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ABSTRACT

Several techniques for obtaining 1inear constant-coefficient airplane
models from specified handling-quality time histories are discussed. One
technique, the pseudodata method, solves the basic problem, yields specified
eigeﬁvaTues, and accommodates state-variable transfer-function zero suppres-
sion. The algebraic equations to be solved are bilinear, at worst. The dis-
advantages are rediced generality and no assurance that the resulting model
will be airplanelike in detail.

The method is fully.illustrated for a fourth-order stability-axis smail-
motion model with three lateral handling-quality time histories specified.

The Fortran program which obtains and verifies the model is included and fully

documented.
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SYMBOLS

vector comtaining all of the elements of A
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input distribution vector with elements bi
coefficients matrix with elements €45

final-value vector with elements c,

normalized tongitudinal handling-quality criterion
longitudinal handling-quality criterion
denominator polynomial

normalized lateral handling-quality criterion
lateral handling-quality criterion

differential operator d= (t
output measurement matrix, matrix transfer function
augmented output measurement vector matrix
input/output coupling vector

augmented input/output coupling vector

pitot station to vehicle C.G. distance

numerator polynomials vector

normalized roll-rate handling-quality time history
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nominal airspeed

state vector with elements xi(t)

output vector with elements yi(t)

specified response vector with elements §1(t)
augmented output vector

normalized sideslip handling-quality time history
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aileron deflection
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eigenmatrix '

specified efgenmatrix

eigenvalue vector with elements Aj

roll angle -



Figure

[ZS IR A~ ]

44,8

8A,B

10
k!
12A,8
13
14
15
16
17
18
19A.B
Al
A2
A3
A4A,B

LIST OF FIGURES

c* Tongitudinal handling-quality criterion envelopes

=

normalized roll-rate envelopes

Pr

B, normalized sideslip envelopes

D; lateral handling-quality criterion envelopes
acceptable eigenvalues for second-order longitudinal models
fitted rnll~rate and roll-acceleration responses
fitted sideslip and sideslip rate-of-change responses
fitted D: and D: rate-of-change responsés

roll-rate pseudodata

roll-rate response of fourth-order model

sideslip response of fourth-order model

D: response of fourth-order model

fitted roll rate with one zero suppressed

fitted roll rate with two zeros suppressed

fitted sideslip with one zero suppressed

fitted sideslip with two zeros suppressed

model roll rate and roll acceleration

model sideslip and sideslip rate-of-change

model D: and D: rate-of-change

program AANDB structure

model roll réte and roll acceleration

model sideslip and sideslip rate-of-change

model D: and D: rate-of-change

vi



Table

w ™

LIST OF TABLES

Unit correction factors for D equation
Jetstar parameters and flight conditions

Jetstar discrete time-history data

vii



INTRODUCTION

Aircraft control systems have been designed in the past to meet stability,
apparent damping, and sensitivity criteria. Subsequently, pilot comments and
ratings, using the Cooper-Harper rating scale, graded the performance of the
pilot-airplane-flight-control-system combination. The C-H scale emphasizes

TAKEOFF

CRUISE

GROSS MANEUVERING AND AEROBATICS

FORMATION FLIGHT

TRACKING

GROUND-CONTROLLED APPROACH

LANDING APPROACH [1]*
Experience has shown that the design criteria are often a subset of the han-
dling-quality criteria. In order to design flight-control systems which
achieve low (desirable) C-H ratings, some explicit consideration of handling
qualities must be incorporated into the design process. The work begun by the
Boeing Airplane Company and extended by the McDonnell-Douglas Company has re-
sulted in quantitative specifications which are intended to insure "good"
aircraft handling qualities. These specifications take the form of envelopes
within which selected time-histories must fall, e.g., normalized sideslip,
normalized roll rate, and two blended quantities, c* and D*, containing
the acceleration cues at the pilot station.

An evolutionary process has provided the basic design of most aircraft

control systems. It is often the case that the selection of numerical values

* )
'The numbers in square brackets refer to bibliography entries,



for the many parameters in a control system is more difficult than the
establishment of the control system structure and modes of operation. To
overcome this "tuning" problem, a model-matching optimization technique can
be implemented on a large digital computer. Such a program adjusts specified
parameters of a simulated airplane-flight-control-system combination so as to
minimize some measure of the dynamic differences between the closed-loop air-
plane and a low-order model of a desirable prototype airplane. As a partic-
ipant in the ASEE-NASA Summer Faculty Fellowship Program in the summers of
1974 and 1975, the principal investigator, working in the Vehicle Dynamics
and Control Division of the NASA Flight Research Center, Edwards, California,
developed a method of translating handling-quality time-history specifica-
tions into prototype aircraft models. These models are suitable for subse-
quent use with an FRC model-matching program: CONOPT.

The connection between specified time histories which fall within the
established envelopes and numerical values for adjustable parameters onboard
the aircraft is, in principle, established. The method is explained in the

following sections and the lateral-motion case demonstrated.

PROBLEM STATEMENT

The NASA Flight Research Center computer program CONOPT, which resulted
from the addition of the MIT Model Performance Index Design Program OPT to the
in-house control system analysis program CONTROL, is a model-metching package.
The user specifies the model in transfer-function form. The Model PI tech-
nigque [2] requires that the model transfer function, if it has any zeros,

should have the same number of excess poles over zeros as the closed-Toop




airplane control system. .If it has no zeros then the number of poles of the
model transfer function should be equal to or less than the number of excess
poles over zeros of the closed-loop airplane. Ancther condition on the model
transfer function is that it must have reasonable eigenvalues. Thus the model
is a linear, constant-coefficient ordirary differential equation in operator

notation,

D(d)x(t) = N(d)u(t) . (1)
with loose bounds on the : Mts of,

D(Ai) =0 , (2)

and constraints on the coefficients of N{d). In order to obtain the entire
matrix transfer function in one opsration the model will be represented in

state variabie form,
dx = Ax + bu . (3)

The problem is to determine an A and b combination which satisfies the loose
bounds and constraints above and which describes a low-order prototype air-
plane model with “good" handling qualities. FRC program CONTROL can be used
to obtain transfer functions from A and b for use by CONOPT.

The handling-quality time histories, yi(t), are linear combinations of

state variablas,
y(t) = &x(t) . (4)

If a1l the yi(t) fall within their handling-quality time-history envelopes the
model is appropriate for use with CONOPT.



The rigid-body equations of motion for symmetrical airplanes slightly
disturbed from straight and level flight can be separated into two sets of
four simultaneous first-order Tinear constant-coefficient ordinary differen-
tfal equations [3]. One set describes the longitudinal motion, or motion in
the plane of symmetry of a normally configured airplane. The other set de-

s¢cribes the lateral motion. In each case,

dx = Ax + bu , (5)

where A is 4 x 4 and b is 4 x 1 if there is only one input.

Only one longitudinal handling-quality criterion has been established:
C:. Three lateral handling-quality criteria have been proposed: D:, normal-
ized roll rate, and normalized sideslip. An envelope for the first derivative
of each handling-quality time history has also been proposed [4]. These eight
envelopes are plotted in Figures 1 through 4. These handling-quality time-
history envelopes imply standard inputs. The C* response results from a step
change in elevator position, &_, and the lateral handling-quality time re-

sponses result from a step change in aileron position, Ga.

METHODS

An obvious procedure for obtaining models with handling-quality time

histories which fall within specified envelopes is to:

-l
.

Guess a model in terms of A and b
Calculate x(t}

Form y(t)

B oW N

Compare y(t) and y(t} to the appropriate envelopes
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5. If no envelopes are violated, stop
6. Otherwise alter A and/or b according to some

strategy and return to Step 2.

This "brute force" technique would consume large amounts of computer time and
may not succeed. It would be necessary to define a cost iunctional which
measures all excursions outside of the envelopes and which is suitable for use
in a numerical optimiZation scheme. Next a connection between the elements
35 and b; and the cost functional would have to be established. Finally,
there is no assurance that the attainable minima of this functional would be
zero. The addition of hard and soft constraints arising from the loose bounds
on the eigenvalues and specification of the poie-zero excess of the transfer
functions complicates the numerical optimization problem. In the fourth-order
lateral-motion case there would be: twelve variables to be manipulated, four
soft constraint equations to be approximately satisfied, n hard constraint
equations where n is the sum of the specified pole-zero excesses, and six en-
velopes to be matched.

One simplification which circumvents the need for a cost functional and
optimization strategy is the use of direct search. If any soiution which sat-
isfies the Constraints and the envelopes is as useful as any other, systematic
or random direct search is easier to implement and no more wasteful of computer
time than optimization. Random direct search has been used to obtain second-
order longitudinal airplane transfer functions. In this simpler situation
the aij :i,j==1?2 are randomly selected. If the resulting eigenvalues fall

within the region shown in Figure 5 [4], the bi :1=1,2 are randomly selected

and C* and 6* calculated. The ranges of the random choices are very

10



influential. Sample results are:

1. 558 random sets of 235 yielded 22 acceptable pairs of real
eigenvalues and six acceptable pairs of complex eigenvalues.

2. For A having acceptable real eigenvalues 118 random pairs of.
bi were required to find one pair which yielded time-responses
which match the C* and é* envelopes.

3. For A having acceptable complex eigenvalues 320 random pairs
of b1 were required to find one pair which satisfied the
envelopes.

4, If one envelope was matched (and the other violated) it was

as likely to be the c* envelope as the C* envelope.

The application of direct search to the fourth-order problem is currently
being investigated. This is potentially useful for the development of models
which satisfy the longitudinal criteria, ¢* and E*, but less so for the lateral
case. In order to develop lateral motion models and obviate the use of iter-
ative numerical techniques the prbblem must be reposed.

If one'begins with specific time responses which fall within the envelopes
ana seeks a model whose output responses closely resemble the specified
handling-quality time histories the problem no longer requires iteration. If
the eigenvalues are specified or obtained from the input responses and then
frozen and if all elements of A and b are unspecified rather than just those
e]éments which are normally nonzero for most airplanes, the problem is well-

posed. This procedure has three disadvantages:

1. The partial degrees of freedom represented by Toose bounds on

1
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on the eigenvalues are lost.

2. The envelopes are not directly used and may be violated by
the results.

3. The resulting A is not constrained to have the zero elements
and kinematic elements usually found in such models of

airplanes.

Experience with lateral-motion examples has shown that A may well have ob-
viously unrealistic elements and still produce realistic transfer functions.
This is sufficient for present purposes.

The reposed problem is the following: given g(t), b(aij) and g(aij),
find A and b such that if

dx = Ax + bé, (6)
and if
y=G8x+hs (7)
then
y = g in some best sense,
with

==

A= (8)

Note that the elements of G and h are known functions of the unknown elements
of A and that G is normally not square, there being fewer elements in y than
in x.

The first step is to.obtain an analytical representationrof the input
time histories which one specifies in the form of a table of discrete values

uniformly spaced in time. If the model is to be a fourth-order constant-

13



coefficient Tinear ordinary differential equation, its solution must have

the form:

- A:I.‘t: lzt )Lgt lqt
yi(t) = cqettt + o 4 coge™?T + ey regoo. (9)

These coefficients and eigenvalues, €43

error fitting the above form to the specified discrete values of §i. This is

and Aj, are obtained by least-squared-

a two-step process. First the Aj are calculated. The calculation is based
upon first and second differences between adjqcent §i values and is strongly
influenced by their precision. If the values are represented by three signif-
icant figures the resu]tihg eigenvalues are drastically incorrect even when
the data are contrived and there should be an exact solution. As the number
of significant figures is increased the calculated eigenvalues more closely
resemble the correct values. However, if data obtained from sketched time
responses or imprecise tables are to be accommodated, it is impractical to
calculate eigenvalues from such data. In such cases, the eigenvalues which
the model is to have must be specified. In either case, the Cij are straight-
forwardly calculated and the resulting fits usually quite good. Thus one can

represent the input time histories, y(t), as

=y=99’-‘t+

(R

c (10)

where the elements of ¢ are the c...
An example set of discrete input data points and their fitted represent-
ations is shown in Figures 6 through 8. Reasonable responses were sketched
onto graphs of the lateral handling-quality envelopes and then converted to
tabular form by estimating the values at half-second intervals. The eigen-

values used in the curve-fitting process were specified. The values used were:

14
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Ay = =24
A, = -.003
A = =.25 - j2.0
Ay = -.25 + j2.0

Once the specified discrete values of the ;i are approximately represented
y=Cett+g

This equation can be taplace transformed into

=
-

s)

Y(s) = 55y - (11)

Assuming a unit-step input, the plant and output equations can also be Lapiace

transformed into
sX(s) = AX(s) + b/s
Y(s) = GX(s) + h/s
which are manipulated to obtain
x(s) = (sI - A)"'b/s = ¢(s)b/s
Y(s) = Go(s)b/s + h/s . (12}

If equation 12 is rearranged to match the form of equation 11, the right-
hand sides of equations 11 and 12 can be equated, coefficient by coefficient,
to produce n{m1) simultaneous algebraic equations where n is the order of
the plant equation, equation 6, and m is the number of elements in the output

vector, equation 7. For low-order models this is a satisfactory technique.

19



The algebraic equations are of degree <n. In the fourth-order lateral-
motion example there are sixteen nonlinear equations containing, at worst,
quadfuple-cross—product terms. A limited amount of experience with these
equations has shown them to be numerically sensitive. An effort is being
made to develop a computer program which will solve the fourth-order example
equations with various constraints on the elements and eigenvalues of A.
While this may prove to be the most satisfactory approach to the problem, the
numerical uncertainties are sufficient to motivate the development of an al-
ternative technique which is computationally simpler.

A less numerica11y-§en51tive approach can be developed by combining equa-

tions 7 and 1G.

P
n
16
1>
+
=
On
-1}

= ¢ ce? + g7'c - a7'he,

1%
]

- - - -

dx = 67 caed’ - 6 'hds,
If these expressions are substituted into equation 6 one obtains

67'caelt - g7ihas,

ag"ice?® + AGT'c - AGTInS, + b8,

or

(672ch - AgTIC)el® = AgTic + §7Thds, + (b - AGTh)S,

For this expression to be true

GTICA = AGTIC (13a)
and

20



(Ag™'h - b)6, = AG ¢ (13b)

=1

IfT=6 C, then

= TAT™ (14)

1=

and
b=AG"'(h-¢) - (15)

It is assumed that &, (t) =1 and g'lbdsa is neglected at this point but must
be introduced as an initial condition vector when computing model time re-
sponses. A model obtained from equations 14 and 15 will have the specified

eigenvalues and match the analytical representations of the input data exactly.

Unfortunéte]y the above results assume the existence of g“l whereas, in
general, G is not squére. One =an substitute the right pseudoinverse and ob-
tain similar results except that T will be singular and the model eigenvalues
are no longer equal to the specified eigenvalues since A and A are no Tonger
similar, If G is square and nonsingular, equations 14 and 15 hold. There are
two cases of practical interest in which G is nonsingular. First, one can
specify n = m, that is, let the number of time histories establish the order
of the model. Secondly, it may be possible to adjoin created pseudo-time-
histories to y until m = n, One must have the means to create these pseudo-
time-histories. They must be 1inear combinations of the model state varia-
bles and the resulting distribution matrix must be nonsingular.

In the lateral-direction, small-motion example, the state variables are
rol1 rate, yaw rate,sideslip angle and roll angle. The handling-quality

jndicators are normalized roll rate, normalized sideslip angle and normalized 0.

21



The normalized roll-rate input data can be integrated to produce normalized
roli-angle pseudodata. For the example, this was accomp1iéhed by exactly
fitting a tenth-order polynomial to the eleven discrete rol1-rate data points
shown in Figure 6. This polynomial was integrated and evaluated at the same
values of time to generate the discrete pseudodata points shown in Figure 9.
The continuous curve in Figure 9 results from fitting an equation of the form
of equation 9 to the discrete pseudodata points just as is done for the normal
data. This allows the expansion of y to y and G to G and assures the pon-

singularity of é. This, in turn, allows calculation of A and b using equa-

1453

tions 14 and 15. The same straightforward opportunity to augment y untitl
is square and nonsingular does not exist in the longitudinal smali-motion case,
although a designer could impose specifications on the motion, in addition to

the Boeing C criterion, and thereby create a nonsingular G.

COMPUTATIONAL PROCEDURES

D* is a weighted combination of aircraft sidesiip which is considered
the principal low-speed handling-quality parameter and lateral acceleration
at the pilot station which is the principal motion cue parameter at high
speeds [4]. In terms of a stability-axis system representation of smail
perturbations about straight and level flight for a normally configured air-
craft with the pilot station on the longitudinal principal axis the expression

* .,
for D is
D"(£) = V(B + r) + &F + cy0.B (16)

where Cq is a dimensional constant defined in Table 1. 1In terms of the

22
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elements A and b one obtains

Dp = \fa31

+ la

D, =Vag, ¢ fag, + ¥

Dy = Vagy + L3535 + €30,

¢

Dé = Vb3 + lb]

a

and

D, = Va34 + £a24

DH(t) = Dpp(t) + Dr(t) + Dys(t) + Dy(t) + Dg 5,

Unit Correction Factors for D* Equation

b* 8 C3 |
Value Uniits
)
rad 9,91 x 10~3 {9-—5-}5—-‘11‘"]
g's >
e _ -4 's - ft
deg 1.73 x 10 [‘gme—g]
rad -3.19 x 107! It
) } 1b~sec
ft/sec? : |
deg -5.57 x 10"3 ft’
. Tb-secZ-deg

Units for cfossover dynamic pressure, g b 1b/ft?

24

Table 1 [4]

(18)



Note that this assumes that the plant matrix is

2, Ay
A= j3p

_——

With no constraints on the elements ai

strained to be of the form

—

J

Lp L. LB 0
A - Np N, NB 0 ,
- o, -1 Yg Y¢
1 0 0 0
L .
similarly - -
by o
1
N
b2 84
b=1y and not y
3 "8
a
by
- L._o_

.. Thus A is specifically not con-

(19)

Thus the output distribution matrix G for the lateral motion case is of the

form
- 1
. 1/P55 0 0 0
Dp/Dss Dr'/Dss DB/DSS D¢/Dss
where
y1(t) = p(t)/pgg = py(t)
¥o(t) = B(t)/Bss = B,(t)

(20)

25



yat) = DX(E)/D = Dp(t) (21)

and

h=1]0 (22)

The augmented output distribution matrix is

1/Pss ) 0 0 0
o 0 ) I 1/8 0
= 58
G 0 0 0 /b, (23)
Dp/Dss Dr/Dss DB/Dss D¢les

which is nonsingular if D # 0. The augmented output vector, g(t), is

y1(t) = p(t)
yz(t) = Bﬂ(t)

(24)
y4(t) = f p,(tdt = ¢, (t)

~ *
Fy(t) = oy (t)
Since n® elements of A and the n elements of b are to be estabiished equation

2 scalar equations with n2 unknowns and equation 15 is

14 is equivalent to n
equivalent to n scalar equations with n unknowns. This is not significantly
different from the Laplace transform method in which one obtains n{m+1) alge-

braic equations without having had to create psuedodata. However, the degree

26



of the simultaneous equations to be solved in the Laplace transform method

is n whereas the equations arising from the pseudodata method contain Cross-
product terms at worst. This dramatically increases the 1iklihood of obtain-
ing salutions by iterative numerical means. For the fourth-order lateral
motion example, there are sixteen equations to be solved for the aij' A
Newton-Euler procedure [5] was employed in which an initial estimate of the

solution vector a is iteratively improved. If equation 14 is rewritten
fla) = 0 (25)
and P(a) is the Jacobian matrix associated with the equation 25 then
Bar = 2 - B (3080 (26)

This simple procedure has proved to be so successful that A = 1 can be used as

5 in three

the starting point and every element of (§k+1"9k) is reduced to 10
jterations typically. The elements of b are obtained from equation 15 without
iteration.

Before A and b can be calculated, equations of the form of equation 10
must be fitted to the input data. The resulting coefficient arrays C and ¢
appear in equations 14 and 15. Note that T = @'19 in the pseudodata method.

A set of eigenvalues can be obtained from each discretized input time

history. If
ez = yi(ZAt) - yi(ZAt)

and

= elet

"3

27



then
- z 2 Z z A
e, = c'i'lu'l + C_izuz + C13u3 + Ci4u4 + C'i - y_i(zAt) (27)
where
z=1,2,...(number of discrete values §i(zAt)).

The cij and c; can be eliminated by linearly combining the e,. One obtains a

Tinear set of simultaneocus algebraic equations
D'y = d (28)

where the elements of D' are first differences of the table of Qi(zAt) values
and the elements of d' are second differences. Unfortunately, if the }1(zAt)
values are obtained from time-response sketches or are imprecise for any reason
the o calculated from equation 28 are uselsss. Frequently the Y5 obtained in
such cases have negative values from which no Aj can be calculated.

In lieu of eiganvalues obtained from the input data, it has been neces-
sary , in all practical calculations, to use specified eigenvalues. In such

cases the calculation of C is based on minimizing
11
E =zzle§
where the lateral handling-quality time histories typically span five seconds
and are discretized by taking values every haif second for a total of eleven

values per time history. The initial value of y(t) is forced to be zero by

4
Ci - § Cos & (29)
As a check on the entire computational process once an A and b have been
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calculated, G and h can be calculated, x(t)obtained by integration and y(t)
calculated. This !(t), obtained by integration, is plotted with the fitted
g(t). They should be identical. The integration method is described in

Take ~ashi, et. al., page 103 [6]. The solution matrix is represented by a
series expansion containing p terms. The number of terms is specified by a

recipe attributed to Paynter

a7 (ng)Pe™ = 0.001 (30)

where n is the size of the A matrix and q is the largest element of AAt.
The example fitted and integrated handling-quality time histories are

plotted in Figures 10, 11, and 12.
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ZERO SUPPRESSION

The Laplace-transformed analytical representation of the input data,
equation 11, has one fewer zero than poles in each element 5f the matrix

transfer function G(s) where

Y(s) = G{s)/s

or
Y.(s) = i1, Sie » Ci3, Sig L0
1

. i
S-X;  S=k,  S-i; = SeA, s

This expression can be rewritten, omitting the i subscript

3
(c1 A+ Colo +Carat c4)\4)s - (c3)\314 teghghy +CA Ay
2

te, ) Az)s - (c] MAghg + Ca) Aghg + €4 Aghg ¥ Cphqdgh, + Colpraly

FC3AgAghg t Cologhy ¥ eI Mgt CoMAgAg t Cahydodg

e, )\] Ayt ColAnhy + CaM )\2)\4)5 A AR, (31)
To reduce the number of zeros in the transfer function, the following con-
straint equations must be incorporated into the least-square minimization,

equation 29. To suppress one zero

1
(]

c]x] * Cohy +Cadg + Carg = (32)

To suppress two zeros
C]A1 + cglz + c3A3 + C4A4 =0
and
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Cahghg * Cphghg + M A3 ¥ eyt ehyhy F cphRy

+ CoA A, + CaAsA

2AnAg + C.

Ay A +CAA2=0 (33)

M L L

If three zeros are suppressed, only one parameter remains to be established

by the minimization and the resulting representation of the input time history
is inadequate,

For low-order models, zero suppression has two detrimental effects on the
models obtained. The first is the worsening of the agreement between the dis-
Cretized input time histories and their analytical representations. For ex-
ample, the unconstrained 1east-squared—error method yields a satisfactory fit
of the rc1l-rate input, as shown in Figure 6. The continuous fitted curve has
approximately the same relationship to the envelope as does the discretized
input data. If the LSE method is constrained by equation 32 to have one less
zero, one obtains the fit shown in Figure 13. If one further constrains the
LSE minimization by equation 33, another zero will be eliminated and, for the
example data, the fit is degraded to that shown in Figure 14. The same se-
quence is portrayed in Figures 7, 15, and 16 for the sideslip input. The
Figure 7 results are unconstrained, one zero is suppressed in Figure 15 and
two zeros are suppressed in Figure 16. Important features of the discrete
inputs can be preserved by weighting the appropriate errors, e, in the LSE
method. This may make the constrained fits more useful. Even the uncon-
strained cases can be altered. The risetime of the fitted roll rate can be
reduced, for example. However, the overall fit cannot be improved by weighting.

The second detrimental effect of zero suppression is the increased ten-

dency of the A matrix to contain unrealistic values. The A and b arrays re-

sulting from unconstrained fits of the input time histories are
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B ]
-1.36 -4,17 -20.22 -.02

-1.12 1.89 12.43 -.04

0.22  -.80  -3.43 ).02
020 1.04 5.61 0.00
and
5.06
1.59
b= 1_ 12
1.09
... -

The Newton-Fuler procedure for obtaining the aij converged in three iterations
to a maximum variation of a.. ¢ .ment from one iteration to the next of
.00001 or less. This model was obtained from the unconstrained fits shown in
Figures 6, 7, and 8.

If one zero in the roll-rate transfer function and one zero in the side-

slip transfer function are suppressed, the A and b arrays are altered to

-3.49 4,73 97.14  0.52
0.96 -3.42 -22.48 -.07
-.19  0.30 4.00 0.02
-.32  2.44 15.42 0.01

- -t

[ =]
L]

and

—

[0.00
1.06
0.00
0.87

L —

The Newton-Euler procedure again required three iterations. This model was
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obtained from the fits shown in Figures 13, 15, and 8.
If two zeros in the roll-rate transfer function and two zeros in the

sideslip transfer function are suppressed, the A and b arrays are

-9.34 -1.66 403.88 2.75
3.61 -2.88 138.62 -.86

A=t .21 -0 873 0.06
2210 1.45  96.10 0.59
and
0.00]
1.45
b= 10.00
0.87
e

Three iterations were sufficient and the model was obtained from the data
shown in Figures 14, 16, and 8.

The number of terms in the expansion of the state transition matrix speci-
fied by Paynter's recipe, equation 30, is a function of the largest abso]utg
value contained in A and this number is frequently larger than the practical
1imit of about 30 when zeros are suppressed.

The additional information required to calculate A and b from the discrete
time histories shown in Figures 7-16 is given in Table 2. The specified

efgenvalues were

M= -2.4
)\2 = "'.003
Ay g = 25 + §2.0
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AIRPLANE MODEL WITH SPECIFIED TIME HISTORIES

FLIGHT AWD VEHICLE PARAMETERS

ATIRSPEED 612,2 FT/SEC

C6 TO PILCT STATICN LONGITUDINAL DISTANCE 22,24 FT

DIMENSIONAL GONSTANT FOR DSTAR EQUATION =+ 3190 CUBIC-FEET/LE-SECONDS-SQUARED
DYNAMIC PRES SURE 331.8 LB/FT-SQUARED

ROLLRATE NORMALIZATION FACTOR 500

SIDESLIP NORMALIZATION FACTOR 10,000

DSTAR NORMALIZATION FACTOR « 010

Jetstar Parameters and Flight Conditions

Table 2



The eigenvalues and vehicle and flight parameters are approximately those of

a Lockheed Jetstar, a four-engined utility transport [7], at 20,000 feet al-
titude and Mach = 0.6. It should be noted that the discrete input time his-
tories were obtained from Py Bn, and D: responses sketched by an FRC engineer
[8] and do not refer to a particular airplane or flight condition. Finally,
FRC program CONTROL was used to calculate transfer function coefficients from
the above A and b arrays in combination with the appropriate distribution
matrices, calculated from equation 22, to verify the suppression of the speci-

fied zeros.

VERIFICATION

Flight test data obtained from the FRC Lockheed Jetstar [9] provides a
test case for the above model-generation procedure. For small, lateral varia-

tions about straight and level flight, the Jetstar can be represented by*

.33 0.735 -11.050 0.000 |
_.057 0.358  3.836 0.000
A=14.026 -.999  -.205 0.053
1.000 0.054  0.000 0.000

- —

5.6561
0.031
-.001

0.000
DR

*
Body axis nondimensional stability derivative parameters used in place of
stability axis values for verification purpcses only.
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1. 0. 0. 0.
5o |0 0. 1. 0.

0. 0. 0. 1.

1

4.75 -7.044 -146.0 32.14

.

0.
0.
0.
0.

L ]
]

The eigenvalues were

M o= -, 24045
Ay = -.00310
K3’4 = ~.25428 + j2.06475

CONTROL was used to calculate the handiing-quality time histories for the
period 0.0 to 5.0 seconds. The discrete input data extracted from the CONTROL
output is given in Table 3. The flight and vehicle parameters are given in

Table 2. The normalization factors were arbitrarily selected.

The responses of the resulting model are shown in Figures 17, 18, and 20
and compared with the discrete input values of Table 3 after normalization.

The A, b, G and h arrays which define the model are

22.359  0.771 -10.939  ~-.003]
..053 -.358  3.849 0.000
A 0.025 -1.005  -.201 0.053
0.906 -.021 278 0.003

A4



Table 3

Time Rolirate Sideslip D*
0.0 0.00 0.00 0.0
0.5 1.64 .016 37.6
1.0 2.04 .058 67.6
1.5 2.04 .093 95.1
2.0 2.01 .098 126.
2.5 2.06 .080 161,
3.0 2.14 .065 198.
3.5 2.18 .069 234,
4.0 2.15 .089 265.
4.5 2.09 .109 295,
5.0 2.05 115 327.

These values are multiplied by the normalization factors listed in Table 2

before they are plotted.

Jetstar Discrete Time-History Data
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5.818
~.053
b=1_ 215
0.050
1.0 0. 0. 0
_ o, 0 1. 0
&= 1. 0. 0. 1.
14.35  -11.13  -143.5  32.61
0.
he |0
0.
-.023

These results are close to the original arrays. The differences are attrib-
uted to the truncation of the CONTROL output values to two or three signifi-

cant figures to approximate imprecise or sketched input data.
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DISCUSSIOM

The problem of obtaining an A and b from specified output time histories
is one of nonlinear, noisefree identification. Five techniques for solving
this problem have been suggested. The minimization of a cost functional which
measures the differences between a trial solution and the handling-quality
time-history envelopes would consume a large amount of computer time and there
is no assurance that such a cost functional would be sufficiently well behaved
to have a useful solution. Similarly, one could consume a large amount of
computer time seeking solutions by random direct search. A graduate student
is currently working on a variation of direct search in which the sensitivity
of the time-history errors to changes in the A matrix elements is calculdted.
Then a set of incremental changes to the A elements can be obtained.

The Laplace transformation method is also being pursued by a graduate
student. Ip this form the problem is quite easily formulated but is i11-
posed. It remains to be seen whether this method can advantageously incor-
porate the loose bounds on the eigenvalues or not. It also has the disad-
vantr.ge of being a two-approximate-step process. One obtains X(t) from g(t)
and then g(t) from y(t) except that the latter two will not coincide as they
do in the pseudodata method. The Laplave transformation method and the sensi-
tivity matrix method do have the advantage that they can be made to yield A
matrices of the form of equation 19.

The remaining approach, the pseudodata method has two advantages. It
contains only one approximation step and it is numerically efficient. The
disadvantages are that it is somewhat less general and yields unconstrained A

matrices. Experience has shown that the transfer functions resulting from
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the unconstrained A matrices resemble those produced by A matrices of the
form of equation 19. The pseudodata methed results in a well-posed set of
bilinear algebraic equations which yield an A matrix having the specified
eigenvalues.

The pseudodata method is the only method which readily achieves zero
suppression. In the other methods zero suppression contributes to their i11-
posedness making useful solutions even more numerically difficult to obtain.
The utility of any zero-suppressed solution is called into doubt by the
detrimental effect suppression has on the LSE fit of the discretized input
data {see Figures 13, 14, 15, and 16). Relieved of the need to suppress

£ransfer-function zeros. one might prefer one of the other methods.
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APPENDIX A

Use of Program AANDR
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INTENDED OPERATION

1. Put in normalized discrete data

2. Obtain normaiized responses

3. Put in normalization factors

4. Obtain the normalizing distribution matrix

5. Obtain the non-normalized airplane equations
in state-space form,

6. Use CONTROL to obtain transfer functions

Steps 1 through 5 are performed by an example Fortran program AANDB for
the fourth-order small-lateral-motion case. The structure of the program is

shown in Figure A-1. The subroutines perform the following tasks:

MUGEN: Calculates eigenvalues from input time-history data.
CASET™  (with entry points CASEZ and CASE3): Calculates the ¢

llt }\21: Aat }uli-t +c

reqguired to fit c,e +cye +cqe + g0 5
to the input time-history data.
LISTER: Prints information from COMMON on demand.
FITTING: Fits a polynomial to rolil-rate data and integrates it to
produce roll-angle pseudodata.
MODEL: Calculates the plant matrix, A, input distribution vector,
b, the output distribution matrix, G, and the input/output
coupling vector, h.
RESPONS: Integrates the plant equations to produce comparison time

histories.

*CASE1 does not suppress any transfer function zeros, CASEZ suppresses one zero
and CASE 3 suppresses two zeros.
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ENAPHS:  Plots envelopes and time histories and their first derivatives.

INVR: Inverts matrices.

The first fourteen input data cards are read by MAIN. The final two

input data cards are read by subroutine MODEL. The input data cards contain

the following information:

1st data card: NN{20); 2012

IF NN(1) = 1: LISTER will print: data, NN, MCASE, NPLOT, NHIST,
input time histories
NN(2) = 1: LISTER will print eigenvalues obtained from input
time histories
NN{3) = 1: LISTER will print eigenvalues specified by user
NN(4) = 1: LISTER will print roll angle data obtained from
roll rate
NN(5) = 1: LISTER will print compiex coefficient matrix C
NN(6) = 1: LISTER will print summary of time-history curve fitting results
NN(7) = 1: not used
NH(8) = 1: not used
NN{9) = 1: LISTER will print envelopes for PN, BETAN, DSTAR
& derivatives
NN(10} = 1: LISTER will print fitted curves for PN, BETAN, DSTAR
& derivatives
NN(11) = T: LISTER will print number of terms included in series
for g2
NN(T2) = 1: LISTER will print difference equation P matrix
NM(13) = 1: LISTER will print difference eguation g vector
NN(14) = 1: LISTER will print responses obtained by integrating
modei equations
NN(15) = 1: LISTER will print derivatives of responses obtained
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NN{16) = 1: LISTER will print "PN PLOTTED" if NPLOT requests it
NN{17) = 1: LISTER will print "BEVAN PLOTTED" if NPLOT requests it
NN(18) = 1: LISTER will print "DSTAR PLOTTED" if NPLOT requests it
NN(19) = 1: not used

NN(20) = 1: not used

2nd - 12th data cards: TIME, PN, BETAN, DSTAR; 4F10.0

0.0 0.0 6.0 6.0
0.5 PN{.5) BETAN(.5) DSTAR{.5)
1.0 PN(1.) BETAN({1.) DSTAR(1.)
1.5 PN(1.5) BETAN{1.5) DSTAR(1.5)
2.0 PN(2.) BETAN(2.) DSTAR(2.)
2.5 PN(2.5) BETAN(2.5) DSTAR(2.5)
3.0 PN(3.) BETAN(3.) DSTAR(3.)
3.5 PN(3.5) BETAN{3.5) DSTAR(3.5)
4.0 PN(4.) BETAN(4.) DSTAR(4.)
4.5 PN(4.5) BETAN{4.5) DSTAR(4.5)
5.0 PN(5.) PETAN{5.) DSTAR(5.)

13th data card: MCASE, NPLOT, NHIST; 3I4

If NHIST # 0 subroutine RESPONS will be cafied to calculate the
model time histories. If NPLOT # O subroutine graphs will be called

to plot the model time histories according to:



NPLOT

no plots

PN and PNDOT plotted

BETAN and BETANDOT plotted

PN, PNDOT, BETAN, BETANDOT plotted
PSTAR, DSTARDOT plotted

BETAN, BETANDOT, DSTAR, DSTARDOT plotted
PN, PNDOT, DSTAR, DSTARDOT plotted

all plots

no plots

W~ B WM =0

MCASE must be appropriate for:
G0 70(1,2,3,4,5,6,7,8,9), MCASE

has no zero{s) suppressed
has no zero{s) suppressed

v W

has two zero(s) suppressed
has one zero(s) suppressed

wn

has one zero(s) suppressed
has two zero{s) suppressed

wr

vy

)
has one zero(s) suppressed
has one zero{s) suppressed
)

has one zero(s) suppressed
has no zero(s) suppressed

" wn

L et Yt [ [ et et

has no zero(s) suppressed
has one zero{s, suppressed

w0 v

has two zero(s) suppressed
has no zero(s) suppressed

o

has no zero(s) suppressed
has two zero(s) suppressed

wy

sy g —— — g—— ———— s —, r— r—, — g, p— g—— p— —

™ v w U w o oo fesRn vl ™o W W = ©
(77,

et ot S S et St Sy et

(
has two zero{s) suppressed
has two zero(s) suppressed



t14th data card: specified eigenvalues; 8F10.0

1-10 First eigenvalues which is real
21~30 Second eigenvalue which is also real
41-50 Real part of third eigenvalue
571-60 Imaginary part of third eigenvalue
61-70 Real part of fourth eigenvalue
71-80 Imaginary part of fourth eigenvalue

%
15th card: velocity, length, Cq> Pss’ Bss’ DSS; 7F10.0

9co°
VELOCITY: Nominal airspeed in ft/sec
LENGTH: Centerline length from CG to pilot in ft

. *
c3: Dimensional constant for D

Nominal dynamic pressuwie in 1b/ft2

9o’

Peg? Ro1l rate normalizativa factor
BSS: Sidestip normalization factor
D:S: DSTAR normalization factor

16th data card: Newton-Euler parameters; 14, F20.0

ITMAX, 14, Maximum number of iterations of Mewton-Euler algorithm

EPSI, F20.0, when every unknown (the elements of the A matrix) changes
by an amount smaller than EP-I, the Newton-Euler Algorithm
stops

Note: 50,0.00007 seem to work well.

INTERPRETATION OF THE PRINTED OQUTPUT

If NN = 20%7 all of the following output will be produced:
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LISTER calls from the main program print:

1. Date, 1ist table NN, case number, plot request code, time response

code and the input‘time history data.

2. Real and imaginary parts of each MU(4) and EI(4) obtained from the
input time histories. The EI are eigenvalues, Ai, and each MU is My = e0’5li

where 0.5 is tha uniform time interval between input time-history data points.

3. Real and jmaginary parts of the specified eigenvalues and associated
MU values. These are the eigenvalues used in the least-square fitting process
to obtain C, not the quantities derived from the data. The derived values are

Presented only for comparison purposes.

4. The PHI or roll-rate psudodata generated from the PN or roll rate

input time history. The time intervals are the same as for the original data.
5. The TIME RESPONSE COEFFICIENTS wmatrix, €', is printed. This is a
4 x 5 array of complex numbers:

At

y=2Ce=" +c¢c , whereC' = [Cic] ,

which analytically represents the input time histories. This y(t) is printed

as: FITTED TIME RESPONSES by a call to LISTER from RESPONS.
6. A summary printout of MU, EI, C and ¢

LISTER calls from subroutine RESPONS print:
. * d d
1. The enygTopes, upper and lower boundaries, for Py Bn, D, at Pne G Bﬁ

and é%—D*. Values are given for every 0.1 seconds. These values are stored
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1 BATA staiements in the main program.

2. The curves which have been fitted to the input time-history data are
. * .
printed for Prs Bn and D" . The analytic expressions for the curves are differ-

entiated and tabulated also giving é%—pn, é%‘Bn and é%-ﬂ*.

3. The nunber of terme taken to calculate the truncated series used to
represent 2% is PAYNTERS RECIPE NUMBER. See CONTROL, Takahashi, et. al.,

page 103 [6].

4. The difference equation parameters P and q in:

0 ]
Daa/Dr
Bpoq Tord TGl o, XF
ktl IN 2k o] 0
0

5. ‘the numericaliy integrated response time histories Y where Yy T
- -1

Ay )
X, onu, .
si Aty

6. The first derivatives of the integrated responses are tabulated at

3.1 second intervais. They are obtained from

X, = Ax + bup

T 7 2%

LISTER calls from subrouiire GRAPHS prints:
1. 1 HPLOT is sush that plots ave requested, LISTER will print “PN
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MHLOTTED® i7 Oy and é%—pn plots have been generated, "BETAN PLOTTEDR" if Bn and
é%‘ﬁn plots have heen generated and “DSTAR PLOTTED® if D* and é%-D* plots have

been generated. The envelopes are automatically added to each plot.

SAMPLE PLOTTED OUTPUT

Plots are produced in three groups which can be requested individually or
it any combination. These groups, the PN group, the BETAN group and the DSTAR
group, consist of a title line, a lower graph and an upper graph. Each lower
craph shows the upper envelope boundary, the lower envelope boundary, the
anatytical curvz which has been fitted to the input data and the time history
obtained by intagrating the equations of motion. These four traces are repre-
sented by continuous tines and are plotted versus time on the horizontal scale.
The Titted and integrated 1ines should coincide. In addition, the lower graph
contains eleven discrete symbols representing the input data.

EFach upper graph shows the upper envelope boundary, the lower envelope
houndavry, the Tirst derivative of the fitted analytical curve and the first
derivative of the integrated time response. The last two should coincide. All
four curves ave represented by continuous lines and are plotted versus time on
the horizontal scaie. A PN group sample is shown in Figure A-2, a BETAN group
sampie is shown in Figure A-3 and a DSTAR group is shown in Figure A-4. The
example plots are unusual in that the original data was generated by a 1inear
simutation program using & fourth-order model. Thus one should expect excel-
tent agreement between the input data and the fitted and integrated results.

PData obtained frowm other souvrces will not be matched as well,
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EXPERIENCE WITH THE PROGRAM

Several bounds on program flexibility exist. The First involves the
generation of eigenvalues from input-time history data. Subroutine MUGEN does
calculate a set of Ai from each set of eleven points representing one input
time history. These values are not correct or consistent even when the data
is carefully contrived for best results. This is due to the dependence of the
A; calculation upon differances between adjacent (in time) data values. In
anticipation of the program being normally used with data obtained graphically,
the values used in the example were held to three significant figures. This
so degraded the Ai calculation that the values from the three input time his-
‘ories varied from the known values used to generate the data by two orders ot
magnitude in the case of small eigenvalues and occasionally nad the opposite
sign. In general, the complex eigenvalues were more closely identified than
the real eigenvalues. This was particuiarly true if the data precision was
tncreased.  In view of the anticipated chavacter of the input data and the de-
sirability of specifying the sigenvalues of the resulting model, no further
development of MUGEN is planned.

A second difficulty arises when zero suppression is specified. Subroutine
CASE? and CASE3 calculate coefficients, C, which yield transfer functions
having the correct pole-zero excesses. The resulting expression will normally
be a poor representation of the nput time-history data but that is unavoidable.
infortunately, the suppression of zeros also tends to ill-condition the nu-
merical equations which must be salved to obtain A. In extreme cases this pre-
yents convergence of the simple Newton-Euler-Raphson algorithm employed in

MODEL.

R 10y Iy
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Finally, there is a general difficulty that may interfere with the in-
tegration of the model equations of motion in RESPONS. If the A matrix is
il1-conditioned an unworkable number of terms in the series approximation for
gBAt may be required. This is caused by the fixed At of 0.1 seconds which is
built into RESPONS. A Timit of 30 terms is imposed. Other Timitations will

undoubtediy come to light as experience with the program accumulates.
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0L

ST @5vd TynzOm0

FROGRA N AANDB ( ITNPUT,QUTPUTI MA I
COMMON / NAMES/NN(20) ,PN(11) ,BETAN(LI1},0STAR(1L},TPN{11) AT
1 +PNF (51}, BETANF (51),0STARF(51), PNLF (51),BETANLIF(51),DSTMAT

éARiF(Si},PNC(51)vBETANC(Si)1DST&FG(51)9PN10(SilyBETﬂNlC(SileDSTA?iHQI
IC(51), APNI11), ABETAN(11) ;ADSTAR(L11) +BPN(L1),88ETANIL11),BNSTAR(11),MA1

GPHIN{LL) MaTl
COMMON /PARAM/MULETGEN, CyNCASE 4 MCASEy NZs NPLOT, MAI
INHIST, PNFINAL ¢ BNFINAL sDSFIMNAL o TIME(S1) 3P (Go} 0 (4) MiI

CCMMON /LTMITS/PNU(IS1) oPNL (51),BETANU(S511,BETANL(51) ,0STARUISLY, MAI
1DSTARL{51) 4PN1ULS1Y,PNLL{51),BETANLUISL) BETANIL(51) ,GSTARIU(51), MAT

20STARLL (51} MA 1
GCOMMON /FINAL/ PSS,AFETASS.OSTARSS,DPyOR,DBETA,DPHI LA LL,4) 4BEL) 4DDEMAT
1L TA MATI
COMPLEX MUI(4) sEIGEN(L) 4C(5,4) MA T

DATA PNUZ6D30323¢066731e051.043,1.05451.07€51:08,1.085107B51.076,MAX
1100749100724 1007+14059,1.067+1+06%41,08351,06151.059%,1:057,1,055,5MAI
2.053,1¢058 4105410058, 1e045,1,046,1.042:1604920.038,1.03651.034,1,0MATI
232, 103:1.029,1¢027y14025,1.023,1,02141.013,1.017,1.01%,1.013,1.04HAI
6191e0151.00841.00651,00b51,00841o0/sPNL/00G+0.081,0,027,0.065,0,187MR1L
5001690227900 34063590.400,0.05,0087934065075¢5390655690579+0.6,0,6MAT
62,0.639,0,656,0.6?7,00692,On?DEgﬂoFZZ'Ga?33v0.?h3.9.762.0.778o0-79H51
7 00805 4028160008293 0.B4,30,252,0,8€1,0.8714y0.384.0,888,0,836,0.308,0MA1
Be315,0.92406929,0.33840:34740,95650.965,04974y 0.283,0.982,140/ MAT

DATA BETANUZ21%2.0420192e2+2¢3520 4924592053267 32aB837.3,320+3a143.2M1
1.3.3,3.&,3.5,3.6,3a?13.893.qa&uU,b.iwhquQ.SvkoQ;kquhoEy4-7yhn594MﬂI
299,"‘3. 3/1 BET&NLI?’.”"E.Q .-2-:1,-2..2,-2.39-2.,4,-2.57-2.61-2-?9-2.;8,-29!1&1
393‘3;01"3019'325‘3; 34"'3-‘41'3051"3. 5,"3&71-39 6?'309!‘“-09"1-'-1;11'&92!\“1
L 9"14-Sg'kahf-l'fit.'-’s-tfnaﬂ't"f!?E'L}!H1"*‘9"’50@/ MQI

ODATA DSTARUZ 21 %4 e0s%e2sleliolioDebeBr5e0550225:8355:695 8 96:0,6424604401
1,6«6;6.8;7aﬂ,7;2,7.4g?.6g7.8,8.0.8.2,8.4q8.6.8.8,9.0,9.2;9-#,9-5,3M\I
28y 1000/,DSTARL/214'4|:3!‘ch?! '1?041'4-69"{#0 81'5:: l]c"'5a 21'5. “y".‘—‘o MAT
36 [ -5, 51"60 01"6921"'6n L}v'E)oSv'E%c 51"'?.0y'?nZv'?c"—l--p"?-ev"?nR"'ﬂo01"8.‘1‘1
I? 29‘3!:‘4“806‘“5081'9 nGv‘anQ"gnui ":J-ans-goSs"'iﬂ.ﬂ/ Mi I

DATA PMLUZb00,4e0,1.686510122,0.93250.308,0.843,0.797+0072440.663,MA1
10.€13,04556,0e510,00 46L4y0.6P1,0.373,0,343,0,31840,299,0.272+0.257,MA1
20.234,0.227,0.°11,0.199,0,192,0,188,0,184,0,183050:175%,0:172+0.108,MA1
T0.165¢GelBD90,155400165,0e157,06,142,2.1193,0.157,08.296y 0. (BLs0.573,MA1
40.05340.06130.054,0.08Ee0s 06,0, 04E400066,0.04€/,PNLL/0.30€,0.711,MAT

io

248

30

4n

50

60

70

80

an
120
110
120
130
140
150
1€0
170
i8¢0
196
200
210
220
230
240
2573
260
270
280
291
340
310
320
330
340
350
360
370
3RU



o1 movd TVNIOIEO

R IrTVOD ¥00d d0

1

it

5[)02559":!2?"41"'29?;‘0 ?23v'o32??"03237'e3191"-30‘1’;‘02891-u??hy"eesiemﬁcl

6‘0 228"0 2051—01331‘51481"-:12(3;‘"0 1251'a 1181‘0125;'q1231-| 1211)"

120 MAT

?‘01131"0 1161'0 11149"0112!"'0 lin,"'o 169,‘:: 10?9'31U Eq-qi‘UBw-.iﬂEq-.iﬂﬂ.H&I
8'00939'00961"0095 [ Tt 3 093,-5091g-u0891-0088,-008&-,08&;“. 3829".08111’*&1

q"oﬂ?g,"e U??y"a[]?g’"o 0?’47"0 072/

MAI

DATA BETANiU/EquSoOqQ.HOon1513.?2,3a2892o91¢2-6192.37,2.10¢1¢95,NRI

11.78,1«51,1.ngio35'1»26,1,1?,1.12,1.07,1;05.1a00.3
2"6-{!s'sunv""[i-609“4315"3&?21'3- 2B '—2. 919"'2-61 ,"2 5371"'2 -101"’ 0959
3"1:?8"1-;619-1.0‘499‘19357“"10 ?6,"1-1?1 “‘10129‘1-0?1"10 05"10 DUqSG*"

w0/

CaTA DSTARiU/iZ.B,iZ.D,Q.EGqB.EDs?&hk-E.56,5-B?,5a22qh.?hghazﬂg
13a90,3.55'3.2292.98,?.70,2.52,2.3&;2.2%12.1hq2n1092.Dﬂq3D‘2,0/v
ZDST&RlL/-ie.D,-iZ.D,-qn66,-%.38,—?.&4.-6»56 2 =BaBR2 =522 3=baTlh,

0%1./,RETANIL/ AT

MAT
1o MAT
MA T
MAT
MA I
YAl

3*4-2'{}’"3 .90,-3.56'-3.22‘;-2.987-?. ?09'20521"2'345‘20 ?h,"ZoiLag"ZniﬁyM‘I

4«2, 00, 30¥-2.0/

READ 300,NN

READ 100, (TPM(I) 4PN{I),BETAN(I)Y,0STARIIY,I=1,11)
READ 200 ,+MCASEs NFLCT4NHIST
TF{NN(1}.EQ, 1) CALL LISTER(1)

CALL MUGIM(PM MU,EIGIN}
TFINNI2Y,EQ.1) CALL LISTEZR(Z)

CALL MUGEN(RETAN,MU, EXGEN]
TFINN(2) . EQ.1) CALL LISTEP(Z)

CALL MUGEN(OSTAR, MU, ETGEN)
IF(NN{2},EQ. 1) CALL LISTIZR{?)

READN 400,EIGEN

MU{1)=CEXP{Z IGEN(1} *:5)
MU{2)=CEXP(STGENTI2) ¥ .2}
MU{ZI=CEXP(EIGEN{3I#.5)
MULLY=COMJGIHMUCI))

IFIMN(TY .EQ.1) CALL LIST=R (3

CALL FITTIMG(PN,TPNy APN)

0o 10 I=t,11

PHIN(T}=0.

Do to0 J=1,.11

PHIN{I)Y=PHIN{I) #A PN ¥ TOM(T Y ** (12-J)/FLOAT {(12-J)
IF(NNC L) oEN. 1) CALL LISTER {4}

GO TO {192:30b445,697y 8, 2),MCAR=
CALL CASS1{MU4FN,EIGTN, C{l,10)
CALL CASEA (MU, STAN,TIGEN, [(1,23)

MA I
MAT
MA I
MAT
eI
ML T
My I
MA T
MA T
MAT
MA I
MA T
WAT
MY I
MAT
MAT
My L
MAIL
MR T
MR T
M1 I
MAT
MBI
MY T
MA L
MRT

334
400
410
420
438
4410
450
LED
470
Ladl
L90
500
5190
52¢0
534
540
550
56l
570
580
590
LR
510
YA
538
540
€510
560
670
h80
590
700
710
720
738
740
750
7619
7ra
730



el

4004 0
rTYNIOTEO

RIFTVOD

g1 goVd

CALL CASEI(MUPHIN,EXIGEN, Ci1,3))
CALL CASEL {MU,DSTARLEIGEN, Cil,461)
IFINNI(S)I.EQ. 17 CALL LISTER(S}

G0 TO 11

CALL CASEZ{MU;PN.EIGEN, C{1,10}%
CALL CASE2(MU,BETAN; EIGEN, C(1,2}
CALL CASEL{MU,;FHINS,ETIGEN, C{1,20D
CALL CASE1(MU,OSTAR,EIGEN, Cll,4)7}
IF(NNI(S) ,EQe1) CALL LISTERI(S5}

GO TO 11

CALL CASEZ2IMUPNLEIGENs Cli.13)
CALYL CASEI(MU,BETAN,EIGEN, C(i,2))
CALL CASEL1{(MU,PHINSZIGEN, CIl1,3)}
CALL CASEL{MU CSTAR,EIGEN, Cli,4)1)
IF{NN(S) .EQs1} CALL LISTER{S)

G0 TO 11

CALL CASE2(MU,PN,EIGEN, Cl1,1)}
CALL CASEZ2{MU.BETANGEIGEN, T{1,2})
CALL CASEL{(MU,PHIN,EIGEN, Cl1,2))
CALL CASEL(MU,DSTARLEIGEN, Clishd}
IF{NN{S) EQ.1) CALL LISTER(S5)

50 TO 1t

CALL CASE2{MU,;PN,EIGEN, Cl{i.1))
CALL CASE1{MUSBETAN,EIGEN, Cli,2)1}
CALL CASEL(MUGFHINSEIGEN, C{(1:3))
CALL CASEFL1(MU,CSTAR, ZIGEN, Clil,4)1%
IF(NN(S) . EQ. 1) CALL LISTERI(S)

GG TO 11 _
CALL CASEL1(MU,PN,EIGEN, C{1,1})
CALL CASE2{MUSBETAN,EIGEN, Gl1,2))
CALL CASEL{MUPHINSEIGEN, C(1,30}
CALL CASEL(MU,DSTAR, EIGEN, C(1,4})
IF{NN(S)EQ. 1} CALL LISTERIS)

GO 1O 11

CALL CASE3[MU,PN,EIGEN, Cli.11}
CALL CASE1{(MUBRETAMLEIGEN, C(1,2))
CALL CASE1{MU,FHIN,SIGENy T {1,3))
CALL CASE1(MUDSTAR, EIGEN, Clis4)}
IF(NN(51,EQ.1) CALL LISTER(S}

GO V0 11

mx
MA
HAX
A
MA I
MA I
WA I
MAT
MA T
Ty
MAI
MAT
MA [
MA T
MA T
MA T
MA I
MAT
MA T
YAI
MA T
MA T
N8
Me 1
MA I
MA T
A I
MA T
MA T
1}
MAT
MR I
MAI
Hi I
MA T
Ma g
MAT
MY I
MA T
MA T

790
600
840
820
830
840
850
850
870

880

890
960
310
920
930
940
350
9860
970
980
990

1080

1010

1020

1030

1040

1050

10€0

1070

1080

1099

1100

1110

11290

1130

1140

1150

11680

1170

1180

e e s



€L

i1

100
200
380
4080

CALL CASELi{MUsPN,EIGENs Clil,13) MR 1
CALL CASE3{MU.BETANLEIGEN, C{1,20) MRL
CALL CASEL(MU,PHINGEIGEN, GCi{i1,33) MAT
CALL CASE11MU.DSTAR,EIGEN, C{1.,b}) MAX
CALL CASE3MUPNEIGEN, Cile1)) M I
CALL CASE3{MU,BETAN, EIGEMs C{1,20) MA T
CALL CASEL{MU,PHIN,EIGEMN, C{1:3}F WAL
CALL CASF1(MU,OSTAR,EIGEN, Clis&)} I
TFINN{5} EQ.1 b CALL LISTERIS) MA I
IF{NN{B) cEQs1) CALL LISTER{E) MATI
CALL MCDEL(C,EIGEN,PSS,BETASS,NSTARSSsOP:ORDBETA,DPHIA.B,DOELTAIMAL
IF{NHIST.NE. 0) CALL RESPONS _ MAI
IFI{NPLOT . NE.B) CALL CRAPHS MAX
STOP MA I
FORMATILF 10. 01} MAI
FORMAT {3 I4) MATY
FORMAT (201I2) MAT
FORMAT(AF10. D) MA T
IND MAT

i190
1200
1210
1229
i23¢
1240
12590
1260
1270
1280
1290
13490
1310
1320
1330
1340
1350
1360
1370
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[ Wep I o B oy o0 N op RO

ip0

SUBROQUTINE MUGENI(O+MUEIGEN)

DIMENSION DU11) PlhsL) Qi) PTIiLek) A L)

COMPLEX MU{&4),EIGEN{G),;SAVE
Pll.L¥=D(2}-D3111}
PL1.,3¥=D13)=-D (2}
PLL-2)=P(2,%)Y=D(43=-D(3}
P{l,1)=P(2:,31=01(5)=-D1{4)
P(2:,2)=P {3,41=0{1)=D1{6)-D{5)
P{2e1)V=P{3:, ) =D(7N=D {6}
P{3,2)=P (4,4 )= ({2)=D18}=D(7)
PI3,11=P (4, 3)=D(9)=0({8)
P{4,2)=0(3)=0¢410)=-D{(N)
PiL4,1)=0111)-D {10

D12=0(9)Y +3,*{DL1Y-D{1i0})
A{4r=D12-D{11)

CALL INYR(P,PI&0,4)

0O 1 I=1.14

A(IY=0,

D0 1 Jd=1,4
ACTY=ACTI4+PIC(Y, ¥ *Q{ D)

QUADRATIC SYNTHETIC DIVISION
NUMERICAL CALCULLS
We Eo MILNE PAGE 53

X=0,

¥=0.

Ab=1.

Ai==AT1}
A2==-A12)
A3==A(3}
By==-A(L)

30=A0
Bi=Ai=-X*8210
Ap=pAZ2-X*R1-Y*NR0
p3=43-X¥B2=Y*81
AL=A4=X*33=-¥Y*R2

MUG
MG
MU G
HUG
VRS
MUG
HU 6
MU G
MUG
MiG
MU G
M5 G
MIG
MUG
MJG
MUG
MU G
MUG
MUG
MIG
MUG
MJG
MUG
MG
MUG
HUG
MU G
MU G
MU G
MiIG
My G
MJG
MUG
MUG
MIG
MUG
MUG
MUG
MUG

i0

20

30

49

50

60

70

80

90
igo0
119
1240
130
140
150
i€l
170
180
191
2909
210
220
230
240
250
2€0
270
280
230
3g0
310
3210
330
340
350
IED
370
330
390



8L

100
20

23

22

21

24

27

26

co=810

Ci=81=-X*C9

C2=R2=-X*C1=Y*C0

C3= =X*¥C2-Y*(1

DD=C2%#2=-C3*C1
DX=(83*C2=-B&*C1)/00
DY=(B4*C2=-R3*C3) /0D

X=X +DXY

Y=Y&DY

IF(ABRSINX) <GE-0.CD01) GO TO 1D
IF(ABS(DY)sGE- 0., 0081} GO TO 10
U=81i

V=82

ERROR=AL-B2*Y

IF(ABS(ERRORY .LE.D.,D001Y GO TO 20
PRINT 100,ERROR

FORMAT (10X, 6HERRCR=,F10.7}
QUDT=X*¥2 =l *Y

IFtQUOTY 21,22,23
ROOT1==X/2.+SQRY(QUOT) /2,
ROOT2==X/2,=SART(QUDOTY 72,
MU{1)=CMPLX{ROCT1,0,}
MU2)1=CMPLX(RCOT2:0,1)

G0 TO 24

MULLI=CMPLYX{=X/2:50,)
MUC2)=mMU (1)

GO TO 24
MULL1)=CMPLX (=X /2. SART {(-QUOT) /2.
MUC2)=CHMPLX{ =X/ 269 =SART (=QUOT )/ 2.}
CUOT=U*¥*2 -4, *y

IF(QUOT) 25,26,27
ROOT3==U/2.+SO0RT(QUOT) /2,
RCOT4=-U/2.~-5GRTIQUOT) /2.
MUCII=CMPLX{ROCT3+0,)
MU{L)=CMPLX(ROCT4y 060

GO TDO 28

MULI)=CMPLY(=U/2,50. )
MULLY=MI{3)

GO 70 28

niG
HUG
®3G
MJG
MUG
MIG
MUG
HUG
MG
HU G
MIG
MUG
MJG
H3iG6
MU G
MIG
MUG
MUG
MUG
MIG
MJG
NMUG
MIG
MIG
MuG
MUG
MUG
MiG
MU G
MUG
M1G
MUG
MIG
MUG
MUG
M3 G
MUG
HiG
MUG

400
Li0
420
L30
440
450
460
470
480
%90
500
510
520
530
540
550
560
570
580
599
600
€10
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780



9¢

nd 400d J0
TYNIDIYO

& qovd

BTV

MUE3 )=CMPLX(=U/2.,SQART {=QUOTI/ 2,
MULL)=CHMPLXI=U/2, ,=SART (=QUOTD /2. )
IF(AIMAG IMUCL)),EQ.D.Y GO TO 30
SAVE=MU(1Y

MUT LY =MU{ 3D

MU{3)=SAVE

SAVE=MU(2)

HUL2)=MU(L)

MUTLY=SAVE

CONTINUE

D0 40 I=1,4
EIGEN({I)=CLOGIMULI) ¥*CHMPLX (2,50,
RETURN

END

NJG
MG
MUG
MJG
MU G
MUG
MUG
MU G
MIG
MUG
MIG
MG
MUG
MJG

790
800
810
328
830
840
859
860
B70
86890
89y
360
310
920



in

20
30
40
508
60
70
a0

2q

LL

SUBROUTINMNE LISTER (NPRINT)D LES
COMMON /NAMES/NN(20D ,PNI11)  BETANILL D, OSTARCLIL D, TPNT 11} LIS
1 s PNF(51) ,BETANF(S1) ;DSTARF(S1) o PNIF (S2) yBETANIF {519 ,OSTLIES
2ARIF (519 PNC(51),BETANC 1510 s DSTARC {55 ,PNIC{51),BETANACIS1), DSTARILLS
3C{51), APN {110, ABETAN(L1 D, ADSTARCI14) ., BPNE11) (BBETANT11) 4BOSTAR(113,L15

LPHINILLY lIs
COMMON /PARAM/MULEIGEN, CNCASE.,MECASE, N7, NPLDT, LIS
INHIST:PNFINAL.BNFINAL; DSFINALTIME(S1) oP L oY, QI4} LES

CCMMCN ZLIMITS/PNUIS1) ,PNL{S51D.BEYANUIELY,BETANL{S1),DSTARU{51}, LIS
1DSTARLGSLIPNIUIS1), PNIL(51),BETANLIU(S1) ,BETANIL (51} ,DSTARIU(51), LIS

20STARLILI{S1Y LIS
CCMMUN /FINAL/ PSS,BETASSeDSTARSSDP+ORsDBETA,DPHI  A{te&4)oBI4),00ELIS
1LTA . LIS
COMPLEX MUTL) sEIGEN(L) ,CU{554) LIS
PRINT 2008 LIS
GO TO (10420,30-,40:50,60,70,805,90,41080,1310,120 130,140,145 0,3160,170,LL5
1180, 190,200% s NPRINT LIS
CALL DATE (S LES
PRINT 1000,5S LIs
PRINY 1030, NNy MCASE; NPLOT,NHIST PN, TPN ;BETAN, TPNyDSTAR, TPN LES
G0 TO 2110 LIS
PRINT 1020,MU, EIGEN LIS
GCe TO 210 LIS
PRINT 1030,MU,EIGEN LIS
GO TO 210 LIS
PRINT 1040,PHINTPN LIS
GO 70 210 LIS
PRINT 1950,C LES
GO 7O 214 LES
PRINT 1£58,MU,EIGEN,C LIS
G0 TO 210 LES
CONTINUE LIS
GO TO 210 LIS
CONTINUE _ LIS
GO0 70 210 LIS
PRINT 1090, (TIME(T)PNUIT);PNL{I},BETANUCIV oBETANL{TYDSTARU(I}, LIS
1DSTARL(I) oPMIUCT) oPNILIIY ,BETANLUI) ,BETANILET) ;OSTARIULTIOSTARLILLES
2(I),I=1.51) LIS
GO 10 210 LIS

10

30

40

50

60

70

89

9@
idao
110
120
130
i%0
1850
1€0
i7g
180
i9¢o
200
210
220
230
240
2510
ZED
270
280
290
300
310
320
330
3&0
350
360
370
380
3990



8L-

_ mnb w004 40
oy VA TVNIDED

i00 PRINT 1109,€TIHEGIDoPNF!IBvBETﬁMF(IPaDSTnRFEIDvPNiFGI%oBETAHiFE!!.[IS

10STARLF(I)eI=1,54) LIS

G0 TO 218 LIS

110 PRINT 1140,NZ LTS
G0 70 210 LIS

120 PRINT 1120 ((P(Io Yo =190, T=1,&) LLS
G0 7O 210 LIS

130 PRINT 1130.0Q LIS
GO TO 2i0 LIS

140 PRINT 1140, (TIMELI) 4PNCIT)BETANC(I),DSTARCII) ,I=1,51) LIS
GO TO 210 LIS

150 PRINT 1150, (TIME(TI) 3 PN1C(T) ;RETANIC(T) ,0STARLIC (I} 4I=1,51} LIS
GQ Y0 2190 ) LIS

160 PRINT 1160 LES
G0 TO 210 LIS

170 PRINT 1170 LIS
GC TO 210 LIS

4180 PRINT 11898 LIS
GO TO 210 LIS

190 CONTINUE LIS
G0 TO 210 LIS

200 CONTINUE LIS
240 RETURN LIS
1000 FORMAT(////+:10X%, SHDATE=4A10 +//) LIS

1010 FORMAT (10X ,20HLIST PARAMETER TABLE,2013//5X12H CASE NUMBER 5 I5,10HLIS

1 PLOT CODEsI5,5X,19H TIME RESPONSE CODEIS 977 :20Xs10HINPUT DATA,/7/7LLS

235X THPN, s11F 9.3, /0, THTIME, 211F9,2 /7 BN THRETAN, s11¥F9,3,1L5S
375X THTIME, 211F9,2, 775, THOSTAR, s11F9.3: /5N, FHTIME, s 11F3, 2LIS
4o /1) LIS
1820 FORHAT(SX9#(4“94HREQLoiﬂxeﬁﬂzﬂﬂﬁw11“)9”?2X93HHU9,Q(251#-595!39f/gL[5
12U 3HE T s 4 (FI0 Lol XoF10e&k,9X) ) LIS
1030 FORMAT{5X,19HMU VALUES SPECIFIED //:BX ok LHREAL «1 OX o4 HIMAG, 16XILES
10771 s3HMU, oL (2E1L. B 9;/!91“96HEIGEN9vhﬁFlﬁakohvaiﬂoﬁqu99 LES
1040 FORMATIS X,26MTHE GENERATED PHY DATA ISs9/7755X s THPHIN; +11F 9.3, LTS
175X o 7THTIME ¢ v1iF9,23 LIS

1050 FORMAT(SX,26HTIME RESPONSE COEFFICIENTSy 77 o 12X 35 (46X, 4HREAL s6X s LHIMLIS
1AG,5X) o/ /35X 6HPN, 95{2F10eh93X)u//.SKoSHBETAngE(2F10°k93nglf.LES
250 o GHPHIN, G EI2F 100 s3X) o // o5) s SHOSTAR, 5 S (2F10 %y IXD D LIS
1060 FCRMATI{5X;15HFITTING RESULTSo /75X SC11X s 4HREAL 96X s LHIMAG) e//s LIS

400
440
%20
530
440
450
460
470
480
490
500
510
526
530
540
550
560

570
580

590
600
610
620
€30
640
651
669
670
689
690
700
710
72D
730
740
750
7560
7ro
780
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15X DHMYU, tRE2F 045X D37/ oS o OHEIGEN oo 4{2F 1044 EXNF/7,5X, LIS
212HCOEFF ICTIENTSy 7/ 5)Xo BHPN, 2SI 2F 104 4o SN o 77 s OXNoOHBETANG 5 {2F10.LLS
ShoSXhy 7/ 45X BHPHIN, s (2F 10 H4EXY o/ /oSN o OHDSTAR 3 S i2F 104 G45X ) ) LIS
1070 FORMAT (SX 2B8HMODEL PARAMETERS=-SECCND ROWs ¢ SFi044e5Xe Fi8a4) LES
1080 FORMATI{SN,27HMODEL PARAKETERS~-THIRD ROW; e 3F804 4,5, Fi0.4) LS
1090 FORMATISX;18HRESPONSE ENVELOPES o/ /o BY o URTIME 1 EX s PHP N 13X, SHBETANL LTS
113K95HDSTARg13Ka5HPNDOTeiﬂXg5“8ET§ND07915X9BHDSY&RBOva1951€3XaF9aLIS
22412F9.3:/): 4D LLES
1100 FORMAT(SX,21HFITYED TIME RESFCNSES o/ /BN LHTIME.BX,2HP Ny EX, SHBETANLIS
15X SHOSTARSSX s SHPNDOT 42Xy BHBE TANDOTo 2 Xy BHDSTARDDT 0/ /051 (3% FQe2,6LTS

2F10e 39 /Y5 /) LIS
1110 FO RMATISX,26HPAYNTERS RECIPE NUMBER ISe,I60 LIS
1120 FORMATISX,29HOIFFERENCE EQUATICN P MATRIXy obFi10e3s7:34Xo4F10e3:79 LIS
136Xs4F10030/ o 3LX4F10,3) LIS
1130 FORMAT {SX s29HDIFFERENCE EQUATION € VECTORy3F10.35/s 34X,F10,35/34XLES
1oF10a3s7 034X, F10,3) LIS
1140 FORMATU 5X19HINTEGRATED RESPONSES//7 08Xy HHTIME 10X, 2HPN, 7, GHAZTALIS
INS7H s SHOSTAR /7 /351 {3 X3 F 929 3F12e35/)57) LIS

1150 FORHATI(SX, 4iHFIRST DERIVATIVES OF INTEGRATED RESFONSES s//8X 4 HTIMLES
1€ s7Xs5HPNDOT oL X sBHBETANDOT s 4X o BHDSTARDOT 4 // 952 (IX9F 9025 3F12e39/37LIS

2 LIS
1150 FORMAT{(10X,10HPN PLOTTED) LIS
1170 FORMAT (10¥X,13HBETAN FLOTTED) LIS
1180 FORMATU(10X,13HDSTAR PLOTTEDY LIS
2000 FORMATH{/7/} LIS

END LIS

T <0
800
810
8320
830
848
858
860
870
880
89y
900
919
9219
330
9490
g50
960
a70
381
9990
1000
1040
1020
1030
140
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SUBROUTINE GRAPHS

COMMON ZNAMES/NNI(20D PN{ti) BEVAN (i) DSTARI12D, TPNE11)

i

GlA
GRA

» PNF{51) s BETANFI513 o DSTARF{51 ), PNLF (54D ,AETANIF (51),D5TGRA
2ARIF {51) 4PNC (510 ,BETANC (517 ,0STARC{51),PNLC(51 },BETANLC (52}, DSTARLIGRA
SC(51 ). APNCIL ), ABETAN(L1),ADSTAREL1) ,BPN{11) ,BBETAN(L11) ,BDSTARC11) 4GRA

LPHIN(ILY GA
COMMON /PARAM/MU.EIGEN, C+NCASE-MCASE, 3N
INHIST, PNFINAL,BNFINAL, DSFINAL s TIME(S1 P {Lok) 4 DELD GRA
COMMON /LIMITS/PNUISL) ;PNLIS1) ,BETANUISII.BETANLISL) ;OSTARUIS1), G224
I0STARL (510 ,PNIUIS 1), PNIL (S1},.BETANIU{S1) ,BETANILIS1) (DETARIV(S1), GRA
ZNDSTARLIL{G1) GRA
COMMON /FINAL/ PSS,BETASSNSTARSS+DPyDROBETA; DPHIvA l4y4),BI4);DDESTA
1LTA GRA
COMPLEX MUUL), EIGEN(L) ¢CI5:4) GRA
IFINFLCT.ER. 1} GO TO .0 GRA
IF(NPLCTLEQs 33 GC TO 24 GRA
IFINPLOT.EQ.B) GO 7O 4110 GRA
ITFINPLOT.NE.T7) GO TO 20 GRA
IF(NNT161.EQ, 10 CALL LISTERUI1G}Y GAa
CALL QIKSET(5.0+0.0,040¢30:0.0,045) GA
CALL QIKPLTITIME: PNU,51 14HRTIME SECONDST,1LHEPN 1/5SCONDSE,11HBROGRA
1LL RATER) GRA
CALL PLOT(=640s1:05-3) GA
CALL QLINE{TIME,FNLo51,0) SRA
CALL QLINE(TPN?PN;‘iivTQ} GRA
CALL QLINE(TIME:PNF,51.0) GRA
CALL QLINEITIME,PNC+51,01) GRA
CALL PLOT{=1.553,0:=3) . G A
CALL QIKSET{S5.0500000s053:09=2.0,2400 GRA
CALL QIKPLT(TINME PNi UsS114HITIME SECONDSE,BHEDPN/ DTS, 3HE %) 324
CA LL FLOT(~640s1e0,~3} GR A
CALL QLINE(T IME,PNLIL,51,0) GYA
CALL QLINEC(TIME, PNiIF 51, GUA
CALL QLINE({TIME,PNIC 51,0} bRA
CALL ENDPLY GRA
CONTINUE G24a
IF(NFLCT.ER.2) GO 70 21 GRA
IF{NPLCT.EQ.3} 6O 7O 21 Gla
IFINFLOT-ED.5) 60 TG 21 GRA

19

30
40
50
60
70

90
100
110
129
130
is8
1556
i1€0
170
180
i9p0
200
210
220
230
240
258
2€D
27o
280
290
3900
310
320
330
340
350
360
370
380
390
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38

TFINPLOTNE.7) GC YO 30 GRA
24 IF(NNT171,EQ.,2) Calbt LISTERILT? GRA
caLL QIKSETESQQaD-n.ﬂoﬂgsaG ’°§.09'0003 ' : GERA
CALL QIKPLTIVYIME,BETANU 51, 14HETIRE SECONDSS, 1 7HSBE TAN 1/SECONDSS. 52
1$0HSSIDESLIPS) * : GRA
CALL PLOT{<BaBsieDo=3) GRA
CALL QLINE(TIME.BETANL,51,00 5A
CALL QLINE(TIME,BETANF,51,0D? GiA
CALL QLINE(TPN sBETAN ;=11 .7 &} GRA
CALL OLINE(TIME,BETANC:51501} GRA
CALL PLOT({=1:593,0:=3) GA
anL QIKSET{5¢0900850009300"'6.09‘000, ER“
CALL QIKPLT(TIHEeBETﬂN1U951yihHSTIHE SECONDSS, 10HSDBETA/D0TS, 343 BIGRA
CALL PLOT(=5.0,1405=-3} GRA
CALL QLINE(TIME.BETANiL,51,0) GRA
CALL OLINE{TIME,BETARLIF,51,0) GRA
CALL QLINE(TIME,BETANLiC,51,07¥ GRA
CALL ENDPLT GIA
CONT INUE GIA
TFINPLOT.LT.4&3 GO TO &0 GRA
IF(NN(18) o EQ.1) CALL LISTER(18Y GA
CALL QIKSET (5000809000940 0s=10s05500) GRA
CALL QIKPLT(TIHEaDST&RU,SingHETIME SECONDSS,17HEDSTAR 1 7/SFCONNSE,GRA
14IHELATL., CRIT.§} G2A
CALL PLOT(-6s05100,=3? G A
CALL QLINE(TIMESDSTARL51,0) GRA
CALL ALINE{TIME,D .TARF,51,0) GRA
CALL AQLINE(TPN DSTARs=11,74) GRA
CALL QLINE(TIME,DSTARC 51,0} GRA
CALL PLOT{(~1:504.0,-3} GA
CﬁLL QIKSET(S@Uvﬂ.ﬂ'Uuﬂg3|go°120398003 G‘ﬂ
CALL QIKPLT(TIHEgUST&RIUqSiqihHSTIHE SECONDS$911H$DDST§R/DT$93H$ $GRA
1) GA
cCaLL PLUT(”60091509'33 GR“
CALL OQLINE(TIME ;OSTERiL51,0} GA
CALL QLINE(TIME,DSTARLF,51, 0} GWA
CALL QALINE{TIME,DSTARLC,51,0} GRA
CALL ENDPLT oA

&00
%10
420
L3¢
K60
550
480
70
L8y
490
500
510
520
530
540
550
560
570
580
590
608
610
520
630
640
6% 0
660
670
680
590
700
Ti0
7210
730
740
750
7690
770
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SUBROUTINE CASEL (MU, Be EIGEN,LY

DIMENSION DIi43,U(B8,8) ,UINV (B ,BI.CCIBY ,PP{E}
DIMENSION UU (S5 1,UHINVIG.6) . FPPP B CCCE{HY
DIMENSION UUUTLoG ), UUUTNVIL s 4] + PPPPPPIL) 4CCEC (&)
COMPLEX MU{L) DD 10D 4R b o5l oP IV, RC {1040 3,C IS EIGEN14Y
COMPLEX NQE{3,33.,PPP {3},RRC{10, 3}

COMPLEX 2QQ{2,2), PPPPP(2} sRRRC(1D .2}
COMPLEX Af.,A2.AZ: A4

D0 4 I=1,10

DO 1 J=1.4%

RCIT«JI={MULJIDR*FT=1,.}

DO 2 I=i,10

ORIIV=CHEeLX L (D(TI4+15=D011),0,}

DO 3 I=1.4

DO 3 J=i.+ 4

QI Jd=0,

D0 3 K=1,10

QT JI=D{Y  JV+RC{K N *RCIK, T

DO & I=1,4

Pi{lIv=0,

00 & K=1,10

PITI=PII}+DDIKI*RCIK,I)

B0 5 I=4.4

D0 5 J=i,&

Uil D=REALQ{L, 0N

Ul Te4 o, J3h V=REDLEQIIJIY

Ul T+4 JI=AIMAG(A(IJ1)

Uil, J4 I==AIMAGIQUIJI}D

CALL INVRIU;UJINV,8,0,81)

N0 6 I=1,4

PP{I)=REALIP{I}}

PPl +4)=AIMAGI{P[{I}]

DO 7 I=1.8

CC{Ii=0,

Do 7 J=1,8

CCL{II=CCUI2UINV (I J3*PPLI)

No 8 I=1i.4

ClIV=CHMPLX{CC(TIsCOU T4 )
C{S5)==Cl1}=C(2}=-C{(3}=C (4%}

EAS
CAS
CAS
CAS
CAS
CAsS
CAS
CAS
CAS
CAS
C4s
CAS
CAS
CAS
CAS
CAS
CAS
CAS
Cis
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
cas
CAS
CAS
Cis
CAS
cAsS
cas
CAS
CAS
CAS
€3S



[22]
E-~

19

28

3t

50

61

70

80

RETURN

ENTRY CASE2

A2=<-EIGEN(2} FEIGEN{1}
A3=-EIGENI3D/EIGENIL)
AL==FIGENIL) FEIGENIL)

o 10 I=1,10
RRCEI,1)=1.¢A2~-My (2) **[=A2*NU(L)**]
RRCUTI.2)=1.+A3-MUI3} ¥*I-AT*MU{1)**]
RRCUI 3V =1c#Ak~MU (5)%* I-AL¥MU(L)I**]
Do 26 1=1,10

DD{ IY=CMPLXED(I+10+0.)

00 30 I=1,.3

po 38 J=1,3

GG{Is =0,

D0 30 K=1,10
00(I,JI=000E, JY=RRC{ Ky J) FRRCIK, I
DO 40 I=1,3

PPP(IV=0.

DO 40 K=1,18
PPPLI)=PPP(YI V) 4+0DUI*RRC (K1}

DO 50 I=1,3

0o 50 J=1,3

UU(T,J)¥=REALIQQ(T,JD)

UULI +3,J¢3)1=REALIQG(TI, J))
UULI+3,J)=ATMAGIQO(T - J)}
UU{T,J4+3)==AIMAGIOR(T,J )]

CALL INVR {UU,UUINV,; 600,56}

DO 60 I=1:3

PPPP (I)=REAL (PPP{I})
PPPP{I+3)=AIMAGI(PPPL{IN}

no 70 I=1,6

CCCiIv=0,

D0 70 J=1,.6
CCCU{IY=CCCLID+UUINV (T, JI*PPPP LI
DO B0 I=1,3

C{I+ 13 =CMPLX{CCCI{ I} ,CCCLTI+I D)
C(1)=A2%C (21 +RA3*CI3)+AL*C L)
C(51==C{11=C{2¥=C{3}=-C (&}

RETURN

CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
C&S
CAS
C&sS
CAS
CAS
Cas
S5
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CRS
CAS
CAS
CAS
CAS
CAS

400
01
520
630
L4l
650
460
479
480
490
88
510
520
530
540
5590
5698
57N
580
53940
600
610
620
630
640
650
660
670
680
630
700
710
729
7390
740
75¢
T7€0
779
780
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ig0

200

300

LD D

ENTRY CASE3

ALl=EIGEN(3)®* (EIGENEI)I-EIGENI2IP/(EIGEN I V* (EIGENE2) ~EIGENILIID
A2=FIGEM &I {ETGENTGI-FIGENI2)I /(EIGENIL ® CEIGEN(2V-EIGENCLD I}
A3=EIGEN(3)* (EIGENTI)~EXGENELI) /(EIGENC2)* (EIGEN(LI=EIGEN(20 )
AL=EIGEN(W)* (EIGEN( &) =EIGEN{13) /(EIGENT2V® (EIGENIL) -EIGENE2) D))
DO 180 I=41,10

RRRC(I¢11=1, +A3+A1=-MU(II**[-AZ*MU{2)**I=-A1*MUL 1)} S*]

RRRCAY 2171, +AL4RA2=MUT L) **T=-AL ¥MU(Z}**T=-A2*NU{1}%%]

DCc 2908 I=1.i¢

DDATI=CMPLXI{D(YI+1b,e0.1

DO 398 I=i,2

Do 300 J=1.2

Q0 (I, Jb=0.

0o 300 K=1,10

QRQ(I,J1=QQA(T,J}~RRR {KsJI*RRRCIK,T}

D0 400 T=1,2

PEFPPLTY =0,

CO 400 K=1,10

PPPPP{I)=PPPPP(IV+0DIKI*RRRECIK, I}

Ci{31=(0Q0(2,2) *PPPPP{1)1=-00Q{1,2) *FPFPP (23} /{000{1,1)%0QR(2,2}~

1000(1,2) *QQN (2,1}

Cls)=(QAN{1, 1) *PPPPPI2) -000(2,1) *FPPPP{1))/100C11,1? ¥QAQ (2,20~

120Q01,2) ¥*QRB{2,1})

C(1)=R1%C(3)+AZ*C L)
C{2)=A3*C {3 +AL+C (L)
C{5)==Cl 1} =C{23-C {3} ~C {&)
RETURN

END

GRS
CAS
CAS3
CAS
CAS
cas
CAS
tas
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
Cis
CAS
CAS
CAS
cas
CAS
CAS
CAS
CAS
CAS
CAS

790
800D
810
820
830
B840
850
860
870
280
8990
980
919
920
930
940
951
960
a70
380
9340
1900
1010
1020
1030
1040
ioc=eo
10€0
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SUBROUTINE INVR(AeBe IS IT,MXD
IMX MY oMU MS, HATLI  MAT 2, NAT 3, HAT 4, NAT S, MAT 6}
PROGRAM AUTHORS R.E. FUNDERIC AND R.Ge EODWARDS,
COMPUTINE TECHNOLOGY CENTER, UNICH CARBIDE CORP.,y NUCLEAR DIV.,
OAX RIDGE, TENN.

CTC ORD PROGRAM NQe. 9067.1%1
DIMENSTON AIMY MBI, B (MX, MXD
MATL=MX
MATZ =MX
IF {JJJ.NE-1Y GO TO 50
Af1,1y=1./801,:,1)
RETURN

50 CONTINUE
DO 21 I=1,JJJ
DG 20 J=i,JdJ

"B{I,J=0.0

20 CCNYINUE
Bi{I,IV=1,.0

24 CONTINUE
KK=JJJ
Nv=JJJ
D=1.

IF (JJJoLT0)D=0.
KKM=KK =1
DO 9 T=1,KKM
S=0,0
00 1 J=1l.KK
R=AASLA{J I
IF (R.LT,.S) GO TO 1
S=R
L=J

1 CONTINUE
IF {L.EQ. I} GO ¥O 5
N0 2 J=1.KK
S=A(I, 4}
AT . N=h(L, 0}
AL, J}=S

2 CONTINUE

eV
iNv
INV
INV
INV
INY
INV
Ny
INV
INV
Ny
INV
TNV
NV
Ny
INY
IiNy
INV
INV
inv
INV
Iny
INV
Ivy
IRy
NV
NV
Inv
INV
INV
iwv
Ny
Iny
Iy
Iny
Ivy
Ivv
INV
INV

i0

20

30

40

50

€0

70

80

9p
100
110
120
1390
140
150
160
i70
189
190
200
219
2290
230
2490
250
2€0
278
289
290
300
310
320
330
ELY
358
360
370
380
390
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L I

O @~

ig

i1

12
13

IF{NV.LE.0}IGO TO &

DO 3 J=i.NV

S=B I I

BEI,Ji=BEL,.J}

S J1=5

CONTINUE

O==0D

IF(AfT T 14EQ.0.0G0 TO 9
IPO=1I+1

DO 8 J=IPO.,KK

IF (ACJ,I).E0.0.) GO ¥O 8
S=A{Js 1D /7ACT, 10
Ai{JsI0=0.0

D0 6 K=IPO,XK{
AlJoKI=ALJKI=R{I,K) *S
CONTINUE

IF (NV.LE.Q0) GO TO B

DO 7 K=1,NY
B{J,KI=BlJsK}=-B{I K})*S
CONTY INUE

CONT INUE

CONTINUE

DG 10 I=1,.KK

D=0*A{I. 1)

CONTINUE

IF{NV.LE.DIGOD TO 173
KMO=KK-1

DO 12 K=1.NV
BIKKKIZR{KK, K1 /78 (KK KK
DO 12 I=1,KM0

N=KK-T

D0 11 J=N,KMO
BiNHI=B (N KI=A{Ny J&-1) *¥B{Jt1, K)
CONTINUE
BINKI=BIN MK ZA(NyN)
CONTINUE

DMATZQ=D

IF (IT.EQ.0) RETURM

D0 30 I=1,J44J

no 30 J=1,0J4

INy
INV
INV
INV
IV
INV
INV
IRV
Inv
iNv
INV
vy
INV
Iwy
Ivy
INV
Iy
vy
INV
INV
Tay
iny
INY
Iy
INY
INV
Ny
INV
INV
INY
IV
INV
INV
Iy
InNvV
Ivv
INV
sV
INV
INV

400
10
420
%30
L49
4590
L6l
L70
480
L31
500
510
520
530
560
5510
580
578
580
590
500
610
620
630
640
650
66l
670
680
690
700
710
720
T3¢0
T4D
ren
760
F70
780
ra0
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SUBROUTINE RESPONS RES
CONMMON /NAMES/NN (203 +PN(11Y) ,BETANCIL1) ;OSTARILL 3, TPNIR1) RES
1 sPNF (519 ; PETANF {5410 ;OSTARF {51 )4PNLF (51}, BETANLF(S51B, DSTRIS
ZARLIF{51) ¢PNC (510 ,BETANC (51} ,DSTARCI51) sPNLC(51} ,BETANIC{511,DSTARLIRES
30(51),APN{11) ; ABETAN({11) ,ADSTAR (14D ,3PN{11),8BETAN{11) ;BOSTAR{11}4RES

LPHINILI 1) RES
COMMCN 7/ PARAM/ HU,EIGEN, CosNCASEMCASE,s N7, MPLOT» RES
INHIST,PNFINAL oBNF INAL,DSFINALTIME(SL Y sP (4,6 Y.0(4) RES

COMMCN /LIMITS/PNU(5 1) 4PNL (1) RETANUI51), BETANL(51) ,0STARU{51), RIS
{DSTARL(51),PN1UI51), PNIL{51),BETANLU(51) +BETANIL (51} ,0STARIW IS4, RES

20STARIL{IS 1} RES
GOMMCN /FINAL/ PSSyBETASS;DSTARSS:DP. DR DBETA;OPHI A (4,4) 58143 ,00ZRZS
1LTA RES
CCMPLEX MU(4) sEIGENTL),C(5,4) RIS
DIMENSTION TEMP (b &)y XTEMP LG8 o YTEMP(LoL) s REL, 4) RES
DIMENSION XR1{ES1) ¢XR2(51)sXR3I(E1) oXRL(EL) RES
0o 1 I=1,51 RES
TIME(II=FLOAT(I-1)/10. RES
IF{NN(9) -EQ.1t} CALL LISTER{Z} RIS
DO 10 I=1,51 RES

PNF {I)=C (4,1 )1*CFEXP{SIGEN(LY*TIME(TI) }+C(2,1) *CEXP{EIGEN(2I*TIME(IVIRES
140341 )*CEXPIETIGEN(Z) *TIME(I) V4C (4, 1)*CEXP (EIGEN(4)*TIME (I13+C(5,1RZS
21 RES

BETANF(IN=C(1,2)*CEXP(EIGEN(AV*TIME(I) )¢C(2,2)*CEXP(EIGENIZ)* TIMERZS
1(I}I4C I3 2V *CEXP(EIGENIII*TIME(T I 14C (L, 2)*CEXP (EIGEN (L) *TIME(I}Ie RES
2C (S, 2) RES

DSTARFIIVN=CUl1, 4)*CEXPIEIGENTLI*TIPE(I) I +C (2,4 I*CEXP (EIGEN(2)¥TIMERES
1 (I Y40 (3,4 *CEXP(EIGEN(3Y*TIME (1) 1 +C (L4 )*CEXP (EIGEN (L)% TIME(I}) ¢+ RES
2C(S5 4) RES

PNIFIIN=EIGEN(LI ®C(1,1) "CEXPIEIGEN(L)*TIMNELI)) +EICEN(2V*C(2+1) RES
1 *CEXP(EI GEN(2I*TIME(TI) )+ EIGENIZI*C (3,1 W CEXKPIE IGEN(3I*TIME(T) b + RES
ZEIGEN(L)I*C (L L Y*CEXP(EIGEN(L)I *TIME(I)) R:S

RETANTIF(I)=EIGENILI*C( 1,2V ¥CEXP(EIGENTII*TIME(INI+EIGEN(2)*%C(2,2)RES
{*CEXP (SIGEN(2I*TIME(TI) I+ EIGEN(ZI* C{3, 2 1*CEXPIE IGEN(3I *TINE(T) ) ¢ RES
2EIGEN{GY*C {42 ) *CEXPIEIGENT 4 *TIME(I)) RIS

DSTARIF(I}=FEIGEN(LY *C (1 41 *CEXPEIGENCII*TIMECIV ) +ETGENI2D*C (2, LI FRES
1CEXP(EIGEN(2)*TIME(IVI+EIGENCIN *C (3, 4) *CEXPIE IGEN(I I *TIME (T 1+ RES
PEIGEN(LY ¥C( 4, 4) *CEXP(EIGEN(WI*TIME(T) ) RES

10 CONT INUE RES

190
20
30
40
50
60
70

90
100
110
120
130
1490
150
160
i70
189
190
200
210
220
230
240
250
268
270
2890
2919
3oc
310
320
330
348
350
Jet
370
380
390



06

LY
BD

EDO%
T

[

OO0

20

39
L0

IF(NN(IDT. . EQed) CALL LESTERC10D
PAYNTERS RECIPE

AA=ARS(Al1D])

00 Z0 J=2,16

IFIABS{A{J}I.GTABS{AA d) AA=ABSEATIY)
CONT INUE

AAT=0.1"AA

FACT=1,

00 30 K=1,30

FACT=FACT*FLOAT{K)

X=(l, *AAT) **KSEXP{L, *AATI /FACT
IF{X.LT.0,001) GO TO &0

NZ=K+#1

CONTINUE

IF(NN{111,EQ.1) CALL LISTERI11}
TEMP(LI=TEMP(S)=TEMP(11)1=TeMP(16) =1,

RZS
RIS
RES
RS
RES
RES
RES
RES
RES
RES
REZS
RIS
RES
RZS
RES
RES
RS
RES

TEMP (P )= TEMP{II=TEMP (4)=TEMP{E)=TEMP {7)=TEMP (BI=TEMP {9 )=TEMP{109)=0RZS

TEMP{12V=TEMP{I3I=TEMP{14) =TEMP{1E1 =0,
PL1,1)=P2,2)=P(3:3)=Plb.4}=1,
Pl1:23=P{1:3)=Pli,4)=P (2,1 1=P{2,3)=P{2,4)=P(3,11=P{3,2)=P(3:4}=8,

CPlLs1)=P{4,2)=P(4,3) =0,

52

3
50

DO 50 I=1,NZ
N0 51 4J=1,16

CXTEMP{JIY=0,.0

DO 55 JU=1.4

DD B K=1,.4

DO 55 L=1.4

XTEMPII KISXTEMP LK ISTEMP I L)I*A L KKY*¥D 1 7FLOATII)
Do 52 Ji=1416

TEMPLJIYI =XTEMP (IS

D0 60 II=1.1@

PITII=P(ITI)+TEMP{ITI}

CONTINUE

IFINN{12).EQ.1) CALL LISTER{i2?
TEMP(LI=TEMP(E)I=TEMP {111 =TEMP (1E) =1,

RZS
RES
RES
RZS
RES
RZS
RES
RIS
RIS
RES
RES
RZS
RES
RZS
RES
RZS
RES
RIS

TEMP{Z2)I=TEMP{ZI=TEMP(LI=TEMP (SI=TEMP {7 )=TEMF 13 1=TEMP {9)=TEMP(10I=0RZS

TEMP(12)=TEMP{13)=TEMP (1LY =TEMP (15} =0,

RES

L00
L10
420
430
40
450
460
470
&80
690
S00
518
520
538
540
550
560
573
588
598
600
610
620
630
540
650
650
6710
680
690
700
710
720
730
7L
750
750
770
780



\-..(:i" D

L6

62

67

69
61

RI1,1)=RI12,2)=R{3,:3) =R I&okI=1. _
R{1s2)=R{1:31=R{1:41=R(2511=R(2:3I=RI2:47=REJp1)=R{3:2}=R(394)=04a
Rlts1I=R{4:21=REL, 3V =Ds

DO 61 I=i.NZ

00 62 JJ=1,16

XTEMP(Jd)=0,0

DO 65 J=1,.4

DO 65 K=1 .4

DO 65 L=1¢4
XTEMPIJKISNTEMP (J K )4 TEHMP (I LIYA (LS KI*D, A /FLOATII®*1 Y
DO &7 JJ=1i.16

TEMP LI =XTEMP (JJ)

D0 69 II=1,16

RIITI=R(II}I4+TEMPIII)

CONTINUE

Q{1 =RIL, 1I*B{1)+RIE,2I¥B(2I+R{1,TI*B{3V+R (1, LI*A(4L)
R(21=R (2,1 I1*ACLI+R{2,2)*BI2I+R{2, I} *B{I) +R (2, 4 ) *B (&)
QIIV=R{T 411 *BLII4RIT 2V*B{2I+R (3, 3V *B{3I+R (T4 I* (L)
QL) =R{LIIFATLI+RIL2IFA(2I+R (G ,3V*¥B(3I 4R L 4I*B(4)
Q{1 =001 )*0.1

QE2)=0{231*0,1

D(3¥1=0(3)*0, 1

Qe =Q¢41*0,1

IF(NN({13),EQa.1) CALL LISTER{i3)

XR1 1) =XRIMLI=XR4&(211=0,

XR2(1)=-DDELTA/DR

00 70 I=2,51

AADIAAAAADAADADNDAOAON0D:N00,
EYEETE OADTT) ot EF) FON AL BN Ty RO TN T A e e

RES
RES

A0 X0
Eululyulll
N wm

nuUTVBVVLNWUNVBVLWVLWUNE WY

X
m
wu

RES

XRI{I1=P {11 1*XRI(I=-1D4P (1,21 % XRZ(I-1)+P (1,31 *XRI(I-1) +P {1, &) *XRLIRZS

1I-1Y4+Q11)

RES

XRZAIN=P {21 ) *XRI{I~11+P (2, 21*XR2{I=-1)4P {2, 3V ¥ XRI(I~1)+P(2,4 ) *XRU{RZS

1I-1140042)

RZS

AR3(IN=P {3511 *XR1{I=1D)+PI3 ;21 *UR2(I-1}4P {3 V1 * XRI{I-1}+P {3, LI*XRL(RES

1I-13+0(3)

RZS

70 XRGUIV=Pll4s i) *XRL{TI=1) ¢+P (42} *XR2(I~1) 4P (& 31 *XRI(I-1) 4P (L, 4)*XRLIRES

71

1I=-1%+01%)}

Do 71 I=1,51

PNCUI)=PSS*XRL (T}

SETANCII)=BETASS*XR3I(I}
DSTARCAII=DP*XR1{IY+DR*XR2(T)+DBETA*YRI(I) +DPHI*XRL(T)+DDELTA

RES
RZS
RES
RES
RES

¥90
800
81¢
829
830
640
850
569
879
8B10
890
940
918
928
939
340
950
960
9790
988
999
1000
1010
1020
10349
1040
1058
ins0
1072
igso
ia90
1100
1119
11286
1138
1140
1150
1168
1170



26 -

50

TFENNTI4t oEQ.£) CALL LISTER{1&)

D0 88 I=1,51
XRiT=XR1(IF‘AE191P*XRZEI§'AI192§+KR3(ID‘&K£;3B+XRH€I$'Afioh!bﬂll%
KRZT=XR1EID*!@2,1)*XR2!IS'A(ZpZD*XRB(IB‘AGZgSDGXRbGIﬁ'AEngDQBCZB
XR3T=XR1(IB‘A(3,1?41R2ﬁ13‘ﬁ!3,29*!R3EI!‘&(3¢330!Rk€13‘&ﬂ3,%i*8(3!
KRLT=XRLCT) *ACL o104 XRZ (TI*A (2 I4XRI LI I*A QoI P +XRLITIDFA (Lyh) #B (4D
PN1C (I )=PSS*XR1T

BETANLCE{TII=RETASS*XR3T
DSTARLC(I}=DP*XRIT+DR*XR2T+OBETA*XRIT+OPHI*XRLT

IF{NNT15) EQ.1) CALL LISTER(15}

RETURN

END

RES
RES
RES
RES
RIS
RES
RES

=3
RES
RES
RZS
RES

1180
1139
1200
fe10
1229
1230
1240
1250
12860
12790
1280
12910



SUBROUTINE MODEL (CoEIGEN.PSS,BETASS,DSS +DPs DR DBETA,DPHIA:Bs MID 10

1 DDEL TA) ) MeD 20
COMPLEX Ci5.4) +EIGEN (&) MGD 30
DIMENSION ﬂﬂhghboﬂthlg!tiGDgKINCliﬁb9P(16916ﬁ9PINV(16,153.F(16ﬁ9 HoD 40

1T{%o4) AT Lol Wik MDD 50
REAL LoL1oL2K,131,132,133,134 MoD 60
NATA X/Los4®Dasles¥0asioss®leaviel/ ‘ HiD 790
READ 400 »VsLoC2,CCOsPSSoBETASS 0SS ®oD a0
PRINT 200,¥oL+CZ,QC0:PSS,BETASS,0SS MO0D 310
READ $110,ITMAX,EPS1 MOO 100
PRINT 300,ITMAXSEPSE +X MID 119
K=C 3%QCO MOD 120
Li=REAL(EIGEN{LID _ . MOD 13D
L2=REALI{EIGENI(2}} MID 149
AZ=REAL(EIGENI3I M MOD 150
B83zAIMAGI(EIGENI3V) MGD 1€4
R{1=REAL {C{1,13) /PSS Moo 170
Ri2=REAL {C{1+2))/8ETASS M00 180
R13=REAL {C(1,3)) /PSS Moo 190
Ri4=REAL(C{L-4303/70SS MoD 230
R21=REAL{C{2,1}3 /PSS M33 2190
R22=REAL (C{2:2))/BETASS oD 220
R?3=REAL {C{2:3)1 /PSS Mop 230
F24=REAL (C{2,4))/DSS N30 248
R3IL=REAL(C{3,1¥D /PSS MOD 2%0
R3I2=REAL (C{3,2))}/BETASS MGD 2&0
R3I3=REAL (C (3,31} /¢SS Moo 270
R34=REALI(C(3,4)) /DSS oD 280
131=AIMAGIC (3,110 /PSS MOD 290
I32=AIMAG{C (3,2} )/BETASS MOD 300
T33=AIMAG(C(3,3)% /PSS %30 310
I34=AIMAGIC (3,403 /05S oD 320
Ci=V*Ril MOD 330
c2=C1*L/V ®0D 340
C3=Vy*R12 MDD 350
CL=C3®LLY MO0 &0
C5E=Y*R13 MDD 270
Ce=C5*L/V 3D 380

3 C7=(R1L=-K*¥R12) M0OD 390



6"

CB==VoRg a3}
Co=Ca®*LsVY

Di==C8

Cid=v*R2%
Cii=Cio*Lsy
Ciz=v*R22
C13=C12%Lsy
ClLt=y*R23
C1S=C14*Lry
Cle=(R24=-K¥R22}
Ci7==y¥R21%L2
Ci8=C17%Lsv
D2=-C17

C19=vy*R31
C20=C1i9*L sV
C21=y*R32
C22=C2i*L/V
C23=v*R33
C24=C23*L/V
C25=R34-K*R32
C26=V*{131%B3=-R31*A3})
C27=C2e*L7sV
N3==-C2&

C28=v*I31
C29=C28%L/y

C30=y* 132
C31=C30%L /¥

C32=v* 133
C33=C32*LsV
C34=134-K*132
C35=-V*(R31*B33+131%43)
C36=C35%L sV
N4==C35
C37=V*RLI1+L*RI1%L1
C3B=V*RIiZ2+L*R12%L 1
C39=V*RI I+L*R13*L1L
Cad=Vv*RiL*L1
Chi=y*¥R12%_ 1
Cu42=Vy2R13*L1

MOD
MID
HOD
MRO
4230
MOD
MOD
HOD
M30
MG D
MOD
MlD
MO D
MO0
43D
M0 0
M0
M3D
MID
MoD
MID
a3t R
MOD
MOD
MDD
e
MOD
M00
M0
MOD
MDD
MID
MDD
MOD
MO D
ithi
“00
MDD
MID

400
410
%20
430
440
450
4610
470
480
L9
500
510
520
530
540
550
560
570
580
59390
600
510
620
630
640
650
660
670
680
590
Fao
7io
720
730
748
750
760
T7D
780



G6

DS=R14¥L 1-K¥Ri2*L 1
C43I=V*R21+L*R21%L2
ChLbL=V* K22+L2R22%L 2
C45=Y*R2I¢+L¥RZ3I*.2
Cub=V*R21%L2

CH4T7 =Y R22¥L2

C4B8=VY*¥R23*L2

DE=R2u¥| 2~K¥R22¥%L 2
CLO=VY*RIL+L*R3IL*A3=-L *]1 31%83
C50=V*R32+L*R32*A3=-L*132%B3
CE1=V*R3IZ+_*RIZ*A3J-L *133%83
CE2=VY¥RIL*AT=V*131%83
C53=y¥#({R32*A3-132*8B3}

CE4=V* (R3I*A3I-T33%831}

D7= R3I4WFA3-I3L*BI-K*RI2FAT+K*II2*E3
C55=V*I31+L*I31*A3+L ¥R31*83

CS6=U* I32+L*R3I2*NI+L*132*%A3
C57=V*I33+L*R 33*B3+L *I 33*A3
C58=V*R31*BI+V*I3S1*A3

C59=V* (R32%*B3+132%A3)
CEO=V*({R33*A3I+I3T*A3)
DB8=R34*B3+I3L4L*A3-K*R32*BI-K*IJ2%A3
Coi=R1L=-K*R12=-V*R12%L]
Ce2==L¥R12¥%L1

D9==C62*¥V /L

CH3=R24=-K¥R22-V¥L2*R22
Ceu=-L*¥L2¥R22

D10==CE4*Vy /L
CB5=R34-K*R32-V*RI2*AJ +V*1 3283
CE6=L*(~R3I2*AI+132%33)
Dii=-Che*V/L
CE7=I3L-K*I32-V*I32*A3-V*R32¥%B3

| CEB=-<L *(R32*B3+132%A3

012=-C6B*VY/L -

' CE9==-V*R1IZ*L1

CT0=CHI*L /Y
D13=-C69
C71=-V¥ ¥R 23*L2
C72=CTLi*L/Y
N14=-C71

MOD
MOD
NJD
MOD
MGD
MDD
MID
MOD
MOD
M0
MO0
MOD
HOD
MOD
MOD
MoD
3D
WO
M3D
M30
MOD
MOD
M2D
MOD
400
MOD
M0D
MOD
MGD
M3D
MO0
MOD
MOD
M0D
“00
MOD
#®3D
MO D
M30
MOD

798
aoo
810
829
830
840
850
860
879
880
830
980
910
920
EEL
940
950
960
979
980
999
1000
1010
i029
i030
1040
1080
ioee
1070
10860
10910
1100
1110
1120
1130

1140
1150

1150
1170
1180



9%

C73==Y*{R33*A3-I133%83) MOD
C74=C73¥L/Y M0D
D15==C73 HOD
C75=~V*{R33*B3¢133%A3) M3D
C76=C75%L/V M0D
N16=~-C75 M:D
DO & ITER=1,ITHAX ' o
AR=X {LI*X (10D =X {27*X {9} M0D
AB=X (L I*X (B} ~X(2}1*X(5) M0D
AC=X(3)*X(410) =X {23*X (11} MOD
AD=X (T I* XN {6V =-X(2)*X (7} MOD
AE=X (43X {10)=X{2) %X (12} MOD
AF=X (L} *X(6)=X(2)*X (8]} : MDD
F{1)=Ci*AA+G2*AB+CI*AC+CL*AD+CS AE+CE¥AF+CI*X( 1) #C7* X(2) +C3%X (30 + MOD
1CE*X(4)+C8*X(18)+Ca*X{p)-D1 MOD
F{2)=C10%*AA+C11*AB+C12*AC+C13*AD4CI4* AE+CIS*AF+C10*X (1} +016%X {23+ MOD
1C12% X {3)+CiL*X{L)+CL7*X {1 0)+C18*X{6)~-D2 M0D
F(31=C19%AA+C20%ARB+C21*AC+C22¥AD+CPI*AE+ C2L*AF4C1 9% X {1 Y +C25% X(2)+ MOOD
1C24*¥ X{3I+C23* N (4 +C2B¥ X (1B +C27¥XU(6)-D3 MDD
F(L)=CP?B%AA+C29%AB+C 30*ACHCIL*AD+CI2¥AE4+CII¥AF +C28%X {1)+C34%X (20 ¢ MOD
1CIO*XIII+CI2*FN (L) +CISFN (10V+CIE* N6 ~D4 MOD
AR=X(SI*¥X{10) =X {63*X (9} MOD
AR=X(7)*X{10)=X{(HI*X111) MDD
AC=X(B)*X {10 )=X (61*X (12} Moo
F{51=C1*AA+CI*AB+CS*ACHCI7#XIEI+CT*X(6) +CIB* A7) +CII*N(BI+CHDFN(IINOD
14+CL1*¥X111) +CL2*X(12)=-05 430
F(6)=CL0*AA+CL12*AB+C14* ACHOLI* X (54 CLE*X (B I+ CLL*X{T) #C45 *X(B8) +C4B*MO0
1X(9)+Cu7*x(11) +CLB*X{12}-D6 MoD
F(7) =C1O%AA+ C21¥AB+C23 *AC+CLOI*X (5)+025*X (6 1405 08* X (71 4CS1¥X(8) +C52%MID
IX(9)Y+CH3* X (113 +C54¥X112)-07 MDD
F(B)=C28*AA+C 30*ARNFC 32*AC+CEE*X (5)+CI U (61 +CHE¥A(TI+LET* X{B8)4C58%MAD
1X(9)1+C59%X (113+CED*X(12)~-D8 MJD
AA=X{QI¥X(5)=-X(5)*X(10) MG D
AB=X(LL) *X{(B) =XNATHI*X (10) MOD
AC=X (12)*X (6)=X(8)¥X(10) MID
F{9)=C2*AA+CLPAB+CH*AC+C1*X{ TV +CEI*X(10)+C3*¥X (11)+C5* X L2)+0E2F MoD
1¥{pY -9 MDD

Fl10)=CL{*AA+C13*AS+CIS*AC+CLO*X{ O +CO6I*X(10) +CL2¥X {11V +C1LL¥X (120 #4230
1Ch4*X(6) -D10 _ MOD

1190
1200
1210
1220
1230
1240
12%0
i260
1270
1280
1290
1300
1310
1320
1330
1340
1350
13¢0
i370
1380
13990
1400
16190
14290

1430

1440
14650
1460
1670
1488
1690
15900
i510
1520
1530
1540
1550
15€0
1570



{6

FU11)=C20%AA+C22* AB+C24™ ACH+CL1I%* X () +CHES* XL 10D #C21%X(11) ¢C23%X 112} +MOD

iCeE*X(6}-D11

MOoD

F(12)=C29*AA+C31%A0¢CII*AC+C28* N (II+CET*X (1904 CI0¥NE12)+CI2% X122 +MOD

icCes¥xi6)=-D12

BA=X 133 *X{10Y =-X{1&D %X ({9}

AB=X{13} *X(6h-X{14]) *XI(5)

AC=X (A5 ¥ N (L 0P=X 44X (i1}

AD=X (153 *X (6 V1=X{1i &) *X(7)

AE=X{16) *X(10)=X{14) *X {12}

AF=X{16)*X{E)=X{L4)*X {8}
F{i3)=CL*AA+C2*AB+CI*AC+CL4TADICE*AE+CE®ATHCL"X (130 +C7*X{14)+C3*
X {15 I+ CO*X (164 CEI*X {10 )+C70* X (BE=D13
F(1#)'CiD“Aﬂ+C11'&3*C12‘560013*&0%01#‘&E*Cl5‘ﬂF*C10*X1139*Ciﬁ‘
IXC1LY+C12¥ N (1814 CLL* N U164 CTI*N {100 +CT2% N {(B)=-D14
FIISI=Ci9%*AR+C20*AB+C21 *AC+C22%AN+C2I*AE4+C 2L AF+C1* X {13} +C25*
1XCLLY+C24%X{15Y4C23F¥FX (1R 2CTIMN(LDI+CTL*N(6)=D15
FI16)=C2B8*AA+C29* AB+CIO*AC+CI L1 ADCI2*AEACII*AF+C28* X (13} #C3u"
IX(16)+CI0XX{15)4C3I2*N( 16 ¢CTE5*X(10)+CTE*X(H} =015

ng 5 I=1,255

P{I¥=0,

PIL,1)=Ci*X{1D}C2¥X(6)+C1

PlL,2)=~CA1¥X (9 =CPH*L(5)=C3*N {11} =Co* X {7)=CS*X (121=-CE*N{B)+ 7
PL1,31=C3*X(10)+TH* X (B)¢C3

Pli,L) =CS*X{10) +ChH*¥X (D) +C5

P{1:5)¥==C2%X (2)

Pl{1,h) =C2*X {1} +CL*X (3} +CH*N 14} 4CH

P{1,7)==CoH*¥)X{ 2}

Pi{1,B8)==CE*XI(2)

P{1,9)==C1*X (2}

PlL.i01=Ca*X L) +CI*N (T )+CH*X {4)+C8

P{1,11)==C3*X (2)

P{1,121==CE*X(2)

P(2,11=Ci0*X (10)+Ct1*X {(63)+0C10

PP, 2)==CI0* N (9)=CLi*X{5)=C12¥¥{{ 1) ~CLI*X{TH-CLL*X{12}-CL15%X{B}+
iC1ise

P 2:3¥=C12¥X {10} +C13*X(B6)+L12

P{2o4)=Ciu*X 1100 +CL5¥X{(HY+014

PI2,:,5)==C14*¥X{2)

S{2,8)=CLI*X {1V +CL3* X (3)+Ci5¥ X (4)+C18

P(2:71==C13%¥{2)

00
MDD
MDD
“0D
alely]
®ID
MO0
MOD
LB
MOD
MDD
43D
40D
MOD
MOD
MDD
MOD
MDO
M3D
MOD
M0 D
MDD
MOD
MOD
“oD
MOD
M00
M2D
MDD
40D
MID
MOD
MO0
MO0
MOD
Mon
MO D)

isao
i590
1c00
1610
1620
1630
1640
1650
1668
1670
in 8o
1690
i7o0

1710
1720

1730
17490
i750
i7&0
i770
1780
i7cn
1800
i810
i820
1830
1840
1850
1860
1870
1888
1890
1300
1910
1920
1930
1940
1950
1960
1370

s



86

P(2,8)==Ci5*X {2)
P{2,9)==CL0%*X(2)
P(2,10)=CL0*X€1)+CL2*X (3)+C1 "N {4 H40L7
PE2,119==C12*X (2}
P{2,12)==014*X(2}
P{3,13=C19%*X{10)+C20%*X {6}+C19
P{3:2)1==C19* X {9} ~C20¥ X(5)=C2 i*N{(12)=C22*X{7)=0C 23%X(12)=C24*X{ Q)+
1€ 25
P(3,3)=C24¥X{10)+C22*X (6)+C 21
P{3,4)=C23*X {1074 C24*X{6)+C23
PI3,50==C20*X(2)
PI3,6)=C20%X (L )4C22%X {3 )+C24%X (4) #C 27
Pi{Z,7)==C22%X{2)
P(3:8)==C2L%X {2}
P(3,9)==£19* X (2)
P(3,10)=C19%X{ 1) +C2L*X(3) +C23*X {4 1+C26
P{3,110==C21%X (2)
P{3.,421=~023%X (2} _
PlLy, 17=C28*X{10)+C23*X(6)+C28
Plu2)==C28*X {3} =C29*X (5)=C30*X (111=-C31*X(71=C32*N(12)=-C33*N(B)+
1C3%
P{t,3)=C30°X{101+C31L*¥X(6+C30
Pl o) =032%X (101+C33*X (6)+C32
Plb,5)==C29%X(2)
PlLo6)=C29%X (1)14+C31* X (3)+T33I* X (L) +C36
Pl 7y==031%% {2}
P4, 8)==-C33%*X{2)
P{l,3)==C28%X (2}
P, 10)=C28%X{ 1) +C30*X (3} +032¥X(4)+C35
PlL,11=-C30%X (2}
Plb,121==C32%X(2)
PS5 ,5) =C 1¥X (10} ¢C37
P(S ,6)==Ci%X(9)=C3*X(11)-C5*X(12) +C7
P{S, 7V =C3*X({1i0}+C38
P(S,8)=C5%X(10)+C 32
P(5,91==C1*X{6) +C4ub
P(5,10)1=C1*X (S5 +C3*X (7)) +C5* X {2)
P(5,11V=-CI*X{61+C41
P(5,121=«CB"X(6)+C42
P{R«51=C10*X (101 +C43

MeD
NOOD
%00
MOD
MDD
MOD
MOD
WO
MO0
MID
MO0
eir]))
N2D
oD
MOD
#0D
MOD
MoD
M3D
MOD
MOD
M00
40D
MOD
N30
MOD
MO0
M3D

MO0
M3D

%JD

MOD
400
M3D
MOD
®oD
M0D
MOD
M0D
Moo

1980
1990
24600
2010
2020
2030
2040
2050
2060
2070
2080
2090
2166
2110
2120
2130
2140
2150
2160
21790
2180
2190
2200
2210
2220
2230
2240
22510
2260
2278
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370



%5

Pl6,6)==CiD®*X [0} =CL2*X{ 11} =C14* X120 +C16
PiB, T =CL12%X {10} 40kt

P iB,BI=CLU*X {20} CHS
P(6,9)==C1i0*X{ 6} +C45
P(H,103=C0*XTSI4+CL2¥R (TISCL4*N(B)
Pi6,11)==CL12*X{6)¢Cu?
Pl6H,12)==C14*X (6] ¢+CLu8
PL75Y=C19%X{10) +C&S3
Pi7,6)==C1i9%¥ () -C24*X(11)=-C23®X{120+C25
PI{7, 7% =C21%X{10) +(510

P{7,8)=C23*X {101+C51

P{7 s 9)==C19% X (B} #.52
P(7,40)=C19*X{5)+C21*N{7)+C23*X(8B)
PI7.140==C21*X16)+C53
PE7:12)=~C23*X(6) ¢C54
P{B,5)=C28*X{10}+C55
P(Bg6)=-028'x(9)-C3U*X(11D=632*X(12)§C3k
PR, 7TI=C30*X(10}+C56
P{8,8)=C32*X{10)+C57
P(8,9)=-C28%X(H}+CE8
P(B,101=028%X{5)+C30*X(7I+C32*% (8}

P8 ,111==-C30*X(6)+159
P{8,121==C32* X (6)+C60
P(3,6)=C2*X{9) +C4*X{11) +CH*X(12) +CE2
P(3,5¥==0C2*X (10}

P(3:;7)=-CL¥X(16)

P{9,B8)==-CE¥X110)

P{9,9N=C2*X(6}+C1
P{9,10)==-C2%X(5)=CH*X(7)-CE*X{€)+CE1
P{9,13)=CL*X{(6)+C3

P(9,12)=CE*X (EI+C5

P(10,5)=-C11*X(10}
P(1B,61=C11*X{9)+CL3*X (11)+C15%X (12)+C64
P{10,8)==C15*X (1)

PLO,7)==-C13*X(10)

P(10,9)=C11*X {6} +Ci0
P(iﬂqlﬂlz-Cii‘X(E)-C13'XITI-CTE‘X(B!¥€63
P{10,111=C13*X(6)+C12

PL10,12)=C15¥X (6)+C14

MDD
MOD
4D
MoD
MOG
o
MOD
M3 D
HOD
MOD
MO D
M0D
M3D
MOD
“00
MJID
10D
w00
“00
MO0
MO0
MG D
M3D
M0D
MOD
H20
MOD
Moo
MOD
MOD
MGO
MOD
0D
MGD
MO D
MID
M00
HOO
MOD

2380
2390
2400
2410
2420
2430
2440
2450
2L EQ
2L790
2430
2490
2500
2510
25210
2530
25490
25350
2560
2570
2588
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2TED



00t

PIi1,5)==C20%X(10}
Pﬁllvﬁﬁzﬂaﬁ'KﬂQ!GCZZ‘KElll#C?h*lﬂi?b!ﬂEﬁ
P{ii+7V)==022%X 110}

P{ii+80=-C24* X (10}

P(11,99=C20?X(6) +C19

: PG11q10ﬁ=-02ﬂ'xt5D96224¥E?§=C2h‘XKBD*065

P(11,140=C22%X16)+C21

P{11,12) =C24*X (6 +C23
P(12,50==C29*X {10}
P{12,6)=C29%X( Q) +CIL*X (111 +CII*X (1244068
P{12,7)==C31*X (10}

P{12,8)==C33%X(10)

P{12,9)=C29*X {6} +C28

P{12,103==C29*X (5}=C31*X({71=-C3I3*X (8)+CE¥
P(12,11)=C31*X (6} +C3D

P(12,12) =C33*X(6) +C32

P{13,5)==C2%X {18)
PL13,6)=C2*X{13D+CL* X{ 151 +CH*U{1EI+CT0
PI13,7)==Co*X114)

P(13,80=-CE®X (14)

P{13,9)==C1*X{ 14)
PE13,10)=CL1*X ¢13) ¢C3*X (15)+C5% x(1€)+CE9
P(13,11)==C3*X {14}

PL13,121==C5*X (14}
P{13,13)=Ci*X{1014C2*X {6)+C1

P(13,14) ==CA*X {9} =C2*X(5)=C3¥X(11)~Ch*X{7) -C5*X(12)-CB*X (B +C7
P{13,150=C3*X(10) +CL>X (61+4C3

P(13,161=C5*X (181+CH*X (6)+C5

Pli4o5)==C11¥X(14)

PliL,61=C11*X (131 +C13*X {15} #C15%X (161+C72

P{ilhe7)==C13%X(14)

P{i4s9)==Cil*X (1t)

Pl $89==C15%X (1k)

P 14,101 =CL10*X(13)+C12* X152 +C14*X{156) ¢CT1
Pliko11)==C12%X (1 W)

Plil,12)==C1 04 X(14)

Pli%e131=C10%X{10)4C11*X(6)+C10

MDD
#HOOD
MOD
D
MGD
noo
Moo
Mo D
MOD
MO0
Moo
MOD
MOD
HM0D
Moo
0D
M3D
MGD
MOD
43D
HMoD
MO D
430
NOD
MGD
HoD
#00
MOD
MDD
100
MOD
MO0
MOD
MO0
MOD
MDD
MoD

Pii#vikl=-01ﬂ‘X!9)-Gli‘KlS)-CiE‘K(11)=C13“X(TS-Cih‘Y(12)-015'!(8&*"00

icis

MaD

2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2919
2920
2930
2960
2 350
2960
2970
2988
2990
3000
3040
3820
3030
30490
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150



R L

101

Pllk, 15V=C127X(107+C13*X(6) +C12
Pllt16I=CLH*X(10)+C15¥X (6D +C14
PI15,51==C20* N {14}
Pﬂ15969=CZﬂ‘XC133*GZZ'X!15?*82&'!Eiﬁﬁ&CTh
P15 47 1==C22%X {14}

P15, 8)==C24"X{14)

P15 ,91=-C12%X {14}
P(lS910I=019‘X(1330821‘!!15)+CZ3‘!(15)+C?3
PE{15,11) ==C21 *X{1ik)

P{15+12)==C23%X {14
P(15,130=C13*X(10p+520*X{6) +C19

. MGD

“0D
¥ID
MOoD
MOD
nyo
MOD
MDD
%30
MOOD
MDD

PliSqi&ﬁ==019‘Xﬂ93=CZG'X(BB=021‘¥(1159@22'!(?1=CZS‘X(123°CZh’K(BDQHJD

tc25
P{15,15)=C21*X{101+C22*X{6) +C21
9{15g16!=823‘Xl10!*02k*X(6¥+CZ3
P{16,51=-C29% X (14}
P(16961=C29”K(131+G31‘X1153+C33‘X(161+076
P16 ,7)==C31*X{iL)
P{16,8)==C33*N(14&)
P{16,3)==028*X(14)
P(15g101=028*K(13)+C30‘X(15)+C3?’X!16)*C?5
P{16,11)==C30* N {14}
P(16,12) ==C32%X(14)
P16 1 31 =C28*X (10)4C29* X (6) +C28

Moo
KOO
MOD
HGO
MOD
“00
M3D
MGD
M2D
MID
MO D
MDO

P(iﬁqikl=-CZB‘X19)—629‘X(5}-C3U‘K1111—C31‘XiTD°032‘K(123°G33‘K(83+H30

1C34
P16 ,15)=C30¥X {10 +C 31 ¥X(6)+C20
P(16,46) =C32*X (100 +C33*X {6} +C32
ITCON=1
CALL INVR(PyPINV:16¢0,16}
Do 10 1=1,16
XINC(II=0,
DO 10 J=1,16
XINC{II=XINCRI)=PINY (I,J) % (J}
po 3 1=1,.16
IF (ARS(XINC(IV) .GT,EPS1) ITCON=D
X(D)=X (I} +XINC(T)
CONTINUE
IF{ITCCN,NE. DY GO TO 1

MOO
M0D
M0 D
oD
M00
40D
MOD
MO0
MOD
930
HoO0
M0D
30
MOD

3160
3470
3180
3190
3200
3210
3220
3230
3248
1250
3260
3278
3280
3290
3300
3310
332t
3330
3340
3350
3360
33790
3380
3390
3408
3410
3420
3430
3440
3450
3480
3470
3480
3490
3500
3510
3520
35310
3540



201

RIFTVOD ¥00d J0
81 @OVd TYNIOIHO

& CONTINUE MO0 35510
PRINT 500X, XINC MDD 3560
G0 TC 7 MlI0D 3570

1 PRINT %00,ITER,X MOD 3530

7 CONTINUE MOD 3590
DO 6 I=1.4% M0 3600
00 & J=1.% MOD 3610

& ACI. J¥=X{W*I-L+JD MOD 3620
DP=(V*A{ 3,13 +L*A{2,11} M3D 3630
DR=(V* A {32V +L*A (2,2 )4V} HMOD 3640
DBETA=(V*A{3,31+L*A{ 2,30 4K) MDD 3650
DPHI=(V*A(3s4 4L A(2:4)) %3D 3660
DO 8 I=i.k ' MOD 36740
HEII={A(T,1) =B (I;2}*0P/0R)*REALKC {5,1))/P5S+ MO0 3580

1(nlIy3!—A€I;23‘DBETAIDR)*REﬂL10(592lb/GETASS* MID 35690
2 (A {Tsh)=0 (1,20 *DPHI/DRY #REALIC(5, 3)3/PSS+ wo0 3700
IA(I,2) *REALI(C {543} /DR/DSS H0D 37180

B W(I)==W{I} MID 3720
71=1.-L*A(1,2) /DR MoD 3730
Z72==y*A(1,20 /DR MOD 374D
Z73=-L*8(3,23/0R M3ID 3750
Z4=1e=V*A{3,2) 70R MDD 3760
A{LYI=(Z4*¥W(LY=22% W3 D/ (ZE¥Z4L-Z2¥%13) MOD 3770
B{3V=(=Z3*W{1}+Z1*W(3) ) /{21 *76=72 *Z3) %op 37890
DOEL TA=(V*R () +L*B(1)) MO0 3790

- BE2)=W (2V+DDELTA®A{2,2)/0R M0D 3800
Bia)=W(4)+DDELTA®ALL,2} /DR MO0 3810
op=0P* LSS MOD 3820
OR=DR*DSS MOD 3830
0BETA=0BETA*DSS MOD 384D
DPHI=DPHI*DSS M3iD 3850
PRINT 900,PSS,BETASS,PSS,0P,DR-DBETA,DPHI MoD 3860
ODELTA=DDELTA*DSS MOD 387C
PRINT 800,DDELTA M3D 3880
PRINT 600, ((A{I ) o d=1,4) 81T 1=1s0) MDD 3890
RETURN MOOD 39300

100 FORMAT {8F10. 0) 43D 3919

110 FORMATII%4,F20.0) MDD 3920



€0l

208 FORMAT (/7 /710X ;4L HATRPLANE MOGEL NWITH SPECIFIED TIME MISTVORIES.///

MOD

1, 10X, 29HFLIGHT AND VEHICLE PARAMETERS; /710X ,8HATRSPEED,F10.1o7M FNDD

2T/SEC, /7 ¢40% 5 4AHCG TO PILOT STATICN LONGITUDINAL DISTANCE,F10.243H

MDD

3 FT3/77:30Xs30HDIMENSIQONAL CONSTANT FOR DSTAR EGUATION,Fil.4, 30K CUMOD

4LBIC-FEET/LB=SECONDS-SQUARED, //7,10X,16HDYNAMIC PRESSURE,Filf.i,14H L
SB/FT=SQUARED, //+ 10X 3 29HROLLRATE NORMALIZATION FACTORFi0.3:/7,10X%,

MDD
MR D

62 9HSIDESLIP NORMALIZATION FACTORF10.3+7/710X,26HDSTAR NORMALIZATIMOD

7ON FACTORFila3,/)

HMOD

200 FORMAT (10X, 43HMAX IMUM NUMBER OF NEWTON=-RAPHSON ITERATIONS,IBe/,10XM3ID

1 +iTHCONVERGENCE LINIT.F20.5
2olfacskh’ X 916FBalss /)

400 FCRMAT ¢///,10X,25HITERATIONS YO CCNVERGENCESIB ¢/ /310K, 12HN=R SOLUT
110Ny 7/ 04X A6F Bolbo /7 /) ’

moD
MO D
M3D
MOO

£0p0 FORMAT {10X,29HN~R SOLUTION DID NOT CONVERGE,/, 10X, 19HLAST TRIAL SOHDD

TLUTION o/ o X 16FBo o 7o 10X, 2HHLAST SOLUTION ADJUSTMENT 9/ +4Xs16F 8 e4d

6500 FORMAT{L0X; 1SHTHE A MATRIX IS,59X ,i5HTHE B YECTOR IS//4 (10X ,&Eib.
16,10X,51645//713)

700 FORMAT(//:10X,20HMODIFIED EIGENMATRIN,//,4 (10X s4E200.6477))

800 FORMAT( 10X s 1LH(DSTARIDELTAA=F 205, 7770

900 FORMAT (/710X ,19HDISTRIBUTION MATRIXe//910XoF20alo//+50XsF20s &y
1773 TONF 200 b9/ 710X, 4E2DB Ko/ /)

1900 FORMATIIOX ,4E20.6)

END

%30
M0D
#OD
e Bt
MOD
MDD
M2D
M0D
MOD

3930
3940
3350
3960
3970
3380
3990
4000
4010
40280
030
0490
40E0
4060
4070
4080
4090
100
L1190
4120
5120
4140
L B



APPENDIX €
Program AANDB Sample Qutput
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DATE= 42/01/75

LIST PARAMETER TABLE

CASE NUMBER

PNy
TINE,

BETAMN,
TIME,

DSTAR,

TIME,

i PLOT CODE
INPUT DATA
0,000 + 8210
0. 00 050
0. 000 160
000 050
0, 000 « 376
D00 . =50
i1
1,070
3,00
« €S0
3,00
1.980
3.00

i

i 1

0

1,020
1.08

580
i.00

«876
1.00

1,090
3.50

0 690
3.50

2.340
3.50

i

1 1

TIME RESPONSE CODE

t-120
1.50

«3 30
i. 50

«951
1.50

1,075
400

+ 890
5,00

20 650
4,00

i

i 1

1.005%
2.0C

9817
2,00

1.260
2,0C

1a045
Loe30

1.090
4.58

2. 950
4e50D

i

i 1 1

i

1.030
2.50

800
2450

1.610
2s 50

1. 025
5600

1.150
5. 00

3.270
5,00
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REAL
MU, 0165943 ¢E+01

EX, « 9330

REAL
. s 31TEG2EDD

=ebii2

REAL
MU,

El, =.1388

REAL
&7 255E+00
=e1528

106

093 2945E+00

IMAG
0.

0,000

IMAG
«7TH9635E+ 00

2. 3400

IMAG
(L

0.0000

IMAG
78 1256E+00
2,0067

S L

REAL IMAG
<279848E4+00 0,
=2,5470 f,0000
REAL IMA G
o317662E400 <,743635E400
cok112 ~2.3400
REAL IMAC
=,545220E401 0,
3,2788 6.2832
REAL IMAG
+497955E400 =, 781 2565400
“aiSZB ""200067



REAL IMAG ' FEAL IMAG

MU, +1036365¢01 0. »392694E+400 0,
El, 0714 0.0040 =1,8694 P, 0000
REAL IMAG _ REAL IMAG
« 256148+ 00 s 105674E+01 W25611BE400 =, 105674E+04

» 1675 2.6E60 01675 -2.6660

1067



MU VALUES SPECIFIED

_ REAL IMAG REAL IMAG
MUs  o30054i7E¢00 0. <998453E4¢00 0.
EIGEN,  =2,4045 8.0000 =o003% 0.0000
REAL IMAG REAL IMAG
cUGLSE2EC00 <. 7560236400 454562600 756823E+400
=y 2543 =2,0648 -e 2543 2, 0648
THE GENERATED PHI DATA IS,
PHI Ny 0,000 o247 o721 1.235 1,740 2o 24T
TIME, .00 450 1,00 1450 2,00 2450
2.772 3,313 3. 856 bo 326 4,905
3000 3.50 ‘0.00 "\9350 E.ﬁﬂ
ORIGINAL; PAGE 19
OOR QUALITY;
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-601

TIME RESPONSE COEFFICIENTS

REAL

- PNy 1,111

BET AN, =e1499

PHIN, 6435

DSTAR, -e 0086

INAG
=, 0000
=20800
=, N00Q

‘ hael ] ﬂﬂﬂe

REAL
21596
=32,9159
=34E.4549

=215.9887

REAL
« 3155
=~s19883
-20190

26379

IMAG
. 00090
0000
20000

- 0008

IMAG
=.Bk%k

oi282
-.0034

-.0368

REAL -
1155
~.1388
=, 0190

20179

REAL
=1,0695
33.4334

345,.0439

215.,9615

INAG
o 04ld
=o1282

«003%

+03¢8

IMAG
=.0C0¢0
=.0000
= o 0000

=.0000



oLl

"FITTING RESULTS

REAL
MU, = <3005

EIGEN, =2.4045
. COEFFICIENTS

PN, -t.141d

BETAN,  =,1199

PHIN, . b435

DSTAR, -,00856

IMAG
g. 05000

0.0000

s UBUB
=, 0008
=,0000

=-.0000

REAL

#9985

=4 0031

2+ 1496
=32.2159
=345.4494

=215.93887

REAL
+ 55156

=e25943

2 0855
~+1988
=+ 0190

« 0179

INAG
0.3000
0. 0008

0000
» 3000

3000

- 0000

IMAG
» 75€0

2.06848

=041k
«1282
=400 3%

-.03¢€8

RE AL
24516

=s2543

«015%
=,1988
=e0 190

«» 0179

REAL

=1,0695
33.4334
36450439

215.9615

IMAG
*'1755“

. 2240648

) )
=+1282
«0034

«0 368

IMAG

=« 0000
=. 0080
= 00110
=. 0000



XIPTYOD MOOE &6

Lt

B EDV "TVNIDIEG

AIRPLANE MODEL WITH SPECIFIED TIME HISTORIES

FLIGHY AND VEHICLE PARAMETERS
AIRSPEED 612.2 FT/SEC
CG TO PILOT STATION LONGITUDINAL DISTANCE 22,24 F1

 DIMENSIONAL CONSTANT FOR DSTAR EQUATION = 3190 CUBIC-FEET/LB~SECONDS=SQUARED

DYNAMIC PRESSURE 334i.8 LB/FT=-SOUARED
ROLLRATE ﬁORHALIZﬂTIGN FACTOR 2500

‘- oTDCSLTP WORKALIZATION FACTOR =~ 40,000

DSTAR NORMALIZATION FACTOR «010
MAXIMUM NUMBZR OF NEWTON-RAPHSON ITERATIONS £0
CONVERGENCE LIMIT « 3000145

X 1eﬁﬁﬂﬂ 0,0000 0,0000 10,0000 0.,9000 11,0000 00,0000 0,0000 0.0000 0.0000

1.,0080 0.0000 0,0000 0.00060 O0.0008 1.0000




S

e

9200° e8de”

3500 °T= %520°

#0e0°*=- 96S6° ££50° £v02°-

2000°- BHL%8°f L85E°- %E50°- 9200°- ummmoawuwmhhus 88GE*2~

NOILNTOS ¥=N

£ JON3DAIANOD 0L SNOI Lvy 3Ll
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Co+3227928"
0oos*®

FO+3ETSENT -

gooo gy

To%e20°-

00+3842TTT°~

=y v1V2008Y1SA)

CO+3LESEHT"

gsos*

XI13LVH NOILNBINLSIO
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THE A MATRIX IS
~e Z35877E4 01
F=aSIHI5EE-01
253874 E-01
»958379E+00

THE 8 VECTOR IS
«58LB00E 01
=+5273 09E=01
=s2151 79E¢00

« 8953 07E=01

114

«7TTOB32E+0D
=+ 358690E+00
=+ 100545€E+ 01

~e207575€=04

~«103330E+C2
s 384L7BBE+01
~s 201315€4¢C0

0 278157€+ €0

~+255620E=02
=206077E-03
« 5327 88E=01

« 2627032-=02



RESPONSE ENVELOPES

TINME

0.00
o 10
«20
¢ 20
Ny

¢ 50

« 00

o 70

«80

« 210
i. 00
1. 10
i, 20
1,30
1.40
1. 50
te60
1.70
1,80
1. 90
200
210
720
2. 30
2 40
2:50
2. 80
270
2e 80
2.90
3.00
3. 10
3.28
3. 20
3o 40
3.50
3. 60
370
3.880
3. 90
Lo 0D
4«10
Lo 20
4 30
Lol
4,50
L 60

8.000
e 333
» 667

i.000

1.043

1. 064

1.076

1.080

1.080

" 14078 -

1.076
1.074
1.072
i.070
i.069
1. 067
1.065
t.063
1,081
1. 059
1.057
1,085
i. 053
1.051
1,050
1.048
1.048
1.044
i.062
1. 040
1.038
$1.036
1.03%
1.032
1,030
1.029
i.827
1.025
1.023
i.021
1.019
1.047
1.01%
1,013
1.0%1
i.010
1.008

PN

0,000
« 010
e 027
« 065
o107
160
o227
« 300
« 360
« 409
2 450
2479
«507
« 530
+ 556
«B79
«600
2820
+ 639
s 656
0 877
+H92
o 708
« 722
+ 733
o708
2 7TB2
2 778
« 7910
« 800k
0816
e B29
e 850
s B52
861
«871
o 8810
+ 888
« 896
¢ 908
0915
2920
2929
s 338
o 947
2956
s 965

BETAN

2.000 =2.000 4,000
2,000 =2.000 be0800
2.000 “20000 anUD
2.000 =2.,000 4,000
2,000 =2.,0080 4,000
20000 =2,000 L0000
2.000 =-2.000 Lo068
2.000 =2,000 be 0G0
24000 =-2.,000 La.UucQ
2.000 =2, 000 49000
2.000 -2,000 4o000
2.000 =2.000 LeDGO
2.000 =2.000 4,000
2. 006 =2, 000 L,000
2:000 =2.000 4o, NGO
2.00ﬂ =Z.000 Lo000
2.000 -2, 000 L,000
2,000 =Z2,300 L0000
2,000 =2,080 Lo 000
2.000 =2.000 Le0OCO
2.000 =2.000 4,000
2.100 «2,100 Le200
2.200 =2:200 5400
2300 =2, 3 (0 L5600
2.400 =2.400 4,800
2.500 =2,5100 5.000
2.500 =2,6 00 56200
2. 700 «2. 700 .00
2,800 =2,800 5.600
2900 =2.900 5.800
3,000 =3.000 6.N00
3,100 =3.100 6o 200
3.200 =3.200 Be 400
3300 =3.300 56600
J. 400 =3, 400 6,A00
3,500 =3.500 T.000
3,600 -3.5600 Ta.200
34700 -3.700 7«400
3,800 =3.800 7.600
3,900 =3,3 00 7T.800
4,000 -4, 000 8,000
ol =4,100 8,200
4,200 =4, 200 8. 400
4,300 -4,300 8,600
ba 400 '45“00 8.800
LS00 =4, 5 00 3,000
LebOD ~4,5600 3,200

ORIGINAL PAGB IE - .,

OF POOR QUALITY)

DSTAR

-4, 000
9“0000
=L, 000
-huUEﬂ
=4, 000
=4,000
““0000
=4,000
ko000
=4,000
=4,000
-ho,000
=4,000
=QQUBU
=4, 000
=4e0C0
4,000
=4, 000
=#0000
=4, 000
=4, 000
‘“o?ﬂﬂ
=ko400
=he600
whoBEB
-5,000
=9.290
=5,400
=5, €00
'5.800
=6, 0100
=6o200
=6, 400
€. 600
=6.800
=7, 000
=7¢200
=7.400
°Tu600
=7 .8 09
‘30000
=8,200
=B,4&00
=8,6C0
-8,800
=9, 000
=9,200
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ho70
4,80
4,930
5,00

i.006
i.004
i. 002
i.000

e 974
2983
s 992
i.000

4o 700
4,800
4.900
5,000

=L, 700
=4oe8C0
-069 00
=5. 10 10

9,400
9,€00
9,800
10,000

=9, 400
°9¢ 600
=3,800
=10,000



4.000
4,000
Lo €85
1.122
992
e 908
« 843
« 797
o724
* + 663
+ €13
0586
«510
« bBh
o 21
* 379
e 349
« 318
295
«272
2257
« 234
0222
s 21t
«199
+192
« 188
0164
« 180
176
« 172
» 168
«166
o169
2 165
o165
2157
o 142
« 119
« 107
» 196
o 080
« 073
s 069
e 061
o 054
s D6
o 046
D46

BZTANDOT

6,000
6,000
4,800
4,150
3,720
3. 280
2910
2,610
24370
2. 100
1.950
1,780
1, 6110
1a490
1.350
1. 260
1,170
1,120
1,070
1,050
i.000
1.000
1,000
1,000
i.000
t.000
1.000
1,000
1,000
1. 000
i.000
1,000
1.000
i.000
1,000
1.000
1,000
1.008
1.000
1,000
1,000
1.000
1.000
1. 080
1.000
1.900
i.000
1.0600
1,000

-5.,000
‘6-000
=4,6800
=4o150
=3.720
=3,280
’20?10
=2.5610
“20370
2,100
=1.950
=-1,780
=1,610
°1oh90
=1,350
1,260

-{.170

=1.,120
=4.070
=1,050
=1nﬁu0
-1,000
’10000
=1.080
=1,000
“10000
“10090
=1,008
°1uﬂﬂﬁ
=1.0040
=10000
«-1,000
=1,000
=1,000
’100&0
=-1.,000
=1.000
=1,000
-1,000
=1,080
”10000
=1,000
910000
°1n909
=1oﬁﬁﬂ
=-1,080
‘10000
=1,000
-1,000

OSTARDOY
12,000 =12.,000
12,000 =12.000

9. 660 =9,600
8.300 =8,300
Tabtl =T.kbhD
€.560 =6.560
., 820 =5.820
50,220 ~5,220
Lo 70D ~boT 4D
L. 200 =4,200
3.900 -3.900
3.5€0 =3.5€0
3,220 =3.220
2. 980 -2,980
20?00 “2.700
2:520 =2.520
2340 <2340
2.240 =2.240
2¢140 =21 41
2100 ‘20100
2,000 =2-000
2,000 -2.000
20000 =2a000
2.530 =2.0ﬂ0
2.000 *2»000
2,000 =2,000
2.800 -2,000
2,000 -2.,008
Zaﬁﬂﬂ ‘20000
2.0800 =2,000
2.000 920000
2,000 '20“00
2.0040 -2,000
2,000 =2.,000
2. 000 ~2,000
2,000 =2.,000
2.000 «2,000
2.000 =2,000
2,000 -2,000
2,000 =2.000
2.080 =2:,000
2.000 -2.000
2,000 -Z2.000
2.000 =2.000
2-000 “20000
2.000 =2.,000
2,000 -2,000
2:000 =Zoﬂﬁn
2.000 -2.000

ORIGINAL PAGE IS.

gF POOR QUALITY]

117



+ Dho =07k 1.000 =1.000 2.000 =2.,000
046 =.,072 i.000 ~1.000 2.000 =2,000

18



FITYED TIME RESPONSES

TIME PN BETAN DSTAR PNDOT RBETANDOT (0STARDGT
ﬂoﬂﬂ .000 50000 -oUBO 20828 °0038 0832
10 o252 + 003 « 082 2.232 2 097 2803
« 20 » 450 «020 «160D 1.754 0 245 o770
!30 0606 0052 2236 1-369 e 395 o« 736
« &0 o727 + 099 0 308 i.058 2 538 o702
¢ 50 0819 0159 s 376 « 806 06685 «668
.60 .889 0231 nQQI 0601 0769 053?
o 70 o b1 e 312 «504 0436 2846 o509
810 + 9278 « 399 o563 « 304 « 893 + 586
¢ 90 1.003 s 489 e621 199 « 307 s 5R6
1. 00 1,018 «579 « €77 o117 + 890 553
i.10 1,027 2 666 732 <055 e 843 0545
i.20 1,030 » 74T 0785 « 009 o 769 s 542
1.30 1.023 ' 2819 « 84D = f321 e €71 o545
T e840 0 1,026 o 881 0895 =o0%0 + 556 0553
1. 50 i.021 » 930 2 951 -. 048 k23 0566
i.60 1.017 2366 1.009 =0, 048 2 294 0 3832
i.70 1,042 + 989 1.068 a4l ‘ 0158 2601
1.80 1.009 0998 10129 ‘0029 9028 0621
1-90 1!005 o 995 10192 =,013 -5 093 0643
2,00 1.0086 0980 1.257 « 004 =, 199 BS54
20 10 i.007 « 955 1i.325 « 022 =s288 o684
2420 1.010 0923 1. 394 +039 =, 355 o703
2. 30 1.015 + 885 1.465 s 056 =, 400 0o 719
2e40 1021 o Bhl 1.538 o068 =421 2 731
2«50 1.028 802 1.611 0078 -2 419 o 761
2060 1,037 0 761 1.686 v 085 -: 396 o THE
270 1.045% o723 1,761 2 D88 -¢ 362 aThE
2o B0 1.054 08691 1.835 « 087 =s 292 o THE
2.90 1,063 0 BB5 1,910 0082 “,218 o TH1
3. 00 i.070 0648 1.983 2075 =o 134 o733
3,10 1,077 e B39 2,066 2064 =2 045 of22
3.20 1,083 639 2,128 2051 a Q4B o709
3.30 i.087 2 648 2,198 0 037 «135 695
340 1.090 - BE6 2,267 o021 « 218 5840
3. 50 1092 +691 20334 « 005 0 292 + 665
3.60 1.091 o 724 20 400 =011 s 355 0651
3.70 1.090 o762 2okble =.025% o« 403 o638
3.80 i.086 o 804 24527 =,138 « 437 2828
3.90 i.082 848 2.590 =o,049 o 454 o617
luﬂﬂ 1;07? 089(6 20651 =o058 01456 0609
he 10 1.071 2 939 2.712 =, 064 o 443 2505
4, 20 1. 004 » 332 2,772 o067 o kif «B03
4o 30 1,057 i.022 2,832 -2 068 0 377 603
“O‘*o i1.050 1,057 2.893 =066 s 329 o B0 6
4,50 1. 04é i.0as 20,953 =. 0”2 2273 o611
bett 0 1,038 1. 812 3,015 =a0%5 e 213 o617

119



be 70
4.80
he 90
5.08

120

1.033
10029
1.026
1,024

1. 130
fe142
1.148
1.149

3,077 =o 047
3,140 =+ 037
3.204 =027
3+ 289 =.018

«151
s 090
0032
‘nﬁig

ORIGINAL PAGH Y - :

4P POOR QUALITH

2825
063k
o B4l
+654
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e s —

PAYNTERS RECIPE NUMBER IS,

DIFFERENCE EQUATION P MATRIXN.

DIFFERENGCE EQUATION O VECTOR,

i9

s TEB
=o 004
"+ 003

+« 085

. 528
'0011
-.020

031

«117
2946
=097
002

=o Il
e 374
« 960

=021

=003
« 001
005
i.000



INTEGRATED RESPONSE

122

TIME

L P
o 10
v 20
¢ 30
o L0
e 50
o &0
o740
80
«90

1.00

1. 19

1.21

is 30

1okl

1.580

1.60

i. 70

1,68

1,90

2. 00

20 10

2.20

2+ 30

2. Ld

2. 50

2. 60

2.70

2. 80

2490

3. 00

3,10

3. 20

3. 30

3.40

3. 50

3.60

3:70

3.8¢0

- 3.90

4o 0O
he 140
4s 20
4430
ko 40
be 50
by B0

PN

0,000
0252
o 450
e606
o 727
«819
e« 389
a9 b1
«978
3,003

1.018

1.8327

1,030

1,029.

1.026
1,021
1.0147
1,042
i.009
1.006
i. 006
1.007
1,010
1,015
1.021
i.028
1,037
1,065
1,054
1.063
1.070
1.077
1,083
1,087
i.030
1,092
1.09%1
1.0390
1.086
1,082
1.077
1,071
1.0 64
1,057
1,050
1.004L4
1,038

BETAN

6.000
o003
e 020
«052
099
0159
231
+312
2399
2489
o579
s £66
o TLT
+819
881
0930
2966
989
0998
+995
« 960
0955
0923
885
o Lk
«802
o 7H1
2723
0691
» 665
a648
«639
2639
Hl:8
666
«691
« 724
0762
B0
848
« 894
09339
982

1,022

1,057

1.088

i.112

DSTAR

-oBUB
«082
160
0238
+3 €8
e 378
LD
o504
0563
2521
oBT77
o732
« 786
e840
0 395
«351

1.009
1.068

1,129
1,192

i.257

1,325

1,394

1.465

1,538

i.611
i.686
1. 761
1,835
i.310
1.283
2,058
2,128
20198
2,267
20334
2. 400
2o bbh
2,527
2,590
2.651
20712
2,772
20 832
2,893
2,963
3,015

CRIGivAT;

OF PogR

PAGH Y. .
Q*ngzﬂ??- .



R

he 70
he8D
%e 90
S¢00

1,033
i.329
1.026
1.024

1.130
1.142
1.148
1.149

3.077

30140
3.204

3,269

123



FIRST

124

TIME

0.00
010
« 20
e 30
o b0
s 50
60
e 70
e 80
«30

i.00

1. 10

1. 20

ie 30

1. 40

i.50

1.60

1.70

i. 80

1.90

20 00

2010

2. 20

Z2¢30

2e 40

Z2e 510

2. 60

2270

280

2¢ 990

3,40

3. 10

3. 20

3. 30

3. 40

3.50

3. 061

3.70

3,80

3.90

4. 00

4,10

o 20

Le 30

by 40

4a 50

4060

PNDOT

2.828
24232
1.754
10369
1.0658
« 806
«601
s 136
o3 04
«199
i 17
055
2009
=,021
=o040
= 048
=y (148
“eo“l
=029
=013
o004
022
«039
« 055
« 068
2078
s+ 085
«o0NB8
« 087
« 032
0075
o0 64
«051
037
021
-30%
=o011
=,025
=,038
"'50‘09
=.058
"’oﬂﬁ‘i
=067
--063
=, 0606
=,062
=,055

BETANDOT

o0 38
o097
e 245
e 395
0538
c66E
o769
B4E
893
+907
830
0 843
0769
o671
2556
«b28
o294
+158
2028
«093
«1499
« 288
+355
o400
2421
o419
2386
0382
s 292
0218
0134
o 045
D46
136
«218
0292
¢+ 355
o403
« 437
kS
k56
o 43
o416
2 377
s« 329
oCf3
«213

DERIVATIVES OF INTEGRATED RESPONSES

OSTARDOT

+ 832
0803
o« 770
2 736
o702
o 568
+ 637
2509
«585
0« 566
2553
2245
2542
s 545
« 553
2266
0 382
2601
ab21
o BL3
684
aB84
o7 03
2719
o7 31
o P41
o TUB
aTLE
o 7T L6
o7 Ll
o 733
o722
o709
e685
» 580
0665
+ 051
+H38
¢ D206
o617
609
° BOS
eB0G3
+H03
« 506
oB11
«b17



Le 70
heB 1
he 90
5,00

=s 047
o037
-,027
=50 16

0151
2090
.032
=,019

0825
s 634
s 644
0654

125
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APPENDIX D
Listing of Program AANDB
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