02~,81338+01 -60822+61~.83400+00
-53502+01 . 19669402 . 14063+02 .12062+02 . 17496+02 .56819+01 . 18643+02
. 11623+02-.34100+01 . 15681401-.61080+01-, 11297+02~, 27627+01-.713156+01
- 10254402 ,24228+02 .27327+02 .35166+02 ,32725+02 .35145+02 .21613+02
-86616+01 . 11120+02~. 13977+01~.77909+00-, 16306+02~. [ 4408+02-, 25723+02—
=.31902+02-.33255+02~. 22840+02~.13691+02 .70190+00 . 10422+02 .20494+02
-19468+02 . 15277+01-.20417+01-.24026+02~.28197+02~, 37603+62~,33010+02~
=+ 18449+02-.46430+01-.78307+00 .11110+02 ,783564+01 .11677+082 .B80H5+01
+ 10827402, 27 125+00 . 12746402 42785401 . 10179+92 . 12447+02 .65682+01
-43318+01 .11624+92 .080786+01 . 11902002 . 136872+02 . 17842+82 .21118+02

. 23636+02
.43083+01
+97148+01
. 10867+02
.66987+00
. 13378+02
89011401
. 108685+62
. 16208+02
- 19399+01
. 10978+02
.20282+01
.11161+02
. 10693+02
. 17898+01
+20140+01
« 14394+02
. 43347+01
.71488+01
. 79316+01
.86198+01
. 1869094+02
+28354+02
.B8965+01
«97846+00
« 14622+02
.60778+01
. 16833+02
+201535+02
857429+01
. 37334+02
20171+02
.34720+01
. 75885+01
.23018+02
29861402
«20569+02
- 24264+02
. 20996401
. 13404+02
. 1796 1+02

| L23271+02 ,18137+02 .28660+02 - 12393402 . 18776402 .22204+0]
~.62765+01-.22989+01-.76689+01 .73664+01~.24911+ . 01

+ 17002402 .66210+81 +94288+01-.97679+01~.70308+00-. 17967+02~, 10060+02~. 119468+082
=« 13766402~ 174606+01-.76298+01 .64831+01-,62287+00} .35603+01 .21720+0]1-.27429+01
.3|773+0!-.l0078+02-.30109+01-.l4100+02-.931[6+0|-.l4596+02—.l3l25+02-.10856+02
-. 14262402~ .46823+01~.96336+01 ,23411+81 ,28722+01 -31095+01 .91067+01-.40862+0)
<54022+01-.54470+01~.61849+01-.65112+01-,B4267+01-.26970+01~.39060+91 «37148+0)
—.36672+01 .92609+01-.31297+01 .66899+61 .30431+01 .69774+01 . 13570+02
+T5689+01-.43467+8)
. 14939+01-.20306+01
+97599+00~, 13208+02-. 10209+01-.94168+01 .43927+01~-.7 1401 .51145+01~.46839+01
.ll054+0l—.49888+01-.18716+02-.11820402-.23686+02—.12276+02-.24689+02-.l2245+02
~.14793+02-.91586+Ol-.97518+01-.13321+02-.60562+01-.18666+02-.71995+Ol-.16581+02
=.49433+01~,39340+01 .33604+01 .10968+02 .12892+02 ., 15126402 +19169+82 .99]136+01
98672+01 .32912+01 .22691+00 .76115+01-.17863+01 . 18897+02 .80886+01 .23299+02
. 18964+02 . 19732+02 . 18139402 , 11754402 . 10227+02 ,46804+01 . 77978+01-.29538+01
L87727+01-,89209+01 + 24869+01~.88695+01~. 12087+02-,62051+01~, 206 14+02-, 58038+0 1

-.18912+02 .32880+01-.33023+01 .B2763+01 . 13529+62 ,92337+01 » 10432+02~.71699+00"
~.60860+01~.20342+02-.25813+02-.33940+02-. 33484+02-. 25439+02-.21317+02 . 8328 12+00

- 19132401 .210568+02 .20171+02 ,230531+02 . 12862+02 -69560+01-.94874+01~.94243+01

. 14399402

- =.16583+02-.99076+01-. 10979+02-, B5640+01~, 17388+0 1-. 231

=.17099+02~-. 15422+02-.79138+01-. 2739 1+01 .10691+02 . 13998+02 . 18422+02
-20782+02 .38473+01 . 17371+02-.419268+01 .80834+01-.45273+00~.47818+09

—-.269682+01~.16213+01 .14116+01-.65100+01 .43373+01~.66616+01 .20728+01

=.36701+01 .73167+01~.44196+01 .88317+01-, 12100400 . 17962+0] .56694+01-
- 10907+02-.38301+01 .29228+01-.165156+01~.60128+01-.33767+00~. 16405+82-

61 .94488+01

« 13242402 .11542+02 .031629+01

. 16435+02
.50583+01
-32899+01
. 16616401
. 47882+01
.89964+01

-64441+01-.67219+00-.237 14+01~,62770+01-.86563+01

-.4119l+01—.10542+02-.63180+01-.l0557+02-.82318¢01-.62155+01-.70793+01-.33443+0l"

- 13346+61 .92011+01 .11274+02 .13980+02 , 18087+02 . 12434+02 . 14340+02 -300684+01
—.1069B+Ol--89340+01-.16628+02-.l8043+02—.18605+02-.18829+02-.29948+0l-.42288+01
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x
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-.95184+01~
-.13122+02-
-. 11329+01
.80414+01
. 14127+02
. 167205+00
-. 12862+02-
-, 17725+02-
-.44037+01-
.53641+01
. 12452+02
. 10566+02
. 62344+01—
-.40117+01-
-. 14904+02~
. 10027+02
-.20020+01~
.5146B8+01
-.63003+01—
.44651+01
~.95104+00~
-. 16203+02-
-.31311+01-
. 16442+01~
. 19433+02
-. 17833+01~
.42765+01
-.83882+01-
. 11868+01~-
-.70160+01~
-.20125+01
.80540+01
. 153483+02
.41369+01
-.64597+01~
~.68547+01~

=. 18862+01-

.20822+01.
-.58172~-01
. 22783+02

- .92980+01

.855076+01
=-. 17243+02-
=, 24675+02~
-.24144+02-

. 13635+02

« 16969+82

+ 17833+02
-. 46775+01~-
-. 18096+02-
=. 17944+02-
-.79648+01~

. 84293+00

- 168352+02

.115185+02

. 13076402
-.43380+01-
-.99825+01~

. , *
FIVE DEGREES OF FREEDOM SYSTEM-X2 L]

x
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+ 13304+02-, 10148402, 10071+02~. 10687+02~. 14848+02-. 15660+02-, 17247+02
. 115627+02-.47280+01 ,23730+01 ,.69294+01 .61784+01 .69363+01 .B7446+0]
.58840+00-.31048+00-.20120+01-.31069+01 ,36354+01 .60198+01 . 10847+02
- 10562402 . 17144+02 . 17300+02 . 10432+02 . 15054+062 . 14831402 . 16235+02
. 16864+062 .20239+02 . [2797+02 .B7270+01 .9B179+00-.2B663+00-,38670+01
.27789+01 .96040+081 .10500+02 .70341+01 ,080982+00-,.28018+01-.89816401
-93820+01-, 10073+02~.92144+00-.63041+01-,47207+01~-, 17358+02-. 10434+02
+ 24702402~ , 28776402~ 14047+02-.98480+01~,36827+0 139920+01 ,53838+01
+79639+01-. 136 19+02~.11617+02~., 13426+02~, 14701+02~.41078+01 ,32632+00
«41592+01 .90748+01 .79620+01 .40664+01-.160404+01 ,17874-01 ,30098+01
< 10999+82 , 124B6+02 . 16124+02 , 17439+02 .8B614+01 .74699+01 .B9464+01
.70839+01 .11601+02 . 13938+62 .11898+02 .32464+01  ,86338+01 .46387+01
.78905+01 .37062+00-,66800+01-.49692+01~.24626+01 .96825+01 .36210+01
< 11301+01~.17811+01-. 12746+01-.37884+01 .2778B8+01—,62472+681~.61017+01
. 14298+02-. 19289+02-., 13003+02-.90460+01~. 44479401 .23967+01 .97417+01
<279562+01 . 11478+01 .42731+01-.37730+01-,.02073+01~. 17286-01 .49444+00
-11598+01 ,17154+01 . 14676+01~.34594+01-,33428+01 .66932+81 .32910+01
-12681+02 .17811+02 .22240+02 .20760+02 . 12045+02 ,10451+02 .31170+01
- 11489+02-.68973+01-.32430+01-.78506+00 ,37107+01 . 10829+02 . 18663+02
-40943+01~.58911+01-,73404+00-.11495+02~, 45449+01~, 15732+01~. 16347+01
- 10380+02-,66674+01-. 12206+02~, 16362+02-, 153386+02-. 18407+02~. 16733+02
-49173+01~.88400+01~.208773+01-.92515+01~.82638+01-.52993+01-,71691+01
-39908+01-.207956+01~.295399+01-.31893+01 .36237+01 .11975+01-.083080+00

-

-48498+00 , 17607+01~.29701+01-.808367-02 .39277+0] .14384+02 . 153443+02

. 24076402 , 1B704+02 .10183+02 ,.68239+01 .56442+0 31527+01=,29642+01
-299035+401 .44418+01 .696953+01 .74228+01 .99338+01 ,75699461 .737535+01
-73210+01 .621780+01 .63384+01 .48070+01 .40034+01 .34218+01 ,11174+01
.97660+01-, 12870+02~, 17243+02~. 12760+02-,34062+01 .56823+01 ,60348+01
-10918+61-.37639+01~. 10423+02-. 1269 1+02-.97322+01-.31306+81~. 13930+02
- 10450+62-.905669+81~. 15891+402-.51718+01-. 10381+02—-, 68323+01 .38919+00
-16111+81-, 10747401 .91037+01 .70283+01 .11800+02 .85946+g‘!i30810+01
.68503+01 .35977T+01-.17307+01 .42945+01' .51012+01 .49437+ 8737+01
- 15683+02 ., 11822+02 ,28B774+01 .BH120+01 . 10884+02~,80275+00 .48527+00
.60382+01 .31033+01~.28896+00 ,21200+01-,29230+01-.43848+01~,72949+8]
+40681+01-, B54043+00-.24690+01 .53478+01 .60178+01 .26364+01~.40213+01
- 11936+02-, 16968+02-, 18397+02-. 12964+02-, 16197+02-.68881+01~, 52454+01
-34992+01~.63285+01-.98700+01-. 10490+02-, BB494+01-.60121+01-, 38660+00
-91307+01 ,66241+01-.3683306+01-.81906+680—, 10897+02~,50228+01-.89866+01
.86772+01 .16050+02 . 13598+02 ,16989+02 .21941+02 . 15663+02 .11072+02
. 12772+03 , 118908+02 . 10981402 . 18883+02 . 10754+02 , 15414+02 , 10338+02
- 11885+02 .84627+91 .576879+01 .83091+01 . 14048+02 .948234+01 .96721+01
-68711+01-. 10541+01~.55896+01-.82031+01-, 12730+02~. 16556+02-, 24230+02
- 19499+02-. 139 18+02-, 17338+02-. 16778+02~. 18882+02-, 14948+02-, 25017+02
.27949+02—.l7568*02-.l4958+02-.18155+02-.ll492+02?.10560+02-.IB993+02
« 17447402~ 1309 1+02~, 12862+02~, 10635+02 .21847+01 . 12364+02 . 13797+02

- 17508+02 .20791+02 .20037+02 ,21072+02 .22761+02 .24436+02 ,24807+02

. 18976+02 .28161+02 .27103+02 .23071+62 , 19089+02 .27722+02 . 17185+02
- 11746+02 . 17278+92 .16139+02 ,20088+02 . 11762+02 .72242+01 ,46419+@1
-98834+01~. 19312+02-. 13316+02-, 12061+02~,9B584+01~-. 10562+02-, 15706+02
- 22976+02~.23730+02- . 27702+02- . 23878+92~ . 22986+02~ ., 203 17+02-.20133+62
- 14261+02=, 17022402~ , 10024+02-, |5465+02-, 16604+082~. 14898+02—. 17008+02
<70880+01° ,21021+01-. 19473+01-,38198+01 ,79079+60 . 14553+01~.34030+00
«94448+01 .10002+02 . 13953+02 . 16710+02 .20157+02 . 18272402 . 19465+02
«13123+02 . 14312402 . 13948+02 . 17696+02 .17612+02 . 15489402 ., 14036+02
- 13048+02 .84680+91 .76292+01 .14107+02 .68491+01 ..88738+01 . 10358+02
-59942+01-. 12859+060~. 43077+01-.24668+01-. 11314402~ 11674+02-.94013+01
- 16394+02-. 16502+02-, 13726+02~, 10534+02~. 10626+02-. 11209402~ ,27496+01
- 11837+02-, 188563+02-. 10812+92-.84020+01~, 17 149+062-.97857+01~, 17121+02

-
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—.03343+01~. 16410+02~. 11726+02~, 16346+02-,04183+01-. 12204+02-,71834+601 .78930-01
-40348+01 . 14376+02 .37376+01 .32110+01 .6830580+01-.51423+00-. 10410+02-.35396+01
-09826+01 .61790+01 .11136+02 ,10621+02 .16232+02 . 15042+02 . 14204+02 .66172+01
- 13028+02 . 12833+02 . 15676+02 . 10904+02 . 18821402 .21777+02 .14036+02 . 15464+02

.93480+01
.73301+01
~. 10637402~
-.17392+02~
~.40283+01~
.B7813+@1
.31447+61
-.49560+0 1~
.10819+01-
.27913+01
. 10782+01-
-.48667+01~
.22348+01
.41391+01
.75240+01
.85264+01
-.64432+01~
~. 79102401~
-. 14292+02~
.60380+€1
~.16334+01
.78518+01
-.64904+01~
.48334+01
-.21828+02-
-.83986+01-
~.17198+01
. 16422+02
.21248+02
-.21304+01-
-.12186+01—
~. 16607+02—
-.38473+01
-.73807+01
. 17664+02
.76636+01
-.41071+01
-. 15206+02-
~.81015+01~
-.13484401~
.19168+02
.99767+61
2 1386 1401
v F 1086+02—

L]

gt 1981+82~
-. 16202+02~
-.81973+61-
. 16999+82
.26237+02
- 32587+01
-.66185+01—
-.28136+01
-.94643+01~-
" T3220+00
-.49974+01
.83113+01
.60286+91

-81290+01-., 13716401 , 10404+01 .14116+01 .30352+01 .59324+01 .04184+01

- 07009+00 .04606+01—. 13443+02-,.89064+01~, 12333+02~.78852+01~. 10399+02 . .

- 10979402~ ,57304+01~.36704+01-. 16063+02~. 89486+01-.53197+01-.69066+0 1
. 10330+02~, 13620+02-. 6387 (+01-.83422+01-.28997+01-.60184+00 , 12761401
-42030+01-.50260+01~,27420+01-.09801+01-.69977+01 .483508+01 .27869+01
-83039+01 .14018+02 .47008+00 .64284+00~-.06790+01~, 13878+02-,60266+01
-06471+01 , 13478+02 . 11237+02 . 12106+02 .10051+02 . 18472+01-.34274+01
-23101+01 .566906+00 .34643+01 .395683+01 .77366+01 .43731+01-.22758+61
+54342+01-, 18747+01~.38206+01 .33791+00 .33318+01 .535996+01 .13040+02
-24912+01~.62331+681~,27721+01-.83722+01-.86223+81~-.29390+01~.70903+01
-82692+00-.35913+01~. 10330+01-.38899+0 1~ ,57747+01~. 14137+02-. 68348+0 1
-99978+081-., 6223 1+01-.44099+01-.22488+01~. 1037 1+02-. 82527+01-.90366+00
+38336+01~, 10027+00 .B84661+01 .61419+01 .45553+01 .22912+01 .12811+02
- 13628+01 . 16643+01 .50981+01 .54073+01 .24871+01 .40808+01 .56980+01
-68042+01 .76829+00 .72041+01 .84161+01 .11429+02 .30274+0] .B3585+01
+ 10327402 ,22971+01 .38530+01-.16130+00-.98748+01-. 13678+02-. 14002+02
-43461+01 .93300+00~.21824+01 ,27776+600-,11120+01-. 14B69+01~.40974+01
- 10024+01-,51423+01-.79397+01-.69829+01~, 76680+ 00~ .7 1243+01-.99796+91
« 14247+02~. 12823+02-.90117+01-.34040+01 ,27424+01 . 12710+02 +99563+01
+30097+01 ,12312+02 .62040+01-.87911+00~, 17777+00 .10542+02 .28971+01
+22442+01 . 14740402 .12066+02 ,935905+01 . 14749+02 .21847+02 . 16289+02
-91383+01 . 12020402 . 17832+02 ,90886+01 . 13171402 .77457+01-.368460+00
-70698+01-., 1236 1+02-.76864+01~.62643-01 . 14460+01—.38670+01 .40741+01
-56639+01~, 13392+02-. 16842+02~, 17336+92~, 13795+02-.23862+02- . 26406+02 .
- 15384+02-,25496+02-,24179+02~. 18133+02~, 10929+02-.20056+02-, 62970+81
.98670+00-. 48346+01~.64238+01~.30892+01~.81619+01 .29748+01-.96370+01
-+ 12022+01-.40247+01~.76368+01-.26997+81 , 10929+02 . 14468+01 . 13463+02
+26726+02 .21046+02 .20829+02 .24433+02 .22194+02 . 15500+02 . 10075+02
-16311+02 719483402 .13388+02 .16049+02 ,35379+01 .16364+01-.79108+01
-B3606+01 . 14290401 .92803+60 .12483+02 . 17624102 , 15226+02 ,39045+01
- 7B8785+01-.21078+02-.22912+02-, 24750+02~, 20278+02-. 19292+02-. 13781+02
+97144101-. 14345+02-. 13036+02~. 18607+02~, 13896+02~ . 63300+00—. 10632+01
-21362+01 .68908+01~. 145330+61-.29328+01-.46646+01~.69608+01~.36263+01
-33223+01 .816605+01 . 17070462 . 185064+02 . 18709+02 .24236+02 . 17314+02
-94169+01 .72878+01 .89008+61 .B2420+01 . 11872+02 . 10379+02 . 11069+62
.60761+01-. 10167+01 .14410+02 .39841+01 .53768+01 .39542+01 - 11999+01
+71025-01 .40683+01~.54942+01~.83603+01-.99916+01-.11890+02—, 14412+02
-64681+01~-, 12353402, 12135+01~. 14462+01-,51507+00-. 90860+00~. 66336+0 1
« 13431+02~, 11024+02-. 11613+02~. 10740+02-, 16666+01-.530532+01 , 15194+00
.58B873+01-.11061+62-,.39598+61 .12176+01~.32306+01 .97877+01 .B3649+0]
. 10361402 .86738+01 .87006+01 .78789+01 .28105+61 .33280+01 .69071+01
- 15936+02 40096401 .18991+02 .10469+02 .16101+62 .H4245+01 .27394+01
-43022+01 .10639+02 ,27613+01 ,105626+02 .Bo6BB+01 .33638+01 .20710+01
.14450+01-.12307+.2-.96940+0l-.23748¢02-.9208[+01-.75?20+01-.27662+Ol
- 18698+02-.97870401-. 18299+02-.20040+02-, 21826+02-. 13736+02~. 20285+02
+ 12166+02-.52672+01-.26011+01~, 13281+02-,56679+01-. 12574+02-.89974+01
-26195401-.61974+01 .30366+00 .21961+01 .95073+01 .11909+02 .11762+82
- 10672+02 . 10526+03 .68311+01 . 16834+02 .11148+02 . 18252+02 . 16785+02
+161186+02 .71914+01 .76943+01 .931868-01 .11208+01 .BI745+00 . 12149+92
-82511401 .45196+01 .61499+01 . 11282402 .28606+01 .31571+01—,94724+01
- 17930+02~. 12666+02-. 15451+02~. 15174+02~. 17117+02~. 17078+02-.906 18+ 1
+91646-081-~. 16594+01-,25749+01-, 13866+01-. 12288+92-. 10280+02-, 13548+02
-B890837+01 .20907+01-.37044+01~. 11993+01-.67067+01-.51158+00~.40993+01
-B84611+01 ,60089+01 .11238+02 .11903+02 . 12582+02 .H84380+61 . 10809+02
+20483+01~-.70614+01 .38900+01 .17769+61 .97602+91 .11018+02 . 11882+93
. 19768+02 25810401 , 00~-.37463+01 .60339+861 .64961+01 « 19292481
- 44068+00 . 147T4+01~, 00—, 16621+81-,21287+061~.21900+00-. 19848+06}

=« 13404+02-: 14006401 .35833+00~,46971+01~.24941+81-.57956+01 .41506+01-.32228+01
1+ 17593401 .66093+00 .67816+00-.39881+01~.95186+01~,48385+01~.29222+01-.35228+01
=.20103+01-.68440+01~.41000+01-.39482+01~.90101+01-. 10128+02-.47316+01 +40982+91
~.28764+01-.36843+00 .99972+01 .12133+02 ,229656+01-.91956+00 .48605+00-.36943+01
~,38907+01-.48711+00~,53704+01-.61887+01-.98260+01-.97918+01-, 46576+0| +31245+01
«TT148+01 . 10214+02 .44300+01 .28337+01-.40240+01 27624401 .67718+01 . 16639+02
- 10149402 . 17219+02 .98226+91~. 19598+01~.30996+01~.23875+01-.59101+01~-. 1983 1+01
=.16434+01 .57048+01 .94392+01 .13462+02 , 18277+02 . 14B10+62 .90738+01-.32367+01
«57941+00-.72061+01~-.51101+91 ,28233+01 .15171+01 «47030+01-.28863+01-.290826+01
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—.16696+02—.24276+02-.2I727+02—.29186+02-.84364+02-.29039+02—.26219+02-.16958+02 o

=. 16127+02-.69044+01-,92138+00 . 11838+02 .15017+02 - 18387+02 | 17837+02 . 16468+02

« 14093+02 .67296+01 .28]80+01-.U7726+0|-.15350+02-.13999+02—.!2610+02-.4l602+01

- 14363+01 .32020+01 . 18949+02 .32336+02 .40186+02 .38762+02 .83190+02 .26021+02
-24378+02 . 18999+02 . 10776+02 +00471+01-.36606+01-. 1990240~ ,76669+01~, 1045 1+92
=.20961+01 . 13720+01 . 12800+02 . 16400+02 . 10763+02 67707401 .. 13978+01-.40017+01
-.853[8+0]r.13857+02-.l4489+02-.11549+02-.70710+0l-.12196+02—.18298+02-.2947I+02
=.23004+02-,.22119+02-,33363+02~, 27380+02-, 24867+02-. 12697+02 - 20614+01 .51912+01
11137402 .66158+01 .72940+01 +49906+00—. 11165+02~.20776+02~, 27690+02-, 26690+02
=.24604+02-. 14524+02~.21311+01 , 12605+02 .24504+82 .25204+02 1 24344+02 .20024+02
+22590+02 . 13900+02 .54846+00-.4B3653+01—.30947+0) +56400+01 ,B9534+061 .17853+02

.23063+02 .33022+02 ,330603+02 ,26167+02 - 13828+92~.33166+01~. 88674401~ +02 .

- 13386+02~. 16066+02~. 14738+02~.80978+01~. 15816+01 . 10589+02 20111 " . 23313+02
-11448+02 . 40080 1+0I=16269+01-, 18867+01 -24832+01~. 12706+01-. 70475+01-. 15417+02
« 1498 1+02~, 24003+02-, l69+02—.30l9l+021.24603+02-.16053+024y65025+ 1 .87811+01
-20721+02 .22437+02 ,22883+02 . 23333+02 .20306+62 «73106+01-,.31946+01-. 13494+02
T =.28323+02-, 22269+02-.26234+02~, 16678+02~.59005+01 - 12984+01 . 18065+02 ,.23328+02
.28609+02 ,31685+02 -.27298+02 .30641+02 .32788+02 . 17381402 97097+01-.72171+00
.10567+02-.l5$89+02-.24159+02-.255!9+02-.232?l+02-.l0551+02‘.26629+00 . 20030+02
- 20044+02 .23879+02 .24443+402 7 166194902 . 16630+02 - 12837+00~-,.72835+01-.21696+02
~.2496l+02-.26724+02-.31055+02-.I8393+02-.17769+02-.48552+Ol-.59115+0l-.10521+02
.99253+01-.l?455+02-.12466+02-.2l227+02-.20574+02-.17731+02-.82063+0l . 70322+01
<746 11+0 11\ 16658+02 . 11044+02 ,94920+01 .I4208+0!-.692I7+Ol~.65410+0|-.19926+02
« 13894+02) M487 1+02~, 1 1290+02 ,33099+00~.32817+81 .11094+02 «23421+02 .30966+02
+36264+02] .35644+02 ,31335+02 ,24060+02 « 15779402~ , 349567+00—. 10835+02~. 17989402
+ 19793+02-. 22450+02~ " 19727+02~ . 5783 1+01 .57001+91 .23397+62 .32763+02 .33408+02
+36914+02 .32026+02 ,28712+02 < 14715+02~-.78148+00~.11190+02~, 17090+03~, 16655+02

=-23201402-.29246+02~.256053+02~, 28] 10402~. 19659+082-,608(2+61 -44823+00 .11726+02

-10136+02 .51451+01 .66120+01 .18613+01 +43611+01-.32009+01~.54772+01~, 12823+02
=.20271402-.23960+02~.34929+02~ . 28025+02~. 18788+02-,7 1474+01-. B3465+0 1 .51580+00
-T7T3684+01 . 12207+02 . 14326+02 ,73600+01 . 11530+02 . 12306+02 . 16809+02 .52584+01
.29097+01 .02684+01 .61582+01 «20395+00—-.86793+01~.35700+01—, 32853401 ,45316+01
+74948+01 . 14812+02 .21377+02 . 18624+02 .20396+02 ,24382+02 » 16597+02 . 11057+02
.ll783+01-.38997+01-.20912+Ol-.6581I+0!-.93895+01-.l254l+02-.65543+0l-.55 97+00
+ 11779401, 44731401 .00546+00-.39143+00 .44937+01 .72147+01 . 16356+01 .81748+00
.63558+Ol—.11073+02-.l9956+02—.27556+02-.23256+02—.32!21+02-.26918+02-.l9693+02
- 13049+02 .41036+81 .14917+01 .B80717+01 .56179+01 .‘§000+0l - 11540+02 .39686+00
-10663+01-.45946+01-.33500+01-. 04413+01~-, 13026+02—. 4244+82-, 14106+02~,31585+01
44902401 .37889+61 . 12680402 , 14493402 .20464+02 .28200+02 .31163+02 .92172+02
-40731+02 .382223+02 .22609+02 . 17143402 .68772+01 .44899+91 - 29068+01~.7080%+00
-71471+01 .21187+01 . 12189+02 . 15232+02 .18991+62 .21418+02 « 249074+02 23791402
» 14967402 .25351*01-.l7150+01-.95888+01--18244+02~.22270+02-.31460+02—.84209+02
-34470+02~.28780+02—.25289+02—.l7891+02-.l7940+02-.14892+02-.10980+02-.l299l+02
.18768+02-.25584+024.3013!+02-.18401+02-.22548+02—.22601+02-.20398+02-.24841+02
~.21907+02-.22116+02~. 13952+02-, 18078+02~-. 16 167+92—. 10218+62 +18261+01 . 16450+02

1 [ B A |

- 22547+02 .28092+02 ,36030+02 .46439+02 ,.82306+02 ,48598+02 .32839+02 .26738+02

- 10641402 . 14668+81 .38901+01 .50064+01 . 17004+02 .23321+02 .23846+02 -32997+02
:32643+02 .39069+02 ,28767+62 .21079+02 .22172+02 . 18400+02 -93418+01-.28928+01
.9]878+01-.10248+Oﬁ-.10158+02~.16290+02-.l9028+02~.15785+02-.ll291+02-.18008+02
.26870+02—.34294+02-430969+02-.36764+02—.30106+02—.27892+02~.28775+02—.24702+02
.I952?+02-.20294+02-.!71?6+02—.ll734¢02-.67486+0|—.l4766+02-.18504+02-.20639+02
« 18702+02~. 12199+02~. 1 1782+02-, B6336+01—., 14160+02- . 50488+01 « 17996+01 .49916+91
.98325+01 .12381+02 . 17188+02 . 19425+02 ..23697+02 .23647+02 +26832+02 ,27992+92
«27292+02 .22389+02 . 17948+02 ., 17740+02 . 16861+02 . 15714+02 - 10628+02 .38883+61
«46829+01 .76785+01 .11916+02 . 10503+02 . 16325+02 . 19780+02 . 181453+02 .23012+02
+20104+02 . 19370+02 .86966+0!-.42485+01-.58890+.l-.1710l+02—.18880+02-}2060l+02
~+21614+02-. 19910+02~, 30209+02-, 24013+02~, 18924+02-. 42999+01 « 11003+00~. 14546+01

—.17994+00~f7103]+Oi—.6l296+01*.12014+02*.1526l+.2--20898+02--21|45+02—.28077+02

-
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—.289l7+02-.l9679+02-.26280+02-.l6492¥02—.20287+02-.l2379+02-
. 10871+02 T19175+02 ,20016+02 ., 136 14+02 . 18500+02 ,68846+01-~
- 12908+02-.89007+01-.22568+01 .60748+01 .B7584+01 .21038+02
-29793+02 ,29282+02 ,22370+02 . 17817+02 .59595+01 - 62001+01
+14111+02 .80469+01 .14714+02 . 12455+82 . 10208+02 -54860+01
.47845+0I~.68946+0I-.12017401—.12?B7+0l-.71210+0l—.2l§9l+0|-
.G9969+Ol—.20457+02—.234|8+02-.15873+02-.15803+02-.17508+02“
.32444-01—.426?7+Ol-.14458+02-.17180+02*.11694+02-.11564+02-
<79377+01-.21081+01 .40793+01 ,45473+01 . 53046401 «20094+01
< 13977401 .72097+01 .76717+01 .10336+01 «42830+01~, 18241+01-
+62156+01-, 14476+00 .69745+01 .B3495+01 -88113+01 . 19477+02
-BB275+01 .26930+01 .43669+01 - 14502+01-.74802+¢01~, 15220+02~
-37885+00 .36940+01 .43938+01 -10190+02 . 10858+02 | 10735+02
.49524+0l—.64324+01-.76275+0|-.ll?90+02-.60142+0l-.52885+01-
-.92986+01 .15916+01-.71084+Ol-.30149+01-.30966+0l-.24395+0|
-.222|0+01~.88903+01-.10650+02-.82225+01-.l6755+02-.13009+02-
-88975+01 . 12878+02 ,17019+02 , 1059 1+02 . 17594402 . 17008+02
-.27368+01-.57864+01-.67305+01-.90?24+0l—.53763+01-.24395+01
- 10258+02 . 10551402 . [45368+02 -, 11637+02 +12716+02 | 16689+02"
- 14700+02 | 14093+02 .16114+02 , 13123+02 +99618-01-, 12641+92~
< . 34489+02-.24446+02-" 18449+02~., 10029+02-.24149+91 . 75310401
-18121+02 .11431+02 +34176+01-, 10987+02-.21016+02~, 23948+02-
. -.26638+02-.256l8+02—.15074+02-.13270+01“.74554+01'.69093+0I
‘ - 16282402 ,99707+01 .94742+01 . 16194+02 -11628+02 ,50148+01
= 44176+01~, 186073+02-.78035+01 .517052+01 - 11962+02 .23312+02
-35998+02 ,26984+02 .23505+02 . 19346+02 +20013+02 ,B3136+01~
-.22884+02-, 1712440 +21000+62-, 19867+02-. 16322+02 ,27326+01
+ 17981+02 .20374+02 - 16660+02~.59009+01~. 19313+02-. 24461+02~
-.60446*02—.52165+02-.48339+02—.33760+O2-.25322+02-.1659l+02
. +20171+02 ,083333+01 - 10430+02-. 18202+00~,71124+01-, 10656+02-
*.21530+02—:65026+01-.10297+02—.12993+02-.77950+01—.14234+01
- 20734402 ,25008+02 .42152+02 ,46509+02 -46277+02. .49828+02
-21479+02 . 12196+02 +72706+01-.9396 1+00- . 57327+01-. 10402+02~
= 14137+02-.90660+01-, 14630+01 .64287+01 - 10239+02 .30234+02
. 27056+02 .!231?+02-,l4?03+01—.16730+02-.88052+02-.55483+02-
—.50226+02-.40636+02-.IBIB7+02--I9698+QJ - 12069+02 ., 12593+02
.l1654+02-.65?29+00-,18348+02—;15l86+02-.16892+02-.l4863+02-
+39365+01 .4B8975+01 .13771+02 , 14484+02 -A1826+02 .22851+02
-25904+02 .26416+82 .12981+02 ,B88213+61 .89868+01 .89%224+01
~.47498+01-.61521+01 .28360+01 . 13034+02 -26184+02 , 17876402
.11608+81 .5784I+01-.29542+0!-.44209+01-.19999+02-.24l90+02-
~. 14648+02-, 16301+02-, 12836+02~. 689 14+01 41417401 .46611+01
-.4703&}01-.659ﬂa+01-.18002+02-.17484+02-.22057+02*.18375+02-
= 17904+01-,36788+01~.34225+81 .11384+01 -48348+01 ,69265+01
< 14794402 .23176+02 . 12788+02 . 17927+02 . 12431+62 . 10862+02
«16517+01 .17180+01 .12840+01~.11103+0] - 74440+01 , 15363+02
~89105+01 .100698+02 ., 13845+02 . 16754+02 -25116+01-.21504+01~
-.l2851+0|-.ll969+02—.90098+0]-.B6377+01-.l2694+02-.26717+02-
-.12301+02-.20957+02-.25057+02-.16854+02-.11646+02-.86204+0l-
*.23646+02-.16646+02-.l24ll+02-.ll464+02-.90205+01-.65843+01
.28408+01 .66792+00-278578+Ol-.87531+01-.14509+02-.69238401
© +21827+02 . 19773+02 .24286+02 - 28708+02- . 23547402 .26676+02
+ «17086+02 .11662+02 ,.48765+0] +11872+01-. 17378+00 .41007+01
<91561+01 .23648+01 .B2561+01 .78643+91 - 15680+02 ,22734+02
- -.80736+Ol-.96928+01-.23l31+02—-31762+02-.4007l+02-.49140+02'
' =.64442+01 .10988+02 .24805+02 ,26289+02 < 29004+02 . 18281+02
-.87l73+02-.38888+02—.34002+02-.80.64+02-.22916+02-.1293l+02
+30125+02 .34234+02 .24313+02 . 16366+02 - 12324+02 .28087+01-
= 11471402~ 10541+02 .31645+00-. 10849491 12764402 . 15113+02
- 10650+02 . 13530+02 .93307+01 . 10712+00 -30663+01 . 17883+01
< 22404401 .15110401-.70774+01 +62933+401-. 16210+01-.54357+01~
-.78985+01--18709+02—.688.‘4.1-.87684+01-.45048+0I-.18787-0l-
- 10332+02 . 15111+02 . 10128+02 +21433+01-.64132+01~. 14685+02~
-.l2246+02—.18539+02--20867+.2-.88186+0]-.80124*01-.56489+01-
-83388+01 .44200+01 . 12292+02 . 14368+62 . 18029+02 . 12309+02
-.34088+01 .69082+00-.1353.+02-.24248*02—.30382+02-.3[633+02-
+ 11078402 24620402 .25410+02 .26459+02 . 16427402 . 13020+02
" .81978+01 .16980+01 -44222-01-.34809+01-.74506+01-. 3993049 |~
=.19377+01-.97617+01 .10281+81 ,B50370+01 - 21545+02 .29877+92
--14613+02 . 15005+02 .l9837+0!-.40062+01-.11084+02-.l92ﬂ8+02-
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-51433+01 .11115+01
+48810+01-.97430+01
.35330+02 .33076+02
.62776101 .87894+01
.66056+00-,21149+01
.33906+01 ,21022+01
- 10468+02-.76783+01
- 131214+02-, 13774+02
-12381+01 .65600+01
-98728+01-. 13482+02
«21827+02 . 19533+082
- 14256+02-, 68200+01
-38941+01 .49691+01
-636206+01~.98160+01
. 18653+00-, 88389+01
» 16623+02~, 74304401

+12184+02 . 10742+02

16422401 .46670+01
. 18595+02 ., 10685+02
+26913+02~-.29575+02
.22018+02 ,24834+02
. 24863+02-, 22642+0

. 11978+02 .20127+0

. 1198340 1-.26034+0 1
.28223+02 .33631+02
.56025+01-. 19872+02
TOT47+01 .91493+01

+29947+02~,45352+02

-68416+00 . 12746+02
« 17141402, 12559+92
-66103+01 ,91713+01
«36746+02 ,30661+02

- 14123+02~. 13663+02 .

.380080+02 .338%6+02
+61773+02-.57146+02
23124402 ,26447+02
. 17040+02~,99558+01
.23089+02 ,27342+02
.52390+01-. 19156+01
- 22080+02 .14177+02
+28139+02-.24312+02
-58478+01 .17993+01]
« 11907+02~, 16879 1+02
. 13347+02 .l2289+02/
B7729+01-.57014+00
.30037+02 . 18760+02
-36909+01 .42842+01
-23896+02-. 19665+62
+ 19036+02~.22127+02
« 16358+01-,29362+01
»63836+01 .B3368+01
. 12001402 . 14739+02
+91232401 .76956+01

. 13870+02 . 10735+02

-42822+02-,.31050+02
- 13793+01-. 137B84+02

-34606+01 .22716+02 .

.63300+01-.78917+01
- 15670+02 .20283+02
-11230+02 ,BTon7+01
-45664+01-.97293+01
-93978+00 . 10034+02

- 10540+02-.172158+02

.B8746+01 .36982+01
«34282+01-.36867+01
+ 16569+02~, 46435+0 1
+20344+02 , 11946+02
.89386+01-.27953+01

-23234402 20449492 |

- 17853+02~. 18383+02

ke .
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* FIVE DEGREES OF FREEDOM SYSTEM-X4 *
»
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-.13879+02-.37922+01-.64357+0l—.4?727+01~.22022+0!-.I8507+02 « 11443+01-. 13198+02 .

-.48456+01-.14699+02-.76251+00—.78184+01-.14520+01-.23525+0[-.16829+Ol - 60079+01

=-81108+01 .06465+061-.60014+00 .453005+01 .97379+98] .54243+01 .86110+01 .13018+02

-63396+01 . 14636+02 .71392+01 . 10721+02 ,47602+01 - 11407492 | 17468+01 . 10765+02
-81471401 . 11021402 , 16569+062 ,41903+01 « 18879+02-, 14393+081 .98485+01 . 69472+01
=.19882+01 .75172+01 .33270+01 ,B0584+00 .61!59+01-.64§34+01—.28315+01—.18l99+01
=.96208+01-,38502+01~, 12152+02 , 10482+01-. 13788+02 +26973+01-, 18906+02-, 48125+01
-.13399+02-.18990+02-.66493+01-.16176+02-.12367+02-.49|74+00~.15847+02 +20584+01
-.2!386+02-.l2465+01-.1285l+02-.7]969+01-.42057+01-.802Bl+01 -681408+01-, 12337+01
-+ 11682+02 . 13311+01 .H6182+01 .43690+01 .B4033+00 -27897+01-.43584-01 . 18025+01
-52750+01 .94075+01 .12021+02 .52526+01 - 13667+02 .16136+01 , 14579+02 23566+00
-85620+0]1 .40800+01 ,11571+02 .67248+01 .58417+01 ,.94748+01 + 11658+62-,71274-01
< 14671+02-, 25849+81 ,98999+01~, 13723+02 .72169+0|-.69480+0!—.159ll+01-.95133+01
=-.21132-01-.66044+01-. 11577+02 +11349+01~.72640+01 ,33466+01~. 12782+02 .62789+01
~.13076+62 .31732+01—.l1579+02-.28015+01-.22133+01-.27785+01 .84033+00~, 18607+01
~.83463+00 - 43347400, 44823+01-.25213+01-.80198+01 + 47006101~ 13043+01~.45012+01
< 11656+02-.77968+00 .93399+01 +24396+01-,21039+01 -67300401-.32410+00-.29256+01
:62243+01-.37030+00 .B5420+01 ,70761+01 -39083+01 . 14810+02 ,43883+01 ,30340+01
+10112+02-.41115+00 ,63231+01 . 16689+01 -92586+01 .39974+01 .59793+01 .41680+01
=.07149+01 .04637+01-.21449+02 +71043+01-.20866+02 +66024+01-,11519+02-,24234+01
-28860+01—-. 11368+02 ,78543+01~. 19360+02 - 699368+00-, 10460+02~. 14631402 . 16601+01
~.22673+02 .91257+01-.21346+02 .64276+Ol-.l2658+02-.9325[+01—.33032+01-.16362+02
.59883+0[-.17773+02—.35553-01-.36283+01-.36l47+01 < 78704401-.76419+01 . 16751+62
~.13606+01 .15250+01 . 14876+02~,76789+01 + 18302+02-,21748+01 .59618+61 .]11792+92
-09990+01 .901564+01 .93001+01 .77192+91 -83301401 .71119+01 .831414+01 .69647+91
-B6123+01 .32804+01 . 10771+02-. | 1833+01 +67431+01 .89261+00-.55326+01 .34748+01
=.99793+01 .27304+01-.42304+01 .28164+01 +31747+01 . 12047401 ,74343+01 .47399+06]
- 17400401 . 77764+01-.60585+01~.37609+60 «16762+01-.85273+01 ,36831+01~, 46233+01
-.37036+01-.47519+01-.15076+02-.Glill+0l-.15162+02-.70!73+01-.67367+01—.17267402
-58354+01-.20433+02 .A5501+01-, 16083+02 -33834+01-. 12125402 ,42473+01~.47995+0]
=.96644+01 .77226+01~-.81913+061 .97933+01~.71728+01 - 14868+02 .72398+00 .86188+01
- +B31237+01 .46709+01 . 10635+62 ,47164+01 - 12070+02~, 18239+01 . 16218+02 .46379+01
+ 11014482 .43603+01 .74860+01 ,47226+91 + 74349400~ 14716+01 .40567+01 .16913+01
=.10671+01 .32261+01 ,19887+01 ,42466+01 + 10890+01-.26669+01~,. 1761 1+00-. 34339+01
< 19721401~ 11675+01~.60937+01. , 104906+01 -30059+01~,71183+01 .36176+01~,66943+0 1
.162?5+01-.03885+Ol-.48709+Ol-.48075+0l-.l1356+02-.46883+Ol-.97699+00-.10789+02
« 11699+01-. 16176+02 .29684+0l-.18109+02-.10477+02r.85486+0l—.17878+02 +62168+01
=.77539+01 .51415+01 .41196+01-.45060+00 + 10220+02~, 11429+02 . 14704+02~.97312+01
. 11408+02 .39195+01 .70749+01 . 12307+02 -89687+01 .71198+01 .83014+01 .91861+01
- 10355+02~. 18464+01 .24163+03 . 10057+01 . 18653+02 +79780+01 .20410+02 .76301+0]
:14767+62 .11180+02 .79883+@1 .11831+02 .30174+01 «78909+01 . 12876+01 '.65611+01
. 12203+01 .53567+01-.77503+01‘.35908*01".48337+Ol-.92542+01-.88997+01-.16118+02
.35337+Ol-.19480+02—.64514+01-120604+02-.1244l+02-.2ll46+02—-15326+02~.2$350+02

< 14345+02-.61386+01-. 13860+02 +30411+00-.26862+01~. 19875+00 .46919+01 .51559+01
- 10249+02 ,62030+01 .69901+01 .11276+02 - 14484402 . 10669+02 . 18706+02 . 17354402

- 19658+02 .31224+02 . 18997+02 .28286+62 .28951+02 + 15167402 .32356+02 . 15365491

&

.16659+02-.27241+02—.84039+017.24575+02-.96020+0!-.64681+01-.l9687+02-.86676+0! :

+26555+02 . 12020401 .16023+02 .B1412+01 +67188+01 .34144401 .47619+01 .24320+01 |
-.93372+0l-.18613+Ol-.14666+02—.72638+0!—.l1295+02-510868+02-.97058+Dl-.10781+02

.16886+02—.18230+02-.18889+Oﬂ-c21298*02-.l1267+02-.259l0+02-.13444+02-.14104+02
.20086+02-.IOOI9+02-.|8947+02—.76890+01-.1987?+02—.41574+01-.95285+01-.18896+02
-02240+01-.71124+01 .59537+01-.70512+01 -83146+01-. 12608-01-.47840+00 . 64825491
=.74905+00 .64044+01v.34109+01 . 12707+92 -08023+01 .12802+02 .68374+01 - 14989+02

- 12233+02 .968508+01 ., 18564+02 -10898+02 ., 18618402 . 13374+02 , 14463+02 . 18323+02
-81267+01 . 14860+02 .T1715+061 ,99482+01 -88917+01-,.33044+01 .13641+02-.61233+01
-81925+01~.837470+91 «97908+08-. 76898+00-.98988+0 1 +91836+00-.480876+01-. 10263+02

.24065+01-. 16464+92 .46870+.l-.2.124402-.72Bl2+01-.10865+02-.llllO+02—.30776+01'

—.24961+02-.89409-01-.l6509+02—.10148+.2-.61477+01-.l2679+02-.25742+01-.l2008+02

.
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+27661+01-.23112+02 . 14703+02-, 23597+02 .82449+01~
-.90051+01 .81819+01-.10406+02 . 10874+02~.95014+01
+77301+01 .24942+01 . 1B496+62 .76266+01 ,11232+92
- 11676+02-, 86066400 ,21081+02 ,51842+61 . 17818+02
—.22231+81 .161468+02-.56966+01 .97162401 .29765+01~
.6839 1+01-.404083+01 .30171401-. 17403+02 .74020+0 1~
-169366+01-.72294+01-, 8036 1+01-. 6705 01~,10239+02-
=. 14047+02-, 10638+01-. 12221+02-, 1526900 1-, R6227+0 1
=.48870+01 .32999401-.80418+01~.21010+01~, 16521+01-
+20716+02-.057278+01 .93013+01 .66366+01-.81064+00
=.37901+00 .22132+01 .12750+02 .11237+01 ,52208+01~
=.32842+01-. 12004+01-.31769+01 .80881+01 ,27420+01
-88107+01-.85829+01 .30704+01-.87682+01 .33029+9]
~.81462+01 . 14543+02-. 12776+02 .058453+01~.58171+01~
-68230+01-. 12119+02 ,78694+01-.83042+01-, 10426+92
=.16171+02-.26042+01 .32020+01-, [6012+02 . 76243+81~
=.10369+02 .97330+01-.80517+01 .89820+81-.89753+01
«67336+01 .B4777+01 .44512+01 . 10523+02 .63379+01
+36464+01 .42047+01-. 14493401 ,79508+01-.28379+01
=+ 12343+02 .78473+01 .19573+01 .23370+01 ,78350+00-
-76018+01-.61269+01 .76496+01-.49634+01-,29173+0]~
~.99145+01-.68609+01—, 10B47+02 .B3509+00-.6085(+01~
=.32648+01-.70021+01~.66481+01-, 17263+01-. 35838+61-
+93451+01-. 16721+01 .42480+01~,22475+0] ., 10772402
+94917+01 .99291+01 . 10897+02 .22097+081 . 19683+82
-56189+01 . 10968+02-.41739+01 . 15320+02 . 129844+901]
«69295+01 .20107-01-. 13451+01 .75273-01—-.634837+06-
=, 17911402 ,20303+01-, 18938+02-.47516+01~
=. 10896+02~. 16826+02~-.76489+01-.91336+01-. 20870+02~
—.28004+02 . 14621+01-.20102+02~,41447+01 . 17936+00-
-21203+02-,08631401 .74840+01 .12110+02-.472205+01
—-.32284+01 . 18779402 .28981+01 .12578+902 . 15040+02—
- 16958+02 . 10458+02 .22684+02 .16170+02 . 18030+02
+11662+02-.66363+01 .69061+01-,73498+01 .81840+01-
= . 14809+02-. 11760+02-, 15629+02-.92498+91-, 12370+02-
-.906380+01 .15699+01-,.22138+02~.34822+81-. 16813+02—-
T +21397+81-.94458+01-.33915+00~.61319+01 . 10941+02-
=.6668+01 . 18238+02-.66495+01 . 18170+02 . 12423+82
- 19296+02 .22064+01 .15679+02 .46883+01 .99147+61
-39922+01 . 13672+02-.58303+01 .17576+03~. 12850+02
54529+01-, 13831402 ,72660+01~. 96+62 ,43110+01-
<. 16201+02 .43037+01~. 13720+02 ,30030+01-,089204+01
=.i5215+01-. 16683+02 .27727+01-. 13267+082-, 36882+01-
—. 15392+02 .26852+01~, 18709+01-.78188+01-.67467+00—
+ 14520+02-.70268+01 . 19982+02~.41228+81 .74373+01
33074401 121789+02 .10692+91 .23363+02—.34287+01
<21946+01-.71117+01 . |61768+02-.539633+01 . 14147+02~
-.96171+081 .71748+01~,21561+62 +33443+01-. 17543+02
~.81408+01~. 10224+02-.76122+91~.23703+02 .58443+00~
~.B89550+01-. 12808+02~,93092+01-.31343+01~. 19986+02
-. 12860+02-, 18833+00 ,20277+01~.76028+90 .73456+01
+38344+01 .10462+02 ..12353+02-. 11406+01 .24964+02-
+ 16926+02 . 16248+02 . 10080+02 ,.86056+01 .31341+01
=, 10836+02 ., 16295+02-.86485+01 .71730+00 .48701+01-
-95440+01-.24260+02 .53701+01-.66091+81~. 1 16093+02-
=.11281+02-.28634+01~, 1 1748+82-,91094+01-, 11865+02-
+79541401-.79798+01 .67217+01 .79225+00 .46922+01-
+33113+01 .10270+01~,.06825+00 .83153+01 .13187+01
=.29133+01 .21789+02-. 16472+02 .21832+02-,74720+01
+ 109564+02 .37082+01~.44412+01 . 10837+02-, 13169+02
- 13179402-.11919+02 . 14224+02~-. 11760+02 .89967+01
© =.14851+02 . 10683+02-,90288+01-.28706+00 .39568+81~
+61049+01-.87464+01-.41104+01-. 18213+81-. 6447 1+01
~.34640+01-.28272+01 .67648+01-.86624+01 . 12706+01-
=.65883+01 .68896+01-.89122+01 .14961+01 .21879+01~
- 218994+91-.84793+00.- :50350+01 .20518+01-.48103+01
=.72887+00-.03162+00 .16870+01-.61123+01-,.46761+01
- 17096+01 .106836+02 .45660+0]1 .39826+01 .835620+91~
=.16988+01 .18176+02~,.47930+01 .12598+02 ,69019+01-
.33269+01~-. 13197+02 .63663+01 - 13703+01-.74207+01
. . 7

-

]

« 12492+02~.082639+01 .81976+00
. 33080+01 .26100+01-.13283+00
- 10484+02 ,70818+01 ,78397+01
-996056+01 .96B32+01 .20945+02
-69373+00 .61985+01-.42169+00
- 21487+02-.26844+0 (-, 1 1485+02
-67641+00-, 17288+02 ,32517+00
«428808+01-, 29839+01-. 19602+01
-45084+01 .B3363+01-. 13602+02
- 32068+01-.39810+01 .67630+0]
+87931+00 .31467+01-,034474+01
-67601+01 .28098+01-.72432+00
-17140+01-. 120080+01 .10692+82
- 12620+01 .27883+01~.92438+91
+22479+01~, 17652+02 . 44567+01
«12334+02 ., 15330+01-,34672+01
-70790+01 .55106+01 ,24443+01
62406+01 .B80985+01 .54557+01
-01838+01-.47760+01 , 11695+02
< 20076401 ,B56447+01-.75953+01
-40124+01-, 10810+02-,57894+01
-60881+01-.48496+01~.43619+00
-98272+00 .29092+01-,53061+01
- 18083+01 .43208+01 .51065+01
-61038+01 .76762+01 .78984+01
- 17838+02 .45928+01 .57331+01
+36426+01-.49404+01 . 15983+91

.

+21161+02-5 88931+01~. 10357+02~ .86 126+081

.83659+01-.24458+02 , 16037+00
. 14432402 , 16145+02—, 14924+02
. 18507+02~, 44974+01 .23891+02
L27717+01 .20348+02 .59639+91
.07245+01 .20633+02 . 19516+00
. 12493402~ . 72184+00~, 53426+0 1
.77811+01-,84922+01-. 14171401
. 10565+02-, 13844+02~
.26692+01-.97063+01

+96305+01 .19090+02 .23412+01
.11893+92 ,98030+61 .11890+02
. 14845+02-.98449+01~,.53948+01
.88259+01-.84105+01 . 11037+01
.B7805-02-.67587+01~, 1 1758+02
. 168601+01-.92113+01 . 13327+03
.22211401 ,61132+01~.43966+01
.97486+01 .36788+01 .12889+62
. 19529402-,26234+01 . 10542+02
.68431401 ,41326+00 .48670+01
87666+01-,219014+02 .43656+01
. 27030+02~.33969+01~. 24233+02
.26817+01-,21573+02 ,27854+01
.93945+01 .29059+01 . 17912402
+69790+01 .28213+02 . 43590+91
.98016+01-. 10114401 . 15927+02
. 13393+02 . 11477+02~,22038+02
< 41070+00~. 11037+02-,36982+91
. 13438+02-, 13437-01~. 18418+62
68817401 .49624+01~.85771+01
10781402 .84133+01 .98593+01
.94391+01 .89151+01-.46632+01
- 11500+02-.246565+01~. 34899-01
+ 19122401~ ,74357+01 ,97870+91
- 16339+02 .93718%01-. 17831+02
-41382+01-.92998+01 .929006<0]
+83397401-.43987+01-.21812+01
«23710+401-, 17637+01-. 19483+01
+63145+01~.50390+01 ,60986+01 .
46442401, 10412402 . 14832+02
.45899+61 .B828594+01 .64931+0]
+21746+01 . 10452+02-, 12362+02
- 16893+02~.64834+01—. 66205+0 1

-.Ba443+01

. 12976+02 .
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-.77588+02-.80079+02~.684!0+02—.71488+02-.74419+02-.71587+024.69828+02".66838+02 .

-.685l2+02-.64964+02-.57967+02-.42618*02-.34201+02".282BB+02—.|4058+02.:23274+01
-96423+01 .24073+02 .37811+02 - 49666+02 . 46684+02 ,60603+02 -67316+02 ,.79997+92

+79909+02 ,7B672+02 .92928+92 - 10138+03 ,99537+02 .99988+02 -92396+02 .87799+02

-88523+02 .89669+02 ,88337+02 -80900+02 .72303+02 ,66891+02 570158402 |, 42B806+02
. 41808+02 .33734+02 .34843+02 - 26200+02 .71080+01-.|249B+02-.27773+02-.447l7+02

-.588?6+02-.6809l+02—.764lﬂ+02-.70702+02-.74928+02-.79897+02-}98292+02-.lll7ﬂ+03 '

-.10716+03-.ll495+03-.13419+03-.!2429+03-.l2448+03-.1093I+Q3-.962l3+02-.79722+02
-.72789+92-.63736+02-.50915+02—.38068*02-.34395+02-.3|2|2+02-.IBOU9+02-.55658+01
-52242+01 .16061+02 ,35587+62 -50413+02 ,61349+02 -39062+02 ,609714+02 . 60387+02
< 72020+02 ,64619+02 .54322+02 853227402 ,69384+02 -61284+02 .68455+02 +78126+02
-86303+02 .93987+02 ,99422+02 +94369+02 .a818583+02 +38108+02 .854997+02 .43610+02
-37849+02 ., 12451+02 .7!797+01-.59016+Ol-.l6083+02-.l9475+02-.l4l7l+02—.2543|+02

-.47688+02-.55l2ﬂ+02-.6000!+02-.5356l+02-.14134+02-.33068402-.87478+02-.83605+02 .

-.32463+02—.34695+02—.12985+03—.6833!*02-.41092+02—.38025+02-.323!3+02~.IBBIO+O2
=.90120+01-. 115680+02-,78269+081 -37189+01 .06097+081 .46098+01 +90283+01 .93721+91
+B2427401 | 13423402 . L4E52+92 +20902+02 .23483+02 .24835+02 - 41433462 ,36911+02
-36303+02 .45128+02 ,46387+02 +838994+02 ,70705+02 .62761+02 + 670 82 .64845+02
-58344+02 .52460+02 .44536+02 -34366+02 .20462+02 ,24217+02 + 19283+82, . 27807+02
.82194+0!-133051+01“.l9227+02—.25089+02-.35453+02-.44!96+02-.48795+02 :59629+02
-.57?13+02-.64297+02-.62434#02-.55206+02-.57412+02-.47210+02—.55967+02-.U9595¥02
-.7!683+02-.749!8&02-.80931+02-.87586+02—.96763+02—.94507+02-.8152B+02-.65160+02
-.54349*02-.38760+02-.80080+02-.18545+02-.12140+02 - 38204400 . 12454402 » 11546+02
-280105+02 ,032076+02 <41770+02 .48145+02 ,447268+02 -857034+02 .71378+02 +T6745+02
- .83740+402 .89732+02 .58014+02 -82917+02 .B1633+02 .67160+02 -56992+02 48934402
41429402 . 200842+402° . 19176+02 +16813+02 . 12076+02 . 16535+02 « 12488+62 ,73024401
+63708+01 .92215401 . 12681+02 -11014+02 ,78907+01 .10736+02 - 17980+02 ,271856+02
- 18993+02 . 12654+02 .68114+Dl-.78?08+0|-.16131+02-.18761+02-.24626+02—.3|913+02
-.51870+02-.69225+02-.76132+02-.B?238+02-.85203+02-.86308+02-.77212+02—.85807+02
-.77168+02—.80956+02-.78053+02-.72452+02—.50889+02-.4!317+02-.3?l98¢02".2202[402
=. 14690+02-. 11179+01 ,32890+091 < 12124+02 .22687+02 ,39887+02 .83132+02 .51810+02

-62069+02 ,73700+02 .80822+8§ +74338+02 ,70070+02 .71139+92 +G5B837402 . 63735+02

. 63483+02 - 60128+02 ,55616+ -38202+02 ,38221+02 -40468+02 - 22646+02 . 17231+02
+91086+01 .61442+01 .67601+81 .ll846+00-.l7023+01-.l0573+02-.74198+0l—.72266+0l
-.l2037+02-.l9546+02-.18210+02-.24743+02-.17471+02-.16706+02-.29196+02-.26992+02
-.32790+02-.39269+02-.51333+02-.62988+02r.62765+02—.8045l+02—.?8044+02-.BIl29+02
~.80989+02-.71758+02~.78903+02-.76907+02-.76609+02-.69679+02-.83519+02—.47823+02
=.30006+02-, 16470+02 ,36341+00 +39658+01 . 17279+02 + 19412492 .32781+02 -41907+02
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