General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



FEB 20 1973

NASA CR 120849
BOEING D3-8611-1

ACOUSTIC RADIATION FROM LINED,
UNFLANGED DUCTS —
ACOUSTIC SOURCE DISTRIBUTION PROGRAM

BY
R. J. BECKEMEYER AND D. T. SAWDY

DECEMBER 12, 1971
e MVMVEING -o.oan

WICHITA DIVISION - WICHITA. KANSAS 87210
(NASA-CE-120849) ACOUSTIC RADIATION EFROM N75-28849
LINED, UNFLANGED CUCTS: ACCUSTIC S(?UE(_IE
DISTRIBUTICN PROGEAF (Eoeimng Co., Wichita,

Kans. 202 HC $7.2°% CSCL 202 Unclas
. : £ G3/71 29846

PREPARED FOR

CONTRACT NAS 3-14321 @ *Ro " -
H. BLOOMER, PROJECT MANAGER 7% Q
/_g‘[ 4 N

SEET S T
& 32928 W
NASA-LEWIS RESEARCH CENTER S 2zx S

Y i S R A SR A AT S S L e e i




FOREWORD

7 e work described herein was done by The Boseing Company,
Wichita Division, under NASA contract NAS 3-14321 with Mr.
H. Bloomer, V/STOL and Noise Division, NASA -Lewis
Research Center, as Project Manager.
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ABSTRACT

An acoustic radiation analysis has been developed to predict the far
field characteristics of fan noise radiated from an acoustically lined
unflanged duct. This analysis is comprised of three modular digital
computer programs which together provide a capability of
accounting for the impedance mismatch at the duct exit plane. This
report discusses the Acoustic Source Distribution Program whose
relationship with the other two modular reports of the analysis is
illustrated on the following page. -

Admissible duct configurations include circular or annular, with or
without an extended centerbody. This variation in duct
configurations provides a capability of modeling inlet and fan duct
noise radiation.
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Centerbody Radius

Matrix

Outer Duct Radius

Matrix
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Wavenumber, k =w/c

Angular Mode No.

Radial Coordinate

Radial Coordinate Integration Variable
Distance Between Points

Distance Between Point on Duct and Field Point
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Radial Velocity Component

Axial Velocity Component

Velocity Distribution on Exit Face

Axial Coordinate

Term in Integrand Defined in Equation (7)
Term in Integrand Defined in Equation (7)
Delta Function

Boundary of Integration over a Given Box on the Duct Outer Wall
Angulaf Coordinate
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- Velocity P.reential

Source Strength Distribution

Frequency, Radians/Second

vi




=

==

#
o,

INDEX OF FIGURES

PAGE

Admissible Duct Configurations . . . . . . . . . . . . . . . . ... 23 |
GEOMEBLIY .+ . v v v v e i e e e e e e e e e e e e e e e e 24
Duct B;éal_cdown e e e e e e e s R I 25

| Cﬁntrol ‘B'o-x-AnQuEar Size . . .. ... .. . .. R, 26
Source Strengfh Distribution —Problem 1 —®q . . . . . . . . . . . .. 27
Source Strength Distribution —Problem2—-®g . . . . . . . . . . . .. 28
Souice Strength Distribution — Problem3—-¢ . . . . . . . . . . . .. 29
Source Strength Distribution —Problem4 —®, . . . . . . . . . . . .. 30
Source Strength Distribution —Problem 1—-@; . . . . . . . . . . . .. 31
Source Strength Distribution — Problem2—&, . . . . . . .. ... .. 32
Source Strength Distribution — Problem 3 — ¢1 X
Source Strength Distribution — Problem 4~y . . . . . . . .. < .
Source Strength Distribution —Problem3—-®, . . . . . . ... . ... 35
Source Strength Distribution — Problem4—-®, . . . . ... .. ... . 36
Normalized Directivity Pattern — Problem 1 . . . . . . . . . . . . . . 37
Normalized 'Diréctivity Pattern —Problem2 . . . . . . . . . .. . .. - 38
Normalized Directivity Pattern — Problem3 . . . . . . . . . . . . . . 39
Normalized Directivity Pattern — Problem4 . . . . . . . . . . . . . . 40

vii




&=

o

==

TR
P

-

st

j

1.0

1.1

INTRODUCTION

Background

This report discusses the Acoustic Source Distribution Program which forms the
foundation for a package of modular computer programs which together provide a first

-generation capability for the analytical prediction of the far field noise being radiated

from an unflanged inlet or exhaust duct.

The development of these programs has its origin in the need for a method of predicting
the far field characteristics of fan or compressor noise radiating from an acoustically
treated duct. Among the techniques available in the literature are rigorous solutions for
the case of sound radiation from unflanged, hard-walled circular pipes both with and
without mean flow (uniform cylindrical jet) published by Levine and Schwinger,
Reference 1; and Carrier, Reference 2 {valid only for plane wave propagation in the
pipe); solutions for higher duct modes {no flow) by Vajnshtejn, Reference 3; and
extensions to References 1, 2, and 3 by Lansing; Drischler and Pusey, Reference 4;
where in the closed form solutions for higher duct modes {(with flow) have been
numerically evaluated. However, these solutions are not applicable to the more complex
problems of noise radiated from lined and annular ducts.

A method which can be applied to more general cases is the distributed source technique
in which a surface distribution of elementary acoustic sources is determined, by
numerical means, such that appropriate boundary conditions are satisfied on the surface.
By distributing sources over a circular or an annular aperture in an infinite plane,
Morfey, References 5§ and 8, and Tyler and Sofrin, Reference 7, were able to predict the
acoustic radiation characteristics of flanged ducts. Researchers in underwater acoustics,
for example, Chen and Schweikert, Reference 8, have modeled the acoustical radiation
properties of a vibrating body of arbitrary shape by using distributions of acoustic
sources over the entire outer surface of the body. Martenson and Liu, Reference 9,
extended this work to the case of an engine nacelle. By distributing sources over the
nacelle walls and the source (fan) plane, they represented both the propagating field in
the nacelle and the radiating field exterior to the nacelle, thus, accounting for the
diffraction effects at the lip of the nacelle exit plane.

The Acoustic Source Distribution Program described herein is a further extension to
these various source distribution methods which builds on the previous work to yield
what is felt to be a basically more versatile method of approach. The program utilizes
ducts of semi-infinite geometry, from which nacelles may be modeled by coupling of the
inlet and exhaust radiation patterns in the far-field, Reference 10. The approach taken is
to distribute acoustic sources over the duct walls and the duct exit plane. in this manner,

-edge diffraction effects are fully taken into account; however, the choice of the source

and propagation (interior duct) model to be utilized is fairly arbitréry-. The two problems
are coupled at the exit plane through consideration of the duct termination impedance,
Reference 11.




1.2

Technical Approach

The approach taken here involves the application of a numerical technique, the
box-integration method, to determine a spatial distribution of acoustic sources over the
duct walls and exit plane which satisfies the specified boundary conditions. The
conditions. imposed are, first, that the acoustic perturbation velocity narmal to the rigid
outer duct walls vanish, and second, that the velocity distribution over the face of the
duct exit plane equals that associated with a given angular mode of sound propagation in
the duct.

Admissible duct configurations, shown in Figure 1, include unflanged circtlar or annular
ducts, with or without an extended centerbody. Given the source distribution over the
duct, the far-field directivity. may be found by numerical integration of the Helmholtz
integrals for the velocity potential at large distances from the duct exit plane, Reference
10.

Note that this program assumes knowledge of the actual velogity distribution at the face
of the duct. A given duct mode, when incident on the duct exit plane, will generate a
reflected wave composed of other duct modes because of the termination impedance
mismatch. Thus, the assumption that the velocity distribution at the exit plane is that
due to an incident mode generated inside the duct is only a first approximation to the
actual radiated noise. The Duct Termination Impedance Program, Reference 11, was
written to provide a means for accounting for the impedance mismatch at the duct exit
plane.

There are several limitations to this first generation program. First, for the sake of
expediency, mean flow within the duct has been neglected. [t is anticipated that this
simplification will not significantly affect resuits for noise propagation through a focally
subsonic flow field of an inlet. However, radiation through an exhaust or jet flow will
undoubtedly not be prepresented properly by the present model. The second limitation
to the program is restriction of the specified velocity distribution on the face of the duct
to a Cos {m@) type of angular dependance. Note that coupling of different m modes in
the far-field may still be accomplished by superposition of the source distributions,
Reference 10.

The assumption of a Cos {m®&}angular dependence does, however, restrict the Duct
Termination Impedance Program to the extent that for a velocity distribution whose
angular dependence is specified by a combination of different m angular modes a
separate analysis must be made for each set of angular modes. This limitation could be
alleviated possibly by employing a collocation procedure in place of the box-method
integration technique used in the present program.

The most restric /e limitation to the program at present is one of size and corresponding
computer time. As discussed in Section 4.2, the wavelength of the radiated sound affects
both the maximum box size used in the program and the required integration distance
along the duct wall. To adequately represent the spatial variation of the source strength
distribution over the dust there should be at least two boxes per wavelength, {i.e., the
box size decreases with increasing frequency). At the same time, however, in order that
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' the far- field behavror at angles greater than 140 degrees be accurately represented
necessary that the integration on'the duct outer ‘wall extend- back: farther - as.,.the
frequency increases. Together these two reqmrements mdlcate that at hlgher frequencres,;

“avery larde number ofsma!i GG‘(BS&I'E requrred Sl SR i

‘when. attempting to . re

Rl e R

A similar problem m\mlves the requxrement for a. very high number of angular boxes .
nt: the radlatlon characterlstlcs of rotor-stator xnteraction
modes at high' angu[ar mode numbers ' : - ST

As presently vnewed the pnmary change reqmred m thls ftrst generatton program’i lsthe

- ‘need to develop a flmte length duct representatron “This changeis not.a simple ¢ exténsion

to the ‘present program due to certain inherent mathema‘ucai probiems Reference” 12,
but the basic logic and numerical technlques USed presently are directly appilcable to the

'antlmpated formu!atlon
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2.0

MATREMATicAL oevELOPMeNT :

Figure 2 |Ilustrates the geometry of the problem. The outer duct walls and the duct exit
face are each.. represented by distributions ‘of monopole singularities. Note: that the
source distributions along the duct walls are required to vield the unflanged duct
boundary condition of zero perturbation velocn:y nofmal to the outer duct wall. The

v_eloc_rty potential at an arbitrary. point in the region outside: the duc_t is given by:

& ria,z,'f)"z: ¢J (r.6.z,1) o
j=0 : - L

 where qb + ¢,, and ¢, represent the contributions of the source dlstrlbutlons over the

duct exit plane the outer duct wall and the extended centerbody wall, respectwely

Since ¢ must satrsfy the wave equatlon and represent outward propagating waves, it will
have the form:

SR, 0= L ¢(1-k/e)
R

For discrete frequency noise, the velocity potential may then be written:

-Iw(t-R/C)
(Rt)Z/f—+——————"L ds; - 2)

where

ff hestimits asr<b, 040424
0

JS bastimits -2 2,20, 02827

| ffz has limits 0 & zzéu:, 0c8<2n

= J (ros @ - )\_jGos 635)  + (rSin @ - )\jcos- 93) + .(z_.zj) "

Ao =7,
CApen
'Ae=a . | |
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dSy, - rodry dfy
ds, = b df,dz,
sy = g dbadzy
The ¢ s-are the' unknoﬁn source strengfh dlstrlbutlons
@ = & ("oyeo)
o =& (1)

¢2 = ¢2 .(62‘1-7)

The boundary conditions to be applied are:

A. Zero normal velocity on the outer duct walls
-9¢

u= 3, =0 r=b
z£0
r r=a
z20

B. A prescribed velocity distribution over the face of the duct exit:

v = '—a-i —V(r)m(mt‘ﬁ)e“"t
Or z=0 @
a&réb v

Applying Equations (3) and (4) to Equation (2) yields the equations:

ff Gﬁ "!w(f R/c) [ _,_L_J_E_J,] [al] dS CV(.8.0) 8 iwt (5)
J* - | .
| .2 tw(t R /c)
Z ff di R [T-' %}] [b-}ﬂ ds;=0
j:“O . , S S
: Eﬁfl ¢.._ '";JF: R!/ >[1-£‘-’B.L][ l,)&:lds =0 | (71 ,

(6)

ararian,
ey

)

rﬂéﬁf-’ SRy
Rnrriripe:

| it o
b ek

ey
i




where-

Yy ™=ty °°5_(9,‘“90) , =%
= b cos (-6, o, | (8)
Y, = acos (60, , oF=z,

- Note that the first integral in E‘quat:on (5} vanishes except at its singular point
. Ry =0. The integral may be evaluated and found to yield the fm;te contributions
.overtheduct 27D, @ Ry= 0; 0@ Ry 0. ,

Equatlons (5), (6), and (7y constitute the integral equations to be used to determ[ne the
source: strength d!StI’IbUtlonS over the duct.




3.0 METHOD OF SOLUTION

The- numerlcal technlque chosen to- solve . Equatlons {6) through (7) is a
“box- 1ntegrat|on" method similar to that used in-Reference 8. The method involves
dividing the surface of the duct into a series of dlscrete areas and. assummg that'the
“source strength distribution over 4 given area or-“Box” is constatit. The P: may then be
taken out from under the ‘integral sign and the integrals evaluated. By requifing that
Equations {5}, (6} and {7) be satisfied at-a finite number of control points, a set.of
simultansous linear algebraic equations are: obtamed for the unknown gé]

As the first step in solvmg the system of mtegral Equaﬂons (5) through (?) the fact that
the desired source strength distributions must- be single valued in-angular-dependence is
utilized. Knowing the angular dependence of the modal veloctty dlstnbutlons in the duct
to be of the form cos{m @}, the r,‘b are. taken as - :

"~ Thus by specufymg the’ angular dependence of the ¢ the nurnber of control pomts is
vastly reduced since -now Equatlons (5) through (7’) need be evaluated at only one
angular position. . o :

Next divide the duct exn: face into a series of M annular rings. and the duct waiis into:N
and N2 cyllndncal segments as depicted in Flgure 3 '

Consrdermg for the moment on_ly Eq_uatnon (5), segmenta_ﬁon yie'l'ds the relation:

279, (ry) costmdy) 8(i=r, ,0- )

‘ § 27 ‘
4 { f - '[Ini;egx‘and(zﬁx.m] dSi 4 eees
z ,-c,; 01:0 )

[

& =0

Iﬁtegrand(z};e,)] ds, } '

{ f Integra.nd(z ) )]dsz + seee
- %70°6:0

| +f f [ Integra.nd( z)] ds, }

i 92 o

= V(r)cosfmgpt! . . (0




.:.whe:re. _
S 0if rer, or %6,

‘6“(r—r G—6,) ™
Tl r9=6) {1 if r=r, and =4,
Physical reasoriing implies that

Z b0

lim ¢,(z)=0

Z =~

'smce the contrlbutlon of the sources on the duct exit plane to the vertical velocity on -

the duct wall at large distances becomes vanishingly smail, This implies then that for
practical purposes the integration boxes which extend to infinity may be neglected, that
is, the mtegratlonsm the z directions may be truncated. Assume that the d’ are constant
over each of their respective boxes so that:
M
E 27 ¢, (I) cos(m s (r—1,0~ )
I*

27
+Z gb (J)f f ntegrand(z,,6,}]cosmO,4ds, (12)
Az, 6,-0
+AJ qb(J).[ f [Integrand(z,ﬁmcos(m@ds Vr) cos(mB)e
J=1 Az, 970

For the sake of computational expediency, the control points for Equation {12} and the
equivalent forms of Equations (6} and (7}, are chosen at 8= 0, and at the center of the
annular or cylindrical segments. Specifically, Equation (5} is satisfied at M points on the
face of the duct, Equation (6) at N points on the outer duct wall, and Equation (7} at
N2 points on the extended centerbody wall. By this procedure Equations (5), (6}, and

{7) become:
{V}_[D:A]
- ) gy ——‘-—-
o} {Bic]

where _ [D] is an M x M diagonal
. matrix whose elementsare D = 27;; i=1,M,

L)

¢, |
&,

2

[Alisan M x {N+ N2} matrix,
© [B] is-an (N + N2} x M matrix, -
a_gd _ [C] isan (N + N2) x (N + N2) matrix -

By expandmg the partltioned matrix Equatlon (13) the unknowntpj’s may be
determlned as:
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A note on the method of integration used to obtain the elements of the coefficient
matrices A, B, and C in Equation (14) is in order.

First of all, the annular and cylindrical segments of the duct are further subdivided into
L angular regions. The integrals are then evaluated over each segment by using an even
order Gaussian quadrature scheme. The order of the quadrature is increased by 2 and the
integral values compared. If agreement is not obtained, the order is again increased and
the procedure repeated until the integral value converges.

During development of the program difficulty in obtaining convergence was noted
whenever the integration box was equal to or, in the case of small blocks, closely
adjacent to a control box. This is a result of the singular nature of the integrais in
Equations (5}, (6) and (7) when R; = 0, and is of concern since the number of arithmetic
operations increases as the square of the order. For this reason, an approximate closed
form solution for the integration on the outer duct walls for boxes centered on 6=
0° was derived. The procedure is valid only if these boxes have an angular width, A8 such
thax cos {mA6) =1, thus restricting the size of these boxes. Under this assumption, the
closed form value contributed by a control block to its own vertical velocity on the duct
outer wall (or centerbody) is:

A()cbj fur. m=0

mA8

25in( 2)95. form > 0
m J

Also, the contribution of a contro! block on the outer duct wall (centerbody) to the
vertical velocity on another control biock on the outer duct wall {centesbody) is found
to vanish. Figure 4 shows the allowable variation of A9 with angular mode number for
control boxes on the duct wall.

The only other integrations which have difficulty in converging are those which
determine the contribution of control blocks on the face of the duct, to the vertical
velocity at control blocks on the duct walls {and vice versa). This problem of
nonconvergence exists only for the control blocks on the face of the duct which are near
the intersections of the exit plane and the outer and inner walls. As closed form
evaluations for these integrals have not yet been obtained, the only solution here is to
allow higher quadrature orders, and to accept the increased computer time required for
convergence.
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4.0 RESULTS

2

4.1 Application

The numerical techniques developed in Section 3 are applied to a discrete frequency
radiation problem by the following procedure. First, a mathematical representation of
the inlet or exhaust duct ic determined by selecting one of the three admissible
configurations shown in Figure 1. Next the duct segmentation parameters are selected, (a
detailed discussion of the proper selection of box breakdown is given in Appendix 1}.
Finally, the velocity distribution on the duct exit plane must be specified {hard or soft
wall) since the acoustic modes are specified by their velocity distribution, For example,
to analyze a duct radiation problem of discrete frequency noise emanating from a lined
duct, the soft wall inodes and their respective contributions to the radiated sound energy
must be determined. Far field directivity patterns are determined for each mode and
then combined to yield the total noise signature. In the event both an iniet and fan duct
are to be modeled, their respective far field directivity patterns can be calculated and
then combined to determine the total noise signature of the nacelle.

Several examples of applying the program to each of the three admissible duct
configurations shown in Figure 1 are presented. The resulting source distributions and
directivity patterns are used to evaluate the utility and accuracy of the program. For
each example problem presented the frequency and outside duct radius were chosen to
ensure that only the plane wsve mode wouid propagate down the infinitely long duct.
Values of the acoustic and duct segmentation parameters are presented in Table 4.1.

TABLE 4.1
TABULATION OF ACOUSTIC AND DUCT SEGMENTATION PARAMETERS

I

FREQUENCY RADIUS SEGMENTATION PARAMETERS
PARAMETER RATIO EXIT OUTER CENTERBODY INTEGRATION

PROBLEM kb afb PLANE WALL WALL LIMIT
r 1 1.0 0.0 16 40 0 41
FW,
2 1.0 0.5 16 40 o 4.1
U 3 1.0 0.5 10 10 10 1.375

4 1.0 05 10 20 20 2,6

Example Problem i

Noise radiating from a nacelle inlet is represented by a circular duct configuration. The
resulting source distributions on the duct exit plane®y, and outer duct wal! @y, are
presented in Figures 5 and 9 respectively. To illustrate the behavior of &, and @1, two

=3
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4.2

plots of each source distribution are presented, The smaller plot is a duplicate of the
large one for an expanded scale. Note the extremely large slope of these distributions
near the lip of the duct. This behavior which is due to the discontinuity in the velocity
distribution, is discussed in detail in Appendix 1. Aside from the singularity near the
duct lip, the pehavior of the outer wall source distribution, ¢4, along the duct wall is
important. For a proper box breakdown, ¢1 should exhibit a strong decay near the duc*,
lip with small amplitude oscillations along the remainder of the duct. A normalized
directivity pattern is shown on a polar plot in Figure 15, This pattern is compared with
the results cbtained by a numerical calculation based on the closed form solution given
by Lansing, Reference 4.

Example Problem 2

The program was applied to an annular duct configuration to determine the effect of a
centerbody on the far fieid directivity pattern. Source distributions for the duct exit
plane and the outer duct wall are presented in Figures 6 and 10 respectively. The
discontinuity in the source distribution on the duct exit plane at r/b = 0.5 is due to the
discontinuity in the velocity at the inner duct wall. A comparison of the resulting
normalized directivity pattern shown in Figure 16 and the normalized pattern of the
circular duct shows the effect of the inner duct wal! on the far field radiation.

Example Problem 3

Noise radiating from a naceile fan duct is modeled by extending the inner centerbody
past the duct exit plane. Source distributions for the duct exit plane, outer duct wall and
extended centerbody wall are shown in Figures 7, 11, and 13 respectively. Singularities
in the exit plane source distribution occur near the extended centerbody wall as well as
near the outer lip of the duct, The extended centerbody source distribution 452 exhibits
several large oscillations before decaying, The effect of the extended centerbody wall on
the normalized directivity pattern is shown in Figure 17 to modify the circuiar duct
pattern near the 90° region.

Example Problem 4

The annular duct with an extended centerbody is modeled with a different box
breakdown than that used in Problem 3. The box breakdown of the extended
centerbody wall was refined near the duct exit plane and additional boxes on the
centerbody carried the integration farther back on the wall. Source distributions for the
duct exit plane, outer duct wall and extended centerbody wall are shown in Figures 8,
12 and 14. The directivity pattern of Figure 18 shows the effect of modifying the box
breakdown on the duct. Finer breakdown yields a pattern that is closer to circular duct
pattern than was observed in the coarse breakdown of Example Problem 3.

Limitations
There are several {imitations to this program. First, mean flow within the duct has been

neglected. Although application of this analysis to a_-nac_elle_ radiation problem does not
yield an exact model, it is anticipated that this simplification will not significantly affect
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results for noise propagation through a locally subsonic flow field of an inlet. However,
radiation through an exhaust or jet flow will not be represented properly by the present
analysis.

The second limitation to the program is restriction of the specified velocity distribution
on the face of the duct to a Cos {m8)} type of anguiar dependence. This assumption does
not affect the capability of the program to combine different m angular modes in the far
field by superposition of the source distributions, Reference 10. It does, however,
restrict the Duct Termination Impedance Program, Reference 11 to the extent that for a
velocity distribution whose angular dependence is specified by a combination of
different m angular modes a separate analysis must be made for each set of angular
modes.

The most restrictive limitation to the program at present is one of required storage size
and corresponding computer time. Both of these digital computer usage parameters are
related to the wavelength of the radiated sound waves. To adequately represent the
spatial variation of the source strength distribution over the duct, there should be at lsast
two boxes per wavelength (6 boxes per wavelength is more desirable). In order that the
far-field behavior at angies greater than 140 degrees be adequately represented, it is
necessary that the integration on the duct outer wall extend back farther as frequency
increases. Together these two requirements indicate that at higher frequencies, a very
large number of small boxes are required.

Time and storage requirements depend on the number of integrations required to fill the
influence matrix in Equation (13). The number of integrations varies with the square of
the number of boxes and computer run time is dependent on the number of integrations.
When convergence of the numerical quadratures becomes a problem the program
requires a considerably larger amount of time to compute the matrix elements. Core
storage required by the computer is equal to twice the square of total number of boxes,
since the matrix elements are complex numbers. The number of boxes required on the
exit plane of the duct becomes critical when radiation patterns of high radial modes are
desired. At least two boxes per zero crossing of the velocity distribution is required, (i.e.
the 6th radia! mode requires at least 12 boxes. A similar problem involves the
requirement for a very high number of angular boxes when applying the program to the
problem of high angular modes. This requirement increases the computer run time since
the number of numerical quadratures is greater.
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CONCLUSIONS AND RECOMMENDATIONS

An acoustic radiation analysis has been developed that predicts the angular distribution
of acoustic energy in the far field that is radiated from an unflanged duct. This analysis
represents a rather unique analytical tool in that it can be applied to hard wall ducts
{unlined) with an annular cross-section as well as circular. Both circular and annular duct
configurations with their interior walls lined with noise suppression material can be
analyzed. For all duct configurations with either hard or soft walls, the far field radiation
patterns are corrected for the impedance mismatch at the duct exit plane. Also, of
primary importance is the fact that the present analysis permits combination of inlet and
exhaust radiation patterns in the far-field,

In spite of its many advantages, this acoustic radiation analysis is limited in its range of
application. For this reason, this analysis has been relegated to the role of a first
generation analysis in a commitment to develop an analytical package which will predict
radiation characteristics of a turbofan jet engine. The present version of the analysis
reaches optimum efficiency when it is applied to low frequency noise radiating from an
infinite duct. This and other limitations due to a Cos {m@) type of angular dependence of
the velocity distribution and the required storage size and corresponding computer time
are an inherent property of the “box method” numerical technique.

A second generation version of the program could avoid these limitaticns by utilizing a
collocation technique of evaluating the integrals. The primary feature of this technique is
that a selected analytical expression is used to represent the source distribution. The
time saving feature of the collocation technique is that it requires fewer evaluations of
the integrals. The collocation procedure would enable the analysis to handle any
combination of angular modes, a result which would remove the angular modal coupling
limitation for the Impedance Program, Reference 11, and eliminate the need for a large
number of angular boxes.

In addition to the collocation procedure, a second generation version of the analysis
should contain a method of accounting for a mean flow within the duct. This methed
should account for the effects of velocity gradients on the distortion of the radiation
field by the jet.

A further refinement in the overall development of an analysis to predict turbofan noise
would be the incorporation of a finite length duct representation. This change is not a
simple extension to the present program due to certain inherent mathematical problems
that involve the nonexistence of solutions of the integral equation formulation. As
discussed in Reference 12, these problems can be avoided by using an alternate
formulation.

A finite duct length representation would require additional analytical considerations.
The presence of higher radial modes generated at the duct termination and reflected
back toward the source could not be ignored. Their reaction with the noise source and
subsequent propagation down the duct towards the exit plane requires that the problem
must be analyzed by a systems analysis approach.
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APPENDIX 1

PROGRAM DESCRIPTION




————EN DR

NOMENCLATURE

Computer Program Variables

A
AA(LJ)
B
BB(1,J)
c(n
c2(1)
CHK
DD(1,J)
D(1)
IN¥

v

Mw

M

N

N2
NNZ
PHI(I)
R
RO,RI
S

1T

Tl
V(i)
w
WDS
XANG
ZZ

Centerbody Radius

Matrix

Outer Duct Radius

Matrix

Dimensionless Size of I1th Box on Duct Outer Wall
Dimensionless Size of I1th Box on Extended Centerbody Wall
Convergence Criterion

Matrix

Dimensionless Size of I1th Box on Duct Exit Face
Configuration Parameter

No. of Velocity Distributions to be Read In

No. of Polar Angles at which Far Field Data is Required
No. of Angular Boxes

Angular Mode No.

No. of Annular Boxes

No. of Cylindrical Boxes on Duct Wall

No. of Cylindrical Boxes on Extended Centerbody Wall
No. of Velocities to be Computed by VELINT

Source Strength Distribution

Radial Coordinate

Distance Between Point on Duct and Field Point
Sound Speed in Air

Angular Coordinate

Angular Coordinate Integration Variable

Velocity Distribution on Exit Face

Frequency Radians/Second

Wavenumber W/S

Nondimensional Angular Size for Control Box

Axial Coordinate
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INPUT DATA

Since the accuracy of the source strength distribution obtained from this program is critically
dependent on the method of segmentation of the duct walls and exit face, a brief discussion of the
pertinent points is in order. In addition to the requirements that the control boxes have a small
angular width such that Cos(mA6)=1.0 and that there be two or more boxes per wavelength of the
radiated sound, there are restrictions on the size of the annular and cylindrical segment heights (Ar
and Az, respectively) in the region of the intersection of the duct walls and the exit plane. This
requirement must be satisfied, primarily, to accurately compute the near field pressure (over the
duct exit face).

The discentinuous velocity along this intersection results in the @;’s being singular there. (An inner
asymptotic expansion of the wave equation near the intersection glas revealed that the singularity is
one in slope of the ®; versus z or r curves. Specifically, as the intersection is approached, the¢
behave as jx|Ln|x|, x going to zero, where £n denotes the natural logarithm.)

Adequate representation of this singular behaviour requires a fine breakdown in the region of the
intersection. For a uuct of radius b, the breakdown near the intersection should consist of several
boxes ranging in size from 0.01b up to 0.05b. For all duct configurations the fine breakdown would
be necessary near the duct lip on both the face and the wall. For an annular duct it is also nec2ssary
on the face on both sides of the inner annulus wall, whereas for the annular duct with an exiended
centerbody, the fine segmentation is necessary onthe face and centerbody wall near their inte:section.

As a final note, the box sizes on the face in both the radial and angular directions must naturally
decrease in size when higher order modes with many modal lines are represented.

CARD OR
CARDSET FORMAT DATA
1 18A4 Title of run
2 NAMELIST Logical Parameters: PUNCH = T(F) yields (does not yield) punched
card output to be used in the directivity index program.
OLD = T(F) bypasses (does not bypass) the integration loops and
uses (does not use) previously generated matrices in the MATX
program to compute PHI distributions for new velocities. Delete card
(sets) 3 through 7if OLD =T.
3 3012 Integer Parameters:

L = No. of Angular Segements
M = No. of Annular Segments
N = No. of Cylindrical Segments
NN = Order of Initial Gauss Quadrature (NN Even)
LP = No. of Integrations in Intearatior Routine
MW = Angular Mode Number
INK = Configuration Parameter
(0 - Circular or Annular Duct,
1 - Annular Duct with Extended Centerbody)
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5
(Card Set-
N Values,
7 Per Card)

B
(Carc Sei-
N2 'Values,
7 Per Carg)

7
(Card Set-
M Values,
7 Per Card)

9
(Card Set-

7F10.3

7F10.3

7F10.3

7F10.3

212

6E12.5

M Compiex No's.

3 Per Card

10

3612

K = No. of Angles at which Far Field Pressure Values are to
be computed.
N2 = No. of Cylindrical Segments on Centerbody.

A = Centerbody Radius
(A = 0.0 for Circular or Annular Ducts)

B = Outer Radius of Main Duct
W = Frequency, Radians/Second
S = Sound Speed in Units Consistent with those of A & B
CHK = Convergence Criterion for Numerical Integration
XANG - Nondimensional Angular Size for Control Box

A6 Radians = 27t (XANG) (See Figure 4).

C(l1), 1 = 1, N, the size of the cylindrical segments on the Main Duct
Wall in the Z direction, Ncndimensionalized with respect to B,
Numbered with C(1) closest to the duct exit plane and | increasing in
the negative Z direction.

C2(1), | = 1, N2 Input this set only if INK = 1. Size of cylindrical
segments on centerbody wall in Z direction, nondimensionalized
with respect to B, numbered with C2(1) closest to the duct exit
plane and | increasing in the positive Z direction.

D(l), 1 = 1, M, the size of the annular segments on the duct exit plane
in the radial direction, nondimensionalized with respect to B,
Numbered D (1) at the duct centerline (or adjacent to the
centerbody wall-duct exit plane intersection) and increasing to D(M)
at the lip of the duct.

v

IV 0, IV = No. of velocity distributions to be read from cards. IV =
0, velocity distributions to be computed as hard-wall modal
distributions from VELINT.

V(l), I =1, M, Velocity* distribution on face of duct
V(K) = velocity corresponding to segment D(K). - Input this card set
only if 1V>0.

NNZ - No. of Velocity Distribution to be computed by VELINT.
Input Card 10 only if IV = 0.

*NOTE: For annular duct without extended centerbody, the velocity for the boxes on the inner
annular area must be set equal to zero.

44




3

= =

PROGRAM FLOW
Flow charts for the box method program and associated subroutines are given in Appendix 2.

The main program consists of the calling program and subroutines CAL200, CAL300 and CAL700.
Here the input data are read in and the box method integrations performed. Upon completion of
the ‘integration, subroutihe MATX is called. This subroutine carries out the matrix manipulations
recuired to solve for the source strength distributions.

Subroutine GAUSS is used in the integration and consists of tables of Gaussian weights and
abscissas. Subroutine INVT performs the inversion of complex matrices. Subroutine VELINT is an
optional routine which computes modal velocity distributions for hard walled annular ducts. Thus,
the velocity distributions may be input directly or computed by VELINT.

OuUTPUT
QOutput quantities consist of the following:
A. Input data printout
B. Results of the integration program, consisting of the contribution of each box to the

vertical velocity at each control point.
C. Results of the matrix operations during which the 45]-'5 are computed. (Optional)

D. The values of the source strengths at each box.

EXAMPLE PROBLEMS
Appendix 8 illustrates the input preparation and output format of the program. A listing of the

input data are given for each example problem discussed in Section 4.1. Complete printout {(with
the exception of the operations performed by MATX) is shown for example Problem 1.
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PROGRAM FLOW CHARTS

PR ECEDING PAGE BLANK NOT FILMED!

47




1
1
1 WOTE ©1
[T T I
¥ =CONTINLATIUN- *
. 1 v TNy Ne M4y
¢ HHy LBy Ly NAGND @
2 EF E ¥ ? LIRS A ]
[
] 02

¢ READ ERCH JEV 7
PR Fqﬁﬂa1 K
¢ 1Nte trE LIST 4

1
b oot s
I AR
= LIST s TLTE  #
’."‘:""t
1
1
= 4
. .
»
& b3 CF NATA © eetol 0206 9-—1 %
3 . A 2 1 NOTE 13
L] * G 4 % X 3 F F kB &
. x . CONTINUE .
* a & % & 2 ¥ 32 & b xE
L 1
1 1
! 114
! T
i as
PR SRS RETURN TC SYSTEW

o OLD - LFALSE. I
I

0%

jom———

/ READ ERCH DEV 7
47 wia_FURHAT  /
) HEAD

_ !
!
i
L o1
+ =
. »
* * TRUE
* ALn bl 4
. . 1
* = 3
* * 1
.lF.ﬂI.SE snaa
i Dad
1 avan
} 15
C2.22---}1
1 i a8

,f REan gok GEy 7
/' via gojear s
7" INTO TRE LIS /

t

1

I NCTE 08
P E R TR R
* LIST = Ly Me Ny #
* Hhy LPs Miy {NKy =
» K'Né *
 t kb P EPEEE

1

1

1

* ic

-

. * YES
* END CF DATA  d——e—esé
= = A
2 *

* &

HE
1
» -
L]
s TALE
* L sLE. H——smm
t L) ’
= x
FALSE
L 12
- .
- ®  TRUF
&« M &N+ N -4
* Gie MAXD ¢ [
* » 1
' . 1
TFaLse ¥
! ML
! Fhan
{
{
i/
425

48

— %
02,12 ll 8

:'5225'5533‘5%5;7
¢ ovia_oAMAT S
£INT0 TRE_LIST /

1

I

1 HNOTE 16
T e & B LT rEERED
= LIST £ A, Ay 0y =
= TSy CkKe XANG %
lll.-}l.ttt

1

1 17

/TRRTTE T0 OFY 7
¢ ovia pginar g
£ mon THF L1ST 4

I
i
1 HGIE 1B
2 8 8 5B Kk £
® LIST = TITLFy By *
* Ar Wy S4 dn *
*¥ & En ; = & 5=
1
! 19
7 i
/ WR1TE TR gEV /
I V1A FORNAT 7
/ PRNT1 !

1
i Zn

ST
J NHTTE TO CEY 7
2 ¥iA FOEMAT  f
/ PRETZ 7
1
2L
¢ READ FRO¥ 9LV /
7 vik sunna! l’
/£ 14T0 THE LLIST /

1

I

[ NOTE 22
2 BB K3 %X KT
* LIST = (EL10,1 = @
* Lel) -
‘Villl’it'l.

1

1 23

£RRITE D eV ¢
4 VIR ;unnu ’I
£ FROM THE LISY 7

{ KOTE 24
I R R REEEREE R
* L%ST = TIILC, bd
= [(CUIlal = L.N] 4
# & % & % 5 ¥ o 4 &9
1
i
I
25
» *
. .
E] + TRUF
® INK olT. L =4
. » 1
. L] 1
* - H
- LR X
TFALSE o 3
{ « 00 .
1 ssse
t 3197
i
[
1 25

,z'EEIG'ESEﬁ'EEE'F
2 VIK FQRHAT 7
7 IMT0 THE LIST /
) I

1

I KOTE 27
2 0 W LEE BB S 2
= LIST = (C2L[),1 = &
L 1,521 *
® ¢ X R R &4 &T 4K

£ WRLTE 10 GFV 7
/ via egnar s
2 erom TRE LS ¢

=
-

LER Y]
.
ne
A=
oy
Wi
i
#* ne
———— Moty
0o
v
boed
e OV
iy
AN aN

-

L
3
|
t

£ 3.01

E

e



naEZITIIw L Ol FEERARSAREIIRAARNS TRA-E i IEY TR T ERNER
- ] =31 -t~ - - ! ). ~ ~
- | - ~ e - = » 1 -~ - - -
] x> = T @D n i 1> - . srx I+
* t g u — we h DX B @ - i o P wes QO D& (=1
-+ i cx "D - 5 =20 sll? - 1 uB o« b= S Zd
L I w M “ Mv-.-n. an MT. NUNWRFWE.&! - U| - l“ o NT_ Qs Enm (A tWTH
= ' G e B e = 106 e T O — R
L + 4 -~ 1 ut = o) el M aD D e =1 lmer Dol Gy ox @ b wd a
w [ o 1 T _ = sl R e Uhl wASeE el ] INE 1 f il ] ®L b L
a3 a A ot et o i e - I I T loammeeB Zd # K WSl T ot @ emere | 4 frerm |0, 2 foosomBin™ing  Grommmt | TemOoefomavia 5 & &
- . (%] - W = |t - P »T Sl ek by B [} | e it ¥ [T sd - A * Moow
[ - - [ D 4 tws =T} # FTNADD vt et St = b=  ETE L I was
[ aof _ ] n 1 i Tt wa B o~ 1 (-3 Lt e~ ] wa "
H L i 1 & 11T ot B o meme e e - e B wl 15 & 1 A ueXs ¢ (S
1 - 1 _ = el e = LD = Y “ 3 Jie D= =y -
1 LI i ST~ I S ] | sin+eLTRa W L w U 8 i ~ e * e O
[ betitpies 3 ) UL e ~ \1_ — AU} - - 2 ~ Znt " o ) mm———
i L [ = ') ~—l L P TN ) I Z) ¢ . Ges N
i WV mmacod [ Gw o -~ i -~ =]
“ n»: " imt -~ BEFFAPANEEI RO AT YN L] -~ LT EEZS T ] & it it nn B
1
] | [
1 ] 1
t + >
1
)
]
| .
_ o))
1 <3
i
=1 NAEE WA Lad Bl THEES A e 9 e et PR ER] Ind-dad o8 » E-1 wp TTTITE ¢.»TI$IT ]
=] hd -] 1~ o n e o (A} <1 1 - _ l-" 1 v —
ol - * 1 ~ - - 4 - L] I » e ] t L]
1a . L] 14 . c o 1 “g - 1 { 1 1 '
e -~ wi » [ ~ we r—@ - ~ |- ws * 1 .« i - 1 { i [ [
] [] [~ (K=l ] - 2x [d w ot - - Qal ] < _.I 1 1 ® t 1 T
WL b= -y I~ 3 ] (=L 2Tt d < CW X Ced (3] [T - I - 1 o] - I B R ] o ] (-] 1
._-u < = -~ ELY o i & el - U o« wig =N (1l = v (13 - o 8 9] L el | (=] w -3 "
& F = e 1= AL =) - & a "M . e e * W ”t w, g | @D & %X %) 1~ s
_F....a. Lﬂ - i oac, g - 2 (1) o o wi > © Qv n oo™ - [ 1 1 1
.- [KTd ———— A g, (et gy ot ——d - P P T Y = R TR BN R LT (i} Brmrni e | NS O | v § W » a [ Bl il ] - | vv——1 A —
- (@ W] - 1= atwt e < -y - - o -u - W — wy '] ” i oo
[ - T | . e (= =t LN o fAr - e L-L U R . Qe 1% w=d O " o wa ] 1 v
I o | L] o « - - . w e pS fnd Po- z 1 -8 - N 3 wogow K_ 1 “ !
bl 1 - *+ LI L L et d - - - e [ . w e P W = -y m E e X ] +
ey - - i > T [ - ok e wh 2w i " A i -y 1 ! I
[T = s e - =11 .- — - [t o # qutl . n I [ o L
g -~ H - ~ T =) - . 2 [ |- < 1 1 e e i et gt Bt bt
~ b | s ¥ ~ @] LR - -~ L T A | " (5= % ] 1 3 1
© i | ~ = 1 4 c1 3 ] ] U atieay e AP
~i L ~ LEE ] = B ———————— “EEE | B i * » L - ’
i
| §
] |
o ————

=2 == a2 &=




it A n mase A Ly gt i v S ae S Ry B3

/ciczoe s
Biallm==)®
dCP5L5 22 - ¢
[}
1 ol
[P SO SRy —
FL\!AHH-I 'I
I
I NOTE 02
IEERERERLERNER]
* BECIN O} LUOR .
b4 Z0C JC & 1¢ M »
b tl I
uE.Z'«---iE
i 0
—
. .
] .
. - »
' a -1 .
] .
s
]
(15714
1
1
!
1
_ 1
a1 C4

................

50

l-
AL 1 05
1’ JE = JC -1 %
f R« + IDIJEY ¢ I
I C11#82 I =
' N 1 TN 13
212 L Jﬁ 1 BRIICKIDNY = 0.0 1
/ uRITF m DE\I r p 1}
f via FORHAT ,I 223 1 14
7 F.Rf:& ‘mE LlS! / l BHICHn ll.ml = 0-0 l
T 1
I
1 NCTE 07 1
- 48k ¥+ R RS L] 1%
= LIST = JC, R » -
s E s E e R LT e . »
I * * FALSE
{ * BCPLIONG45)  #eu===t
. 1 qa ¥ LEQ. 0 =
% ICN = N ¢ 1 A
1 (A = 0 {TFUE
t 1
: =
CALCULATICN UF THE C ]
Ix LEHE’MS | S, 1.
1 ¢ 4
T ACTE 09 / wRITE tT0O L€V J
. EEEEEREE Y I
¥ HEGIN Q0 LCOP » 7 via FORAT 4
* 220 J1 v 1. M * 71 !
L] L 7 LR B 2 -
05, q-,-1 ———————n—
197 1 it *
L --w——_——uu_-l ——————— ————
! N = ink e 1 t ’ "JAITE 10 uEv 7
S r————————————
= 1 V1A _FORHAT I’
i I ﬂmﬁ Tt LIST i
= 11 ---------
* . 1
- - t
* 34 JC _“‘-l.ﬂ'-ﬂ‘[; .'E
. - LIST = TON, =
. [ ] * BRI LCHe IDH Y 4
. * » B1IICNy mu} .
= * B X A ¥ & F TSR
1 1
| i
! 2zn = 19
i .
227 E 12 « * . Hy
a ENL OF 06 LET)
l unucn.wm = r-1? [ * LOOP P ll:
- T » . 1
T L4 cena
Prrm——m———————————— 1YES LTET,
H « 17 .
i rue
1
1
i
CALCULAT tOH OF THE Al
MATE[X Eul'.ﬂtms
i
I HNufE 2¢
"5 e B E kR
*  AECIA OO Lk .
- Z30 K = 1 & v
¥ b8 T E u d &K
0T.09===1!
] a1
T ——————t - —
1 HC © H?'l‘.llﬂ i
e -
t
- 22
. *
. *
* * 14}
. % =1 mnmm—
E} -
® *
- E ]
L3
fi-11)
i
1
[
211 i *
Bt ccaw - ————
1 iz = - P2C [

[ - i

i

S ERY WS

U\Lll:l 1

F44
{CIKLY * E%ﬁﬂ‘ﬂ? l

HN-IDRO\ 1

P = aB5 L4} :
HELECK IBKY » fuT l':
Hl ( ]fh.l Uht = ').( {

1 NHTF 2
“ s b x e

L I
* BLuld 0P LUIDP .
o P01 ok lg L .
5 3 5 ¥ 8 & & ¥R B
cr.pa—--:i
L] T
L )
L 8 -
1 - - 1
§=n P -2 -y
T+ -
4 * . ;
1 b * 1
e, ; . Lt
. 1] & I . P
338 b “#
1
23 t bt
o ———————
1 £1T v 071 H
1 11 = Ceu {
Bmmmnn . ———————r
1
1
B
L
« 2203
R 1 Y

-

-

1%

gt Eapmomty,

S,
AN o

L TR

P

gty
Aasrrany.

faaiia
s

.

ROWELAVIN

-

e
3
i

[

{
H
i
|
;

I
:
?

}
i




1 ]
L] w LS wi W LR [ - .
o . . 2 . P 241 - * < 1 . L
b mrene 0T 8 R o it @ SOy BD U E e &t b T 4 et APt g - ———— Pty R
3 [ .t - oA - ! -\ ~ - + Qend o ]  tpan ey W
L] L] . . ] - . . [ * ] - * - 1 - . . 3 ~
'Y 1 e ] [X) | v e~
.o - » ] - » bt | . " -~ NS 4 . * [ ~
L - i (=} @ & o > *® w - ~ L3 uwl w - [~ 4
-~ 4 3 n -+ O » P I T - # i R n % X o® oA - ~ow S w i ~o. .- [ ]
o v =3 W ET=a -] ~n - - - - - b - [ w 1o Wy -~
» - W - . W | = - % o v owgAl » * a h= - . [ ¥ o ¥ i F - ) -
wa = wo > {52 32 . ry —— 3 ™ b e . ™ - e L wd o
p—s G Wt DOl ettt | WS 3 | e - R m——— 43 pe e | me—y iy [P~ [SVUNENPETES. (N FETEETY ™ [~ F T PV IPS TV hie TVl TR )
- [ o b - Ay | [¥] e - I 1 ki ML
1 L] S o» - oo n g ree * LI S noawa) - LI iy - . L] - » 1= WL 11
1 = 4 1=z =2 S | W - a e u bl
[l a wow LY 1nd cd . " oa - |wl . - Lol LY - - K -
3 o [l © = ~—Z t ad -, o -~ [l ] > 2
[ * » @ » L Vi | nds Wi =t M . & [l 20
1~ L3 ] LY aw ~ -~ ol
] - " i - q - - - - . . - )
1 =} L [ -1 LT -] ~ 0
[] = B s — [ E———rY - ——— - — O o) ~i
i " e
e
¥
1
“. ]
i i
1 i
1 )
1 ]
" ]
i
[} (] Fia 223 AL et it bk o SELLLIIN oRERS -8 Lalmtaialosd' | OEREy |-tk ~ne L 1
<o < a = ol (= a c 1 - [ - (R [} 1
» - ] 3 - » i L] - 1 ] ]
-] | -+ -l - 1 + @ - 1 . Nest ]
[ . o Weoaoe = - (DL Y- =1 -1 ¥ Dl - b= - - < £ | 13
[ [ L e Uled - =] t -1 b O -y | — e ] NeS A o« = -l - ol [2d] 1
L | [=2 e e [=c1=0% ] * - 1 - Q 2 (=1 I= ] D [ 0L oy pi=e o - -1 [l vt @& ¢ 1
1T lad oW UM T A= he I =] 1 = L] Z = & # o & S 3 o - X e -l — < 1 1
_ 1 [ [ - L 3 1 vu- aa L L = L) * e = et @ M T REem] ”e="3 -4 [V ] {
(=] ] [ . o ou o " * L] 1 O 2 NE e A o B meEd - O = Caxl XY mix - t -
HE] Rt o b e Y= - _ -«x el LR N bl R lnttnl B e e e S R Dt E Lot e B ol Rt 7o)
el = 10 + - n Qs L ®x Fe — LIS - A= s Wi hom =T e T pmbr LIV [t o |
[ ] (] b Ll ] - 2 T i > E L el - 1 =Z=e ER e ] € n ot DEx ZeC Il
] 1 - ] o Ok - ] - - 1 - < & - ] v LF e} - -] e ik = Qres =8 X ]
1L F 1 42 * 13 £ T2 sCcE I ] o = LI | T A “ . t U b= - O e [
-l = - @S = @ =T - ) [~ W & — 1l i » mQU & | P e roget
N = mmibe o fcNe O - m PTOE ~ T n.re " T A o 4 = 0 o I ¢ im
. O . 3 ————— N v <y e T & P =L} [ 1]
1] L - L4 L - L] & o (X1 - - s [} n 1 a8
o a < o 1 ] 1 »
Lt I amnu - LT ntaw B s m—— Ansa - L J L &
)
m
1
3
i
L
——
1
1
gt \
v W e ]
(=] ) L
] 1
] 1
1 ] ] o
P 1 L | “
. ] 1 |
! “ 1 o _ I i
g \ by ] .
o t el o Q- ] . "
=i I — | m— X
= _2“ - e ol L v B .
1 | W= o
_ [ | L =g _Un 2
"t 8 - i
i b -1
N 1
3 ! Ry
s
8 i <&
Ll %




¢ e e bl i S PR VS PRI Y e cinm

\.l....am e~y = : mg LRI B ;J L u
| S ot pRE— it ﬁJﬂbU Lmeane Lo mﬂu
- - B P L2 X3 [ PO p— #ITLITEN r L FIERR] o B g et s e Letne r) - -
Ei i bt . birid a ' kA ~ [ ~t 1IN i [ ]
1 ¢ . ' | t - . [ 1 - & i t 1 I
] 1o - [] - 1 -d ] * 1 T = -
1 1y & W04 = 1] - wha e 1 = | e adn ! -3 1 iz = =
1 - [ 3 ] - = - S O - [~ - b O P ] i 2 -
1 a 1 N L =1 =0 ] - P ] -l o Q (=L I e ~ = o} Gec & Fie (owms o4 ija = LR )
“2 b Ve O Z am o~ CO“ WY .« &) - n?-Sl” R 1o =2 LI ..nl Lo ~
- - 18 & "~ Lt ] - W et ) N D e " f= ol B0 W@ e Ak .
e ‘B wgl- %) a e« » =i S | ") (e Mo M) w I g e Xt e Qo= wal  Jg
-l = D R | sl D e - | ee— AT L B B B N L b o —pi | B el X femmsefg ﬂﬂ-..lli*-
..-“..l 1 L= - IR T o =) e = in= % W e . P e ] + Vit o
1 ] L] - [ 4l B - & b N ) bod X - LI L I | — 1 L X L N N I L I (L] ﬂ =] "
{ e 4 [ - - v ﬂ - il | - =z i iow 8 35 = Crau R R 3 B} SN H te bl
ic #* 14 C I Lre-T4 n o = < - 4 . [T ] L I L L - EAS ]
ey e O = T om @ B = W oaag W 1 592 we, 1 % apn w5 ig & = |
i Fl SRIE B TR - - 2@ [] sEue O ~N #cSEd 2 8 » <t ol -
w Y- 1 - * -+ 1 ottt 1 v " m 3 ] L4 + 9 E ) _ _C i ” .
“ | = i3 »  woor = 1 I ] . ® s « & o 31 -
1% o i = ] i a ] | ] 4
| Shompee “ et e b 5 N - » B Nans [ ] | [XE Y - . ]
! i
| I
) 1 i
[] . H
! i
! i
) 4 |
-1 ¥
.| t
w - " LR X T - | Ll - [
wa PE—1 - 1 - 1 [}
] - - - L] [
] L] ) [
] - o o whot. & LI ' 1]
i - = = ! 1
- e * % A 4 [«3.] - - - A d - 13 [}
& ™ Z - ) - O 1
LI E - . e - ~N - - L] [
and =W 2 m o o1 1
LT3 ey Lo Tl R - =] CI i Y L ] 3 W e et e o - ..t.lt
* - o = - - -
Tinali Thrvzag mmdos o e =l
~ =
“ -t uwph- _ x " o o OWMWO l-u » » @ o .l“
-
i pimiesccs wehs 5 " . - H
n — " o - 13 .- e s n
"v & m - » © - - *
1 t o ol PLRT i
] Aol Yy Spemearr b G aM1 B ———
1 “ . an
“ e
; !
| |
n ] 2
1 i i
_ ] i
-1 '
-l _
-t L L - TH=n
- - 1 -t i
L] L - “ ]
Wig OrrE - . = i |
- O< 3 - - i §
Sel = - - = ga [
Z Jd- ~N =~ ol L]
LT [* - - * 1 34 1
o » - my 1
‘ LR L elad £ Bl ] e et
3 sXas LI '
- 3 -y
1_#UCke » - -~y
(2 @wm A 1u =210
ICETre s IN L | IR
I * m w 1
I's = T - t
L= ]
— s &= e
) 1
i
! .-
_ !
s - L ew
a oao. - =] -..- o * . 1] B¢ "
el A8 X 342 e iud 0 E. S et il el et o e Nﬂl.l.l. u..:” " M“ff qnl_ n Il. Teasey ﬂﬂlll u_’_l..« n .M f-ﬂll.l "F_M u"
. .
e L. h A - LN LS H ~. nV ~ » et - - L m
wede . * » . - ne MW - » ) - . | > 0~ bt - . w " - !
M..ﬂ“{. S eos 1 m - . U oeinoe w i o H Y o . - - " s 1
E &% g A7 ZEz 8% g N - tos ] o3 27, 1 s 7.8
i taded » i ¥ Loa wdHe L A 1 A P EF 1= oZ an > ~ [ - 1
‘.Io.EABNI.ll.It “m.- tul...l.l.l.IIL n lo.ll. P vt et g CM At g e ot et G s o e | .tuw [ Edetal C:... f_—.ruv O.III.!ZI"M_U.I..:IC K ot o s e
e aaTTa =] - L e e Vw er! 7 iz ey » » . ude =W .- oz =
[ L | - ot * “ L] ....._. o CK_" - ML * - HF- - “ .....u. .r".. " "..l.. nl" ._SIEG NL o =
-
.av._!.a._.t_ -Mo » Ll”NlIE v e TN [ I TN B T I tl.ﬂ.ll o T W Ul - L
e ol NCY = Y it o . - 15 o= " [ > Rk tL.rHl - - . — . w
N gk B - e WO U aa - " . R ) I} = o K
" . an N -~ ] ~ % . . . Dz -
a5 3 - ° * “4 .ll “ u ll <
e EX XY b @ A e S ot i e w1 i “ ~ LE X 2 —a
L
ai |
! !




hO

> n——
1]
@
LS
<4
N~ o 2
-
. un
& —n (w3
|.r " 23
]
1 .2
- W
S o
-0 & &
. N
- . .
- o
1
w
1
. ]
{
. S ——— s rae
1 * 1 1
-1 i *n X wi H .
1 5 =] [ . = . . 5_ 1 = .
-1 PR WE. N R - =t e e F L e L] - =T3S (=1~ rugasde T ity
) -y~ - ] * N - I ' o =l NI~ intg =~ N ] + -
» I -~ » L) - . . » . . w 1 - [ -~ - L] . *
P> o~ - ‘e ] s [ ~ i~ -~ .
.- » Hiy ~ LS~ & LI - h* He | . - LR > o~ [ -~ wl e * »
L | Q b= @ - ! w0, o - 1w 1 1= - ta "
-~ . - — e - moa s | == m- ez . - A s W [ P - DEZ— -0 Noe 2
= 1o = z a o 2Z= ZZel uwr & = i =0 ¢ 1D 2 NI 2 Or—~ = w
LN = [ X e L el d * % Wb x OOy Shxi - » o » -0 * = I @oom | v Ie 3 =y a—SZe - L
- 1 D 1y s I wo > e e X | wa ke = - ] = x - D - w >
- - Wt | W CIEY ] et B s e el B0 Armeeee [ =D e | e S0 Ay D& e | T L T T R PO e ] o B ——————
- ) = k| g a - ZZvn ZZws| . (=1 -y ¢ 2w = wase _ Z e
1 » [ 1= il _ L 4 Qa » ] W aUX =] - Qo = * oo 5 = e (= =i =P LI i )
] - o o L AmiE 3 | et g | H4 = =4 | 1% « =1 g P
n - - = = i - * * W o» » o el el [ - - " Lo 1 & = IR - H e s W
e L] > £ | o NG = ofet - o x i x = 1 i > X A - [=]
- R oW o~ aQl - 8 wooa e wMoby TE ma | L LI ~ s> -~ =1 # T - e m
[ . n ow xli et w o ] & ~. ! ~ I £ =
@ -~ - . ST | [ TS 3 = ] - * ~ - L2 . -
a 1 b= ~_ 1 a 1 ~ ~ 1
i P e ] ~ 1 shave B e et it B - ~) #ssun
i . 0
] s
!
]
, ;
e .. w wi w ‘.
=] L) 3 [=] . H o =1 2 4 *0
T ar L et O FL e N ol ) P e gt 1 B x [ - = it et . X ¥t 4 80
Q [ 3 1 » nte 3 N o il o | k=1 - -1 * @
1 ® . . " . . L] 1 - [ ] . -
bt + e (K [] .
z LK ] " . . . - L] § e LR
o ——t 1 n £ o E) oL -l o ® 1 | == ~ o S
- X x o * O & Qe O » Fan =2 ] . »n - e -~ % T #% I == - 4 L & W
) N P * = wi (=] e LY~ N -l —1 =) - | =d o -3
N e neo - - - » W = = * « o 1 W™ ] o= 1 = » * <
=" Mo . o wa. > wa b - ~C . w e . “w o . -
. - A e | wdrrdin § At L Yo | bt an Wt et e ek et B ao f Rl | e T4 Y - B reraminn e | "} =X | e - vt et bttt | ST | Pt B w N v s o st b
Tk 2O ER =] o -t -4 o= o == -
Sl T=D i . O3 w “« o KL b - . ® 4 Qunm - « [ - . W
Qs «Hsx vigs x F [ et = | 1 G
] - e W LTI w oW o T 4 M. =  "Jn| LI 1 <dn “ U .
Q v T - n v 5 =-x) w (] i
=] S - wooo. L] . » ey e [ nen
o =X w w 5 i =
o L3 Ll - < L] 1 < »
) 1
¥ i ——— ’
-

Claldm-=)




¢+ uating 7

i

02.18-~-}2
TE¥G1S £3 - &1

o

CALCULATICN CF THE Ut
FRTRIL CLEMENTS -
*
1 £l .
Fommarmmn—m,r————————————
| _Feu s FLOATIWWY I .
KOTE 02 -
%0 20 RS P
¢ BECIN ED LGP %
« I ULz Le N ®
L I LI N B
! .
leadl=aey
» » 3
L] » -y
ERENTACN | et
. 311 1 05 L
1 " * »
. . ] JE = U ~ 1 !
(=10} S T LS re
: 1 GClJEfi*sA2 . 1
I i 1 = e e e it it s vy B
B e | bj
,..A1 a& } . I 1.
L3t =-cucies2 101 Poaen s qeN e 11
1 I 1 2250 = rze22 1 r
| S 1 )
i } v
: 1 07 :
BT e —— A
- ¢ WRITE T0 CEV 7
/" via EORRRY
/ FRCM THE LIST 7 i
i i;—j
T
I AETE DA b
* & B K S % &3 B ¥
€ LEST = ICH, I _*
2 8 & x4 E T K XS
1 -~
i ; I
- bt k3
I IoH = 0 t P
[ ———— - et 0 g e Caak
i
I KETE 10
*PEE &Y EEEES N
¢ REGIN DO _LOAP  ® £
s 330K 2 L, F E‘i
MR EEE ] z}
1
13.LGm==}!
i 1
i 820 = 92%DIK] 1
} EMS
LY
* [ ] 5
- -
. . k-1 L L] s
- » 322 I le
» -
- . - KL = x =
1(—7D) R= R # IDIKL) «
E BiK) B2
1
l r—---«——----a.—-...--| l
1 k i 1% o
321 1 13 - £
IR e | i
e BRITCA, IDN] = 0.0 ¥ :
I BILICR.ICN] = 0.C )
1
1 .
P NDTE _1¢ 4 t
= ¥ ¥ . ¥ X & R S .
3 BECIN DOjLCOR 2 % !
v.too?-'nch- [
13.04-—1
. * - 1 ]
* . B
L+l [T} Emj
4= "= 27 [ 1
i I * 335 1 1e
1 * - e e o o b e e
I - . s ot = N12 {
“i3%. 1=} T = (ol e 1
T H BVi*, 5 i £
v | L
! 1
336 1 15 aee
oT = D71 ! ‘1z2.020
i 1T = 0.0 I P e 538 gf
i &
{ )
1z.020

- -
see 336




4 oCaLiod ¢

Q2uli===)*
FC¥SLT €3 - &t

LALCULATICN CF I+E Bl
MATRIX TLEMEATS
=
o _Ed
_l Fa = FLOATINRY L
1
]
I NOTE 0z
¢ 1 x5t 4R T¥FLECE
4+ BECIN CJ LUGP he
* . JC = Ll K *
P I } e
lb.!!---l}
* L3
LI}
4 » (o
* - » 1=
e 1 as
* [
* . . JE = JC -1
(- rr e 11 =
,t e ICIEC; +
; CUJE) 1 wR2
1 1
1 et o e ey o e § [
319 1 .4 1 I o0&
F e . 4 1 it e e o e e o T
1 ZZ =z - ClJCl=ng | [ 4 1CH = JCN ¢ ] 1
& v ve e v vy etan s cnman e B [ 1 1
i I i Z25Q = II%lX I
1 I *
e i ——— 1
T
1 a7

/TVRTTE T CEV 7
7 VIA ENANAT I
&0 I
J FRCY THE LIST #

t
1 AKCTE DA
* [ ERERE ]
* L1ST = LGN, IZ2 =
4 % 3 BB 8
f
I
. ! 03
I BN = 0 I
1
1
1 KCTE 10
£ R B M F EEE S XD
. AEGIN NO_LOAP -
*  FIQK =1, *
£ xxax ; kxS
13.C5—-11
L}
i 20 = 82#D1K} 1
i
Pz
«
. .
L * (e}
. ® -1 [] (L
. - 322 1 14
= * » =
- . L] € o= K -1
ti-/0 R= @ ¢ LDIKL] +
{ o ik} I*82
t
1 1
{ ot g i e e e 11
I 323 I 15
321 1 13 v
TR = Ran o ARR 1 TON = TOR <1
* +
----------;---—-—---c ERIECHh: IBN) = Q.0
BIL{ICNy ICH) = 0.C
-
i
[ NOTE 1é&
4 2 & & » &8 3 % 8 ¥ &
*  HEGIK RO LCGP =
= 3701 = 1y L =
RN ; s s 5w
13.0&~==}1
1
* 1r
s =
» *
et - e
- -
I * 335 I
- 1 * . [ et ——— A .
1 . * )] ny « ni2 t
asan . 1 I
« 12 . I t=1} 1 T = (DT @ 1
- 01 o % : [ DT1%.% 4
337" ' t
% |
336 1 16 was
o e s e e * N ..
or = D71 { 12,024
TT » 0.0 i T e 338
1 b .
1
1
S1z.020
T e 328




1

137

/

P I S B s

KT b

ey r“..”u e T iy ey gy - ppanny

[P o o b [ | PRSI < ertmzoad

L ]
. w aw us w ‘e | - 'y
2 . M =2 . " = =1 v - ] * 1=
Bdrivies tg 4 D e e T e R L LRI TN v e i = i —— S AM S — i #FATY AL LA R
] il w - 1 - ami am - -1 nri =1 o am § g am A ~
- - . . i 1 - . - 1 - 1 - 0 " I - . . -
an 1 1 . 1 " 1 Y _u- -
. & - " _ ! LB ] —— LI} - . » x . » I -
~ o a aQ - 3 — [ £ w i - - o W 1~ 1o
- v Q. 1T ot “ - L v - - - e 1l & v 1 - N 4 L & v _ N - - [ - =
= wvi Q wvi — @ W2 n - —.d (Y] ad -—al [} at o [ 3 ;] d
L L ] - . o " - + < [ L] LI [ e - . = 1 oo = e L = sl
LB - [T > 1~ ~21 . o i ey » s s » o - - [~ 12
. p=T=} W e e e bt f=]=1 e it et | YD) THD | e - Bt ———t | ] D | - e i st | 43S | e w B e et bt e Bttt [ W OIS LN ]
- o c nr.. -] -t Dt b ] [ L et o -+ 1 _... wow £m
[ - O3 # . Ou = g el - « nodam * . . 1 G . L L] . L 1=
¥ = z ur.H [ -3 1 e . =] _ o AL " ~
1 . L ow LT M @) . Tt ow =4 < LI sty LI - - x -
_ ML 1w 5“ = Rtd [ —(C 3 [l ™me > EI
[ I ] - " . n na L1 ad (1] nwoos W [=1]
| m ﬂ - _ o - . - . xi
1 L] = L] L - -t - - . . - ]
1] al \ i t +1 s oas ~_|
] Z1 ; B s et 3 »—— —d s 3t 0D ~
t ] . Ll
1 ] LR
H i
] 4 -
i i o
i | 131
1 1 .
I I
Ll ate] P o ot 0t et e 1K X X3 o W E++4+1 £ ~atay ot et cudad [ 0N ol - s m 1
[=] 1 ot < 0_ ol [~} [~ =3 o [Ea - 1 - -t [l
[ ] LI Y i t » - . %t _ — ]
1 e { ' - P & n —- - (1-3 (5= 1
1 1s O wsnn# 1 il 1 - oL -2 ] wen e 9 ] [ | 1 3 £ = [
=1 rrow = O I - @0 ] - == e = _ -0 U & o —— I - (=14 Ta 1
o Iw i - [=L1=2 3 [ & . 1 - a o OsC » e ox asc 1t 18—s O o o e | [ e @ |
g i I S WX T ol = ™~ o a I e . = i IR # T oA | [~] A=y X e s | I - — 1
= 12 = - L] “ I A= h=2~ *_n "o L L | p (e 8 ol ot 1~31 I He="d M=y At d 1
o 1 Is o oo w3 e "o [ 1 =) oR T o - =0 —S=ZO O 0 s X | §_ = o i
— e ey 3 PR Y-T L T - ———] aL [ N =1 N T Ty pap DR ] B el X [t 1D W) VDR |t § e O | ittt e [
B Ll B~ LI -1 Ee o~ o | - P T ] L o) [={r{=]} _H‘T Zou o
t [ e *Z1 1 I Z ¢ o0 i » -] L3 - AZ=e "3 Hmwry N LI I 1wt Ses gem =]
Pt w1 N - = - - = Z et 1 —— ] - e st 1DZs VisX v s
1 a s I+ O 20 LI -1 | LI 1] o o LTI | @cx LIEae ] —— e = - e | = > >
- -1 TUIE E O OF uih o | b ¥ non we e -— Wy M g o g & Zad | [ = == X
- L L ~ | *zg O - x o 1 Smne o -3 LT E L o af e W E Der e
- 1 P r=] R ] - “a...lr.r.l. " 0] m . [T T n ] (=14 E=14
- = L] * m = » LI LI [ E (] [
- L e Ll | 1 ~ 1 1
Pt e ettt g et e Ex X - v “nae et [ XX R ] » - W s,




YTl 1 fonriom A AT LA er——
~ 1 asall 03 ~
. a | . . ‘.
w 4.
e # 2 LI
- w « - - o
or k) N - = LAl
& uw ~ N PR
-J% ) » ~ ) e ~
z L | - cC Qe " w2 e
LT T Py e e ' A v ——— =T I e T N R T
olppype U e s 9
.Za 1 - - - b= -
=] - s
CE I 1 * - =
et L v Ll
e W « n L)
+ o+
. " -
]
nw [N} 4 e
] 1
us [ *s w ]
= =2 4 Q0 v
Ay LS s et LIEZ T & D ey A GO 4D D a1 Y it
- - - t - 1 -1 s 4T ~N -dy ~ — 1
. Q s L 3 - - 1 L . + e 1
- . - al . ~ 1 !
-4 [= ] diec # " LN ] a cy L -t * » - [
- -~ =] [t ~ ul 3 .— a w 3= - b= )
- + o oun s w w3 - * o a - % O 8 a T - I ] e 1
My - 2 = wo ~ -l o~ ] = =l = .uﬂ [ Ry}
1 wedt T W = e LIl 4 =T L ] ® - = LN N} - - = ] - h * o bt N
us Loz 2 = . * " 1 . W w - KﬂFﬂ -
Mes i e ot e o D D | st 554 e DIl - e e T w e | e | Wt - Py i ] i T
- . - - - had =4 Q x % w2l = af - = |
1 Nt £ H = = " Z=e 1 Q - s - P ) | - " - -4 » * -
“ b 2 = - 3 zo - - I_ [~ = 1=
al WU Z m J L1-1-1 ] 1) * - - e * i @ — ® X e il ]
n:.K “BDZII Wi o =0 - - | [ T
n M LI - e s o = 4 & [ | L = L ] Q1
“&. f a3 et . alfy L B— o ] “
~ 1 E-I - * 0 [~1=] - - * o
— - = ] 1
H LA X 2 2 LN - L Aod "
: !
) ]
m -
]
[ 4
I
+
!
-1
£
- o —
: 1
L ] ]
~N - “
- » o W
~ fl o
* (ol - 1 a“
- t Bt et bt b “1... Y
-
! - x - LN}
1 1
i * » N
3 —
] . & N
1 L
3 -
_ 1
a—e
(]
m
1
1
1
i
1 v
+ '
. ]
o X X} 1
- . - o [ . Q . - “
-t . P2 ey SRUNT 8 91 o bt b el e e R L d ™~ LEppa®s L g b (ST X X% - »
© ] - v ol 1 i Arvd & O]~ i~ w 1 Brted 4 [ 1 - 1 ]
™ - - » N t » . . - 1 ~ 1 -~ - - - . . - » - 11 1
- . ) .e i -~ P> .o W ) 1
Weld - W . - It 0w (R - - . » 1 2 ~ 1 we we +* & T wes A | 1
- - ™ t n 4 w -~ w ] o = e w -2 = QL t ]
JwaTm (=T - I 4 [ B atnd — o s o w [T T w [ -1 1 ] DL~ aw wu o+ O w g t 1
= - =] - oW ] D D] (= i ~ 3 1 -1 10 Z Wz~ 3 Vi [Ty F ] ]
- i * # w “K AL Uit - - W - "y w o t O = 1 1= - T L - W Qe - - 1 ]
Jemde =3 (TN kot - ) A ) A ¥ el - P = x | 1o o > (=] 1
. — T T DL et e e oal g s | b U0 - Bs  #r emcm—] [T STy T TR St Z s 1D 01 4 ——
-—  ~- - (53 -1 At AL =3 4 1 W QAN = (=] L - 1
I s | - Sl * 1 In Wi L - G - -l . I = Lt I (= Do - L "L I ] 1
1 uwexas - “ [ ———th S | * (X [ L R R A A F3 [ - 1 ]
P . - " oWow A e seelr - our oW “ - I o =au) | = Y - LJCINL ] 1
~ — - ~ 0 it oy —— 1 [l 3 I x = 1 I I P el we ko 1
N o W e e W ww we | - oo LR ~ = - - Dx awge O *
o . m ot | ] ~ -~ i x) ] t
W oea W - wo) 1 - we - i - e - o H
- - - 1 | N~ 1 ] - 1
T et Ot b bord b Bt wl | -l “ [S]=} nRRE -
<
e L)
! !
meE T fomd ot
. A e

115,032

460

e

s
o]

—pry

T

D D oo 2O o o o 2d




-+ e r—— Ty bt . .

Jd .LF. 2

»

[
o
-

ABSLAB

29

et bt b e

ey ram———
f.ihyfu.m et
-
LR
o
- L&
a
LI
W o -
- @
| L - =
] 2
] - o
[
[ LI 4
1 @
1 3
1 [~¥]
] 21
1 1
[ i
] 1
] *
1
m
]
i At i p ~
=} ] =3
1
1
[
I3
=}
~ I
- &l
= 1
—— ol Rt
S
L [
1 [ad __“ 1
[ a ¥,
[l Lok B4
i 3§ e
. [
” i m
-t 1 s
Bt

i .w iRy
Ly - o agy [ 1 (RN
. .
——— T ¢ A bk St bt
-c . .
. - 1
i
T
P [~] ~
" ELE T
wn ]
w w {"E "2 -
F £, > tn e
et e et e =] S T Y A T A LY
& Tk e
] T - )
_-IH (=3
Di o« -
7w e
1
. “
A e et et e )
-t o Wt bt et bt N LLITL
o o
[
-]
T o - -
+ — c o o
LA Y . . ]
- W na [ -] e
SRyt N ne
. s uy * L] o=
= TR Gt e D1 it | ———] HE
n os - 1T X = o B
. =3 1 127 a a9 =
"N e { - - -
+ e f= " " -
o 2 ] [
= e i -
= . 1D ——i———
4 un e
-
e et e s -

0&

o

SANE = 3.9

SANR = D.Q
W e o tam et m

il

X{ET1«8PC
e {2z -

i Y
DABSZ1 = ABSEZL)

144 15===

-

ARY = AL*kDS
CART = CUS{ART}
SART = SINLARTI

1
]
2 !

o - SN MO
[CT-2F | ] TR T
. . ] - . .

.e | .
i - 8
w {
m [] - m
- i L
L b el
]
»
-
™
- - [\
' at
- . .
X o oA
- ——— A~ 1D
. -
.
- ”
“ -
] L 24
- = “
O - - -
(™ - -]
b o g —— -
- | Whm3 M=}
#eeXor | x3 w0
DX | bttt E e O | i
Fumb T
LI s -y
= Tk AN |
[l -] n ru |
r o » .-.E.—
- & o 2
n o
i |
)

4
’I
!

&
V1A FOR#AT

&%00

4 wWRITE TO AfFv

/

r
/ FROX TRE LIST ¢

f

Pmmr——————




- ———
N
1
1
1
1 - e
1 -~
ez .t
Ll [
je 3¢ -
- o
- . -k
L] L1 g -
i = e
[
1l =
i
1ol
[
[
1 e e e bt
)
)
+
|
3
m
<
w ) L L - Ueew—y
- -1 - . -
* [ v e - » @ H
[ + e 1
- 1= v o Lepn ® L 1 .
- - [ +
- m.Z no ~ B on Ucm..- - " "] -— “ -
- 12 o . a. 3 = et v 400
[ Z WM == Ll * N - - [
[ 1S a z x> [=3 = = . & s
W e v o D G e G b e 1 § v (e ¢ & *
o - | — - a al « 0 -
A 4= 1 LR U e e atmg | & e e { -
Lo L x = - { PRt ‘e
PR I N - R T woue L * [T
L IIa e v Wk o~ 4 1
m " imi= - sTLe N . * -~ i
0 ol 2o . ) X o ;
~ [ = @ . + £ - . .
11 - + 1 R 1
| [FET) ol SN Y= .
i . -l
I s
!
*
! .
XXX L G.. FreeTy
- - =
- ~ i - w0
LI ) [} 1
T - .« = [
- ™ m el [
N« = - « o [
Z oalw I -~ IRy
) W . oW I
[F 1] - 11
LIS Y- ST YTy g P [l [PParSRENORENNR oy PR
- — 1= [
) scxe T . x s [
1 s [ it I~
" »LiOE ¢ - - [
R Lel N o -t
10sces ~ |N . s ny
I + lm T
I % v * 1
] - i1
| ames .- -
| =
i
1
| 5
3
! foa
: (=]
.
. .. e
a . . « T ) . .
—_ T — Y S P it 1t b ek P L] oL -~ [ R ey e g R
= 1 ponrs o N St B af -~ o | [T w
* * - - . - L] L - t . l - - -» L] - -
- an -a t -~ - LY e I
W - . " - we wew LR . = o> o~ H ~ we N - - oy
= D ] + u - 1w ] P o e T = a
Seds * [T I = P o e Qo oo u oA R W [ - DeZe el PO - I & = P
T - =] ] Sl Em a 7] - - 1 = o a W T Ce-— =] i Uy
] - - ¥ Uitry Widw - - W - wto# T 1 o= L= et aize . L B )
-ty we > e 1Y » z - 1 - x oz 4 —=a wa - ;
W Ve O CLICL) e i it ey ey g | - - - g ke (& X} I e e bk i oy o * A g o et o et | -3 MTANEET) et g || B e e A ettt T gy
-~ m e = - Elwm Ll [ —-cy i w Sm - ddwl Z - (= = :
L L T I 1w dOux Ods + oo . PR = B - Tead g . ma s oo Q
| Do & 1 e e - e - oA e ey =z et
[ - - . o= & ] mewell —dmallr - o oW - g o» z | - 1 . ey . o W T
L3 - o ~ O ~Crl— wrr - [ > T - > ¥l ™ [ad -kt
N - % gy - g kM wur ~ - - - & -~ > - il - e -t - » =i 3 - -
. e .y -y e ~ -~ ol m - 2
T ea = T . - - we -~ - b - - - Sy -
- — - w il - . L] T et
ransw 1 ~ ~F newn. L
-
2|
!




et A i o L et T A L P S AR TR T e e—— e e T

L — iy priaerey e oy P gy . - f ey Py v - . . . ¢ oo
el " 4 DO . : : Lod e _ v [ Vi
[N (R |~ L BThra {rnneron ad i . Seee o) Brangimnr A, [ Sprene Tiperd »
o ——
~l
E
[]
3
i - =
-
iy - v rD
L] N
s 9 rE .
LR el WE_TT o ] - -
- " - .o
v T -
[ - e
T
o) -
-
an
L]
i
& -
|
<
na Lt X 2 4 e [T Eo Lt
- - { - - [l
i - I u e . » L [
) " eq 1
1 - - v e ito W LI ] '
1 - had Lo =) [~ — L
[ fv = ok @l HED - - - -
H el ] - 13 e ' - ol L -]
T M Lz W o~ =k - » N R - [ ] ~
, 1 [ -1 = - ] + G
, B —mml—mm | o 0O D e SR ——— ' o e ————— Jrm—tot s 3
h -1 a -1 - el - LI ] + L .
, 1 tn - — ) i o - =1 L L] 1 L - - [ Ll
, [ ] i~ 11 & =1 - ] - i LK
ol w2l 1 JE @ oW A LATIIT ] - - [CIreS]
.Z_K ...._U.Ll —i whe ™ ) H
im - [ - ] “Ten N + - - H
1ay 12! x = . . o i
i ~ L T o *« & & - . . i
[ [} ] - i s b= 3
[ (] (XY} b —— 427 s
| | . i
3 .
¢ 5
1] ‘
, [
, [
, 1
N 1
‘ 1
, - +
" 1
-1
tf
LR LA L 4 -4 1u—s
- - -1
. a i . i o
L -t L) i o
- a2 " - i
Uil # - - . - (-] t
Z o el - ek
. 2l s 0~ & 1 ral
i 3 - =1
RS FETeT § i ] PRoTSTRNERINEEY Sl IR A
- End z1} wi
| #2xn ) i L ]
1 - 1 a1 -1
“ o | 1 - - ]
Uowm o dut -1
IQsses ™ I NE . myog
L . @3 ci ¥
1 = - 1 - [}
— - 1 1
L IX Y] - - —
1
]
]
1
1
1
1
1
i
+ -
. . . — e i
=) » H -] - [ o . . 1 . e H
s X T 2.1 2 T AT et 1t 1 St 8 Lt L™~ . SEEEN. E = A - —— g L i
a ¥ rel-R1 Es] 1 wrelmd 9 Qa1 W TR w H Vetes & w [ TR 1
- L] - . . - . . - P~ i - - - - . . - 3 H . 1
- . L [ el P> . [ R - 1
Wil = @ * & - e BT " & - - ) > e - e Ll -l LI I » L] {
[t L o 3 ur - 1w ] {d 1 = e w (=t =] - t
28am = U o O e | —— ——— g 4 O = I 4 J1 g W [ [ | ] DT wkh s D # -+ - - - )
Y [x] I P e a ] ~ = i = g 9w X e a v e d - - [}
. gt - . w w ki Loy - - W - o8 12 a0 i X = E=t- 1 » + w B - . o ]
== b > e e 4 - > F3 = o= % 1 1,08 - bl we > 1 - ]
4 AL e B et LD st |52 g b et e UL # e B4 srmsmmbme | L e s UG | meen f 2R ey A e T e - ————
- | = . = - LZ Llwn [ —=a Fou ool o e wdwl Z . ™ o ®
[Tt | - [~ 1 A UUT Ul L4 Cu - -l W Pt W1 e - - it L [< "B } —— L3 =z -
I awz ) < ] e < K] o= awp b ot oq =t = z - -
[ - . w o Wl el e “« o - - U o 1o o aw) 1 I E =) o . w o Qe - -
M e ~ o PO LT e -~ s A ] O - -~ -l
N R~ eyl - - mal) ¥ W I s Lot - - . - Y o> [} L] -~ (=) - A -t - =T - @
LT s T oy S -~ (] - o e o
5 - 3 - - - Pt e L) 1 W - L4 - - -
- - - v ~ 11 ~ e
rhasaw ar ~ - rews- e
1 1
g1 [
1 3
- -




-
] ]
. “s ) 13 an L g
a . . -] . . wi ] = . . o . .
THCY RS LTt Ol b et it e e et wr St i~ TR —“nanas Fe—e G e Famem v o
~ ¢ I N 1 1 —n = L IS RS - \ - 1 PeT-
» - " . . I . . . ww 1 - [ - - - - . . - . Y
. . 3 e ~ I s> = e “e :
il - & L] - - e L3 ) - L] - L] “ - T~ L] w ~ o e - 2 - *
- w L - 3 - | & s | = e Ny m -
—_—reT - N O o= ] - - o L e N e U o= w [ =] - L Ll ] LI T = LI TSI ] ]
- =] v TEe- mmel =] vt - > ! - [T - I T ozr- 8 v & " L AN
" Lme - L % OSx SOx} - L * =T =T I I RN S w=iiow - * - . w Hil e
—re 1 wo > e B g ] wa > Z = i - X | o~ boeE -C we = wg > (T2
LR ey e ) SE e | D wa e pid [ o R T ] D+ Srmmrrm—] DX e e SN | el 0 a0 e UE s CQ  e=mma ey
- a - =] - EZme EFwa | (=] -3 I w o™ P et - 2 -— Enl o
[ L B - Ua 1 & W WUt - o = - - . I = g foem =Ly ,-IZW - i = t - i [T}
v CEvE) i 2 1 At | 4 =1 [ Y] = ] r ¥ 2 1
L LI . woe - P B s . W o» LR 1 = |ol X - L=t LT 3 - wo. +
N - ~ o oS = e e | g x LI ] ) > X At -] o 9 -
N #i= # - - u NO|w =D o g = L LR -~ > 1 -~ ai 4 s Ll * & - o " &
o s o D i < ~ ) E | o o . -
< #ad A B - ) - L] - ~ - . » wn L}
- - - | -~ 1 -~ 1 -
doenss 3 A et et ek e “~1 ~l LE XL 2]
! 1
] [
4 1
" *
13
‘ 3
" ]
i J
] 1 1 1
. W wi wh 1 - RN}
S - - 21 o W_ 1 1 ] "y
P e L T -0 ol @ o - L ] 1 — U T -
11 T - -1 = - ~ =1 [ 1 [ T RN
- - . . - t . 1 » 1 - . " [ ~
“s 1 X [
. " . - .- = — .. - . o ! .. ™ -
- ™ o (%] ~ (%3 — L ® W - - o w ™~ (3] 1
- e - % G oF 3 - - w e e - % I # v bl AN oS L oe vi 1IN« - - ] [l ]
I [r] g " HE NS ~ -4 —d =3 - -t [v] - [ = [FERE IR ~
- . w - * w = = - - T ] - . a o) » * 1 . a 5 o [ 1
(-3 > [Ty 3 o0 - . @ o . - Lot - w - -l w oo, - e A aad
Nt OC et O et |0 D b - B i | Y GO ] —— - et e § I s | o w - W DE T d — 7o)
- = =2 it weE - - ] Be -~ ] “r. wlrwi g 1o
[} « oo = - oo . TA s . [ i gty - . - <wnx . T = - L3 - I T
3 4 x Lo t- Tt - e~ - Tof =iy ~
£ & wo. . W s =d et . T g - = ¢ - U e - - PR ]
[ W Ta = ez ™ -t o ~ Ll > a9
[T I ] - - LI e o< i “y v e o (RS =}
[ E] = o ' b W T
F - - L) 4 . < L] - * ' T |
1 a9l Y sk oCF ~
t Zi B et Frrm—— Loy [ PRt -4
_ I 1 e ;
1 ] Ld
" ]
¥
1 ]
1 ]
[ ]
i i
“ -
3 ]
“ ]
» —— Ty et TR A e TS ey wliltl g A EE CfEmase—s Cases 10 5 e - - - ! :
] ay 1 =] En [ =i ] =] wi t ] =i ] -y 1 -y [] ]
i [} - . | ' ] i | » * [ T . = 3 t f 1 ] [ 3
(8] 1 t [ 1 3 - ] -1 - t i 4 - [ [ L=l ] ~
[ ] uAnne 1 = t i - i [ea ety q ' —F dwale b ~ = [ = =i [ Exs
- Iy & =3 =T [ - o a1 | - 1 = [ w1 = ] - =i | weu 0 oo o 11 - - fair-t] 1
Q IS s i ces e i - » oar t - o Wes = [T BV IRt ] EL- IO TN e e O = @ e - Pl 1
[ L] £ = [ 5 B TRt ] ] s (X Z S IR ] F O b O o i F NG K e aad P W e S ]
- [T | » - i t { W ot Pt | W v ] aTue b e w1 s Icesw = ou T Farm R A Hima g ]
= 1% o sl =] 1« - LI | 2% ) c e . o] =3 e - - I—tem = o =y Y aF e e 1
e et L] T i 30—t - (== =x (R T TR PRy S - (e dmmmy $ 0 vl e [mmem r VI e | 0OmiL 3 Eee e ) ———
LI B w i - % z= - of [ ] — dla= = ni i i [ ] [l 2w
Poen [=rxy] aF=e 1 ld 2 mo= ] Ll -l ST ] = e 1 Zoe [ BTN [T U I L | T—adixy mix i3t
- T Ll Ntk Lod 1] [ e | [} — -1 —— 1 17 Uiny = | —y ] 1 1 LIl [ 12 J= 3Fn vie x|
- T W W woaae (| n ] 1 ut T ® | Twyw - -1 U - N ol ol I @ ny =t e T Lw - et
- Lol il I B ary e hal 1} - ] Al Wi w [ ~ Vi gds 1 w e | foagudes, = 7 TI (K" ) w eI
- Ak Ly ] aciue o - o oan ] ] wwuw. ~ i - Lu-e I w Wil ' — o w w ' - ot
o0 ' .} -t | § it ) o L] ~ @i - 1 i i o on [ * fiay
DL ¢ - LR - ) [ ] - - v i . = [ i | ] [ o
- t - ] L] i - ] [ | ] ] ] 1
e e A o el ek gy b 1 B LA R X J - — *ren A 0t s e LE X X 2 - - - 3

= g 2 o O O O o Co OO Co o oo o

o iy i - s i, - s - N " -




— ‘o ey . J— S
J— P R R . . - PR - T " .
. I —) o ey TR A : _ v e
it R | Fenrtyamld i Ry Py [P * peiE W by sz PEES | [V Uit vy g & RBspoet bes. b
O ® et
- [}
3 [}
] ]
] 1
1 . 4 <
[] 1 .
[N ] .
pe ) ~
1o @l s W .
LT L ] - L]
- 1" -1 & a
| o g -
1= =l O
Q =1
Wy ke g
bl ] 1
i !
1
1 i
(=3
oF iy WY e et i B TR X X ] el O} et it
- p r - =
] & wi - - [
1 - [
[ -Q g wsa s . o
— - ] = Mt.. ™~
- e m i Oede - . a =
1 - [] E aw 1 - Q
= T o ) T - .« Nooa - -
le —= £z Z1 e =
FYTY PYRRPy PR - [ Py - Fe ' .
- ey = - =i - "
ta \ LY LY -LL I . -
] = 1 z on,_ - 1 [ o
1 (IRt a0 | - ® IS
il W I (T = e wes -
vt Il ne os w=f ST - - " [l
L [ &~ . . -
1 w Y LI - . .
1 1 1 ~ 41 SR b
Sl | B e———— LX) - —— T AP . ———
1 . "
m .
1
i
3
it it &
1
- ]
-
AV it B D v e W [l e LR ] [k N QRESH - - mi g “
ol FI -] [ - T = a1 -3 - Py - 1
1 | 1 1 ~ - " 1 L - 1 L] 1
1 | _ (Ed ~ 3 w 1 1
] | - i -~ Ll ] T wen ¥ 1~ . » x 1
{m 1 ~ e 1 - 1 -1 - X “K N - 4 ]
1 ol . i ] = e Ue = ] [ LN & - - . - =3 - ]
(W) @l &1 e =< i - - 1o w £ c ~ - !
] Z Wi [ “Ze ] (=T] - e ¥ L [
[T ) oD 1 Lo “ [} x = ~N - - '
T S | ———— - Fomrbm 2 0 st oo imnirs | Fevaven e ® D08 et | T ) v [ B it o s ——
-4 Bl ) = LN | = wiwl _N Qul -1 [
e Ny " 1 1= -l ) “ns = P ®2Xx® 1 14 “ L4 - N
H sd—1 ) [~1] tx 4 w1 (K] Ld - 11 «
e SN & Wi 1 e ] Loa ] 1 R4 2O | ST - -
l“J (2] “2 [ ] ] L4 1 v 1 Pl Wk ~ o0, e
"_ “ -ll. =3 -r.“ -~ S L L] " um g - “nu - = n
-~ - Q) Py o
] ' n 1 -~ ] .. ] - * . 3 *
] [ t -~ t A ~
* * . ~E e b x snwe - L T
!
\
3
L
t
]
]
1
o e et
hat ]
e L AL T - E Al i
Qe | Q Q1 )
1t L] - L ' 1
1=t 1 1
[ 1) dipiue . » i i
1 1% - gT ] - i
3 1 § =i Dez « (= L1 1 1
1ol - ir=1 Fr=K ~ t 1
=N < 1< - . = % | 1
i~ [E=1] [+ - _ ]
Tl ® 1 #e ] gt mmmee G ®—— . - ——————r —
1<y -~ Tl - ] L]
I I I [ * Ty | - o [ X
[ I T ] [N =S50 = [
Lot [ e - - K]
- oo R e a0
- iz P M - - - )
» [Ty - . jug Pyt
moa o - o - [
o= v ~ [
~ -—— —anw e




S

e

3

70

L

=3 I

m
ng

’ 731 !

I
LB-I?---J%

o7 w D17 1
IT = TY + DT L

1]
18.18%=~]1
el 1

2
{ 8D = peOTs40e 1t
i eT02 « 07/2.0
I BOTOD&N = 1
T a0TD4*PLIK) ]
O bl A B
1
1 NOTE 03
& 3 K & 5 b & 2 ¥ &
«  BEGIN D LOCP %
@ TS0 J =z by, LP *
- 5 % 8 ? P E s &8
2m—
20.1 ){ 0
L = 3 }
TtL = KN ¢ 2809 = I
[§] i
BTRLS] = 0,0 i
BTIES) = 0.0 1
AR mNmm—— e ————
1
1
1 0s
1 H
£ GAUSS +
I IXeWTTl)  w
i [
1 H
e e e e e
I
1
f D&
! SANR = 0.0
I SAN! = 0.0
PR ot
1
1
I NOTE 07
® ¥ 3 & 2 FE 2 ¥ S P
* REGIN GO LOOP =
s 75% Il = 1, TLL_ &
" & & =B : LR R B
0.02===31
2 1 ]
B et s e
1 R = R -
I x{11)4n2C
I RISC = RI®RL
i
I NOTE 179
= ® K& 0 B ET S
e AEGIN OC LECR 0
« 755733 s i, ILL ®
% ¢ 08 f L3 I A )
0.01---1
. i 10
T = TT
¥ JI1ADTO
FC A~
kpstesiTliiers
HISO®ISINLTIY]
“*3 e [I5QI880.5
ART = ROsxDS
i
1 11
T o e - b e e o e =2 2 T
CART = COS{ART]
SART = SINCARTY
SINT = RISLA =
RI*COS(TI1) I
*CES(FMReT(] 1
_FiRORRO} 1
1
1
i 12
sbfeerin i
Wt i) t
SANR = I
RUMYSICART/RO * I
SART®WES] + SANR i
: .
i
1

-
:
1
1
1]
H
}
]
=
N
1
[}
]
L]
i
1
1
-

I SAH 1
[ _DULFY®ISART/RO = |
L CARTOEDS] & SANT [

63




|.l.m m.nni!la_. tll.\lzm g M e T R, .iflvlrm i
b [REEL o byt td [T [Se—— oyt H p { 4
T B e
Nt [
L) L]
1 ]
] 1
E) - ] &4
1 [ -
[ -k 484D
_W -y L]
e oan -
ek el fm—— 4
- ks e + - .
[} ey N
[ [+}] s n
i =1
s -
" i
o ]
1
i t
u e
a
E ~& FLT XN - L) o w——
LA [ ~) 4 ~nN ._‘“
i 1 ] o o . “ .
] L | s ol 1
1 [ S 2 of G * . & ¥
_ - ] - “ - ol W ] ]
- §% hoaoww (=1 . ~ o . - L] [l
* -0} 1 - 1 L - ) _l -] DL
oo (z o= =1 T - N R - - o~
] =1 i B oy Z T =] "ﬂ o « 2
L N3 E Rl N I == T F=T % Folotnl ] 1] e g S v » +*
- bodd =} W e i L & -
1 1 [ E ] . wi LF =T Y | 1 ~
_ e [ 2 £ Hn — 1] T L]
[T - ] soos [ - 2 -
“zok L IMIE e s ) H - -
g [ Ll -~ = -1 sToh - & "
[k ~ <« - . aa w
r — ! _ [ Y] » . o —~a . . —
L | ] # 4 t ~N L] i AP ¥
[ » ] LER ] ] e e L LT T iy
| _ . -m
G
1
! H
L
1
]
i
1
- *
3
. 'K ) -1
a - » [2] . . <] » . » 1
—rread P i Z v SO ® wEw CHEE® . Zhomant 4D RERNER s -1 -
- H [T - | [~ BT = ] it ¥ (L - [] i
- L] - . . - . . 3 -~ L] - - . . - . = [ - 3
- .+ . 1=~ . W 1 "
weLt« & - & - oA LR Y *. ® Talr -~ W o . 8 Tws wat. a 1 . »
- e o + o [ - BE e W8 (3] o -
s » - % U oe I == e - D -l Usil- s - .o W U - N . O o
- =3 w ZlLe ZiLwmm o v [~ I OL= o w Wad T e Tl ~ ey
L3ty * * W ¥ Ch¥ Cox - 4 u s 3 e [==r11 - W Ow [ e i - o ow 1m
V—im g [n.. S e | wa * ag — ['y-% > o eyl - 1
o d Tt T~ R LR, e LT | OB S [ D |l B o e R T Ny - Ll ' # it | ) J e
- 2 - - =] - T T m 1+ rr.DE_ - (=3 (=1 ] - " [
T & sm g L3 Qe = ¥ WU e - =] ] 1o L =L - [=P=l J ot nEXE ) ni » E - Ll
] L2-1-.3 3 = 1] b E 12 =t =1 s z (o] - 1
[ . e - W - B pad seemm e . w s 1T = L Tt . W < “QoE 1 jul L] . -~
Q == x O WL e LT et o 1 > 31 e =] ] we o~ (i -
PR o T TR A CoIX S8 Do ~ & = ~ (=1 L -1 m W o= =13 S#CCd - i . » ~
PR . - 1= r- ~. T o ~ 2 e 0 e
o &4 = O - -] t - » - - e LI T I | [ i
~ nt ~ o} -ry Ny T
LEXE XY ] 1 1] et o Bt B Bt et - LE X KX J (L%} LN R ] - o —
]
] i
1 ]
] -
)
m
1
- -
. . wl w
a * . c . . 2 )
Tt AL Feeer arar o Mg e i A ettt o — T arw
1 Saima 1 —_yg al ] - o 1 o [l - had B
- . . . . . 1 ] L3 ) LI - 1 1] L i~
. L 1 1 ] 1 ¥ [} I -~ [
- n - » 1 | - & ] - . » [ aind | - 1w -
- N [T ) - s [ — 0 » w 1 e o o = ]
o o+ 3 8 o O Mk L LI ) L ) R L] [ - I m— w & T - = =)
=] v [ " wcl w0 N - ] i ] - [ =} € 2 Fm ~
l W - . w ) = ) * * = 11 mx3| - » A Eousemy . . - = - -
wa = wa > 152 —~cy . w | — . ™ [ . booE i N N
- U s em———— bt R e e IR - et - i = i § =t - o et | T | mae— w - ———— AT ¥ i
- [¥] [=] bl g | - 1 i b w i Qo | vl - wlduwl (K- i
1) - Sy ow L [P Nxeg e * . * in qunpe - - - faunTy - - N o o ry -
' < x N ) ] Liea 1 1 ey 10 au= -~ .
] - u = - oo dmm i y - = - [FE Tt - - = [T - (=
»oun 1 o Wt [ 3] —th | T 1 -ty - -\ > ¥
- u e e . w 1 v - = ] wa war [T LR e W wi
r -~ i 1 ] W o g e - . -4
w L] - i [ - | o ¢ die [ . ' — . . -~
- i 1 1 ] 2 ] | ' -t -] -~} .
- ————— B ——— & ,—— . e R -l B
-t [ . [N i
] [ . :
1 1
- *

"




N
Y
g: T
1
20.25---1]
1 a
or = Dr2
{ﬁ TT = 710 + DT
1
0o 28w
™ 05850 02
BDYDG = BODT/4.0
0TDZ = CT/2.0
D4C =
z‘ BDTDA#*CIRK]
] —
i
I NOTE D3
L N B BN R B I
*  AEGIN DO LODR %
. = BSO J = 1, tP b
* ¥ & ® 5 &£ 3R BT
1
22.12---11
e o4

LU = hh e 2eid -
Y

ILk = J
GIR{L) = 0.0
arilal » 0.0

=

1
1 GAUSS
} (X eMTIlL)

-

¥

{

[}

[}

1

1

[]

1

1

1

]

1

1

1

i

o
STITIT W0

I
a6
D mm e ———————
i:} % SANR = 0,0 }
L SAN = 0.0 1
I
4
'! I NITE D7
% E R W LN S AN
* BEGIA [IC_LCCP .
= 855 [ v 1, [LL =
LI I B B B I B
’ I
ZZ-OZ---!{
Ik -
] It v I =
{ XULfr*B2C
I ZZZISC = (2} =
] 1 Fr1eez
I .paeszi s amsizn) d
E NOTE 09
. % & & 8 K E b E S
. BEGIM DC LCCP *
® R3S Jg v 1y TLL =
= 5 5 0 F % kb b b8
I
22.01===11{
. { 1t
1 Tt » IY =
X(1JE®0TNR

-
2

ART = RI#wlS

I
A i tL

CaAT » COSCAAT)
S58RT = StN{ART)

QUMY
SINTPRTLINY
*ul [JJ)

SANH =
CLFMYS|CART/ZRI &
SadTRulS) & SANA

I
]
SANT
rukys (54
CARTeuDS )

f
1
t 7

172,01

I
U
[:] PRI S,
U
U

65

GmAL RAGE T
%%19003 Qué

==

H




e

o oy w. -y P, wls!.lu -sj Ya[?kluw - S, . s e . 1...1.\3“— PO
i, b Tl [ ﬂ....iu.nﬂu.m senmarad (=R A— [ e AT s o [ f [ ; NewiaPend Bortii s dutiepns
- .
- a Ld
LY [ b — et 3 F R
- i PO [}
. - ) * + . 1 i
@ . ] 1
e T 1 LY 1 ]
[ - - - [ . 4 <
Ce » I - . « D i \ -
o ~ 1o .o alr
i w . N~ e = - ™~
K - - - s G a
Wt - s [} R T | b ————r - -
- e [ .oy
I aZs ] - - - 3 o= ~
foul -1 e n
Y=y ' - - e =
3 [N} ]
TN L b ] 1
T -] 1
L] + 1 [
] 1 i
ane (NN ,———n
w - .. ]
=2 = . g 1
T [l dakan [ KW it e s m—ten WP Sl T4 Kol s |
L ~y ~ - oy - Rt I -y _ |
t oo LI ] - i . . . H
+ ¥ L ] (=~} -t bad [ — i
] oo waa & . L) [ ] o - (=S . " o
- [ e B~ g w w ] s ~ t a1 -4 R &
- ts m & B (=L T-2Y Vil r~ow « v -] LU T ] M oa G W o ) o
- 1 - FeE W - 2 I~ ksl - (N ] = “-UH“ It * 2l
[ "M .h m m Qﬂl- [ » - “ LI | - . o “ - - LI “n... e %
- . U L} - ke L] N - - - . Ll
Wl i) oA [ O [ DY Xt R ™ T N Nl b e et P L = e P IR
- -l o) = - R [} T ¥ W z - . il ...
1 LI X3 [T N T B ) L=l ) E=] = . - [ | - * L] 1 - L] o | A4
- e 1 " z Z - ] Eik [ peRd x far= 4 " LN
R R - AT ] adoe | U . - » 1 = s x & = * 3w [
“ LIRS ol 1= — R R s Lt - n - x I.n ]
N N 10 Joe - B N el - » - LI (3 LI 1o
te tend & - B ey 1 &> -1 [
- 1 = @ - .- ™ [TH L] - i - ~ 1
" _ [] ~d 1 1 [] )
it B . ke - e ] J Ry
m }
i {
! :
* i Lo
.n ‘e an i [d=)
a . . =] . . -] . - ]
.- T VI b it et e O P ] - _ - aRswNE Z b 0D » - ]
- ¥ g e - [l 1 i - - t PLY= o i
- . - . . 1 s . . ~. - - - . . - 1
- . 1 . L) e wZ 1
WS e - L - U ue a = et ~ we e LR ] Tud L] 1
=3 ~ | + =) I e e -~ =+ - i
uedT - - % o | = - e U B e i el - U i - o i
z - E=] v Tk oLdw=| 1= v o oA T Bl a n (2] - 1
& eciendh - . w ¥ Eoe DOWe * . w - a r.ﬂ LR=-F 1 3 . . W oW s “
() [ * e ua > ox == PRy » -
e B b r—— [=1=] Py e e bl ] [ =1 R T = N I Rt i et Lo LT 3 ar A e e i B e et i
- = e =] - L =] _T [T ETR] & - [=] Ow
I I =L I T - ] P OUr U . o2 . - T | LTl » Ao« — L
1 Wi [} z ) DT o | z L ] VimLd o gt
1 L - W e - el el | L BTN [ 1 L arhedad d L - -
. x o MG I= T == | (=3 3 > Ly alr— o e
- suwi ¢ QB 4 8 Qo1 e 2a | - & oa -~ gy 8 Dee -~ s . =1 *
. mebm . o (L] | w ~ = = o« (=}
nNoB e ™ - ~ i L] ~ wk . - - e
n LM L 4 ~_ 4 Eh
senan e ~1 LI TR U
1
: |
]
L1 + -
| 1
[} 3 H
J
/] ! Y-
1 1 1 ;
-“a e w w ] -1
= . . [ =1 H . U_ 1 L]
Z 4 mnm mil3 ¢ Fw s ttis 4 o = - . @ - [TY N
) e s 1 s v oy t =1 1 (] - ] - o™
- . . * . . ] ] L \ L [ s ] [
s .a ] 1 | ] [
- . i ¥ - | - =1 - . L) ™
- ~ [ (23] - ] x® 3 — o x w o [1=]
a s O o % aow [ 4] o s t T s wn [t ] W% oLow A [ . - Ve
[Z] 1 ("} [ 1y Wk ~ ) [~] - gl - b e 15 = ~
" - W - - B “ L g =1 - ] L 4 ne——y - ® =0 - (-3 L = X |-
o > wa > =2 32 . 1 * = 1w | . w - (R 1oy
-— Uh eeee————e DL e | S T | - - 1 - & ———— T | S——— w . ————— e —— e
- = (=] Noed oo | ) [ o { Dot | i - ' 1= WO bow
1 - oo - e - 122 i) - . H - - {anigy - S - ' - - b= 1203
1 = = I =71 H -7 3 - P s -~
| - W ow . W e [ L] I - b oeng - o H “ - s
LI 1w 1 - -tr n [ -1 -3
T T - 8 1 ' -« i wied | nrae Wiz sas It e e - o~ w
s m 1 1 \ Wl ar i on . @ Wz
- - - | ' [ ] o« we < | - 1 — . ] -
~ 1 i 1 1 a1 1} t * 1 YR el e
. B ——— ar —— 0 gt by BT ——
- 1 . 0
[} i
1 1
&

T e R e e it gy d e




.

o . [ ey . . [ . "
STesene Ze s il @ ] -~ Teswaw Epemm— U . Shmte 40 0
~ 1 g, = ~ - ~ 1 e 3 ] Py
. - - . . -~ - - - + » - . Y
- e 2~ . X .o
NS - W . » [ -~ L e - * - .
- w |2 | Sezs o - -
mnAJ - Noe g f el ﬂcmmu.;t me o - . -..m. . ~l 1
- = = ~ w 1
& aXm® - & L _m.« o 4] L 1 [ . - *« W oy
—basy we 5 -] - ha - wi > (TS|
- D e g [=]=] Wt e i oy g [T - T D L o Rttt 4 =3 o b v e wD et e e | =
R e~ o - I oWl e = o [ 3]
1 & aw 3 - Qu & 1 —-.. - ) =L W - QS » - Lt & [ET2]
! Nz 1 z ] x = = WL - = “ ]
[ - = . W 3 1% ~- ¢ ey - U . oW i
N e ~ o - 1 > Xt g (=} -3 -
BT T I N -~ (=31 & aren L a & a
i e .t e -, m o o -
" ot 8 M " ~ -~ ) - . - -
nN [ ~ ~
conae | [ ~1 ssnan
1 1
! i
! .
i {
| |
] ‘
] i ] ]
. we wi wie 1 - s
[=] . - =11 um 31 ] 1 . =] .
Z A et 4ME ¢ L et al = —— @ 1 oAU LY L
) "o e - ] -t (=31 ] -1 I [ e W |
. * . . 1 1 - - v - I - - . | -
" ﬂ n _ ! ‘. > -
-~ » . a » - — L I . * o -
+ ] [T ST ~ i — - ® W [ e 1
- " - O & _ oF 6— - . I - n ® I ® w 1N - - 1 ]
= v =] v LT=3 ¥=1 ~ "] - v ~ 1 i [I=EE Y] -
- . W “ & w [ = e - =21 " * = [ « 8 @ » - [ ] 14
Me O > [0 e _-ln ln" - * Lol - L —_ -t § A [
.- — Lty At e et e e £ (== - —ettitnmerss | T3X I § it - [ Do | ebmiis i w A e et et e e W u os 3 1.
_ = L] =% ~—ul - -4 [T— - 4 = wChud b
1 » ad * s Qd i el - . * e - A - - [RYE ] e
1 < = tZ =2 e § he] 1 g -~
[ .- woe » oW e ol - — [ s Lo » - [ i ™~
| & [ = 1 =i @ - -y > )
L - . ¢ : t sue ] e 13 e e v ol w
[ 1 1 i =1 L3 . L S |
1 » - [ 1 - - P 1 s — . . L ]
" (=3} 1 1 ) (] - 4O -~
-l # . & vl e e L LI ) -1
[ ] . o
) ¥ e
[}
L] !
1 ]
1 1
_ 1
'
[ 1 .
+ -
3 )
“ 1
g g FIRR AR TR e LALLM T LT Rt oL S B X N L ] . ~e : e g oo i
or | (=] [ -] EX] 1 *H o ¥} [ o e ] i [T L] | E
| | ] ] - [ E 1 1 | * - 1 . “ v i t ¢ ] ] [ 1
11 i ] 1 i i - —~1 oo ‘e I ! ) oA | G
] { 14 o H weaas [ - 1 I - we 1 - weo v 41 ] 1 ooeed 1 t = |
H E e & e [ = ] — U [ - ~1 - [} ~yndu | 10~ o= o 1 ) = '
1 [*]] I o 2d oS . t » . e ¥ = oS - [T | Sad 4 1 L™ s sl e e W oW =) ] [ {
i ' T = Al = D N 2 Q) 1 = F ae TR F e 11 sauwi e I d | ] [~
' 1 1@ = o) w ] ] [T - a3 =t} TR 1 M Wmea It 3 w1 2| 1 - ' P
1 r |5 B ol o te * w oay ok 2] ~n * ) =] Vet awmema | fa=xy = g3 =1 1 [ ] .
H - pr g T A ] - I=——) Tk PSSP, PFPUTEIEY RN | rerm o rmie | @ e e (G-I ® T O3 WA ) el N -
-t = 1 W Ll L B i | 2= 1 Rl - a| [ g Y T ] . 1 Zuru
[ -t L LT e T | ] »® i ap—n 1 - 1 LT =L TS a1 (PAwg w » ul 1 1
wE o1 N - [ - i 1 - —— | e by =1 -t $om e | 1 = 1 ' iwm
FICI RO I | Twaw 13 . w =3 H wu > - = o - b T e e | i [
- Rl e Wt w e e ' w o w ~ oAt it o woeaa 17 9 T ox oar i roa
-1 mmbe L i PR | - o wY . DYt [ - ure . R - % a = nu + v 3
[T i L] = i § ot et - . ~ s 3] ' =< ) I (R { o
LT | » ® o3 = H 2 .« - e . = : = ] 1 i v
" [T ] [l w o) ] [l ~ [] ] 1 1] 3 1 [} G P
——eny - ————— snaw M - aeuw i ————— renw >m——— - - - A

o= = e S v IR e S s R e R v S it S S it [ k[ wat

s it g et e




03.19=—)»

FPATRIX CALC FHOM
uu: IIF'I' D N FOR
g(IUNCE DlSllIHUTION
UVER DU

DbUB E FERC- IESI

L0M715 6

ST BE Iﬁc Slogbil
xlﬂll WITH [NV

.

-
——t 9
11 =
1 DATELS H
11 (CATE) H
1 H
11 H
e ————

1 02

7 wFii€ TO DEV ,
/" V1A FORMAT 7/
’ o1
7 FROM THE LIST /

I NOTE 013
T A B
. LIST = DATE, .
. TITLE b
LR N

]

i 04

/
/ REWIND SAVTP /
/ ’

’ /
1
‘ 0s
/ READ FROW DEV /
l/ s:vw
FINTERNAL FORMAT/
7/ INTO THE LIST 7/
1
1
1

/

/ WRITE TO CEV /
/ VIA FORMAT /
7/ out /

I
1 o8

£ WRITE Y0 DEV 7
/" ViA FORMAT ¢
’ 108 ’
7/ FACH THE LIST /

1
I NOTE 09
L B I B ) . s 0
TLIST = (Clidel = 8

es s e’ e
1

10
. .
. * FALSE
. 'l'.l «Gl. 0 s
. .
- -
TRUE

———— s @

l nﬂ.ll’E ID BEV /
’I Vlll‘OllllI /
/ fHD' l’“ LIST /7

T

i

1 NOTE 12
L B L B
® LIST = (C2(10,1 = ®
. 1.N2) .
L L B I B B

et s T M)

1
f';iT?Eblu DEV 7
2’ via FoReAT 4
7SRO i LISt /

l NO'C 14
..

. L
LISI-INII-I- -
sees’s s

-
W——— -
-

1%
.
. .
TRUE * ]
® .NOT. PLNCH o
. .
] .
. 0

-
[FM.SE

1
1 lh
/ WRIT 1'0 DEV I
(4] 7
/ VIA FORPAT /
90 /
/ FROM THE LIST /

/ WAITE 10 DEV 7
'/ VIA FQRMAT  /
/_FRCH_THE Llsr /

/ hﬂ.le 10 DEV I’
/  VIA FORPAT II
/ FROM THE LISI’ U

.~
0§ ———
i~

s—=e_

. ~eD
- -

. =am

- e

|
|
!
|
i

e el F 3
~
-

/ WRITE 10 OEV 7
’ 4 ’
/ VIA FORPAT ¢/
/ FROM THE usl /

I NOTE 24
L I
:I.ISI' = (DI1)el = @

b ——————— )

1003 1 2

B ——

68

I
! NOTE 19
L I I I
* LIST = C(l ol = »
. 1 .
‘oo-c:.tn.‘
1
1
. 20
. e
. .
. * FALSE
o MK LGT, 0 S——as
. L
. .
= L
-
IIIUE
1
! 21

1 NOTE 28
® S 9 8 8 0 e e
® MW ,GT. MXM .OR. N ®
. i, LOR. Nz @
o "JGT. WRNZ . .
. .GT. MENNZ ®
s oCes ST .
5 L
L B B B B
1
. 27
L L]
L] Ll
. TRUE
*  SEE NOTE  ®—- 1e
. ABOVE | ® sosc I 39
., II WRITE T0 DEV 7
IFALSE /7 via rokmar s
I 7 FRCM THE LIST /
I i
1
28 i 1€ 40
. L] L B I
NOZ2 = 2%N0 ® LIST = MKW, MXN, *
*  MAN2, MKNNZ, .
NO4 = 4®NO . ANUN .
] L I B B BN R
N22 = 2%N2 : l
N24 = 4SN2 ! i
WA o e
e i 133140
M4 = 4N i . s
. eee 3000
= i 23
1 iRz = 2m 1
. 30
. .
. L
. -
¢ INK -1 Sy
. 1
L] L]
—_ |
i i
1o7e) !
i i
I
I 1
i i
L B
i Nw NN 11
L Y i
1
{ ——
a7 {"wore 3z
L L B B B B
. CONT INUE d
'....’...-.
i
. ! 3
/ HEAD FRON DEV /
4t AR, 010 tll
ZINTERNAL FORMAT/
Ilu'l’ﬂ'l:tl.lsll
i
I NOTE 34
L L B R A
M hli'. »
®  ((DO(leddgl = ®
o Ut s Tonumy e
..“‘i.‘...
I NOTE 35
o g oo
.
068‘0701.nwi
.....:...“
i N
6010 3

/ WRITE TO DEV 7

4 VIA FORRAT /
/ FROW THE LIST /

! 'dlts 37
L ." .|. . :
L = 1
L4
""liad&z‘ o
. s L B
1
1
1
. EL]
L .
. .
* W
END CF DO L
LoO® .
3 L]
. L
.
IYES
1
i
L
/28.01

S——

B2 T e T 0




T N T TP S B Y i T s T g

[ ———. N
" " ! :
. . '
o . . ” 0— Q . . | =13
Z 4 wameme 2~ o o8 e —“EEBE NS | MBS ——— z b I cessa |~ oesse z ceses i
I ey 371 %5 5. ! @ LU0 Es, R ! . P
. . - . . -
= - > 0~ x > 0~
. v ! wea o  wea e | - = .. .. . weaze | | S~ we e .. weaze e O~
o ' - oz - oz - - - « - ia [ o -0 i [
- e 0O = 'm - cec - _ "= s - + & O . + & O = OM‘. — [ =L ] + . - Qe = ' -y
a “w ~n m - - Z - 1 = Ctnd o v o v m -t O = 5“ Z —-n w " & - 1o €« »y ~
- - W . LT .~ | -0 ZTr- = - W - . w - . — - K - - - - . w - . -' o - -
wa > o o -] - 1 uea wa > we > o8 - oE Ll a > = ox =i o
.—s =1} olllllllm B D B e B O W B | ] D | e OO0  #memr—— DO S 0 §——— OF _lllo - — D B O ® W OF g
T a5 e ¥ sZme | ez e Y « oo e . DO . ez w - Fh.m.. N . oo e ez 8 7 i= “Rz! .H
. - —— - -

“ x _N - ] - an E¥o z T - ~ﬂ - —-- x -0 'z ‘&.-Im ~

i . woe =] sOse % *Ose a» o x . W . W s cOmne NIR - 1 .- L eVNS JOIF

1 - wa - = o -l -\ > M _ - -l N > x|

.. T & & oD o - 3 " e e . - esds o'~ O o o . e asée oo '~ " @}
3

m L] | ¢« e ma o i< - - - . = e _ . —a - . oo |

! .- ssse seee 8 e § ssse -~ sees ases ~!

I

i -

'
i
[l
st et e et e B e 1
i H
L L

w - . A m. - - . - . . _

* —— AR - Teavew Cesan Ce—3 ~a08e AN —— F - T4 2O Sesas Lt Bt L X L]
1 Nty e - ~ ~ m " 1P % 71 P d NN L 3“ e il !

. . - . = . o . . -
- . . > ~ = '
- e . w  wea & weo @ m wea @ - . . .. . . weazre - ~ we . i
~ “- = Oz - 0z w - MN -y - e " -] a o= - i
Ne Qe o LI=BE ] *0 & 3 MO e | .- ~egQn mnege mnege g % 5l .. » |
. .3 - o e e o ls - -5 * - . o - u < 2 n < e i
-

us > 2 o . ] - - wa > wa > wo > g | S L_ "= !

- 00 O m g Db 8 el G @ — ) @ ——a A | Om @ —————— DW @ —————— L e L i I HME. —

- - - - - ~ -

- *T~e "I *XTxe - - (= - Oa = - =1 .z = ml ko snne

{o* g ] bl - Sod I i 2 <8 ? 2 H 20 1S <Rl 22

1 .- w e o *eVOs | SVOw - SOne @ Qs . w e o - w e LI .Nﬂ' F““I " I. - =

- Wi W W e w“n - -
| .. - en' s m a0 e m |9 am & N - .. h e e . . s0ge Mg S nl-_ - Mo
. -

_ - “ . - u - - __d - . “ - - - - - “ IIF_ . —»

| " snas sene - - saee » — TIL) ~i snse

" :

H (=2]
! (7]
- > * .
N i | ! .
. .
Pt weses _b.l ~sees m_ ceses oeess | wmmmm——s 2 Fommm ino + L LT YR cesee
] "N - P=-y o~ - | - ~N e 1 i | . ~ NS ~ |
- . . . =« — _V . . o . . = . . _ _ _ - L o . . e . e _
.
- - weaze w ~ we e - . wee e wea e - e LI weoze w -~ we =
+ - 0 Q - - o - 0z - OX ' 2_ ~ - -9 _D ] - - '
- s O » 0Ses | 190 o Q8 = & - & O e Q80 & Q8C @ I & W ~ o . ~N e O e Q80 -» - Qe @ ]
e 2 o0 e | _.nl- =8 T~ e« © o Ladle Ta-ly le o ~%| e ° 42 e 2 .38 Fa% IBS 8 %= |
- o - -. wa - > o o® i )
-—e wm ."Illllltm- .l".l _ ElM‘L*lll' " . —— wm ."llll!ll.nv-lllllm-.l.ll “ - l““.lll.‘ DW ."lll:llll- mm B it e 5 W ——— ~ ". m“.t. ll.l."-.lv. .ll»
- - - - - -
T o 22 wz e | w2¢ .5 a oo e ezme T aza lu o Sa} » oo e e o5 s ez”e T 1o “2¥| .nSe
z - § = | - z - | o2 ! Uzl z = -0 lol® 2o -
i . W eome o ¥ .= . L. sOns sOne ® - 0o w e . we esvcse |oO - .-
wo - > M - P T _ ~ w W e > M_ - E
| . . esde O~ | s ms .. D ® N oD ! - .. . . L1 Zmub ~. 2| - u-
o N
- - - < II._L . —e - - - n - - _ “ - - - L] " IIF_ . —e G
ssee <! sane ssen ssne | P | sene ~1 ssne A U

]

! e 2
~aees lnssss me———e 2| Ceess  ~IN Tesee N ———— | G
o o o 4 o 0“ ~ =] 1 ] —

. . “ - . 1 = . . . - e . = . ~ . m R F
wea @ . e .. weaxe [ ~ we em - . . .
=T R =T _ - - w -] a = e *1 - i Q Q
ﬂom ® 1080 1T - esge ocsgae Sec - a = Sl Qe-e ©eg N" e QW o !
N.L..ut _N'L.ht _0 m - . W - ik - ".. NUL - —70“ “_ .-Jn . i Dﬂ - e - “ 1
- i~

e—eBroiaBrocan|n o|———s 52 eZemmeae &3 e B e _n. Se” | ——— ' Teme & W | e 85 I A— |

- - - - e -

| ez ez 7 iw o - Wm . e ©a = oz o | = A”m_ e s 9 H—_ L -

- = -

| «GCce eCos | lx 3 a ¥ . U e sute _me =4 n." .- - @S .l w® N

= — - 3 - -

R e e ex"s | | -1 - = = . w esxoe _m ~ m_ . g - N_ - . .

-~ w o o | “ - ot . s =} IIF_ . - ot !m ot

Ll tcene aean “ - Nm LEE R4 “ I_ (XXX} N_ "-——— N“

] !
| [ | _ |
O —— — e et et e e * * g o et g e e et

—

—— e




28,51~

. -
*  END OF DO _ *-
+ Lo0P .

. -

=<
m e
w

" e s—

—— o0 IS IN
COMMODN AN
DESTRUYED BY INVT
CELL TS T

o
e e e e e
w
.

1 0

13 1

191 INVT

Io 1 (ODyCCoNyKRKD
i1

OIIXIII ®w

LA X T

/  VIA FURMAT ’
/ 5544
/ FROM THE LIST 7/

S

. .
END OF DO *
. Lcor .

Fs

—r
#s J#C

S =
#zoem

- TETE——
«8
- -
-
o
LEE X 1Y

-
-

6033 1 s

/ wRITE TO DEV I’
/  VIA FORMAT /
/ 5544 /
/ FROM THF LISTY 7

L2
l’ wRITE TO DEV /
]

/  VIA FORMAT /

I
|
1
|
!

. .
.. N END OF 0O »
s LOOP .

o . e e e e e e e | @

1
LT
- L4
. .
. .
* KKK (EQ. L .
. .

DOt1+J4) = OZERO

sens
- .
- -
of
s e
—
SRTe
Ca—— D @ —
o

l cou TRt o
1 ‘ootl, 9"

1

I

I
L] . 21
.

-
L] .

- .

-
m
“w

[ e Ter———

&0

~N
~N

- .
- L]
L L]
. F 00
ENDaBR 00 &

[T

.
. .
.
YES

D ————
.

29.27T—=11
6070 1 25
/ wRITE 10 DEV /
7 & /
4/ VIA FORPAT /
gihh /
/ FROWM THE LIST /

OTE 26
L I B
* LISt = 1, .
* (D0(1ed),d = 1,4) &
..l.“‘....
1
1
e

70

. 27
. L n0
. END OF DO -4
LOOP !
. . i
. csen
IVES .29 .
! a8 1 4
R R
B -s" o im? b
1= ] -
R EEEEIREEE
ke
6080

/ WRITE TC DEV 7
7 via FoRmaT s
?!iQ /
/" eron TRE LIST #

I MNOTE 30
L B B * s 88
. LIST = I, .
. (llll'.ll‘.l = LlN) *
L " ® e s
|
. NS
.
L] -
L
. END OF DO Pmsnnad
. Loor .
L]
. L]
-
IYES
1
i
1
. i 32
1 COND =
1 DSQITIC?'CI)
1 /CFLOATIN}
[ S Ao —
|
i i3

’t°i|:ts°to OEV 7
/' via coRmar s
700 ‘
/' FROW THE LIST #

i

I

I NOTE 34
(LR N
. LIST = COND .
"o 0 e ; s e o
- - s
PETdlatty dYFY °
FACTOR AND =
;I'EDINCE GRARS IN

INGLE PECISION -
i
s 33
. .
. .
* FALSE
. PUNCH .-
. »
. .

.

ITRUE

i

=

1 EL3

’1-;;7?: T0 DEV /
17 via roRmar g
¢ FRON THE LIST 7

1
{ NOTE 37
L L L B
: LIST = K"lv.’:l :
: N2y Ih:& lln v s
L ? L
i/
729.38

b—mmm29,358— ) ®

1
+ 38
. .
L] .
. ® FALSE
. PUNCH sl
-
. .
- .
Ll
1 TRUE
i
i
i
1 39

i o
/ VIA_FORMAT /
o 4
/ FROM THE LIST /

..
LIST = Ay By Wy
LN

. s‘....‘..

[ [ —
1
. “1
.
.

.

. ® FALSE

. PUNCH ————s
» .

TRUE

4“2
II WRITE_TO DEV ’l
/ VIA _FONMAT /

/ FROR THE LIST /

. .
. * FALSE
. PUNCH —
.
* .
. L]
-
[TRUE
1
i
1
1 45

'I I;I'IE_'IO-BEV /
4 VIA_FORMAY II
/ FRO®M THE LIST /

i
I
I NOTE &6
LR I B
® LIST = (CS(E),1 « ®
* I.NCi-Zl .
-5 s "8 L
[ —
1
. 47
.
L
FALSE
* PUNCH .AND, -3
SINK .GT. . }
K - 1
. cese
ITRUE . 30 .
[ . 06 .
1
1 “8
/ WR1TE _T0 DEV ’,
/7 V1A _FORMA® ’
220
/ FROM THE LISTY /
1
1
1 NOTE 49
8 T 8 8 0 8 8 e
. LIST » .
- IC25010,1 = .
. [oN22,8) .
L A L
1
i
1
!




T e

it

Stonr

¢
3

:
E
¥
i
:

& raany

l Ul
I REIIJ ;R[)l DE VII
VIA FORMAT 4

/ INTO THE LIST /

seve

[ NOTE 02
.

LN B B B B A
LIST = NAR, NAM, %

s e s s s s
1

1
1 03

/7 WRITE T0 DEV 7
VIA FORMAT /7

/
/_FROM TH LISY /

.
Cisrt-"apy NaR, ®
NRM, NiR .

s
230.19.
* eee iC10

29.47%--) ;
. 06
. .

L]

FALSE » .

jonnael PUNCH .
. .

-
-
-

-

TRUE

o7
/ WMRITE_TO DEV /
/ VIA_FORMAT  /
/ 00 A
/ FROM THE LIST /7

1
I
I NOTE 08
L B B B
s LIST = (ES(1),[ = ®
. 1oNO2, L) .
..O‘.r.....
b} 1
-
REA0 IN VELOCITIES
i 09

/ READ FROM DEV 7
/" VIA FORPAT
/o HRECList /

3
-
LI
e
-
LT ]

-
|——-.-|——-
. ®

- X
<o

-
. em
. e
-
@880

£
- -
-

-
. *  YES
® END- OF DATA _ #-+
. »*
L] .
-

et et g e
e
O »=
EH

IV .GT. 0
IJI.D CARD INPLT

IV «EQe
Cll.l. VELIN"

LY. 0
READ counnen X3t Gtrbur
i
. i 12
IVE = IV 1
NAP = | i
NAW = 1 l
i -
= 13
. -
L] * . (*)
9 v AN
L
L L
. .
LELTE] .
.30, 1 =)
- 18 . {
1008 ;
1005 1 14

/! READ £RON DEV
/' via skt g

/4 INTD THE LIST /

i

1 NOTE 15
L O I
®  LIST = TITLE .
oooo-:oo.oo

{ __le

/ WRITE T0 DEV I
/ Via FOIDAI /
/ rnun THE VIST /

1
I NOTE 17
.. L A
- %ls' - Y‘N.E .
. . : see
1
—————— .

— O
ond " 18
4 ‘ H
2 1 Cayonehe Thaea, 1
§ | ‘e AmRY
=30 l-l’
18i¢ 19
1 n2 - Ne2 1 10181 21
1 14 ‘ H
1 2 15 VELCAL H
1 NOTE 20 I. I (TRA,VS) H
L B R %U I H
. BEGIN CO LOOP . 41 H
* 2001 INAP = 1, . o s
- NAP . I
92 0T e 1 NOTE 28
33.13---|= - S e i
T T $ " 53¢, 00 ooz
, 4 uflncul.ﬁow - N YRR
. Cl INAW =], ® 1
. NAN . e e _)l
® 5 3 20 80t D 22
33.12=-—) NOTE 2 i K=mH=14%]1 1
:....;o';o;.f lJ-uz-]tzoli
N L
. zoolcfu = ] 1 . 1 vStJ) = VvSIK) 1
. % ] - E : :
oll-— 1
3311 ’! 3 1020 i 30
.2 ¥ 1 VStJ + 1) = 0.00 |
(¢) = L] ({:}] 1
=3 IVF ———— 1
1 = 1
I L * . i
1 . e * .

wsse - . . .

- B - .

. (’li . { =t b——===% END OF DO _*
ssss 1 . Loop .
1030 1 . H - .

-
‘ IYES
1015% s 24 I
. I
* * * TRUE =
.
* M LEC. O - 1
. . 1
. - e
. - -
1"1.5! esse «32.07.
I | - © ee. 1040
! iois
I
1
s 25
-
. e TRUE
® sk oNE. M 0--————-—---30.25--)0 -
. e« cecacasane- ————
o.a fHﬂltE T0 OEV /
IFALSE /7 VIA :0!!!7 ,I
i / FRCM THE LIST 7/
1
{ 26 1 NﬂlE 33
L e ———] * e % 00
1 NE = 1 1 . LIST = l Sﬁ
. L R l ‘ L 4 .
131,090 MEER TN
ose t0I7 * ee. G000



[
. : j -
7 ”
3
¢ we 7
1 £
o Zbmeme
30.261 ore o1 lé
A T 1
& s : ® % &8N
H
- - =" EM H
oucT S 4
H g
i £
F3 L7
E
L] L]
. & TRUE -
* HSR JGT. H _ %=+ §
* = i ‘I
= L 1 §
" H i
IFALSE . 387,
1 + I o
H 1655 g
P B
I &
R i 03 [
I N8 = k- KNSR I
1
E -
" 04 i
L ]
TRUE * *a i
4t  NB LER. O _*
- .
L *
* ¥
- ™
IFALSE H
1 Y
I i
f
| aote os
E x & 5 ¥ ¥ » =
foad b x-
“-O'?'..‘.‘ %
[T pe— {
1116 1 oa
I Vii) = DZERC  §
I Y
i ¥
* 07
®
-
*  END OF B0 #———+
- L
= ” -
® » o
Tves P
1 4
1
I
S 1
g 1 o8 g
I WBe«NE+L I {
§
30, 2611
iolr i 09
1 READ FRCW OEY 7
4+ V1A EQRMAY  / i:
s o theoList ¢ 2N
i o
1 nate 10 3
s st eE N SRR |
$LIST = qvth, e 2 ¢
ta‘tnuf'cnta- @
t
i
- e >
132.07.
* eee l040

P

72




£

+

. wi - e z .
2 L] . Su ] . = am
LRl =15 el Z 4 it ANt 2 - AR FIrz Y - ——— T ST e N 2 tas W
" I S 3 t i e <3 o~ e h . - 1 imo . -+
~ L “ + . we -~ L] LI . . L I -
- = . > o~ — e e
o ~ wn - ~ . » * » w ~ e L s ** weo = - " - 2
- - -
— - [ T— Dw—is E R -1 ] T . w 12 v = =L m - L] * osOTs + . s o @
ry O = un T~ o v 2 o =% v z —— - - T - ~ -
1 mﬂ vlb“ u »-in * ws L —V._._ * = »* m —-IT“ u L ..lﬂm- 1 » ) +* O lﬂh! - - * l- -~
p - - - b
araem S0 fw®S et 9 T3 9 e bt it T T .} £ PRoAORPN il PO Ao -t N YTSTETRRNDRINTY _ gy " § ] [ POtRTP RN P
- e~ = b oW o =] . =] = oW v ® e N
L - M~ LN ) * QJd = - a * - NI L 1] L x - L] - - - ot
- “ - - L] z o - T~ - . = ——
- “ - "o - Wow - - E a8 T L . LTE - * L]
mix - > X = - > x a Wb w n
o= ] me ~ =} » e . » + » ~, Q LI " CanTE O * ¥ =
. ~ e - ~ »
~ ” I.I-_r #adn * * nfl.F - * - - L q__“ N -
_ L ha - .. ~ ARBES LA 2] -
1 .
t { _
ﬂ— i ”—
[l Latadalel &~ (-t X 3 23 wd o LA E XX X =Ll L X - LTTT
N TS ) .Ah m[ o~ ™ m i m
. - ~ . 3 [he » - - LI ) -
ﬁu ~, wede L oaw . B TS weose jusg e e o
- - -
-t = m.l L Mm% O« m & - w [ [~L I aguQxe m » - o -
Pt o= u N a v 9 o< n x s EJp= - -
1 O = X [ Bt ] - + W - x * - A LN Tt Ld " _an * - * i Ld
— DK T wn, > (v} = Mg ) - =1 - oy
L ] -] - W O bt g v 5, D e et et wl A ot vt v bt x - e W (D o Bt i e i llll.n 1 - w7
- Ll B Ll =] =] = Low e -
-1 .z .o * oo = <« WEZEe  ezle T e - e !
— m [ B - * W ow - -+ E 1 » ¥ LL-IE ) - - .
NI N =00 > X v ] > H_ o Wme ~ ~
L = Jn. .l.l m t..ln_ L LN LR Il m * — & LIt < % & L]
o ~ L . U - ~ i} L] - L o -
~ ~
_ I._ shEN m ...“ L2 X2 “haw -
- - . H
. -1
_ | -
NEBESE Dl Lt _B e mm O mevims i ...“I Nean m._.r.l... wa 4_-.. wHER gRREE Iﬂ DW=
-l - - ~ ™~ ~ f N - L] ~ n ~ 1 L]
] a o * L3 ~ - . L ek . . ‘e * _v otl- L - - * *
—
wen o -3 weo _# Ko [ . [ire e LI [l ~ we & wen s . » +
= OX w = DZ | R o« a _ [~ m =] ] [ ke DXL “ ~ -
asn » ~N [=! 2= J v - W - w LR a " “ W‘MH N m L] “ -n “ ".l.-_ m_-‘“‘ mlml‘ LU » lﬂl u
=
N‘Ll...i 2 NtL-ns _—WR - w * =Y- -ty - X H__.n o - na * u._. m... N H__._ Lt g 4D.-t _ L[] - % ‘K
a - | o " bk a - - -
aItM=tIIl L (RO~ Y b BN =TS NI Fot-y-rl PN WO bt o - I T T I WSE_J.it-tlIl;ﬂstllt- r e et P
- - —— AP rd — e
1 ‘NI. - L+ 4 N - Dm »* e T _ - 'L * » - Dwul #* n.l. h.“— L o T - tad * (=L &
_ ~ - - - = Tl te i L} x u X o b= _ w -
G ~ sous oy » U » a5 12 = i.lt o o d... - t.._.u.t -...w“- - » mL
& B |F W # @ HH ) ...r W i ~ . S nnn__ L "D » - ® i
. -
» * Hm bt - » L / ™ - L] l.l._.r_ - - - -
m E2 T Y] L T L2 22 ) L] L et ] .I_ ‘e Iu_ L2 #nne L2 ouad
w T i o
w * |
- » CIRS Ui Tt AT D RS NN “ﬂ. —y SN g DM Ny~ "“ans z
-] (=] . [=] h A 3 o “ﬂ o ln l_ -~ - F
s » m » “u- ~ an " . 0.3 » » . » - » ~ L e d
weo. . » 1B ™G wem w P b weo _ Zl wen e = .. _W o weSe . »
(=% 4 n“ ~ 1 _ b W & = gz ad = Ox - - [=} 1 [ L
Q#*D * a < #* m L @ x " “ LIndik ] o . " L W m‘m!t — M m.m - -‘Km - W » _s -.ﬂ “. W‘m' - m - -
— - - H
Ntth ru— - L W.SK l_ LI - N L] tnwl.t « sﬂl# .MW_P - wo - E _.l..n% H_ #*0.9 » an » ﬁ
-
llltm It o et | —Ilqil‘. —mm ‘”Illlll w “2“ [l[‘—hz. —— - Wt 0t ot et e e D *1{1" ——— Y .'I.Ql.— -I“.' Lot 3 um ‘"l!]l!ll m“ [« g _—Illl‘ - i am A b b
- o o pest - - - e -
T ezt T |- « 23 . < ~T « % * g » .z - WZazw 14t . ol . J= T . » * Qg .
| o3 = z WL b Wt H = pos - m T Z B (] =
awoe — « L ow 2 - . . " a s Qa0 = “luw 1 st 4 o . E S - LI
- [ = - i L
8 #50e |8 | . » "o 21 LI wine noRD # S 4w ¥ _7 =1 - ~ =1 a1 o - .
. w -~ F] - (= o - ~ ) =
[=3R | * ~ 1_ L) - 9« . » - ot ~ =) . .
m . -~
LS LY ] w lh m ~ LY XX (XXX ;- RN _ N“ ~i L XX 3
_ " | I |
=3 B B e B vt RS B svtie SR wos SR —
MNU.”a ﬁ m“u r....lﬂl.i..“u — ..Inu tememnd — \L, n.m M {

1
1
1

—————

.

“3z.40l

-

«33.02.

«32.30.

e T4

ees BE

vas G0

73

==



KT =1 -1
-z (kI +

2= L iGEs
1 _tauaise2

1
32,49—-11
.2'14 1 o

W ot e S
w
N
L)
o
7
L
et
o
Y 1
fr— ] s
. E

2

1 J =1 &« NG i
1

99 % 03

|
RIE T oEv 7 !
= I

/7 VIA_FORMAT ’I
/ FROM THE LI5T /

1
i note oe .
5 r s EE S ALE LN ;
* LIST = PHILIJI, 2 ® d f
2 % ¢ 2 X 59 X &$ ﬁ 3
! w
1
. 05
- -
* L}
- of DO L] . Qu
£ ] ot
s B8 ™0 !
- £ 1 f
* emas
I¥YES + 32 a i
1 - - B
i o
1 L.
! P
i 06 P
NI = NO + 1
NR12 = 8O& + 1
LR22 = HWO& + N24
1
1
1
s a7
L L
- E - * b - 1!
_::LS‘ PUNCH * §
- * "
- = B
L L
=
1TAUE
1
1
1 i
i o8 il :
£ WRTTE 10 0EV i )
/v gormr s ;
7 FROM THE LIST / o
i Loy
I il
I MOTE 09 i
x & & 3 &£ % = ¢ xR At
- LIST = *
® (PHEIE{Il,1 = % g
¢ NMIZRRZZHZI e 1
- x xx ? 2 E F S P }
N L S ¥ S ' i
32384 v 10 i
E B E & ¥R ¥ & &% gd]
s NTINLE . i
" s ¥ 8 % : L3R N 2 I
i
2001 = 11 _
L 3 * i
«* enpoe og t e ;
Logr 1 t
] - 1 1
» H i
a .se !
ves  .'30%, Foo
1 LAl 1
t
i -
i :
L 12 :
- H
. - [ ] ND 7y
.
= END OF DO _ %=+ i
Lagp 1 il
- = 1 ~ - i
- * T i
esme !
I .30 1
AR+ I
I anre 1
1 ;....—...___.-.—....._.__). 4
L....___...... » 13 '8

74




e R
grr————
e i

giE

-

R s

gusussy

L

A

A
{

/ GAUSS ¢

06 0b8~~]%

STORE_DP TEST Ih 81

4
D

{A-HsO

!HPLICIT REAL®Z
=2

LIt )

11 1 ol

Xllg = -
0.861136311554053

X(2] & ~
0.3359810435E4856

L

i

.

X{&} = ~« X{1l}
0.34 7054 ELS] 37454

} =
3.6521 SA8E2545

X032} = — x(2}

02

WL
S4B
WTi2
451
1
£

1

wT{3} = WY(2)
WTL4) = wr{lL)

————

1
1
i

136,330
* eee 20

sy sk e et bt

ic 05

ot et gt g i bt

0. 5TH5502891 89626
x2) = - K11
WTE1} = 1,0
WT(Z) = 1.0

i

S36,330
* ese B0

75

13

X1} =
u-932i6?5 &203[52

Xt2) =« -
elZﬂ% 106466246%

X{3) = —
0.238419186083157

i
1

08

X4 = - X{32)
Xts) = - xXt2)
X&) = = x{1)

WIit1) =
0.1713244392379170

ot

a9

anbcgzi§% 3048135

WT{Z) =
0.46T7F13934572691

WT[4) = WT[3)

1
1
3

WTL5) = uit2)
RT{6] = WT(1)

-y 80

1
I
1

as
138,330
* eea B0

. o
e AR
.

T
.

»
o g B
.

16

LT~
x
P
(]
-+

1

-

b
O

X -
o.s15bbks2e5s 1172
Al2) = =
0.865063366680935

xt3) = -
0, 679405568299024

————

X[H1 = = xi3)
% 9] » - X2

¥ 10§ = = xtl)
b S

15

0. 066 4308668

0.219 2515982

1
wT[1] =
6713443
hI{Z! -

0.149451347150581

wii3) =
LLELELTE

1

1

1

16

HTLA{ -

0. 269260671 93099946
wIis] =
0.295524225714753
#Ti6) = NTI5)

1
1
1

W77
KTt8)
®T19)
wiil0}

= WTl4)
= WTl3]
= WTI2)
= kTI1)

1
1
1

T35.330
" eea 30

')




i
L
2
£
L
T 1 (e
H I 1 -
35,06m-=11 38, 11~=-)1 35.11—11 [
1 ot 1 n& I : {
- a * 14 i
REL) = = x;llu- * * .,5
0.96C28985£457536 0.98156063 42456719 oy s " LI :
x2) = - t == e He s ——— Jhalbe--1
0. 198bEh4TTR13627 o908 { Tra5 a7 10475 s ! . R 2
x12} = xtag = ~ i LI x{1) = = 5
o.sass:z&nwmzaq 0. 168990267 5194305 50" : -3 0.98940£934991650 $
[ iz - x - H
i i L3 i a.94 5402073238 <
I 02 1 07 21 1
T RN 1 TITE i 0.805531202307832
0. 183434842455650 0. 52731 7954286617 19 1 15 - : - '
o e —
x{5) = = X(4] X153 = X{11 » — 1
0.356783149 £915180 0.9856283808596812 I 24
X(8) = - X(31 .
x16) = = x12) = = Xt4) & =
X[7) = = X(2} 0. E253334D851146% 0.92£4348836063574 0. 759404400355003
i 1 %{3) % - %51 = -
I 03 ! 08 0.827201215069765 C. 6LTET6245402644 P
[ OV —— 1 by a — %
X(8) = - xtEl X7« - Kib} 1 16 0.55808 6777851227 B
WT{1} X8 - A5 P —— — 1 P
0.101228536290376 {al = = A5 X(4) = - i
T2y = x(9) = - Xi#) 0.687292504811685 . i 25
‘ 0. 22230 1034453374 X(1C) = - x{3 x5} = = {7} = = :
; & : L 0.515248€636358154 0. 281 L83s50719259
I i X(&) = 2181 .
1 0% N 09 0.31911236892789¢ 0.095012509837637 {
WEL 3 X1 - xt2 * -
0.3137C6E45677887 1 = - Xt2) i St 11
X412) = ~ x{1} i 17 ]
WT{4) = s i
D0, 3626E3TR3378342 HT;I.I - X(T} = = ) 26 ~:
0.G471 15336386512 0.108054548T0T344 e mmm—————— P
®WTIS) = wTl4a) XLol = = 0T 1
e e e o 1 X(B} = - X{7} i
i i 10 X9t = - X6} FILLY = - X6 ”
. : EH ULzl = xt10) X151 xi12) = - x5
[ WFL6) = WTi3) 0.106939325995318 T X113l = = %{4) .
by
1 Wi = wrt21 ur d
i ! 0. to0b IR 543348 i 18 | ;
I WT{B) = NT[1) s 1 27
——- ————— WTis) x (11} = - xi4] -
i 0420316T426T23045 XM14) = - %31
1 X112} » = %3]
1 1 X115} « = X(2}
sas I XL13) = = xt2} “
N 1 1t 1161 = - X111
Z3ga3al Xt14) % = X§1t :
. . uTIS) = WIfL) = z
ves 20 0.23345253 6538355 ! 0.027152459411 154 I
Wit} = 1 1
0. 26914 7045813403 * ! i
®TL1} = 1 28
1 wigm = wTi6) I ‘ 0.035117460231752 . rrrrae * .
1 WIt2] = C.062253521938648 H
! . 0.08C158CETI5974C rtag = ]
. 3 WTL3Y = g.gosiatl 182493 b
WTIB) = ®Ti5! 1 0.121£18570687503 Vi
WTI9) = Wis) 1 _'_Elaaazaq}uzssszs
NTL101 = WIt3) L 29 !
: wTEiL) = T NTl4) = i 29
: 12) 0,157203167158194 . - .
I WIEZ) = 0. 1405558881657
1 IE 0.1B523R39T4T7938 . .
IowT(12) = erii) I NT16) = 0.1695545 afas 003
. : = 0.205192453721295 .
ll } | 0. 1826035150449210
s 1 21 [ B
. . e vire ———
S36.33, NYLTE » I 30
. 50 D.215263E53463158 . TR »
o WT{81 w HTiT) 0. 18945061 0455069
wTiG! = utte) w9l = Wt8) .
MT{10) « WTL5) ®TL101 = WItH
I 1__wE18) = wite)
[ 2 s .
WTL113 = WF(4} i § :
WT(12) = wTI3) w12l = w115) i
NT{12) =» wT(2) WI{13F = Wite)
NT(14) = WTI1} WTl14d = KTi3)
i W51 = wT42} {
o et | = ;!
. ! 32 '
1 Witle) « wWT{)) 1
CENS T P | i
2013 :
+ EX(T e &
PR3 L
§
2]




Wttt g 4t =t et b A

27
1
HO
B

H0

»

-
Ld

-
i
-

Loog

[ 3 .
ENg OF DO

LODP

*
.

E ]
»

I BiXeR) = B{1,M1
.

—

5
»
!

-

-
YES
=1 +1

»
i
1
1
f
3

/

-

(W
29.05==~)%

IOM715 &5 — &5
COMPLEX *03

/
AsALNY 598 4T 9BAD

DI

= a "
- N & O
L a
- L]
- @ w
e S bl o
L)
- =
x . W
") =
- -
-
LT
R ™R
o =
L -
[T,
= Qr
o e
F- F ey
- - e
I o
et 1-1 01
LI
¢ LE-LT]
ix B
LY el ]
ety
D "
a
8y asen

*
L]
ROER &

Lag?
B tenioeges

Wt vt bbbt gt B ) O et e
-~

.
ENT OF BC

BR = BO{l}
81 = BOI2Y

-
BAD = BLI4Jd)

-
»

40.08—

FALSE

B et ot ek UL St

12 CONTINU

t
L
/
/
4

.
&
VIA FORMAT

1010

z
£ WRITE TC CEY

4

KEX = |
fSSPRRURU Ag.v S SUS—— 3
1
1
1

1

]

YES

W vt bt g ] e

BUIgd} w ALEed)

i

=

et e e et s bt e ettt et et
g | o
e - z CHEEE MT-!. 4
" ] " L
- = - - L
_ -~
- L3 W e ¥ - - "
x -« =t 4 o m
- m a4 0O & - [=LX-: 4] L4 “ s O
“ n o ] - z - o
- - W » LI - "
L o e - G = {0 wh
- TG sttt | e | e D) b - cg
- 1= -~ (@ ] ] a
x . SOg . L - LI = ]
- -4 L] -l - x
L * W e auv & » - & o*
ol 54 (2] it~ Pf =
a1l - " 8- Ll el * »
- o L] -] -
Lt saan -
b b A e e et v
]
w
g [T A vt et it b et et
i ~ ~N _
LA -
& W - w (24
I T I | - e R il K] N
0 = [ 80_
- [ =3 a« - + - ol e = R »
[CE] ™ - 0 0 el
et " W omrratrard et | |t L rmere | N B3 0 @ e | e
a - v
® MO e . - ® ¥ 5 3 w -
oy 3 e
#* Eole - C el .
0 ® o
. e ~ L] -
- m
' S
o
Lt =] R bt o et b
[ Wptas |Tadsn O "
Q = Q = 1
“ . - - “ -
wee o ﬁtPHO 1 I I 4 o~
- [=03= ] Utmli =1 - . D . -
T - _N ] uD_ o L]
- L3 . .. ] » - ow L4
Q =t —r NF *
x llItU.t!ll‘D-tllI il M vt s e
L] L "L » | - - (=P »
- — ln_ z
4 a2rs L8 | _ - .
wn [N £ 1
A w ®Onp _Z 1 L3
“« = v = | |
- o E® anan “ - |
!

B 5 B W ———

K1 «N

[ et ]

39, 16—~

-

e L | §iebazey L | i § | Banminies |

77




LT —

*
1
*

39439~}

TRUE *»

L «GTu N

w
7]
-l
-
3
=1

[P AT - .

L4
s
Li-1-11]
[l
* #
L] -
LAE X ]

(1} ]

40.07=-=)

T = BIKyJ)

iy pacanem.y
* g gpeias d Lo | [
At st e et i i
Teonn —5.![!! Wm
=
x o« |7 | .
wenTe . »
_Orx =
oRg ® Ry~ -]
ST R 8
e - -
-] = {Z=2 [ s
ot ) 3 W A b g | TEF b ] irnen gy I=15]
se] =]
*aTTh sy - [~
-z i _ =
e gl » W
wo n__ 1
Ry _ .
ce .
TIY] r——

g

i
e
T g|
Edatt B [ NT ] Onfdd  =tprad LT Z
& AErE . - ~N ~ ~N d
et * & » & -
- Y% ﬂutmﬂt r_.—._.-WN- . - . « " "
- 8 m - Qe ¥ L3 z Noa m L[] o m -
vy F=x) aw o] w "
L ] e - “ .-.ult " - » - - an - ._u_.__ - e - m
- oo cll.lllll-..._-t.lulow-!rulal - ——— P OO0 8 S OO 8 ettt
= o o - — =4 a
- B & L E--Ld ] L Aeld L} e - Qa « - O &
z - = Zon x =
. W #1208 aow x - LI~ . ow
(=4 o win wim E [-I]
~No e Qeem e LT - L] LI
- o« & LI * -
-« -]
LI E ] LA N Ll i x
-
-
wf
2l
P [ Ll
= =) -
1 - “
- - ® LI
» n L] w
- - 8 O & - L] v -
=% « © . i e [
m . wa. = - [N
Rt LR &g Bttt e o = I¥] ET
- - w
1 - * O @ L ' .
1 las x
M LI ] L= -
M) = “
et ] LN .« ¢
P
- [ L m
t - mm » - —
ettt !
1 |
*n L W LR o _ “
o . » - - . 2
T e #OIETY Parmm s o Bovemm ioe W7 Cavne  um—a | e “aEeRe {
F (L i~ 1 e . =0 [N = 1.~ n _‘..H - u
. . - . . L . a . = LI
-e e L
- - & LI 3 wen o _ # wen 4 m
< o w = or [=-t 1
o = o s D= o = - v D#D * ] - - DO 1
=3 wv a " - 2 T 1 | - ) |
e * W L - [] . v 2 =" Lt A -3
oo A et 1 b s [=1=1 A Sl vt et vt s e Y [-] -l!l‘ll!-m-tl.&l— [l .l—.llr- M I.I..I.W-ll....h
a - W -1
ML - PR Wm—- * - CEE] #Z=8 1 0 @ m' .z .
o — " * W o- * ZF ‘uu._._ut h [} L_ 9“T l.—w-..t
- » Ll L - . #m # ~ u R LE-L g
.
* * - - L 3 m_. m _ L] -
seue [T E L N

Wit aian

78




T | T T A LT TR Bt e 5 o, it W Y o i e < e g v A TN DR ket - . S 9 A e e - . o panerm by i s

SESERELes = = SR

:
- L ') L
3 . "o =3 . o
WEITIETTH [l Rl CuTTrITs e R L] L e e C ALY
k4 ~ - - = e =y e o
- o [} . . ' . L] . L
.
£. 3 ol e a0 w0
bl A N aled: u, ~N it g - w
4 = - FTxa ax moa o oW m oA g om0 o
Ky - 3 it i ~ - " -t e ben
i . Saa T R e N
— -
S -t i QY o PUVOVOY .-y UV § 3§ PRURGUUTR S © AR St et L
- Quexx= z o exx ax (t] @ .M,
= = geotjagl e ¢ oe - e 2.
(]
- —~mE = .- x - 4 Oe=s
o " e . -
e bt n w bt - ‘
b = L] L]
e D e
e - B r————— 4y waemy
-
.
i
L t TIZIXs [t i Lt o -y L) Ll B EA R R At il Pl ~a8E _
g A = - - 1 - N N N 2_ - ~ N R ~N
W | 1 ] ' 1 .t ' - .. ' > a .
t i y : _ =* — g _l;_h.. "'y x A ; —M =~y i z | _“ =~y ﬂ_-l- _,
4 o e e — - |- — o -
1 i xE | Z Rz 1 = 'Zrns Ztia £zmn ZoMNu WK | axio A - LI - [ On+w ]
L Smunl e TR = v m— e Nl N—y Bmemith ) Bl WAL 1o = | z x| _0 - x ;
3 ey O KK EX MAX _LMBDL Zxe 3w MDD 3o -t - E = " an - L e wze
] b Lo - [ Wy LRmi | Woar b n Ll =0 w0 ZO 3RO [ .Lu [N af _ A% - 1
L DL st ) mvwis | 1A XTI _N it § AW DM mamnmm | rremtet | B sonrn | sttt | LS v | atiit | Wi (St B8 | e HI3e it & | et | W D byt ) e —— wlmmiw O e B3 T
- o eXIC 5 oJon 3 NmA G ZX BNTZ. B X Xk QXX XX [Xy-t:d AW . — = Lt
[} i wEl RT3 e Col 3~ Jlllw Il e o et ] [ etel-E [T vl - & L il Ll & #3239
M= & "m0 >m QLKA o DI HK + LG TR TIA LXA g ==~ - _R - e o))
_ —ee &5 "y I8 “2 a5z e EoFa FE8 o 5552 R "o - I Y ~
B o o — -
“ JD Sm VD _ SD Bm._n. — BWU o= MoK _ AT - E— A z _ - B" Lt
1 pa———— a o O= 1 QO L e " b x| Ll | -~ .Hn -
— -~ t - LD [~ “w !lF. LI Ed _ I.r__r .- .
[ = o : L L d ~! sue L) wd new
1
} -
: w ‘e 4 “ml
] m.u.il s 120 o ETE U TS e oo 09t o} :
- - - vt
] M.I! M-t- “ﬁ l"“n ul m.l il N- L M.na- G_ Ml'l 1_ 1_ '~ b} =4 e “
‘ 1=" .. ] o - t . = . " = S . . S E 1
..
1~ - we w . . E - - wenns we # | ﬁu ~ we _e m v - | o !
m - -~
11 x - | Bene Sweoas & a8 [ C 8 O a A Be3E. - - s ﬁm _0 - -...n._ Waut - A O # .h | .A
121 &z |2 £ 2] FuFe . o+ a3 i5° e + == n Tane i*1 -3 Faba 15 12 2 o} Yl . 1 o® % | ﬂu
- (Fod [T, I -~ o <« Q% o - | a- E- z i 1 e o o w i1 P Q
_L“ » 1 vz tl“ (=] —I.r.!. W - o et g et H —-—— :u B ad L} .Il...tnu-..m.l.ll E e T T ] l.....l-_.l..!r.l.l_- r...-l_m MQE ] o v .._u FrE—Te T
- TRLJTT . Lad - Cd -
¥ 7w m_..._ﬂ... 19 &gy Lir LI .“ o LIS o1 ez s Tw w = ol B :MJ —.... 1= - m. Ll . 0" R
w - - pt
Y ja 2 | e a X * - . X 1 | ace | le = = Lorue [*] 1% 2" el . X
: - T ~ - - . * z LI Y same N N=-ig & -~ k=1 - 8 LI
: s £ 89 . E . I i b { Bl e N
1 @ T O - - T - Hv_ : “« &g " . . ! .
™ Sa33 ~ud .ew 2! LT _ shun 8 et aun .= ~ 1 e G 221
vy 1 i o
. y =4S

e ——— P — rre—— A —— RVE— ey PO i —— —  ——— ———— e



—— iy r—— T l{nt“.“ . — JUTR—— ey . w . h e
" s } . : .
. FR—' Vptrpatand . Saprinnd (R PR ,i...a.s:u N ot d A——— beprsteen i orevmmar it 1

w e
=2 . "©
- T i et . [LLL] et o 16] DR RE A
TR e R M TTRITe Ot QexrITT bl N Ry £} hop g R
-~ . = -
L) e
& S~ wee fores - s “. o - we - - " e o we -
- + =+t ‘
2 e e o e »enl S Vi [ Tm Guegn L R ] A - o
o2 w x ¢ e x bbbl Jerd [« B ] z = “h - .0
o X - « _oe It - - [ P K - .t - - . - L3111 - -
L] T = b BN » Woemn LR A L) ——— -..ln -.r Itlllumllll - — 0‘ M
=i O Elat L IO Ll LR S Ea il KN Ll L el haiaand L Ry TV ] - . e !_ L L I
T 5 e » il ey 2 e R 5 e oy " los T .W: . P
EHERA RN = Lol I LR B P o8e |2}
<~ 5 ath * —a " o ~. > & L] wiin o T
= - [T, “ v w -3 1
. “w - - w e .
] -~ "l » [ » -n e e ﬁ
” ,llu *REP A g et v LRt i ret—— Il" -ne "o L Rl
+ ¢
w L]
=2 bttt I e e i et bt Y Tt —
EBbeemm rr 43 NERTTTL LI FXT LI YL DREN ~fws WM ITIYTH [ m-.. oREs i NeaR  mie
-~ a ) - -l - — -+ -
e thin i 0_ S “e » - Ce s ° @ - Lbral _V ~ noim ] ' .« s = vl 1
- =~ - ~
-~ L * ! n..ﬂ iy -~ ez o ~ _._m-M. z ke o -~ e _M ~ we e - 2 QR_Z-M.N = _
Q -
N rie sul B [Dusl B 15 [z lossl 2 lozsl B &1 EoRESE K|
n
_ rog v gimgl BRI Sed 122 E Fwaw (B b gewml 1BEE| Ted (SRS Tede  LEEL DRI Ll |
[ P a [ E..Nuuﬂ T 1t “.60 | lsl!.l!r._-:l. m.-E e ate E- A EGer ] el -0 Illswalli_m m...E e et P E) PUHHUHUHHN e B3 L
- QF ten - =0
(1T .= = Soh rm g dE o S ] IR - I O | I | R == I
a T » —a - R X - L] - E = “ = - * »0 & Ngam-e +
= a . N m_ wln ST E et - ~J 8 oFe N T8 WBe | B 3 Ep”a"ER z |
et ~ o) -, -t t———— -~ - ~ - = =
] » - ~ 2 ) 0 L € 1O ~ a-in ...IF_ . | (IR -1 3 h
hi {38282 ] wae ~ sne - 8 ————— ~ ey ~1 T P q—— ]ttt o e e s * -




——

i e g b bt

i
[ ~=—rict ]

& =3

L

LM

B o e et et e

B[ ——m—

80t o4
T4 1 H
I DBESJY H
1. § [2;31,B1198Y1, H
10§ BadyByz JERR! ®
i1 H
Wi . S . s S0 s

I

H
1 05
e e e
1 25 = SIGeI 1

1

I
. 1 a6
51 H
81 DRELIY W
.1 (I5g1+B381, H
81 BYLiE)s2y H
11 BYS3,IERR] W

T
i o1
B e S . v e ettt o
B m 1
sigeiajiemysl - 1
BISI#RYL) [

1
. i o
BP » I
SIGBJIS{-51Gs I
BYS2 ¢ BYS1/Z) ¢ 1
sighpystei-aiz ¢ |

EJLf2) =

SIGFBISISI-BY2 +
SIGRAYISL-SIGe i
HiH iR T At

i
PR S, -\
4 WRITE 10 DEV  /

/' NYIA FORNAT /7
4 FROH_IHE L1ST /7

i NOTE 10
[ BN A
* LIST = B, BF -
ss a3 e s deren
1
45203} 1
ai ‘l NOTE 11
(IR T
CONTIHLE
CIE IR Tt ; PRI I
!
i
- 12
. .
-
-
S 8P ‘e
» .
. *
* .
.
1i-r0}
i
{
1 13
B e e e e a
1 IKDN = = 1 1

63 1 oL
[ - ——.
1 ikDP = 1 1
B e e ———
t
= ——
65 1 az
Vit e e et st e
1 [NO = INDN ¢ INDP 1
B e i et e e e
t
i
1
- 03
L} *
. .
. * TAUE
* IND .E4. O bl
. *
* L]
] = i
* e se
IFALSE +» &4 .
] + 28 .
1 srms
1 10
1
!
1
. .
sheelSe
. .
see B0

. pAGHE B3
ORIGINAL PAGH: ]
OF POOR QUALIEY]

81

!_ 1090 __I
1
43.01===)[
1 14
1 xt2) = 0.00 1
42e320mm) }
L 1 15
1 ROOTiJ)] = X(H + |
L 1 i
1
t
4
. 18
[ L
l:n £Q El' TRUE
. «EQa
- +«AHO. LN )x
.t . ulH . L 11 I 27
» +~000/11.00 - |
- . l =3 g?sfll 00 i
IFALSE L
1 [ 1 =1 1
1 = s 90 s et s e
i 44403 1}
i o 28
7 1 Ct) + 1 1 e i
R 1 Sldatotlerddsl |
* * TRUE 1
® 1 .EQ. NNI - bl
» » 1
> » 30 « 29
* -
» *
®
JrALSE *  END OF DO | %4
i * L3P !
1 . - 1
1 » . i
i ES T
» L 2 fYes s g
INDH = O { i s
INDP = O ! I
I =0 I 1 a0
[l 4 ’
&4.23-——:{ 19 ] untrebtn DEV /
- / VIA EORMAT ?
1=1+1 t [ a9 !
! = ROCTLJ) + i 1
+20000FLOATELS L 1
T . IS
1 7 WRITE To DEVY 1
1 20 !
/ MRITE TO DEY / /

! [
7 V1A FORHMAT !
£ FROM THE LI5T ¢/

1
i
I NOVE 21
- y = 3 % & 9 A
» LIST » Z -
*® 4 8 A x B8 8
1
i
s 22
- -
»
TRUE = -
- ¥ Qd. 0 -
-
L] L
L] .
[ J
iratse
|
i

R i 23

1] H

120 (2ot BIReBYM, 1

10 1 “BawleBYR1, ' H

It LERR ) H

i

. { 24
1 25 = 51G%2 f

. ]

. 1 25
i H
81 DBESJY f
21 (zsmianisH, K
5 1 BYSM,BISKI. H
11 evsul,leam] o

T
i 28
BIPN = = BJHL +
P Bneaand it
BIPSN = -
SIGRAJSHL »
osiIEH/2
YPH = = BYHL +
8 CNeBYNST
1
1
i
1 7
756,01

+ FROM THE L1ST /

1

1

P _NOTE 32
L I B ] =
= LisT » 5IG -
LI A R ; - r =

1

1 33

4 WRETE TB DEV ./
£ VIA _EORMAT  /

4 FRGM THE LIST /

i

1 _KOTE 3&
LI E R N R N A
* LIST = Mw -
.'I"‘T.t".

I

1 _KOTE 35
4 8583 42BN

-

= BEGIN 00 LOOGP b

* Gt | = 1y NHI =

l'."."l’.
.—---——-_--,

. 1 3%

1 How | -4 1

G4 1 37
/7 WRLIE TO DEV /
/7 VIA _FORHAT '
£_ESE:_IEE Llsl_f

1

1

I KOTE 38
C s PR E R OFPRYE
- LEST = Ny .
- ROGTIL) -
O BN W R e

¢

H

1

- 9

.
* =

KO L[] »
#---==% _ END CF DO _*
v oLcop e




.H.Iu — - y ey e ;e oy s - .L

02

i
CN*BYSM/Z

b p2bme=is

X
» .
e - v IR FLE T T Y T R Y TaERE LY Y o el FYL Tt T
1 [l N ~ ~N ZF ~ ~ " ] " ”
- . . -~ + & - = ~ - = - . " LIS
e Kl - bl . - -
=1 » w -~ wh A weGoR M ~ L] . & we # we &
=} a - b oo o ) =] = L) (=2 ] = -
2 Q. = Qexas [=LE=T"1] b= - Sisaw m e O = [=L ) oo O4 = w
< a v o o z = z gz [ Z ux o n T w ~ " Zz W i
. W L = L] L = s cvie L . oW LT -0 uge i
L] [T4=3 > e d * Sw O oF -< FTR-N = E b w
L ao vt | WO et d ‘.lllonlt.lllmﬁ =] ot ot it D EO P et et o [=]=] T e Y ) I TR R =T P R T~ BT Y
Ea B =) (o] - - ke e o - ” - - - -
- == 12 0 LTl aXA® | Ve WT L ® O s "ze w - = “xw -
- z e < - - - | £ 2 = - z =] W n = -
= [~ ] X - * % T T X L) » W L1 W e -
18 > x W o+ N 4 View ne » oo m =) x
F=iut . ~, o . w T U RN Q Lo L] Orim & Vi e # n
-0 ~ = o ~_ & -4 + l - w
- ~ LI 3 . ~ - - oo W + 0 2
-~ ~ m -
- > i 2] L2 22 ) ~ L2 2 2] - LX X ] -
4 ] _ |
__ ’ Le .—Ilillltlllll.ll...
3
w wi '
2 2
Py ot it e = - o o =y TITETS
- [ = - =9 N
[~ %) -
=] =3 “x
+ a Zh - n * ® MK
+ 3 ] a = -] w W3
- oy e - 40~ 8 = ™~ *QX & »OD
Wl oy o ot "~ T e} 2 e
P W vi_t L] g B TE ® O # = VNEXe
Pt I o w x -} w wrox
St et el | rrtre D Lttt 3 "'} . L e e R AT Wwep A et b bt s M il —t
- [T [ g " - e oo G0 et
A = I - =" ] - » AT 4 £
- 14 3 oE LT X -
W e [~ S | LK » - [ 3 M
[V LR aret wiey - = - - -
w c % _m_r- oo o . - oo
. "ot e
L3 (= L] »
Em +1 O
1=5 LAl
¢ o
oo
A
[t Aol —“ee R N~ L AL ] L X ]) - D s nn
- - -] —* w ] -
a » . - » F 4 - - L3 -
- ~ E=]
we * w ~ we » Wt m - " -]
o =4 —D - "t [ =13 w - =]
8 2wt ot Bgo oz, Sk S0l 8 :
.
0 LT3 18 ¥ & i duw «" Tn * = & 8
o z o mﬁc =) - [-E4
T LT Jot Tty T - | it B 8 Pt it 1o T O A bttt O )l it [} Wamtsrsmmtmartas | X | -
- g e e b ownu| 3™ - e
1 *«Xa — x o= wr *ZAR 1 - L - St
‘ F 4 = _R o - w1 [t L ol
x *8 ] L o it e - * hd
_m o [~ ¢ > X - el w o - (<}
(Il -~ =] L v »EO8 . » ni o=
~ o - [=1=) L2 ] -
L - LI ) oo LI - o
Lt _ sun ~ L2 1% hi+ “nun P
! +
__Ur_
] L L] [ LTI G Pt ot et 4t it T e
u =] =} —Iﬁ o (-] _ [~
w - -l x
> = we # < .- . 5. - * =) 5
t+x Ve - = - - a - w @ o o
[l £xXxa. 4 Wi o # - O #OX = vi it g - e x -
Bhamafide  WHORA w oot =] z LI T =1 XD 22z hxz =
OB E A= - = LAl =} * =D u = NE it XX QXX i3 o
e # % KO0 - ] = < g £y w [T v~ Iz =
WA ] i BB | et & » . 1> = e | e ] e TR et e Bt Bt b ML ) wtimomn | | b=l ] b3 | it bt e I it b e | (D) | Stta
A#wr GBAXT LI - “ag DX Tive A o T
Oty mX V] L 4 w - urE an L Zw = - Q3 MO Wiy ]
MEZZR DXl *aa -1 = = . bt et 1" =2k
BVGEE  oeas < == = = = *#X s » D WLy HEE -« L]
[ e L 1] [} e Z - an B L
w mon 2 N » % * & 3 = p= b el =
o a = i gen a = oy x
r} [~ - previd o
= " o ‘D=4 -
e NI san A s . wwa -




]

.
=

P
PEI T
IDAT15 8B - 25
L ]

N 1 01
T
I 1%159265358979300 i
1
i
i
= g2
& ]
«* * o« TRUE
4 X ,G7. 0,00 Sa——
» -
[ ] *
» *
L 3
lemse
i
i
i
i 03
_____ — ——
1 TERR = 0 1
I
LA K]
w4B.260
ves B0

Y

*
FALSE * »
---—E' X «GT. 50.0

* .

L] =
= L]

TRUE

FAC

.
>
e ol

&

1
|
l
|
3

e | | bt gt

UL

r

NX » 3.9 + FACSX
JL2snRx + 2) =
0.00
JE2%NX + £} =
1.0 - 29
€ = 0.CO
J0 = 0.D0
1
i
1 a9
Jdl = .00
¥a = 0,00

K= NX ¢ 1 — NB
AN = DFLOAT(N}

JIZ#N} =
+00%[Z.OCURN +
1. 00)e 7 28R ¢+

LI/X = 2[2% & 2)

20

L =C ¢
2.00%07 20200

i

{

{

£ 15

t .

KD - .

* -
4emm=s  END OF 0O _ *

« Logp »

"y
m
U

€ ———

ORIGINAL PAGHIH
OF POOR QUALITH

P Y

1 16

0 =

10
101172 -
200545}
€= J00 ¢C

Y0 =
(DLOGIX/2.00] +
5772156649015300)
*J00 - 2,00%Y0

v

17

¥l =
(DLOGIX/2.03) —
P
4227B43350°84700)
#Ji1) = JoO/x -
¥l
Y0 = Z.DOYO/C/P]
Y1 = 2.008¥1/C/PL

i
1 18
J0 = Jop/C
Yi1) = ¥t
Y(Z{ =
2.00%¥(11/% - YO
NKX = 2 & HO
i
I NOTE 19
* 8 & X & 5 & 28 E ¢
«  BEGIN OD LOOP  *
- 30 I = L. BNX -
‘.‘..:..'l'
— I
i 20
Yil ¢ &) = 1
2.D090FLOATE] o 1
fievel ¢ 1irx - 1
Yen 1
I
30 i 21
I ath s guie 1

ot

e 3

L
*
IYES
1
1
|
I
L 23
- -
L -
- * TRUE
* HO .fG. 0 _ *— =
a . T0 25
- - » H
» l BJ = JO H
L4 1
IFALSE i BY = Y& {
; } HJJd = (1) %
} 1 BYY = Y(§} 1
24 e 04 e e e sttt e B
. ! PR ' |
I BJ = JIND} 1 0 I SOTE 2
1 [4 LI A N I = % n
i BY = ¥YiNG) 4 - CONTINUE
1 i * - L * e
} NP = NO ¢ | ; 1
{ BJ4Jd = JLNP) } t 271
1 BYY = YINP) 1 * EXIT »
; .
1

A e s s

v




I

P
u

R T T

APPENDIX 3

MAIN PROGRAM LISTING

PRECEDING PAGE BLANK NOT FILMED

8b




1

1

1
e

&

1

BOX METHOD EINTEGRATION FOR SOURCE DISTRIBUTION OVER DUCT
IDMgls 61 - 61

LOGICAL * 1 PUNCH/T/ ,OLD/F/
INTFGER *4 TITLC/*-2%/y TITLED/*R'/ ,DRECTP/02/ ,TITLE(18B)

v SAVIP /037 HTITLC2/%Y+2'/ 4MAXD/&60/
REAL *4 ZERD/0.0/
DIMENSION C{40),0(40]) 1BR160,60) 1BI(60,60)
vE(40) C2(40)

COMMON  /GAUS/

BSQ, wWDS, 2L, RL, AS5Q ,DTl, DY2
¢ ICN
CUMMON /MATGUS/ B2e AINKy PIZ2, C,y Dy Ay By CHK LC2
- DUMMY N SO COMMON®S WILL AGREE SIZE WISE - - -
glNK, N' M’ MWQ LP, L, NN,NZ

COMMON /SAVL/ BR,BI1

1N0 FORMAT{(3012)

101 FORMAT(T7F1D.3)

103 FORMAT {1844)

106 FORMAT ('0', 5X, *BLOCK SIZE IN THE *,A2, * DIRECTION NORMALIZED',
1 * WITH RESPECT TO B.* /{8Xe4EL15.4)) .

150 FORMAT{1Hl,5X,*8B0X METHOD INTEGRATION FOR SOURCE DISTRIBUTIGON OVFR

1 DUCT#,// 6X,y 18A4
2 /7 6Xp'DUCT OR = '"4FL0.4," FT *,3X,"DUCT IR =*,F10.4,* FT

3V 4 /95X "FREQUENCY =% ,F10a4%y® RAD/SEC" 45X 'SOUND SPEED =1 ,F10e4+2X,
GYFT/SEC" s/ +5%X, TMODE NUMBER =%,13,//)

3197

NAMELIST /7PRNTL/ LeMyNaNNsLP

NAMEL IST/ PRNT 2/ N2y INK,CHK, XANG
NAMFLIST /RFAD/ PUNCH ,0LD
- % - % - % = ¥ - % - % - % - % -~ * = X

READ ({5,103 ,END=2) TITLE
OLD = JFALSF,.
READ {5,RFAD)

IF {OLD; GO0 1O 75
READ(5,100 (END=2) Ly My Ny NNy, LP, M, ENKs K N2

IF {L .LE. O) GO T 2

IF [M+N#N2 ,GT. MAXD) GO TO 7000
READ{S:10L) AyBeHySeCHK ¢ XANG
WRITE{6,150) TITLEE, Be Ay Wy Sy MW

WRITE{ &6, PRNTL)

WRITE{ 6, PRNT2)

READ{5,101} (C(I}, I=1,N]}

WRITF {6,1N6) TITLC L(C{I},I=1,4N}

IF {INK .LT. 1) GO 70 3197
READ{SsLO1YIC2ET5s I=1,N2)}
WRITE 16,106) TITLCZ2, (C2(I),I=14N2Z)

READ(S5+301} (D(I}, I=1,M)

WRITE (64106) TITLED ({D{I},I=1,M)

INITIAL CALCULATIONS

PI=3.14159265358979
E{ 1} = XANG
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50

7000

5

nT2 = {1.0E0 - XANG) / (L—-1)
DD 50 [=2,L

£(1) = DT2

DTL = XANG * PI * 2,0

DT2 = 2.0% {1.0F0 - XANG) * PI / {L-1)

ICN=0

PI2 = PI % 2

B2 = B / 2.0

BSQ = B * B

WDS = W / S

ASQ = A * A

AINK = A * INK
CALL CAL 200
CALL CAL300
IF (INK .GF. 1) CALL CALTODO
- - ~ PAD WITH ZFROES S50 THEY MAY BE READ IN REAL *3 -

WRITE {SAVTP} INKy Ny My MW, LPe Ly NN, K ,N2
1 ¢+ B2yZERDy AINK,ZFRO, PIZ2,7ZERD,y A,ZERD, ByZERO, CHK,ZERD
2 s We ZERO, S,Z2ERD, {C{I) 4ZERD»1=L 4N}

3 2 {D{T),ZFRD, I=1¢M) L(E(1),ZFERO,I=14L}) ,(C2(1),ZERD,I=1,N2)
NUM = N # M + N2

WRITE {SAVTP) {(BR(T,J)sZERDy BI{I,J)¢ZERO,[=1,NUM},S=1,NUM)
CALL MATX (ORECTP,PUNCH, SAVTP, TITLE, UNITEE)

GO TO 1

CONTINUE

STOP
EMA
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SUBROUTINE CAL 200

IDM915 62 - 61
DIMENSION C(40}Y},D{ 40} +BRIBOy60) 4BTR(6D) ,BI {60,603} +BTT{60]}
1 e X{16), WY{ 16} ,C2{40)
COMMON  /GAUS/
1 BSQy WDSe ZL,s RL, ASQ ,DT1, DT2
2 ¢+ ICN
COMMON  /MATGUS/ B2y AINK,y PI2y C4 Dy A¢ By CHK 4C2
1 r INKy Ny M, MW, LPy, Ly NN N2
COMMON  /SAVY/ BR,.BI
* - % - % - % = k = %X - % - %k - ¥ = & - &

FMW = FLOAT{MW}

DO 200 JC=1.M4

IF{JC-1)210,210,2112
210 R=D{JCI* B2 + AINK

GO TD 212
211 JE=JdC-1

R=R+{D(JE) +D{JC})I*B2
212 WRITE{6,4153) J4CyR
153 FORMAT{]1HL1,5X, "BLOCK NO?,13,5X,"RADIUS = *,FL0.4,//)

ICN=ICN+1

IDN=0

CALCULAYION OF THE D MATRIX ELEMENTS

DO 220 JJd=1.M
IDN=TIDN+1
IF{J4d-9C1221,222,221
222 BR{UICNs IDN}= P2
GO Yo 223
221 BR{ICN,IDN}=0.0
223 BILICN, IDNI=0.0
TE(MID{IDN, 45) cEQ.0) WRITE(6,3718)
3718 FORMAT(1H1}
WRITE(6,154) IDN,BRUICN, IDON) ,BI(ICN,IDN)
154 FORMATUIH oS5Xy T3 ¢5XKoFl0a4y2X e "+ ,2XsF10.442X,'1%)
220 CONTINUE

CALCULATION OF THF A1 MATRIX ELEMENTS

DO 230 K=14N
A2C = B2 * CIX)
[F(K-11231,231,232

231 77=-82C
Gh TO 233

£32 KL=K-1
Z1277-(C(KL}4C(K))*B2

233 IDN=IDN+]

IR = ABS {11)
BRIICNy [ON1=0.0
BICTCN, EON)=0.0
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DO 270 I=1,L

IfF {1 - 2) 234, 235, 237
234 DT = PT1
TT = 0.0
GO TO 236
23% DT = DT2
TIT = (DT1 + DT} * .5
GO ¥0O 236
237 DY = DOT2
TT = TT + DT

236 BDTD4 = B * DT / 4.0
DTDZ2 = DT / 2.0
BDOTD4C = BDTD4 * C(K)
DD 250 4=1.LP
ILK=4
ILL=NN+2%(J-1}
BTRIJ}=0.0
BTI{J¥=0.0
CALL GAUSS{XyWT, ILL}
SANR=0.0
SANI=0.0
DO 255 fI=1,1ILL
Ii=7z- X(TEy * B2C
I15Q Z1 * 71
DABSZTI = ABS (ZI)

DO 255 Jd=1,I01LL
TI=TT- X{JdJ) * DTD2

RI = [(R-B * COS{TE})I**2 « BSQ * { SIN(VI})**2 & ZISQ }**0D,5

ART=R I *WDS
CART COS(ART)
SARTY SIN{AST)
SINT=Z I*COS[{FUWETT) / (RI*RI)
DUMY = B * SINT #* WY[II) & WY{JN
SANR= -DUMY* {CART/RI+ SART*WDS) +5ANR
SANI=DUMY*{WDS*CART -SART/RI) +SANI
255 CONYINUE
BTR{JI=SANR*BDTD4C
BTI(J)=SANI*BDTD4C

L

IF {J 4T. 2) GD TO 250
JL=J-1
ABT = ABS( ABSIBTR{J}} — ABSI{BYR(JL]))
IF {ABT 4GT. CHK} GO TQ 257
ABC = ABS{ ABS{BTI{J)) - ABS{BTI(JL}))
IF (ABL <LE. CHK)} GO 10O 263
257 TF{J-LP)250,253,260
253 WRITE (6,6500}) ABTy ARCy TTy ZZ HBTRIJ), BTICJ)
6500 FORMATI(? INTFGRATION DID NOT CONVERGE — RFAL DIFFERENCE =7,
1 E13.5,/1 TMAGINARY DIFFERENCE ="', E13.5,5X'THETA =% ,E13.5/
2 /* I =*,F1l3,5,5X"BTR =',E13.5,5X*BTI =",E13.5}

250 CONTINUF
260 KIL=ILK-1

89



aaa

270

155

230

500

531
532

53%

534

535

537

536

= e e e ik - 4 " H 3

BR{ICN; IDN)=BR ( ICN,IDN)}+BTR{ILK)

BICTICN, IDN}=BI{ICN, [ON)+BTI{ILK)

CONT INUE

IF{MOD{IDN, 45) «EQ.0} WRITE(643718)

WRITE(6y 155) [DNyBR({ICN, IDN)4BI(ICN,IDN} ,ZZ

FORMATULH ¢5Xy 135Xy F1004s2X %49 42XoF10.492Xy"I7,8X4%Z = *,F10.4)
CONTINUE

CALCULATION OF THE A2 MATRIX ELEMENTS

{F{INK-1)2004500,500 g
DO 530 K=1,N2

B2C = B2 *C2(K)
TFIK-11531,531,532

71=8B2C

GO TO 533

KL =K~1

ZZ=I7+#{C2{KL) + C2(K)}) * B2
ION=I0GN+1

28 = ABS (11}
BRUICN,IDN)}=0.0
BIYICN,IDN}=0.0

nn 570 I=1,L

IF (1 - 2) 534, 535, 537
DT = NTL
TT = 0.0
GO TO 536
DT = DT2
TT = (DT1 + DT) * .5
GO TO 536
DT = NT2
TT = TT + DT

BOTD4 = B * DT / 4.0

PDTD2 = DT / 2.0

BOTD4C = BDTD4 *C2(K)

DO 550 J=1,LP

ILK=J

ILL=NN+2%{ j— 1}

BIR{J}=0.0

BTI{J¥=0.0

CALL GAUSSIX,uwT,ILL)

SANR=0,.0

SANI=0.0

DO 555 TI=1,I[LL

I1=77~ X(11) * B2C

Z1SQ = 7Y * 71

DABSZT = ABS (Z2I)

ZTIA = I1 * A -

DO 555 JJ=1,ILL

TI=TT~ X{JJ) *DYD2 .
RI = {{R - A¥ COS{TI})**2 # ASQ * { SIN{TI))**%2 + ZISG )*¥0.5
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555

557
553
550
560

570

530
200

ART=R [ *WDS

CART= COS{ART)

SART= SINCART)

SINT=ZTIA * COS{FMW*TI) / (RI*RI}

DUMY = SINT * WT(II) * WT{JJ}

SANR= =DUMY# {CART/RI+ SART*WDS)

SANI= (WDS* CART -SART/RI) *DUMY +SANI
CONT INUE

BYR{J)=SANR*RBOTD4C
BTI{J)}=SANI*BDTD4C

IF (J LT. 2) GO TG 552
JL=J-1
ABT = ABS{ ABS(RTR(J}} - ABS(BTR{JLI})

IF {ABT +GT. CHK) GO TQ 557
ABC = ABS{ ABS(BTI(J)) — ABS{BTI(JLI})

IF (ABC .LE. CHK) G 1 560

IF{J-LP1550,553, 560

WRITF {6,6500) ABT, ABC, TT, ZIZ ,BTR(J}, BTI ()
CONTINUE

KIL=1ILK-1

BRUICN, IDN}=BI{ ICN, IONI+BTRIILK)

BICICN, IDN}=BI(ICN,IDN)Y+BTI(ILK)

CONTINUE

IF(MID{IDNy45) .FQ.0) WRITE{6,3718)

WRITF( 6,155} [DN+BR{TCNy IDN)yBI{ICN,IDN) 27
CONTINUE

CONTINUE

RETURN

FND
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SUBROUTINE CAL 300
' IDM915 63 - 61
DIMENS ION C(40),D{40) +BR{60,60) +BTR{60) 4BI(60,60),BTI(60)
1 +XU16)y WTL16) 4C2{40)
COMMON'  /GAUS/
1 BSQy WDS, ZLy RL, ASQ ,DTVT1l, DT2
2 vy ICN
CUOMMON  /MATGUS/ B2y AINK, PI2, Cy, Dy A, B, CHK ,C2
1 e INKsy Ny M, MW, LP, Ly NN ,N2
COMMON /SAVI/ BR, BI
6500 FORMAT(® INTEGRATION DID NOT CONVERGE — REAL DIFFERENCE =1,
1 E13.5,/" EMAGINARY DIFFRRENCE =%, E13.5,5X'THETA =',F13.5/
2 A 7 ='3E13.5,5X"RTR =*,E12,5,5X'BTL =*,F13.5)
155 FORMAT{LIH ;5% 135X Fl0.492X 747 32X FL10,4¢2X,17,8Xs%7 = "4Fl0.4)
¥ - k - ¥x -~ ¥ =~ £ ~ ¥k - %X ~ X =~ & = X = %

CALCULATION OF THE Bl MATRIX ELEMENTS

FMW = FLOAT (MW
LO 300 JC=1,N
IF{JC~1)310,310,311
310 2Z=-C{JCi*B2
GO 1O 312
311 JE=JC-1
LI=77-~(C(JCY+C {JF;)*B2
312 ICN=ICN+1
Z2SQ = I * 717
WRITE{ 641601 ICN,ZZ
160 FORMAT(IHL,5X,'BLOCK NO®*,13,5Xe?*Z DISTANCE = ", F10Q444//)
IDN=0
DO 330 K=1.M
B2D = B2 * D{K)
IF(¥~11321,221,322
321 R= B2D + AINK
GO TO 323
322 KL=K-1
R=R+(NIKL)+DIK)I*B2
323 IDN=IDN+1
BRYICN,IDNI=0.0
BI{ICN,IDN}=0.0

PO 370 I=1,L
IF (I - 2} 334, 335, 337
334 DT = DT1
TT = 0.0
GO TO 336
335 DT = DT2
T7 = (DT1 + DT} *. .5
GO TO 336
337 DT = DT2
TY = 7T & DT

336 BDTD4 = B * DT / 4.0
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3

DTD2 = DT / 2.0

RDTD4D = BDTN4 * D(K)

DO 350 J=1,LP

ILK=J

ILL=NN#2%({ J~1)

BTR{J41=0.0

RTI{J)=0.0

CALL GAUSS{ XyWT, ILL)

SANR=0 .0

SANI=0.0

DO 355 I1=1,ILL

RI=R- X{I[) *B2D

RISQ = RI * RI

DN 355 JJ=1,ILL

TI=TT-  X{JJ1%DTD2

RO=((B-RI* COS{TI}}®¢*2 + REISQ # ( SINCTI))*%2 + Z2ISQ ) *%0.5

} AR T=RO*WDS

& CART COS(ART)

% SART SIN{AT)
SINT=RI*{B-RI* COS{TI)) * COS(FMW*TI)/(RO*RO)
DUMY = SINT * WT(IT) * WT{JJ)
SANR=DUMY#*({CAR T/R0O+ SAR T*#WDS) +5ANR
SANI=DUMY* { SART/RD~ CART®WDS) + SANT

355 CONT INUE
BTR{J)=SANR#*RDTD4D
BT 1{J)=SAN [*BDTN4D

23

s S i

—

e

]

- —

| S——

lj IF {J «LT. 2} G0 TO 350
Jt=J-1
ABT = ABS{ ABS(BTR(J}) - ABS(BTR{JLI}}
wi IF {ART .GT. CHK) GO YO 357
Lj ABC = ABS{ ABSI{BTI(J}) - ABS(ATI(JL))}
IF {ABC .LE. CHK) GO TN 3690

357 IF(J~LP)350,353, 360
. 353 WRITE {646500) ABTY, ABC, TTy R BYR{JV, BTI{J)
L 350 CONTINUE
360 KIL=fLK=-1
j BROICN, INDN)=BR{ICN, IDNJ+BTR(ILK)
ll BI{ICN, IDNI=BI(ICN,IDNJ#BTI[ILK)
3177 CONTINUE
IE IE(MODIIDN y45) EQ.0) WRITF(6,6843)
J

6843 FORMAT{1HL)

WRITE[64165) IDN,BR(ICN, [DN},BEZICN,IDN},R
._ 165 FORMAT(LH y5XsI3,5XsFL1004r2X ¢ 4% 42X, F10,4 42Xy [T BX,'R = *,F10.4]
5 330 CONTINUE

CALCULATION 1JF THE C11 MATRIX ELEMENTS

OO

NO 430 K=1,N

B2C = B2 ¥ C(K)

IF(K-1}14214421,422
421 Z=-B2C

B

o

a3

i

!
1
H




422

433

C*%

4446

435

437

436

455

g

GO TO 433
KL=K~-1
I=2-({CIKLY#+C{K)}*B2 :
IDN=IDN+1 i
IB = ABS (Z)
BR{UICN,IDN)=0.0
BITICN,IDN)=0.0 i
DO 470 I=1,L -
ANDDITION YO TEST CLNSED FORM SOLN.
IF {T.GT.1) GO TO 4446
ILK = 2
BY I{ ILK) 0.D0
BTR{ILK) n.D0 ;
IF (K «NE. JC} G0 YO 460 ;
BTR{ILKY = DT1 "
IF (MW .NE. 0} BTR{ILK) = 2.0 & SINIFMW*DTL /2.0) / FMHW
GO TO 460

g

CONTINUE
- - T3 HERE - - - - - - - - - -
(L - 2% 435, 435, 437
nT?2

{DT1 + DT) * .5

I
bT
TT

i

GO TO 436
DT = DT2
TT = TY + DT
80TD4 = B * DT / 4.0
DTD2 = DT 7 2.0
BDTD4C = BDTD4 * C{K)
DO 450 J=1,LP
ILL=NN#+2%(J-1)
ILK=J :
BTR({J)=0,0 =
BTI(J)=0.0 -
CALL GAUSS(X,WT,ILL}) :
SANR=0.0 .-
SANI=0.0
DO 455 TI=l,ILL 1
ry=1- X{ 1T} *B2C :
11215Q = (ZI-Z1)1%%x2
DABSZI = ABS (21}
DO 455 JJd=1,ILL
TI=TT-  X{JJN)*DTD2
RI={(B-B% COS(YI)}**2 + (B% SIN(TI))**2 ¢  IIZISQ }**0.5
ART=RI*WDS
CART = COS{ART)
SART = SIN(ART)
SINT=B#*(1.0- COS(TI)) * COS{FMW*TL) / (RI*RI)
DUMY = B * SINT * WT(II) & WT{JJ)

n

| A

SANR=DUMY*{CART/RI+ SART#WDS) +SANR
SANI=DUMY*(SART/RI~ CART*WDS) +SANI -
CONT INUE 3
i
)
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BTR{J}=SANR®BDTD4C

BYI(J)=SANI*BDTD4L

IF (J «LTa. 2} GO TO 450
JL=d-1
ABT = ABS{ ABS(BTRIJ})- ABSIBTR{JL)}}

IF {ABRT «GT. CHK) GO ™D 457
ABC = ABS({ ABS{BTI{J)) - ABS{BTI(JL)})!

IF {ABC «.LE. CHK)} ' GG TG 460

457 IFLJ=-LPY450,453,460
453 WRITE (6,6500) ABT, ARC, TV, I +BTR(J), BTI(J)
450 CUNTINUE
460 KIL=ILK-1
BR{ICN, IDN)=BROICN,IDN)+BTR(ILK)
BICICN,IDN)Y=BI(ICN,TON)+BTI{ILK)
470 CONTINUF
IF{MOD{IDN, 45) uEQ.O) WRITF(6,6843)
WRITF{6,166) INN,BR{ICN, IDN},BI(ICN,IDN),Z
166 FORMAT{IH 5% 135Xy Fl0e4y2Xy '+ % 92X sF10.442X%:%1',8X,'2 = *,F10.4)
430 CONTINUE

CALCULATION OF THE Cl12 MATRIX ELEMENTS

£

| i

G

e NeEel]

600

631

632

£33

634

635

637

636

CILK=J

[F{INK-1}300,600,4600
DO 630 K=14N2
B2C = B2 *C2(K)
IFIK-1)631,631,632
7= 82C
GO 7O 633
KL=K-1
Z=2Z+(C2{KL) #C2{K)) * R2
IDN=TDN+1
IR = ABS (2}
BRUICN, IDN3¥=0.0
BI{ICN,IDN)=0.0
DO 670 I=1siL

IF (L - 21}
DT1
.0

ny
1T

T2
(DTL # DTy * .5

DT
1T

DT = NT2

TT = IT ¢ DT

BDTD4 = B * DT / 4.0
PTD2 = DT / 2.0
BDTD4C = BDTD4 *C2(K)
DO 650 J=1,LP.

[E]

ILL=NN#2%[y-1)
BTR{J)}=0.0

895

634, 635, 637

GO TO 636

G3 TO 636



655

657
653
650
66"

670

630
300

BTI{J)=0.0
CALL GAUSS(X,WT.ILL}

SANR=0,0

SANI=0.0

DG 655 [1=1,ILL

Li=71- X{TI11*B2C
ZIZZ215Q = {(Z2-711%**%2
DARSZI = ABS (Z1)

DO 655 JdJd=1,1ILL

TI=TT~ X(JJI*DTD2

Ciit = COS(TI}

SIL = SIN{TI)

RI=[{B-A*CIL)**2¢{A*SIL)**2+ Z771ISQ J**0.5
AR T=R [*WDS

CARY = COS{ART)

SART = SIN{ART)

SINT=(B-A*CIL ) *A%* COS{FMW«TI) / (RI*RI)

DUMY = SINT * WTLII) * WT(JJ)
SANR=DUNMY®[CART/RI+ SARTE®WDS} #SANR
SANI=0UMY*( SAR T/RI- CART*WDS) + SANT
CONTINUE

RTR{J}=SANR*BDTD4C
BY ECJ}=5SANT*BDTDA4L

IF {J .LT. 2) GO TD 650
JL = J-1
ABT = ABS/ ABS(RTR{J))} - ABS{BTR{JL}})

IF (ABY .GT. CHK) GO YO 657
ARC = ABS( ABS{BTIC(J)} - ABS{ATI{J4LI))

IF (ABC .LE., CHK} GO TO 660

IF(J-LP) 650y 653, 660
WRITE (646500) ABY, ABC, TT, Z BTR{J)y BTI(J)
CONT INUE

KIL=TLK-1

BR{ICNy [DN)=BR{ ICN, ION)+BTR(ILK)

BI(ICNy IDN)=BI(ICN, IDN}¢BTI(ILK}

CONT INUE

TFE{MOD(IDN, 45) .FQ.0) WRITE({6,6843)

WRITE(6,155) IDNyBROTICN, IDN) 4BI{ICN,IDN},Z

CONT INUF

CONT INUE

RETURN

END
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SUBROUTINE CAL 700

C LDM915 64 — 61
DIMENSION C(401,D(40) yBRUGD,60) yBTR(A0) ,BI{60,60),BTI(60)
1 +X{16)y WT{16) ,C2(40)
COMMDON  /GAUS/

1 BSQ, WDSs ZILy RLy; ASQ ,DTL, DTZ2
2 + ICN
COMMON /MATGUS/ B2s AINK, PE2y Cys Dy A, By CHK ,C2
1 e INKy Ny My MW, LPy Ly NN ,N2
COMMON /SAV1I/ BR,BI
6500 FORMAT (¢ INTEGRATION DIN NOT CONVERGE — REAL DIFFERENCE =%,

1 F13.5, 5X, *IMAGINARY DIFFERENCE ="' ,E13,5/15X, 'YTHETA =%,

2 El13.5, 5Xy "1 =Yy E13.5 ¢y 5Xe'BTR =",F13.5,5X, ¥BY] =*,EL3.5]
155 FORMAT{1H s5XKe 133 9XgF 0049 2K " 472X FLOuGo2Xy 1% ,8X,y"7 = " ,F10.4%)
167 FDRMAT(IHO'SX,'BLUCK ND'\'!B'SX"Z DISTANCE = "Flj.ll,f,,

165 FORTATLIH o5%p 1395 % Fl0a 42Xy 140 32X 3F 10,4 42Xy "I 4BXs'R = *,F10.4)
1646 FORMATIIH ,5X,; I3 ,5X, FlOa4e2X 3 '+ ¥ 42X eFi0a 492X [¥3BX 'L = " ,F10.4)

) C * - % — % = & = % = & - % = % = % -~ * = Kk
FMW = FLOATIMW)
] DO 700 JC=1,N2

IF(JC~-13710,710, 711
710 77=C21(JC} * B2

GO 10 T12
711 JE=JC-1

IZ=72+«{({C2{JC) + C2{JF)) * B2
712 [CN=ICN+1

I1SQ = 17 * 11

WRITEL6,160) ICN,1IZ

IDN=0

CALCULATION OF THE B2 MATRIX ELEMENTS

3 .o 3

OO0

DO 730 K=1l4M
82D = B2 * D(K)
TF{K-1)T721,721,722

721 R = B2D + AINK
GO TD 723

| 722 Ki=K-1

R=R+{D{K }+N(KL )1 %82

- 723 IDN=TDN+1

1 BR{ICN, TON) =67

. BI{ICN, INN =0, ¢

" B0 770 I=1L
IF (L - 2) T34, 735, 737
. T34 T = DT1
7T = 0.0
GO TQ 736
735 0T = D72
TV = (DTY + D7) * .5
GO TO 736
737 DT = DT2

97
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[aN e NN

736

755

757
753
750
760
T70

730

821

TT = 717 + DT

BDID& = B * DT / 4.0
DTD2 = DT / 2.0
ROTD4D = BDTD4 * DI(K)
DD 750 J=1,LP

ILK=J

JILL=NN+2%*({ -1}
BTR{J)=0.0

BTI(J}=0.0

CALL GAUSSUX WY, ILL)
SANR=0.0

SANI=0,0

DO 755 II=1,41I0LL

RI=R~- X{IT)*B2D
RISQ = RI * RI

DO 755 JJ=1,ILL
Ti=TT7~- X{$J1*DTD2

RO={{A-RI* COS{TI))**%2 + RISQ X( SIN(TI)I*%2 + Z775Q }**0,5

ART=RO*WDS

CART = COSIART)

SART = SIN(ART)

SINT=RI*(A-RI* COS{TI)) * COS(FMW¥TI} / (RC*R0O}
DUMyY = SINT * WT{I1} * WTLJJ)
SANR=DUMY*{CART/RO+ SART®WDS) +SANR
SANTI=DUMY%*{SART/RO0~ CART*HDS) +SANI
CONT INUE

BTR{J}=SANR*BDTD4D
BTI(JY=SANT*BDTD4D

IF (J LY. 2) GO TO 750
JL=4-1
ABT = ABS{ ABS{BTRU{J}) - ABS(BTRIJLI}}

IF {ABT .GT. CHK) GO 10 757
ABC = ABS( ABS(BTI(J}) - ABS(BTI{(JL}})

iF [ARC .LE. CHK) GO TO 762

[F{J-LP) 750,753,760

WRITE (6,6500} ABT, ABC, TT, R LBTR{J4}, BTI(Ji
CONTINUE

KIL=T1K-1

BRUICN, IDN)=BRUICN,IDNI+BTR(ILK)
BI{ICN,IDN)=BI{ICN,IDN)+BTI(ILK)

CONTINUE

WRITE(6,165) IDN,BR{UICN, IDN},BTUICN,IDN) 4R
CONTINUE

CALCULATION DF THE C21 MATRIX ELEMENTS

DO 830 K=14N

B2C = B2 * C(K}
IF(K-1)821,821,822
I=-82C

GO TO 833
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822

833

834

835

837

836

855

KL=K~1

I=I-{C{K}+C(KL))*B2

IDN=[DN+1

IB = ABS (Z)

275Q = 11 * 17

BRUICM, IDN)=0.0

BI{ICN,IDN}=0.0

DO BT0 I=1,L
IFl{E - 2}

DT = DT1

TT 0.0

i}

nT
TT

DT2
{DT1 + DT) * .5

DY oT2

T TY « DT

BNTD4 = B * DY / 4,0
DTD2 = DT / 2.0
BDTD4C = BDYD4 * C(K)
DO 8%N J=1,LP
ILL=NN+2%{ j-1)

ILK=J

BTR{J}=0,0

RTI{J}=0.0

CALL GAUSS{ X WT,ILL)
SANR=N,0

SANI=nN,0

DO 85% II=1,I1ILL

11=1- X(I11*82C
172i5Q = (ZZI-2Z1)%%2
DABSZTI = ABS {Z1I)

DO 855 JJd=1,ILL
Ti=TT- X{J443¥%DTD2

o

RI={(A-B* COS{TI))I*%x2 + BSQ ¥ { SIN(TI))**2 +

ART=R [ *W DS
CART = COS{ART}
SART = SIN{ART)

SINT=B#( A-B%* COS{TI})} * COSIFMW*TI)
SINT * WT(IL) * WT(JJ)

DUMY =
SANR=DUMY* [CART/RI+
SANI=DUMY*{SART/RI-
CONTINUE
BYR(J}=SANR*BDTD4AC
BTI(JI=SANI*BDTD4C
IfF (J «L7T. 2}
Ji=J-1
ABT =
IF (ABRT .GT. CHK)
ABC =
IF [ABC JLE. CHK}

ABS{ ABS{BTR{J}) -

ABS{ ARS(BTI{J)) -

SART*WDS)
CART®WDS1}

99

B34, 835,
GD TO B36

GO TO B36

IZ7Z15Q

/ (RI*RI)

+S5ANR
+SANI

GO 14O 850

ABS(BTR{JLI )}

0 TO 857

ABS{RTELJLY))

GO 7O 862

837
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857
853
850
860

B70

830

oo

321
922

933

G

4446

935

937

936

IF{J-LP}850,853, 860

WRITE (6,6500) ABTs ABC, TT, Z +BTR{J}s BTI{J)
CONT INUE

KIL=1LK-1

BR{ICN, TDN)=BR{ICN,IDNI+BTR{TLK)

BI{ICN, IDN}=BI{ICN,IDN}+BTI(ILK) %
CONTINUE '
WRITE({ 6,166} IDNBRUICNy IDN),BI(ICN,IDN),Z
CONTINUE

CALCULATION OF THE €22 MATREX ELEMENTS

DO 930 K=1,N2
B2C = B2 *C2{K}
IF{K-1}921,921,922
I=8B2C
GO 1O 934
KL=K~-1
I=7+(C20{K) # C2(KL)} * B2
IDON=TIDN+1
IB = ABS {7}
BRUICNs IDNDY=0.0
BI{ICN,IDN}=0.0
D0. 970 I=1,L
ADDITION TO TEST CLOSED FORM SOLN.

IF {[.GT.1) GO YO 4446

ILK = 2
BTIUILK) = 0.0D0
BTR{ILK)} = 0.DO

If (K <NEe. JCJ) GO YO 960

BYRUILK) =-DT1

IF (MW .NE. 0) BTR{ILK)} =-2.0 * SIN(FMW¥DT1/2.0} / FMW

GO TO 960

CONTINUF
- - TO0 HERE - - - - - - - - - -
0T = DT2
TT = (DTL + DT) * ,5

GO TO 936
DT = OT2
IT = 7Y + DT

BOTD4 = B * DT / 4,0
DYD2 = DT / 2.0
BDTD4C = BDTD4 *C2(K})
DD 950 J=l.LP

ILK=J

[LL=NN#2*{J-1)
BTR({J)}=0.0

BTI{J)1=0.0

. CALL GAUSSIX,WT,ILL}

SANR=0.0

C::" - :;Zﬂvﬁ 100
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953
a50
60

971

230
720

SANI=0,0

DS 955 II=1,ILL

11=7- X{ {1 1%B2C
Z7721SQ = {ZZ~-Z1)%*2
DABSZI = ABS (ZI}

B0 955 Jd=1,ILL
TI=TT-  X{JJ)*BTD2

RI={({A~A%* COS{TI})**2 + (A * SIN{TI))**2 + ZZ2715Q
SINT=A%(1.0- COS{TI)} * COS{FMW%TI) / (RI*RI}
ART = RI * WDS

CART = COS{ART}

SARY = SIN{ART)

DUMY = A %= SINT * WT{IT) * WT{JJ)

SANR=DUMY* {CART/RI+ SART¥*WDS) +SANR
SANI=DUMY* ({SART/RI- CART*WDS) + 5ANT
CONTINUE

BTR{J)=SANR¥BDTD4C
BYI(J)=SANI*BDTD4C

IF {J LT, 2) GO0 TO 950
Ji=J-1
ART = ABS{ ABS(BTR{J)) - ABSIBVR{JLIIN}

IF {ABYT .GT. CHK]) GO 71O 957
ABC = ABS{ ABS{BTILJ)) -~ ABS(BTI{JLI))

IF tABC LLE. CHK} GO TO 960

IF(J-LP1950,953, 4560

WRITE (6,6500F ABT, ABC, TTy, I (BTRUJ),y BYILJ)
CONTINUF

KIL=ILK-1

BR{ICN, IDN)=RBR{ICN,IDNI+RTR{ILK]}

BICICN, IDN)=BI{ICN,IDN}+BTI{ILK}

CONTINUE

WRITE{64155) IDN,BR{ICNg IDN}4BI{ICN,IDN}Y,Z
CONTINUE

CONTINUE

RETURN

END
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SUBROUTINE GAUSS{XeWT, M)
C STORE DP TEST IN 81 IDM915 11 - BT
cD IMPLICIT REAL*8 (A~Hy0-2)
GIMENS ION X{12),WT{12)
IFIM=4)10,11,12
19 X{1}=-0.577350269189626
X(2)= =X{1)
WY{1)=1.0
WT(21=1.0
GO 7O 20
11 X{1)=-0.861136311594053
X{ 2)=-0. 339981 043584856
X(3)=- X1 2}
X{ 4)=— X{1) J
WT(1)=0.347854845137454
WT(2)=0.652145154862546
WT(3)=WT(2)
WY (4)=HT(1)
GO TO 20
12 IF{M-8113,14,15 ,
13 X(1)=—0.932469514203152 ;
X{ 2¥=-0.6612093864646265 =
X{3)=-0.238619186083197 .
X{4)=— X(3) J
X{5)=— X([2)
X{6})=- X{1)
WT{1)=0,171324492379170 |
WT(2)=0.3607615T73048139 [
WT(3)=0.467913934572691
WT{4)=WT(3)
WT(5)=WT{2}
WT{6)=WT{1)
G0 TO 20
14 X{1)=~0.960289856497536
X{2)=-0.7966664T7413627
X{31=-0.525532409916329

UM N

| E—

o S Sl

X{4)=—0,1834346424954650 ;
X{5)=— X{ %) [5
X{6)=~ X(3) -
X{T)=— X{2)

X{8)=— X{1) [J

WT(11=0.101228536290376
WT(2)=0.222381034453374
AT(3)=0.313706645877887
WT{4)=0.362683783378362
RT{S)=NT&}
WT{6I=HT(3)
WIT7)=WT(2}
WT(8)Y=WT{1)
G0 7O 20

15 IF(M-12)16,17,18

16 Xt 1)=-0.973906528517172
X{ 2}==0.B65063366688985

.
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-

17

19
19

X{3}=-0,679409568293024
X(4)==0.433395394129247
X{5)=-0.148874338981631

X{e)=- X{5)
X{7Ty= X{4)
X{8)=- X{3)
X{9}=~ X{(2})
X{10)=— X(1}

WY{1)=0.0666T7134430C8688
WTi2)=0,149451 349150581
WT{3)=0,219086362515982
WT{4)=0.2692656T719309996
HT(5)=0,295524224T714753
WTI{6)=HT15}

WILTY=NT (&)

WT{B)=WT(3)

WY (9)=WT{2}
WT{10)=wT(1)

GO 70O 20
X{1)==-0,9815606342467T19
X{2)==0.9041172563710475
X(3)=—0,769902674194305
X{4)=-0.587317954286617
X(5)=-0.367831438918180
X(6§=—0,125333408511469

X{7)=- X{6)
X{8)=- X{5)
X(9)=- X{4)
X{10}=- X{3)
X{il)=— X{(2})
X{i2)=- Xti}

WT(1)=0,047175336386512
WT{2)=0.106939325995318
WT{31=0,160078328543346
WTi4)=0.203167426723166
WT{5)=0,23349253653835%
AT (6)=0,249147045813403
WTL{7)=WTib6)

HT(8)=WT{5)

WY (9)=WT{4)
WT(10)=WT{ 3}
WT{L1)=WT(2)
WT(12)=WT{1)

IF (M-16)
X{1)==-0.986283808656812
X{2¥=-0,928434883663574
X{3}=-0.827201315069765
X{4)=~0.687292904811685
X[5)=-0,515248636358154
X{6)=~0.,319112368927890
XU 7)=-0.108054948707344
X{8)=- X{T)

19y

21y 20

GO 10O 20




21

20

X(9j=- X(6)
X{10)= -X(5)
X{1l}== X{4}
X{t12}=- X(3)
X{13)=- X{2)
X({1l4)=- X{1)

Wil(1)=0.035119460331752
WT(21=0.080158087159760
WT{3)=0.,1215185706879303
WT(4)=0.157203167158194
WT(51=0.185538397477938
WT{6)=0,205198463721296
WT({7)=0.215263853463158
WT(B)=WTI(T)

WTI9)=WT(6)
WT{10)=WT{5}
WT(11)=WT(4)
WT{12)=WT{3}
WT(13)=WT(2}
WT{14)=WT(1}

X(1)==0,989400934391650
X{2)=—0,944575023073233
X{3)=-0.865631202387832
X141=-0.755404408355003
K(5)=-0,61T7T876244402644
X{6)}=-0.458016777657227
X[ T)=-0,281603550779259
X(8)=-0.095012509837637

X{3)=- X{8)

X{10)= ~X{7

X(1iy=- X{6)
X{12)=- X{5}
X{13)=~ X{4)
X{1l4)=- X(3)
X(15)=- X{z)
X{1l6)=~ X{11)

WT(1)=0.027152459411754
WT{2)=0,062253523938648
WT({31=0.095158511682493
WT(4)=0.1246289T1255534
WT{5)=0.14959598R8816577
WT({61=0.169156519395003
WT{7)=0.182603415044924
WT{8)=0,189450610455069
WT{9)=WT{8)
WT{10}=WT{ T}
WTI{L1)=WT(&)
WT{I2}=WT(5)
WT{13)=WT(4)
HT{144=WT{3)
WT{L5)=HT(2)
WATI16)=WT{ 1)}

RETURN

END
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SUBROUTINE MATX {DRECTP, PUNCHe SAVTP, TITLE,DUMEE) ;

C MATRIX CALC FROM -
c BOX METHOD INTEGRATION FOR SOURCE DISTRIBUTION OVER DUCT ;
C NDOYBLE PERC. TEST IDM915 66 - 66 |
IMPLICIT REAL®*S (A-H,0-7) L

LOGICAL # 1 PUNCH o
INTEGER * 2 DATE{3) |
INTEGER *& DRECTP ,SAVTF ,TITLE(18) ,TPS/07/ B

1 MXMI30/, MXN/GD/, MXN2/307, MXNN2/45/7 ,MXNUM/60/

2 JRAD{3}/'®x%x RADIAL 9/, IDUCT(3}/*INNER DUCT ¢/ '

3 LODUCTL3)}/'OUTFR DUCT */ j
REAL *4 ASy BS, WSe CHKS, DS{1),y CS(1}, ES(L}, PHI1S{1} -

1 yPHI2S(1), VRS(1} ,S5 ,C2S5(1) .
COMPLEX *16 V{40)

1 +PHI14PHI2,AA,BB,CC,0D,DCMPLX ,DZERG/{0.D0,0.D0)/ ,DCONJG ]
DIMENSION C{40),D{40) ,C 2140)

2 yPHIL(50),PHI2L 40} 4VSi1) i

3 ¢AA{40,45),BB8(45,40) ,CCL60,60) 40D {60,560} .
COMMON /MATRIX/

1 Vy PHI1, PHI2 ,W, Sy E(40) }

2 v IV oKDF {J1
COMMON /MATGUS/ B2, AINK, PI2 ,C +D sA y8B JCHK ,C2 :

1 +INKy Ny M, MW, LP, L, NN 4N2 ;
COMMON fSAVE2/ B8 glﬁ
COMMON /SAVE3/ AA S

c - - CC AND DD MUST BE IN THIS ORDER TO WORK WITH INVT s&&k&tx
COMMON /SAVL/ CC,OD :
EQUIVALENCE  {V(1)4VS{1)sVRS{11) f‘

1 v LA AS)Y o {ByBSYH, (WeWS5) ¢{5¢5S), (CHK,CHKS) ,{0(1),DS{1)}

2 2(CEL1),CSULY) HJUELL) ESILID, (PHIL{1},PHILSIL})

3 f(PHI2( 1), PHIZSI 1) L(C2(1),C25(1N) (
100 FORMAT(3612) Lo
102 FORMAT(TF10.3} ‘
103 FORMAT{18A4%) 15
104 FORMAT{T7I10) J
105 FURMAT(6E12.5)
1N6 FORMAT (*1%, 10X, 18A4//)

107 FORMAT [*1%', 20X, 'CALCULATE PHIY'S FROM BOX INTEGRATION MATRIX'/

1 TX, A2y 201/%,A2), S5Xy 18A4///)

108 FORMAT {'0  C BUFFER (-Z1'/ (8X,1P4D15.4)}

110 FORMAT {'0 C2 BUFFER (+Z)1?'/ [8X,1P4D15,4)} [
[

19 FORMAT (0 D BUFFER (R} '/ (BX,1P4D15.4))
200 FORMAT {6E12.5)
9007 FORMAT [ 1P6D12.5)
9008 FORMAT { A2y 2('/*,A2), 1BA4}
£ =% S x - * ~ % -  * - x - r - L - ® - *
CALL DATELS (DATE}
WRITE {6,107) DATE, TITLE

REWIND SAVTP L
RFAD (SAVYD) INKy Ny My MW, LPe Ly NN, KDF .WN2
1 182y AINK, PIZ2, Ay, By CHKy He S
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Z 2 p{ICTINei=lyND) 4 (DUI)oeI=1gM) SUEGE) oI=14L} »{C201},TI=1,N2}

WRITF(6,5189) INK, Ny My MW, LP, L, NNy KDF, N2, 82, AINK,

] 1 PI2, Ay By CHK, W, S

5189 FORMAT(' INK=",13,* N=%,]13,"* =14013," Mu=",13,' LP=1,I13,
19 L=%,03,° NN=',13," KDF=*913,"' N2=",13/% B2=',F6.3,

a 2 ' AINK='4,F6,3,' PI2='",F9,5,% A=",F6.3,' B=Y4F6.34* CHK=',

. 3 FB.b6/"Y =%, Fl0.4," S$=', F10.4)
= WRITE {64108) (C(E)sI=1,N}
I[F {INK .GT. O) WRITE (64.110) {C2{1),1=1,N2)
[] WRITE (6,109) (D{I),I=1,M)
IF { .NOT. PUNCHI GO TO 1093
WRITE (TPS,9008) DATE, TITLE
WRITE (TPS,9007) (C(E)oI=1,N)
: IF [INK «GT, 0) WRITE (TPS$,9007) (C2(1) +1=1,N2}
- WRITE (TPS,900T} (D{1)40=1,M)

1003 NO = N
NN2 = NO + N2
= NUM = M + N + N2
IF (M GT MXM ,0OR. N.GT.MXN «OR. N2.GT.MXNZ2 .0OR.

M 1 NN2.GT.MXNN2Z  oOR. NUM.GT.MXNUM) GO T4 9080
| ND2 = 2 * NO

ND4 = 4 * NO

N22 = 2 * N2

N24 = & * N2

MR2 = 2 * M

MR4 = & * M

LR2 =2 * L

IF(INK=L)BTs 77477
77 N = N + N2
87 CONTINUE

RFAD {SAVTP) ({DD{I,J}, =14 NUM} , J=1,NUM)

DO 10 I=1,M

DO 10 J=1,N

K=J+M

AA{T,J)F = OD(I.K)
10 CONTINUE

DO 12 I=14N

DO 12 J=1.M

K=f+M

BBlIyJ) = DD{K,4J)
12 CONTINUE

DO 15 I=1.N

D0 1% J=14N

K=1+M
. L=J+M
CCUI,sJ) = DD(KyL) %= PI2
] 15 CONTINUE
DG 50 I=1,N
DO 50 J=14N
" DD(I4Jd) = DZERD
DN 5% K=1,M

o CCO 4 o 3

A
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55 DO{I+d 1=BBULKI*AA{K,JI+DD(I,J)
50 CONTINUE

CN = 0.0

DO %6 [=14N

DI} 56 J=1,N -

DD{I+d¥=CCLT,J¥-DDI{I,d)

CN = CN + DB{I,J) * DCONJG(DD(I.J))}
56 CONTINUE -

C - - DD IS I[N COMMON AND IS DESTROYED BY INVT *RERERER
CALL INVTIDDLLC,Ny,KKK)}
IF (KKK .E3. 1) GO TO 9000 ]
DU 60 I=14N .

DO 60 J=1,M ?
CM = CM + CCII,J) * DCONJGICCII.J4))} —!
DD{fyd) = DZERDO .
N0 66 K=1,N i
DD(IwJ’=CC(IQK}*BB(KQJ'+DD([rJ'

66 CONTINUF

67 CONTIMNUE
COND = DSQRT (CN * CM) / DFLOATI(N) !
WRITE 16,7001) COND h

7001 FORMAT {°0',20X, *CONDITION NO. =", 1PF17.8}

C OUTPUT ALL INFO TO THE DIRECTIVITY FACTOR AND - {]5
c - - - IMPEDEZNCE PROGRAMS IN SINGLE PERCISION - = b
IF (PUNCH) WRITE (7,100} Ky My Ny N2y INKy LP, MA, NN, L
IF (PUNCH) WRITE 17,200} A, By We Sy CHK ¥
IF (PUNCH} WRITE (7,200)  (DS{I),i=1,MR2,2) !
IF (PUNCH) WRITE (7,200) {CSII)sI=1,N02,2)
If (PUNCH oAND. INK.GT.0) WRITE (7,200) (C2SII),4T=1,N22,2) .
IF (PUNCH) WRITE (7,200)  (ES{I),1=1,N0O2,L) i
Cx READ IN VELOCITIES '
READ( 5, 2000, END=9000) [V
2000 FORMAT(212) {J;
C - - IV .GT. O oL CARD INPUT L
c - - IV .E3. 0 CALL VELINT
c - ~ IV .LT. 0  READ CHAMBER'S QUTPUT g
IVF = IV g
NAP = 1
NAM = 1
IF (IV) 1005, 1008, 1010 ¥

1005 READ (5,103} TITLE
WRITE {64106} TITLE
READ (5,104) NAP, NAM, NRM, NSR ;
WRITFE(6,4104) NAP, NAM, NRM, NSR i
IV = NRM
GO 7O 1010
1008 CALL VELINT (IV, M, Dy INKy Ay B, A[NK, MW)
10E0 M2 = M * 2 -
DG 2001 INAP =1,NAP
DU 2001 INAM =],NAM
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If£{1-1182,82,83
B2 7=- C{1) * 82
Gk To 181
83 Ki=I-1
Z =7 - IC {(Ki) «# C (1)) * B2
181 CONTINUE
KOK=1+M
TF(MOD{KOK51).EQ.0) WRITE{6,106)
81 WRITE(6,76) PHILII),2Z
If {PUNCH) WRITE (7,200} (PHIL1S{1),I=1,ND4,2)
IF( INK-1197,98,98
98 DO 99 I=1,N2
IF{I-1172,72,73
72 1 = C2(1) * B2
GO TO 74
73 Ki=I-1
I =7 # (C2(KI) & C2{11) * B2
T4 J=1+ND ‘
99 CONTINUE
T6 FORMAT{1H , 2F10.45 " 1% 35Xe%Z = "4 F10.4)
WRITELf 6, T6) PHILLJ),Z
Nl = NO + 1
NR12 = NO4 + 1}
NR22 = ND&4 + N24
IF (PUNCH) WRITE {7,200) ({(PHILS{I),I=NR12,NR22,2)
97 CONTINUE
2001 CONTINUE
9000 RETURN

9090 WRITE (649091) My NSR
9091 FORMATY {*0 THE NO. OF RADII D0 NOT MATCH. CHECK INPUT CARDS?
1 +! AND DISK. =1, T13,5X,s*NSR =.| 13)
GO TO 9000
908N HWRITE (6,9081) MXM, MXN, MXN2, MXNN2 oMXNUM
9081 FORMAT {0 M IS GT'y 13, "y N IS GT*,¥3, ', N2 IS GT?,13
1 +¥ N#NZ IS GTY', [3, *,0IR MeN+N2 IS GT',13 /
2 12X, *THE DATA OR DIMENSIONING MUST?
3 ¢ BE CHANGED® , 10X, 30('%-%))
GO TO 9N00

END
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DO 2001 IRA=1,1V é!

IF { IVF) 1015, 1018, 1030
1015 IF {INK .EQ. O} GO TO 1016 _
IF [NSR .NF. M) GO TO 9090 ]
NB = 1 .
GO TO 1017
1016 CONTINUE
c - - - FAN DUCT ————— - - - - 3
IF (NSR .GT. M) G0 TO 9090
NB = M - NSR
If (NB .EQ. O) GO TO 1117
pD 1116 I =1,NB -

1116 V(1) = DZERD N
1117 NB = NB # 1
1017 READ (55105} (VII), I=NB,M) 8
GO TO 1040
1018 CALL VELCAL {IRA, VS) :
DO 1020 I=1,M ;
K =M- I+ 1
J=M2 -1 %2 +1 .
VS{J) = VSIK) L;
1020 VS{J+1l) = 0.DO -

50 TO 1040 )
1030 PO 550 I=1,M l
550 V{I} = 0,DO )
i READ{S:102 ,END=9000} {VS{tE),1=1,M2,2)
| 1040 DD 65 I=1,N
PHII(I} = DZERD
| DO 70 K=1,M
70 PHIL(CI1=ND{ 14K )XVIK)I*{-1.0)+PHIL(])
i
|
t
l
|
|

65 CONTINUE
DO 75 I=1+M
PHI2{I) = DIERO
DO 80 K=1,N
80 PHI2(1)=- AA{IK}*PH]I L{K)/ P12 +PHIZ2(I)
PHIZ(T ¥=V{IY/ P12 #PHIZII)
75 CONTINUE
WRITE{ 6,95} IRA
95 FORMAT{1HL +"SOURCE STRENGTH DISTRIBUVICON' 115, /)
DO 90 1=1,M
IF{I-1191y91,92
91 R=D{TI}* B2 + AINK
G0 Y0 Z0
92 Ki=1-1
R=R+{D{I}+D(KI})* B2 !
90 WRITE(6,96) PHIZ2{T1)},R (VI

(=

. 96 FORMAT(1H , 2F10.45" 1745Xs "R = "4F10s4,y TXe*V = ¥,2F8.2) -
| [F (PUNCH) WRITE (7,200) (PHI2S{I),1=1¢MR%,2) |
1 9009 FORMAT [3A4, 'PHI*®S FOR ANG. PT9,I3, *, ANG. MD', I3 -
i 1 'y AND RAD. MD', I3, / (1P6E12.5}) -
{ DO 81 I=1,NO :J
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SUBROUTINE INVT{A,AINV,N,KKK)

C IDM915 65 - 65
IMPLICIT REAL*8 (A-H,0-1) —y
COMPLEX *16 A AINV:S,B,T,BAD

cno COMPLEX *08 A,AINV,S,B,T,BAD -
DIMENSICON AU60,60)+AINV( 60,60} +8{60,120),8D{2) 51120}
COMMON /S5AV1/ B
EQUIVALENCE (BD(1},BAD) : X

1000 FORMAT (6D15.4}
C *k  kk  kkkx  kkk Kk k% kEE *XE ek kkkk ok kK X

MM =2 %N

KKK = @ L]

DO 23 1=14N —

DGR 23 J=1,N .
23 Bl{IsJd)} = All,J) =

K = N+1

DO 24 I=1.N

DD 24 J=K,MM
24 Bll+d) = {0.0,0.0)

no 25 I=1,N

K=1+N ;
25 BlI+K} = {1.040.0) -

D0 33 I=1,N

J =1 ﬂ

BAD=B{ 1,4}

BR = BDI11)

BI = BD{ 2)

o

BAR=[ BR*RR+B[#B[ }**0,5
IF(BAR 5T 2.0D~-06) GO TO 26

L=1+1 ,
c DO 12 K=1,N {J
K = L
BAD=B{L|J)
BR = BD{1) [}
BI = BD{2)

BAR=[ BR¥BR+BI*HB] )%%0.5
IF(BAR-GT.Z-OD”Oﬁ, GO TD 27
C 12 CONTINUF

{" i

KKK = 1

WRITE {(te1010) '
1010 FORMAY ('O A SINGULAR MATRIX WAS INPUT TO SUBRDUTINE INVT.t) w

RETURN .

27 DO 13 M=1,MM

13 S(M} = B{KM)
DO 14 M=]1,MM

14 BIK,M} = B{I,M}

D0 16 M=1,MM "
16 B({IyM} = S{M)
26 T = B(['J} . -
DO 17 K=1,MM
17 BEIsK) = BUELK)/T E
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L=1+1
IF {L.GT.N} G) TO 33
DO 10 K=L,N
T = B(K'J’
DO 10 NN=1,MM
10 B{KyNN) = B{K,NN)~T*B[1,NN)}
33 CONTINUE
IF {N.EQ.1) G3 TO 50
DD 20 [=2,N
1
1 -1
29 BlLsd)
v DO 21 K=J, MM
21 BlLsK) = BULyK}i-TkBI1,K)
IF (L.EQ.1) GO YO 20
” L =1-1
G0 YO 29
- 20 CONTINUE
50 DO 30 [=14N
DO 30 J=1'N
NN = § + N
30 AINVII.Jd} = B{I,NN)
- RETURN
END

J
L
T
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Cex

SUBRDUTINE VEL INT (NNZyNARGy RARGy INK, AA, BBy AINK, MW}
IDM315 25 ~ 25
- - MODAL VELOCITY CALCULATION
IMPLICIT REAL*8(R}
DOUBLE PRECISIOGN BJM1,BJUM,RB
+DABS,DFLOAT
1BJ1eBJ24BIyZROCT(20) ,CL20},BPX{40)
1 SIGeDNgBYY1yBYZ2 sBJUS14BIS2 ¢ BYSL BYSZ24FsFPZS4XS
'RARG /R ¢ XKMNsQMN4AA LAINK
DIMENSION RARG(1}) R{3Q).,BESM{1)
1 FDRMAT({6EL12.6)
- * - * - * - * - * - *
READIS,3) NNZ
IF{MWH.LT.0) GI TO 11
3 FORMAT({3612)
SIG=AA/BB
DN=0OFLOATIMH)
C(1)=DN
IF{IMW.EQ.Q) C11)=3,D0
DG 30 J=14NNZ
MP=MW+1
NW=J-1
N=1
X{1}=C14)
10 CONTINUE
CZI=1.D0"
4 FORMAT(1IH ,3(10X,D25.161) )
WRITE{ 69 4) C(J}
IF{MW.EQ.O0} GI TO 15
CALL DBESJY{X{N) MW,BIM,BYM,BIM]1 BYM1,IFRR]}
XS5=X{N}I*SIG
CALL DBESJY{XS MW,BJSM,BYSM,BJISM1,B8BYSMI 4 IERR)
BJPM=~BJUM1+DN*BJM/ XN}
BJPSM=-SIG*BJISML+DN*BJSM/X{N)
RYPM=—RYM1 +DN*BYM/X{N)
BYPSM=-S IG*BYSML+DN¥*¥BYSM/XIN)
RIPPM=BIJML/XIN)~{ONFIXINI®EX{N) I=(DN/X(N) ) *%2+]1,D0) *BJM
BYPPM=RYML/X{NI-({DNZIXINIEX{N))I~-{DN/XIN)) *¥%2+1.0N)) *¥BYM
BIPPSM=BJSML*SIG/XIN}~{DN/(XIN)EXIN}I~{DN/XIN) ) *%2+SIG**2) %8 JSM
BY PPSM=RYSM1*SIG/X{N}I-(DN/IXINI®XXIN)I-{DN/XIN) ) *%2+STG**2}%BYSM
F=BJPM*BYP SM-B JP SMXBYPM
FP=BJPPMXRYPSM+BJPM BYPP SM=BJPPSM*BYPM=B JP SMEBYPPM
WRITEL 6y 4) F,FP
X{N+1)=X{N}~F/FP
WRITE(6,4) X{N+#1)
CALL DBESJYIX{N#1) MW,BIM,BYM,B.UM]l,BYML, IERR}
X5=X(N+1)*51G
CALL DBESJYI{XS yMW,BJSM,BYSM,RJSM1,BYSM1,TERR])
BJ=BJPMXBYPSM-BJPSMERYPM
IF (N.GT.25) GO TQ 20
IF{DABS{BJ}).LT.1.D-15) GO TO 20

N e
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GO TO 16
15 IF(NH.EQ.D) GI TO 100
CALL DRESIVUXIN},1+BJ1,BY1 BJ2,BYZ,1ERR)
WRITE{6y4) BJ1,BY)
WRITEL 6s4) BJ2,BY2
XS=SIG*X{N)
CALL DBESJYIXS,1,BJS1,BYS],BJS2,BYS2,IERR)
| WRITE(6,4) BJS1.BYS1
ﬁ WRITEL6,4) RBJS2,BYS2
F=SIG*{BJL*BYS1-BJSI*BY1)
FP=SIG#*RJ1*({~S IG*BYS2+BY S1 /X (N} ) +SIG*BYS1 *(~BJ2+BJL/X{N}}-SIG*
ABJSI*{-BY2+BY1/X{N))-SIG*BYL*{~SIG*BJS2+BISL/XIN))
X{N+1)=X(N)~F/FP
WRITE{ 604} XIN#1) ,F,FP
CALL DBESJYIX(N+1),148J41,BYL,BJ2,8Y2,I1ERR)
XS=STGXX(N+1)
CALL DBESJY(XSyLlsBJSL,BYSL B8JS2,BYS2IERR)
BJ=STG*( BJ 1*BY SL-BJS 1#3Y 1}
WR ITE{ 6,4) BJ
IF{DABS{BJ)oLTol.D~15) GO TO 20
16 CONTINUE
N=N+1
Gl TO 10
100 X{2)=0.p0
20 ROOT(J)I=X(N+1)
IF{{MW.EQ.0) AND.(NW.EQ.0)) GO TO 17
IF{J.FQ.NNZ) GO TO 30
INDN=0
INDP=0
1=0
60 I=1+1
Z=RODT{J )+ 2D0%DFLOAT(T)
WRITE( 6, 4) 2
IF(MW.EQ.0) GY TO 80
CALL OBESJIY(Z,MN,BJIM,BYM,BJM1,BYM] ,1ERR}
15=S1G*Z
CALL DBESJYLZS MW,BJSM,BYSM,BJISM],BYSM]IFRR)
RIPM=—BIM] +DN*BIM/Z
RIPSU=—S IG*¥BJSML +DN&BJSM /Z
BYPM=—BYML +ON&BYM/Z
BYPSM=—S [G*BYSM1 +NN¥BY SM /7
BIPPM=BIML/Z-{DN/LZ*7 )= (ON/Z)*%241,D0) *BJM
BY PPM=BYML/Z-(ON/(Z%Z)-(DN/Z}*%2+1.D0) *BYM
BJPPSM=BISMI*S IG/7~(ON/L Z€Z)~(DN/7 )} *%k2+SIG*%2 ) *BISM
BY PPSM=RYSM1%S [G/7~(ON/[ Z%Z)=(DN/Z)**24+S]1G*42 ) *BYSM
BP=RIPPMERYPSM+B JPMEBYPP SM-R JPPSMEBYPM—B JP SMEBYPPM
GO TO 81 .
AN CALL NBESJIY{Z,14BJ1,8Y1,BJ2,BY2,[ERR)
IS=S1G*Z
CALL DBESJY{ZS,1,RJSL;RYS1,BJ52,BYS2,IERR)
B=STG*(BJ1%*BYS1-BJS1*BY])
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BP=SIG¥BJ1*{-SIG*BYS2+BYS1/Z Y#SIG*BYSL*(-BJ2+¢BJ1/Z y=S1G*

ABJSI*{-BY2+4BY1/Z 1-SIG*BYL*{-SIG*¥BJS2+BJS1/1Z )

R1

61

63

65

17

70
n

90
31

92

94

WRITE{ 6,4} B,BP
CONTINUE

IFIBP) 61,6]1,063
INDN==-1

GO 1O 65

INDP=1

IND=INDN +INDP
IF{IND.FQ.O) GO TO 70

GO T3 &0

I=1
C{J+1)=2 «. 1D0OXDFLOATH{ I}
CONTINUE

WRITE( 6,90}

FORMAT{"1* 410X, ANNULAR DULY EIGENVALUES®,//)
WRITE{6491) SIG '

FORMAT{1H ,10X,*RADIUS RATIO =*,020.14//)
WRITF(6,92) MW

FORMAT{1H 10X,"ANGULAR WAVE NUMBER =*,15)

N0 94 I=1,NNZ

NI=I-1

WREITE(6,93) NI,RODT(I)

93 oFORMAT{1H 10X ,*RADIAL WAVE NUMBER =%,15:10X,"FIGENVALUE
A KMN =',D25%.16//)

200
210

51

52

RETURN

- - CALCULATE VELQCITIES - - - - -
ENTRY VFELCAL (IA, RESM}

NW=TA-1

XKMN=ROOT({ IA)

IF{IMA.EQ.0)ANDJINW.EQ.O}) GO YO 200

CALL DBESJY{X<MN,MW,BJ,BY,BJJ,BYY, [ERR}

BJPM==BJ J+DFLOAT (MW) *BJ/ XKMN

BYPM=—-BYY+DFLOAT (MW} *BY/ XKMN

CALCULATE THF MODAL E IGENFUNCTION CONSTANT QMN
QMN=-BJPM/BYPM
G0) TO 210
QMN=0,0D0
CONT INUE
WRITE{645) QMN
FORMAT{1H +10X.'QMN =%,D15.8/1}

CALCULATE MODAL VELOCITY PROFILF ON THE DUCT FACE
DO 50 I=1,NARG
IF{I-1) S51451,+52
ROII=RARGI[)*BBR/2.D0+ AINK
GO TO 57
IE=]~1

120




R{ I}=R{TE)+(RARG{IFE} +RARG({I)}*BB/2.D0
c - - THIS CANNDT BF USED WITH CIRCULAR DUCT DATA -~ - -
57 IF (INK.EQWD JAND. RI{I)aLT.AA} GO TO 170
BARG=R{ 1)1*XKM\ /BB
IF (MW .EQ.0) .AND.{NW.EQ.O)) GO TD 150
CALL DBESJY(BARG,MW,BESJ,BESY,BUM,RUMM, IERR)
GO TO 160 :
150 BFSJ4=1,D0
BESY=0.D0
160 CONTINUE ;
BESM( I )=RESJ+2MN*BESY
GO TO 50 i

170 BESM{I} = 0.DO
50 CONTINUE
WRITE(6,55) NW
55 FORMAT{LH ,10X,*VELOCITY DISTRIBUTION ACROSS THE DUCT FACE FOR RAD
1IAL MODE NO=%, I5)
DO 54 J=1,NARG
54 WRITE(6y53) RARG(J),RUJ)BESM(J)
53 FORMAT(IH "R DELTA®,2X,D15.8,2Xs"R ARGUMENT! ;2X3D15.8¢2Xs"VFLOCIT
AY OISTRIBUTION',2X,D15.8/)
11 CCONTINUF
RETURN |
END ;

L]
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SUBRDOUTINE ODOBESJY( X NO+BJIeBY2BJJBYY,IERR)

C IDMa15 88 - 25
DOUBLE PRECISION DFLOAT,DLOG
DOUBLE PRFCISION J{350),J0,11,J00
DOUBLF PRECISION Y{80)eY0sY1l¢XsCoeBJyBY+PI,RN;BJII4BYY
P1=3,14159265358979300
IF(X.GT..D0) GO 70O 90
IFRR=0
GO Tn 80

90 CONTINUE
TERR=1
FAC = 1.5
IF {X .GT. 50,01 FAC = .5

NX=3.9+FAC*®X
JU2ENX+2}=0,00
J(2¥NX+1)=1,D-29
C=0.D0
JO=0,D0
J1=0.00
YO=0,D0 :
¥Y1=0,n0 ?
ND 20 NB=1,NX
N=NX+1-NB
RN=DFLOAT(N)
JU25N1=2,DO¥{ 2. DO*RN#1,D0V *J(2%N+1) /X-J[2%N22}
JIU2EN=-1)1=4,DO¥RN*J( 2%xN} / X—J[ 2%N+ 1)
YO=YO+{-1)*%¥N*J{ 2*¥N) /RN

=31 =
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Y1=YLl4{-1)kEN&[2 ,DO*RN+1.DOI*J{2*N+1} /RN/ {1 .D0+RN) L
20 C=C+2.D0*J{ 2%N)
JO0N=2,D0%J3(1V/X-J(2)
C=J00+C
YO=(DLOGI{X/2.00}#.57T721566490153N0)%J0N~2,D0%Y0D
Y1=(DLOGI{X/2.00)~.4227843350984TDO}*J{(1)~-J00/ X-Y] -
YO=2.D0%YQ/C /P
Y1=2,D0%Y1/C/P 1 -
JO=J00/C
yili=y1l
¥(2¥=2.00%Y{ 1) /X-YO L
NNX=2+ND
DO 30 I=1,NNX
Y(I42)=2.00%DFLOAT (T #1)*Y{I+1)/X-Y{1)
30 J{11=04{1)/C
IF{NO.EQ.C) GO TO TO
BJd=J(ND) , i
RY=Y{NQO) L.
NP=NO+1
BJJ=J(NP)
BYY=Y{NP) i
GO 710 80
T0 BJ=J0O r
BY=Y0
BdJ=J(1)
BYyY=Y{1}
B0 CONTINUE
RETURN
END

.
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- APPENDIX 8 — EXAMPLE PROBLEMS

L LISTING OF INPUT DATA

e B wrwuns SRS osonnas BN pnil
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SEMI-INFINITE CIRCULAR BDUCT
+READ PUNCH=T, OLOD=F,
301640 2 B 00 0O N

V.0 1.0 343,00
N«0250 0.025 0.050
0.n75 N.075 0.075
Daln 0.10 0.10
N.12%5 0,125 0.125
N.125 0,12% 0.125
N.15 D.15 N. 150
0.125 0.12% 0. 10C0
N.N500 0.0500 D NT750
0.025 0.02%
W31
11,0000 1.000n0 1. 0000
10000 l.0000 1.0CCO
1.0020 1.¢000

END

SFMI-INFINITF ANNULAR DUCT
+RFAD PUMCH=T, OL=F,
301540 2 8 0O N O

D.0 1.0 343,00
0.0250 n.0n25 0. 050
0.075 N. 075 0,075
a.,1n 0.10 Ne 10
N.12% 0.125 0,125
N.125% 0.125 0.125
Nal5 Na15 0.150
N.125 Ne 125 0.1000
N 0500 n, 0500 0, 0750
N.025 0.025
01
N.0000 0.0000 0.7000
1.,0000 1.0000 1.00C0
1.0000 1.00C0

END

+END

343.0
0«05
0.075
Cel

0. 125
C.125
0.150
C.0750
0. 0750

1. 0000
1. 0060

+END

343.0
C.CH
e 075
C.l

C. 125
C.125
0.150
G. 0750
M. 0750

€. 0000
1.0000

124

C. CO0O1
Cs €SN
D.075
0.1
N0.125
0.125%

C. 150
0500000
0.075n0

1. 0000
1, C00C

c. 0NNt
C.C50

N. 075
0.1
0.125%
0.125

N, 150

< 1500000
0.0750

0. 000
1. 0000

Ca03
N, 050
0.10
n.1

0,125
0,125

0.025%0
0.050N

l.0000
1.0000

0.03
0.080
N.10
N1
N.125
0.125

0.0250
0.0500

1. 0000
1.00090

0075
N.10
el
0.125
0.125

0.0225
0.0500

1.0N00
1.0000

0.015
n.10
0.1
0.125
0,125

0.02%
C.05n0

1.0000
1.00000
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L

SFEMI-INF, ANNg NUCT WITH CENTYERBONY

4RFAN PHNCH=T, DOLD=F, +END
201010 2 AR N 1 €10
NeH 1a7 343, NO 343, 0 00001
« 1?25 + 05 2 078 el «125
.2 «225 «25
« N25 « 05 « 075 . | «125
2 + 225 «?5
« 25 + 05 e N5 « NTS «N7TH
e N5 « 0258 « 025
o1
140C0N 1. 2000 1. COON 1, 0000 1, 0000
1.,0000 1.000°0 1e TRQOD
FND

SEMI-INF. ANN. DUCT WITH CENTERBODY

+RTAD PUNGCH=T, 0OLD=F, +FND
ININ20 2 R 01 020
N,5 1.0 343,00 343,0 NNl
025 « 25 .05 2075 «075
«.NT5 ol « 125 15 175
.2 I2 -2 I? .2
N25 »125 «N5 075 075
075 ol «125 215 «175
2 2 ol o2 2
«025 - 025 «05 « 075 «075
.05 «025 N25
N1

1.000)0 l1.0000 1.7000 1.0000 1. 0000
L0010 1.00060 1,00

END

NN
«15

«15

075

1,0000

0.03
075
3175
o2

«0T5
«175
«2

«N75

1.0000

o175
«175

« 05

1.0000

.N75
o2

L07H
.2

075

1.GC00
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OUTPUT FOR EXAMPLE PROBLEM 1
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BOX METHOD INTEGRATION FOR SOURCE DISTRIBUTION QVER NUCT
SEMI-INFINITE CIRCULAR DUCT

DUCT IR = 1l 00CO FT DUCT IR = Ce O FT

FREQUENCY = 343,0000 RAD/SEC SOUND SPEED = 343,0000 FT/SEC ,
MODE NUMBER = 0 i
+PRNT 1 P
L= 30, M= 16 4N= 40y NN= 2 41P= 8 b
+ENG
+PRNT 2 .
N2= Dy INK= Ny CHK= (a999999S0f - 04 4 XANG= 04 29999997 F~01 §@
+END o
BLOCK SIZE IN THE -Z DIRECTION NORMALIZED WITH PESPECT TO B
Na2ECOE-01 = Ca2500F-01 0a 50C0E-01 Ne 5Q00F=01
Qe 5GCOE-01 Oe 5000E-01 Oe 7500E-01 Oe 7500 FE=01
Oe TSCOF-01 Ge 75 00E-01 Oe 75C0E-01 0e 7500E-N1
0e 1CCOE 00N Oe 1000 0O 0s 1000F 0O Qe INOOE OO
Oe 1GCGE 00 0« 1000F 00 Oe 10COE 00 0o 1000E 00
Ce LCCOE 00 Oe 1250E 0O De 1250F OO 0 1250F MO .
2¢ 1250E 00 De1250F 00 0a 1250E 00 De 1250°F 00 I
Oe 125CF 00 Oe 12 50F 00 0e1250F 00 0e1250F 0N L
Oe125CE 00 0e1250F 00 De 1250F 0O 0« 1500F OC
Ne 1 5CCE 00 Oe 1500F 00 e 15COE 20 Ca 1500E 0O ;
BLOCK SIZE IN THE R DIRECTION NORMALIZED WiTH RESPFCT TU Re
0.1250F 00 0«1250E 00 Qe 1NGDE 00 0e 7500 E-N1
Oe 5CCOF-01 0s 2 5C00E- 01 Ce 2500F =01 Ne SCONE-N1 .
O 5CCOE-01 Oe 75 00E~01 Oe 7500E~-01 0e 7T5CNF-01 .
0e 5CCOE-D1 Oe 5000F-01 Qe 2500E-01 De 2500E-N1 .
‘
BLOCK NO 1 RADIUS = Ce0625
1 62832 + 0ol 1
2 0.0 + De0 I .
3 Cel + 0eC I C
4 Ge0 + 00 I -
5 CeC + 0.0 I
6 Ce O + OeC [
7 Cel + 0a 0 I !
3 0e0 + 0e0 H
9 00 + 060 I :
10 Ce0 + 0.0 1 l
11 Ce 0 + De 0 [ ‘"
12 0e0 + OuC I .
13 Ce0 + 0eC I }
14 Ca0 + Qe 1 -
15 Oe0 + 0eC b
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15 0e0 * 0e0 I
17 0.0027 + 0+ 0006 1 7 = -040125
18 Ge0082 + 0.0018 I 7 = -0,0375
19 0.0325 + 060071 I 7 = -0s 0750
20 000535 + 0.0118 I 7 = -0 1250
21 00734 + 0aCl65 I 7= ~0e 1750
22 060920 + 00212 1 = -042250
23 0e1694 + 00404 I 7 = ~04 2875
24 0s2016 + 0,06507 1 7 = ~Co 3625
- 25 02273 + 0e0608 I Z = 044375
J 26 Oe 2466 + 0.0707 I Z = ~065125
27 02600 + De0B04 1 7 = -045R75
24 0e2681 + 0,0898 1 7= ~0e 6625
29 0e3624 + 0e1338 | 7 = ~0e 7500
30 0e3601 + 0el491 I 7 = ~04 8500
31 0e3512 + 0e1635 | 7 = ~0e 9500
32 Ce3374 + 001769 1 7 = -1, 0500
13 063202 + 0.1892 I /= -1, 1500
34 Ce 3004 + 042004 I 7 = -142500
- 35 0e2730 + 02104 I z = =1, 3500
L 36 02565 + 0e2192 I l = 144500
37 0e2324 + 0a2266 1 7 = 165500
; 38 042587 + 0e2917 I 7= ~1.6625
L} 39 062219 + 02986 I z = ~1.7R75
40 041854 + 043029 I 7 = -1,9125%
41 Del4986 + 03044 1 7 = -2.0375
' 42 Gells? + 063033 1 7 = ~201625
[J 43 00809 + 042995 1| 7= —2.2875
44 De04R6 + 0e2932 1 Z = -2.4125
45 0.0178 + 0e2848 1 z = 245375
U 46 -0.0112 + 0.2736 I 2 = "’2.66?5
47 -0,0382 + 0e2605 1 7 = -2,7875
} 48 -0.0632 + De2454 1 7 = -2.9125
L} 49 -C. 0859 + Qev286 1 7 = -2,02375
50 -Cel063 0e2103 I Z = ~3,1675
51 ~0e1243 + 0.1906 I 2 = -34 2875
52 -0s1694 + 0s2013 ¥ 7 = ~34 4250
53 -0.1872 + 061700 I 7 = ~345750
54 -0e2008 + 0.1379 1 7 = -3.7250
55 -0e2098 + 0.1054 I z = -3,8750
56 —0e2145 + 0eC731 1 7= 440750
e
& BLOCK N3 2 RADIUS = £.1875
- 1 0s0 + 060 I
! 2 62832 + DeC I
3 0.0 + O.C I
4 Ce0 * 0eC I
5 0e0 - + Ol 1
6 Ce D + 0.C I
7 GeO + Ne0 1
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10
11
12
13
14
1%
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
21
32
33
34
35
36
37
38
39
40
41
42
43
44
4%
46
47
48
49
50
51
52
53
54
55
56

OO0 0DC000Q
'y
QOOCAGOOoOO0O

U0
0.0029
00086
0e 0343
Oe 0563
00772
040965
O.1768
042092
02345
04.2530
Cas2653
02723
Qe 3664
0.362¢4
Ue3522
Ce3375
7.3195
06 2993
02777
Ce 2550
Ce 2318
0.2568
0. 2200
0.1837
Oe 1480
Oas1l32
0.0796
Qe 04T4
Ga0l68
-00120
-0.0390
-0e 0638
-0.0864
-041067
—0Da1246
-6, 1696
'001874
-0a2008
-0e 2097
—Ca2143

B A S O A T I I T T T T S O S R R AR I I I 2 A )

0oC
0e0
04 0
0.0
040
Qe 0
0e 0
040
0.0
00006
040018
0e 0071
0.0118
0o C164
0.0211
0eC403
0005086
0a0 607
0e 0705
0s 0802
0a 0895
0el13i%

Del&86

01630
D«1764
Oe.1887
0.1998
02098
0.2185
062259
Ca2908
Ce2977
003018
Ca3033
0.3022
0e2984
0.,2922
042835
0e2725
062594
De2444
Ne2276
02093
01897
0.2002
0e1690
Oe1369
0«1045
0.0723
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*0.0125
-06 0375
-04 0750
-0e 1250
-0e 1750
—0a 2250
-042875
-0s 3625
~0a 4375
-0e5125
~0e 5875
-0, 6625
-0 7500
-0e 8500
~0e 95G0
-1 0500
-101500
-1.2500
-1+ 3500
~1a4500
‘1.5500
‘1.6625
-1.7875
~149125
-200375
-241625
~24 2875
—-244125
-2c5375
'2.6625
-2 7875
—?.9125
~34 0375
“3.1625
—-3.2875
=34 4750
-3.5750
=34 7250
-3, BRT50
—44 0250
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ok E BLOCK NO 3 RADIUS = Ce3000
b { 1 040 + De0 I
“k 2 Cal + 0eC I
' 3 £e2832 + 040 I
E 4 Ue0 * De0 I
5 0e0 + 0lC I
6 0a0 + 0aC I
‘ 7 0«0 + 0.0 4
J 8 0.0 + Ja0 I
9 0e0 + 040 I
— 10 040 + 040 1
11 Ca0 + 040 1
- 12 Ca O + 040 1
- 13 Ce0 + 0.0 I
14 Da0 + 0a0 I
8 15 0.0 + 0o 0 1
16 Ca0 + 0eC I
5 17 0.0032 + 00006 1 7 = -0.0125
18 0e0096 + 0.0018 I 7 = ~0, 0375
- 19 0.0373 + 0.007C I Z = ~Ne 0750
- 20 0.0620 + 0sCLLT 1 7 = ~0. 1250
21 0e 0846 + 00164 1 7 = -0 1750
L 22 0. 1051 + 00210 I Z = ~Ge 2250
23 Ne1910 + 0.C401 I 7 = -04 2875
] 24 Ce2235 + 0sC503 1 i = ~0e 2625
| 25 Ce2478 ¢ 0e(603 1T 7 = 044375
26 Do 2645 + 0.0702 1 7 = -0.5125
- 27 Oe2T4T + 0.,0797 I 7 = ~0s 5875
28 0e2796 + 0.C890 I 7 = ~0e 6625
. 29 0a3729 + 0a1327 1 l = -0, 7500
5 30 0e3661 + Oel478 1 z = -0e 8500
, 31 0.3536 + Oel621 I I = —-0e 9590
a 3? 0e3373 ¢ 0el754 1 Z = -1. 0500
33 0e3182 + 0e1876 I 7 = -1. 1500
14 0e2973 + 0e1987 I 7= -1,2500
] 35 0e2752 + 0s2086 1 7 = ~143500
I 1 0e2523 + 02173 I Z = ~144500
~ 37 02290 + 0e2246 I 7 = -1.5500
: 38 0e2533 + 0e2891 1 z = ~1e6625
- 39 De2167 + 0e2959 1 7 = -1, 7875
40 Do 1806 + 0.3001 I = -1.9125
1 41 Del451 + 0e3015 I = -2.0375
3 42 0e1ll06 + 0e3003 1 7 = ~241625
43 00773 ¢ 0,2966 I 7= -242875
b4 0a0454 + 0e2903 1 7 = ~2.4125
[ 45 0eCl5C + 0e2816 I 7 = ~245375
| 46 -0.0136 ¢ 0e2706 I Z = -2. 6625
47 -040402 + 0.2576 1 1= -2, 7875
: [ 48 -040649 + De2426 1 7 = -2.9125
¥k 49 ~0.0873 + 02258 1 7 = -3,0375
’ 50 -0.,1074 + 02076 I z= -3,1625
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51 -0.1251 + 001880 I 1= -3, 2875
52 -0l 1700 ¢ 0.1983 I 7 = -3,4250
53 -0. 1875 + 0.1672 1 7= ~345750
54 ~0e2007 + 001353 1 7 = -3,7250
55 ~002095 + 01030 1 1 = -3,B750
56 -0.2139 + 0,070 I 7 = ~440250 {]
BLOCK NQO 4 RADIUS = 0.3875
1 00 + 0.0 I {l
2 0e0 + 0e 0 I N
3 0e0 + 0e0 I J
4 662832 + 0aC 1
5 0.0 + 0.0 1 -
6 040 + 0.0 1
7 Ce0 + 0.0 I __(
8 0e0 + 00 I
9 0e0 . 0,0 1 -
10 Ca0 + 0e0 1 J
11 a0 + Qe & I
12 0.0 + 0e0 I )
13 Oe 0 + 0.C 1 J
14 ) + 0eD 1
15 Cel ¥ g.C 1
16 040 + e € 1 1
17 0.0036 + 0.000a I 7= -0.0175 |
18 0. 0108 + 060017 1 7 = ~0.0375
19 000427 + 0.C070 1 7 = -0 0750 |
20 0.0695 + 0eDl16 1 7 = —0e 1250 J
21 00942 + 0e0163 1 7 = -0e 1750
22 Cellbl + 00209 I 7 = ~04 2250 i
23 Ce2086 + 0.0399 | = ~0e 2875 l
24 Ce2408 + 040500 I 7 = -043625 |
25 De2633 + 0.0600 1 7 = ~Ge 4375
26 042775 + 0.0698 | 7 = ~0e 5125 ri
27 0.2850 + 040793 1 Z = ~04 5875 i
28 0e2872 + 0.0885 1 7 = —04 6625
29 0.3796 + 0el1319 I 7 = -Ne 7500 ~
30 0. 3695, + 0e1470 1 7 =  -0.8500 [
31 Ge3547 '+ Delb6l2 1 7= -0a 9500 '
32 0e3366 + CelT44 | 7 = -1. 0500
33 Oe3l64 + 0.1865 I Z = -1. 1500 i
34 De294R + 041575 I 7 = -1, 2500 f
35 Ca2723 + 062073 1 7 = -1.3500
36 0e2492 ¢ 062159 I = 144500
37 Da2259 ¢ 0e2232 I 7 = ~1.5500
38 0e 2495 + 062873 | 7 = -1, 6625 -
39 De2131 + 0.2940 1 7 = -1, 7RT5 .
' 40 0e1771 ¢ 0e2981L I 7 = -1,9125 ~
¢ 41 0el420 + 062995 I Z = -2.0375 )
42 0.1078 + 0e2983 I z = ~2.1625
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: @ 43 0e0748 + De2945 1 7 = ~242875
] 44 0e0432 + De2882 I = ~24 4125
45 0.0131 + 02795 1 7 = -245375
{i 46 -0e0152 + 0s2686 I 7 = -2 6625
47 -0e0416 + 0e2556 1 Z = -2+ 7875
48 -0e0680 + 0e2406 1 7 = ~2e9125
[i 49 -0s0882 + 0e2239 1 7= ~340175
50 -0e1081 + 0e2057 1 = -3,1625
51 -0e1256 + O0el1862 1 7 = -3,2875
52 -0el703 + Del1962 1 7 = ~344250
{! 53 -0e1877 + 0el653 | 7 = ~3,5750
54 ~0e200& + 0el1335 1 I = -3, 7250
. 5% -042092 + 0el013 I 7= —3.8750
{; 56 ~0e2135 + 0.0694 I I = ~440250
[] BLOCK NO 5 RADIUS = Ce4500
1 Ce 0 + Oe C 1
[l 2 Ou 0 + Oe I
3 Oe( + 0.C I
~ 4 CeC + 0e0 I
J 5 £.2832 + 040 I
o3 0.0 + Qa0 i
7 00 + DeC I
8 8 De0 + 0eC !
J g Cei + OeC {
10 00 + Oel 1
11 Ce 0 + 0.0 I
] 12 0e0 + OeC I
13 0a0 + 0eC 1
14 Ce 0 + 00 I
3 15 00 + 0e0 I
16 Ce 0 + 00 I
: 17 0e 0040 + 0. C006 I 7= —-0e 0125
18 D0e0121 # 04CO1T 1 7 = ~Ne 0375
B 19 000477 + 0. 007C 1 7= -Ca 0750
20 00773 + OeGll6 I 1= -0,1250
21 061040 + 0eC162 1 7 = -Ne 1750
] 22 0e1272 + 0.0208 1 7 = —042250
23 062260 # 060337 1 7= -04 2875
24 0e2571 + De 0498 1 7= —0a 3625
_ 25 02774 + 0sC597 1 7 = ~0e 4375
J 26 0e2R90 + 0s0694 1 7= -0e5125
27 Oe 2938 + 0s0789 I 1= -0e 5875
- 28 Ce2936 + DeC881 1 7 = ~0e6H25
_ 29 : 043849 + Oel31l2 I 7 = -0q 7500
o 30 043720 + Del462 1 Z = -04 8500
- 2] " 043551 + 0el1603 1 7= -0 9500
i 3?2 043357 + 061735 1 7 = -1, 0500
AN 13 0e3147 + Oel855 1 1= -1.1500
' 34 062925 + 0.1965 1 Z = -142500
o
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35 0e 2697 + 0s2062 1 7= -1.3500
36 Ou2465 + De2148 I Z = -144500
37 0e2231 + 0e2220 1 ? = -1 5500
38 De 2461 + 0e2857 1 7 = 146625
39 062099 + 0e2924 1 z = ~1. 7875
40 Del742 + 0e2964 1 7= ~1e9125
41 Ne 1393 + 0e2978 1 7 = -2.0375
42 De 1054 + 02965 1 Z = -24 1625
43 Ne0726 + 0e2927 1 7 = -24 2R75
44 00412 + 0e2864 1 7 = —244125 i
45 De0114 + 062777 1 Z = -2.5375 ij
46 —040167 # 02668 I 7 = 206625
47 -0e 0429 + 0e2538 I 7= -24 7875 ,
48 ~0.0670 + 002389 I 7= -2.9125 gl;
49 ~0.08390 ¢ 0e2222 1 7 = -2, 0375 L)
50 -041087 + 0s2041 1 Z = -3,1625
51 —0e1260 + OelB46 I 7 = -3, 2875 i
52 041707 + Del1944 I z = -344250
63 -0.1878 + Cel636 1 7 = ~2,5750
54 -042005 + 041319 I z = -3, 7250 -
55 -042090 + 0eC999 1 1= -3.8750 i{
56 -0.2131 + 0eC6B1 1 7 = ~4e 0250 -
RLOCK NO & RARIUS = 0e4BT5 ii
1 Ce 0 * OeC 1 P
2 Ce0 + 0uC I
3 CeD + 0o I
4 0e0 + Qe I J
5 00 + 040 I -
6 642832 + 0.0 I 3
7 CaO + 0al I j
8 0e0 * 0ol I |
9 Oa0 + G.0 I
10 Qa0 + 0.0 1 'f
11 Ce0 + 0eC i ﬁ
12 CaO + 0sC I '
13 Cel + Qe I
14 00 . 0e0 I {1
15 Ce0 + Qe I
16 0e0 + 0aC I
17 00044 + 0eC006 T = -0.0125 ;
18 00131 + 00017 1 7 = =0e0375 |
19 060516 + 0eC06Y 1 7 = -0.0750
20 00834 + NDeC115 I 7 = -0e1250 o
21 Oelllt + 0e0161 I 7 = ~0e 1750 J |
22 Oe 1356 + 0sC207 I 7 = -042250
23 0e2388 + 0.C395 1 7 = -0e 2875 .
24 0.2689 + 0e0496 1 7 = ~0¢ 3625 ‘}?
25 062873 + 0eC595 I 7 = -Ce 4375 L)
26 0e2967 + 0e0692 I l = -0.5125
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'gﬁ 27 062996 + DeC786 1 7 = —Ne 5875
28 0.297& + 0.C878 I I = ~Cab625
29 Ce3881 + 0.1308 1 7= -0, 7500
{ 30 De3734 Owl457 I l = ~(ie BSUD
21 0e3552 + 0e1598 1 7 = ~-0,95870
32 Ce3350 + 0el1729 1 7 = -1, 0&00
{ 33 Oe3133 + De 1849 1 l = -1a 15G0
] 34 Ce2909 + 0e1958 1 7 = ~102500
. 35 Ne2679 + N0e2055 I 7 = ~1e 3500
] [ 36 Os 2446 + Ne2140 1 7 = -10 4500
37 062213 + 0e2212 1 7 = -14 5500
34 Qe2438 + 0e2847 1 7 = ~1e6625
~ 39 02077 + 0e2913 I 7 = -14 7TRT5
L 40 01722 + 06?2953 1 7 = -1.9125
41 0.1375 + 002966 I l = '2.0175
42 Cel037 + Oe?2954% I L = ~2el625
{ 43 0.C712 + 042915 1 I = -7.2875
44 Oe 8400 + D.2852 1 I = -244125
45 0a0103 + N0e2766 I 7= 245375
46 -040176 + 0e2656 1 !l = -24 6675
[ 47 ~040437 + 0e2526 1 7 = ~20 1BT5
48 —(e 0677 + 0e2377 I 7 = -249125
~ 49 (40895 + De2211 I 7 = ~34 0375
50 ~0e1091 # 0,2030 I = 341625
~ 51 ~0e1263 + 0elB836 1 7 = -3, 2875
52 -0s1709 + NelS32 1 7= ~3.4250
B 53 ~Ne 1875 + 0el1624 1 7 = ~3.5750
J 54 -0.2005 ¢ 0e1308 1 7 = -3¢ 7750
| 55 ~(1e 2088 + 0.C989 1 7 = -2,8750
{ 3 56 —0s2129 + Qe GHT2 I I = —44 0250
j BLOCK NO 7 RADIUS = Le5125
1 0aC + Oel I
1 2 0e0 + Ne0 I
J 3 Ce 0 + OeC I
4 Cel + OaC 1
- 5 Cal0 + De 0 I
o) DeN + OaC 1
- 7 6e 2832 + OeC I
8 0e0 + OeC 1
¢ [ 9 (el + Do C I
10 Ce0 * Oel I
11 00 + 0ol 1
12 Ou 0 + OsC I
[ 13 0e0 + OeC I
| 14 CeO + Ou® 1
i5 0s0 + Dol I
{ 15 0e0 + 0e 1
17 Do 004T + 0.0006 1 7 = ~0eC125
E 18 De0139 + 0.G017 1 7 = -0a 02375
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19 0e 0548 + 0« 006G 1 = -0+ 0750
20 O« 0882 + 0e 0115 1 I = —0s 1250
21 Cell7?5 ¢ DeCl6l 1 l = -0s 1750
22 Cela2l + Ce 0206 I l = ~(0e 2250
23 Ce 2484 + D.C394 1 Z = -4 2R75
24 Ce2776 + 0. 0495 1 i = -0,3625
25 0e294% + 00593 1| = -0e 4375
26 Ge 3023 & D C690 | l = -0e 5175
27 Ce 3038 + Os0784 | L= -0. 5875
28 0« 3003 + CeCBT6 | L = -0e 6625
29 043902 + 0el1304 l = =0 7500
30 043742 + e 1454 1 I = ~{1a B500
31 Ce3552 + Dal594 1 = ~(a 9500
32 043343 + NelT24 1 = ~-1e 050N
13 Ge3123 + DelB44 1 l = -1e 1500
35 Oe 26686 + 042050 1 Z = ~14 3500
36 Oe 2433 + 0e2135 I l = ~1la 4500
a7 Ne219% + 0e2206 [ 1l = -1 5500
38 Oe2422 + Ne2B39 1 I = ~la 625
319 0a2062 ¢ 0s2905 I I = ~1e 7875
40 O 1708 + Oe2945 1 { = -1.9125
41 Ce 1362 + 0a2958 1 Z = -2+ 0375
42 Da1026 + 0e72945 1 l = -2a1625
43 0.0701 + Ce2S07 1 i = -2 2875
44 Q0.0391 + 2844 1 l = ~2+4125
45 0.0095 + 042757 I L = -2. 5375
46 -0.0183 + Ce2648 1 l = -7« 66258
47 -0 0442 + 0.,2518 1 l = ~-24 1815
48 -0e 0681 + 0s2365 1 Z = —-249125
49 «~(,0899 + 0.2203 1 L = -3.0375
50 -0e109%4 ¢ 0e2022 1 Z = -341625
51 -041265 + 0.1828 I = -2.2875
952 -0.,1710 ¢+ 0el1824 1 = =3e4750
53 -0s1879 + De1616 1 l = -3aH5750
54 -0« 2004 + 0.1301 I Z = -3, 7750
55 —042087 + CsC982 1 l = ~-3.8750
56 -0e2127 ¢ 04665 1 l = ~44 0250
BLOCK Ng 8 RACIUS = Le5500

1 Ce0 + 0.C 1

? Ce0 + 0.0 {

3 0.0 + 0.0 I

4 040 + DL.C i

5 Cel + OaC 1

b Cel + CsC I

7 Ce0 + 04C 1

8 6e2832 + 0«C I

9 Ou0 + OsC i

10 Cal + CeC i
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y E 11 OO + 0l 0 I
¥ 12 00 + Ou !
{ 13 Oe 0 + 0eC I
¢ J 14 Ca0 + 0.C |
‘ 15 Ca0 + 040 I
16 0e0 + OaC I

] 17 0e0052 + 0.G006 I l = -0s0125

18 0e 0154 + 0.0017 1 ? = -0e 0375

p 19 Ce 0605 + 04C065 | 7 = -0.0750

? [} 20 0e0968 + 0s0115 1 7 = -0a 12590

21 0.1280 + 0.0160 1 7 = —(le 1 750

22 0el1533 + 00,0206 1 7 = -0.7250

23 062649 + 0.C"93 | 7 = -0 2875

L 24 Ne2920 + 040493 I 7 = —0a 3425

25 Ge3061 + 0.0591 1 7 = -0e 4375

26 0e3110 4+ Qe 0687 I 7 = -0.5125

[ 27 Ce 3098 + 00781 1 7 = -0,5875

{ 28 0e3045 + 0e 0872 1 7 = ~Ca 6625

29 0e3933 + 0e1299 1 7 = -0, 7500

30 Oe3753 + Deld4B 1 Z = ~N, 8500

[ 31 Oe 2549 + 0el1588 I 7 = 04 9500

12 De 3332 + 0u1717 1 7 = -1, 0500

33 Ce 3107 + Je1837 1 l = -1, 1500

[ 34 NDe2BTT + 0e1945 I 7 = ~1.2500

315 O.Zb‘l‘} + 0-2042 1 l = ‘103‘“‘0

Y De2411 + 0e?126 1 I = ~1.4500

[ 37 De2178 02197 I 7 = -145500

38 0e 2396 % 062827 1 Z = ~14 6675

39 0e2028 + 0e2893 1 7 = -1, 7875

40 Oel686 + 062932 1 7 = ~1.9125

D 41 Cel342 + 0e2945 I 7 = —240375

42 0o 1007 + 0e2932 1 7 = -2.1625

_ 43 0e 0685 + 0e2894 | 7= -2.2875

U 44 0,0376 + 062830 1 7 = —244125

45 040083 + Qe 744 I i = -245375

46 "000193 * 0.2635 I i = -2e 6625

47 ~0,0451 + 062505 1 7= -2,7875

[] 48 -0,0689 + 0e2356 1 7 = -2.9125%

49 -0.0905 + Ds2190 | 7 = ~3,0375

. 50 -Ce 1098 4 0e?010 1 7 = -341625

[ 51 -0s1268 + D.1816 I Z = -3, 2875

H2 ~0el712 + 0s1910 1 7 = -2,4250

53 "‘0.1880 + 0.1604 I ? = -3.5750

E 54 -0e2004 + Ne1289 1 7 = -3, 7750

55 -Ce2C85 + 0e0971 I 7 = ~3.8750

56 ~042124 + 00656 1 7 = -440250
[ BLOCK NO 9 RABIUS = C«6000
3 E 1 0e0 + OeC i
: 2 040 + 0s C I
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
10
31
32
33
34
35
36
37
19
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

AR S A seedndiit

O« 0
0.0
0o 0
Ce O
0e0
Qa0
6e2832
0.0
0.0
0e0
Ce 0
Qa0
Ce O
Ca0
0e 0061
0.0181
0« 0706
Cell1R
Ce 1458
0a1719
062912
063140
03231
Ce3234
0.3183
Oa 3099
Qe 3970
Oe3762
Oe 3541
0a3312
O« 3080
042847
0. 2613
Ce 2379
Ce 2146
0e 2358
02003
0a 1653
Oe1312
0. 0981
Ue 0662
00356
Ce Q065
-040209
*000464
“000699
-0e0913
-0s1105
—Ce 1273
~(1a 1716
-Q0e4 1881
-0.2003
—-0,2082
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O C

Oa.C

0. C

Oe O

0e 0

Da0

0eC

Ol.C

DeC

00

0.0

Qe C

0.0

0.C

DL 006
06,0017
0u C069
DaCll 4
0.C159
0« 0205
DeC 391
Ce G490
Qe 588
O 0684
Qe Q777
0. CB67
0al292
01440
O« 578
0«1708
Os1826
01934
0e2030
Ne2113
De2184%
0es7810
0.Z2875
0e2914
Dea29326
02913
0a2874%
Ca.2811
Qa2724
De2615
Qel2488
062337
042172
01992
Oel 799
0.1891
061585
O0e1272
O (G556
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-0es 5R75H
-Qa 6625
~0e 7500
-0a 8500
~-0Da 3500
-1. 0500
-1le 1500
—-1. 2500
"1. 3"—300
~le 4500
-1 5500
~le 6625
'107975
-1e.9125
240375
"2. 1625
-2 2B75
244125
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) 56 -0,2120 + De0641 I 7 = -440250

| BLOCK NOQ 10 RACIUS = Cebb25

i 1 Oa0 + 0.0 I

| 2 Cal + 0eC I

3 0.0 + 0e0 I

4 0e 0 + OeC 1

j 5 0.0 + Qe 1

6 0a0 * 0e0 1

- T 0.0 + O0eC I

B Cel + 0eC I

... g 0.0 + G0 1

10 602832 + 0, C i

. 11 0.0 ¥ 040 I

| 12 Ce0 + 0aC 4

13 Oe0 + OaC 1

14 00 ir Qe C |

[ 15 0e0 ¢ OeC I

16 OO + OeC i
17 040078 + 0eC006 1 7 = «0e 0126
[ 18 0,0232 + 0eCOLT I 7 = -0o 0375
19 0.0895 + 0e 0068 I 7= -0, 0750
20 Cel390 + 0.C113 I I = ~Ne 1250
21 0a1766 + 0.0158 | 7= ~04 1750
[ 22 Ce2027 + 0s0203 I 7 = -04 2750
23 0a33722 + 0a0388 I 7 = -0e 2875
24 Oe 3461 + 0s0486 I 7 = —-0a 3675
[ 25 0o 3464 + 0.C583 7= —Ce 4375
26 Ce 3394 + 0.C678 1 7 = -0s5125
' 27 0e3287 + 0,C771 I 7 = ~0e 5875
{} 78 Ce3l62 + O0sC861 I 1 = ~0a 6625
29 004008 4 0e1282 1 I = ~0e TS00
30 De3765 ¢ 0el429 | l = -0, 8500
31 Ce3522 + O0s1566 I 7 = -0, 9500
[] 32 0e32B0 + Celb94 1 7 = ~14 0500
34 Ce2R03 0.,1518 1 1 = 142500
E 35 0e 2568 + 062013 1 7 = ~1e 3500
36 Ne?334 + 062096 I 7 = ~14 4500
37 0s2103 + O0e2166 I 7 = -1.5500
; [ 39 0e 1955 + 0e2851 I I = -1e 7R7S
; 40 De 1609 + 0.,2889 I l = -1e9125
- 41 Oel272 ¢ 0s2G01 I 7 = —-240375
42 060945 + D.2887 1 7 = -241625
s 43 040630 + 0e2848 1 7= 247875
: 44 0s0328 + De2784 I 7 = ~2e44125
] 45 0.0041 + 0eZ698 I 1= -245375
) 46 -Ce 0229 + 062589 | 7= —7e 6625
a7 ~0e0481 + Ne2460 7 = -2.7875
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(!
48 -Ca 0713 + 0e2312 I 7= -249125 J
49 -C.0925 + 002147 1 7 = -3, 0375
50 ~0e1113 + 0u1968 I 7= -341625
51 -0s1279 + 061776 1 7 = ~34 2875 i
52 -0s 1720 + 0e1864 I 7 = -3,4250
53 ~0e1882 + 0s1560 1 7 = -345750
54 -042001 + 0e1245 I { = -3 7250
55 -0.2078 + 04C934 I 7 = -3.8750 -
56 -0e2114 + 0e0622 1 I = ~44 0250 ‘
RLOCK NO 11 RADIUS = Ce7375
E
! 0a0 + 0o C I -
2 De0 + 0«0 I
3 CeC + 0e0 I
4 040 + 0e 0 I
5 00 + 0eC I
6 0«0 + 0C I ¥
7 Ce O + 00 | }J
B Ce0 + 0aC I
Ny Oe0 + Qe C I
10 0e 0 + 00 I
11 642832 + 0.0 I
12 Ne0 + 0e0 I
13 0e0 + 0eC I
14 0e0 + 0.C I
15 0e0 + 0.0 I
16 e 0 + 00 I
17 060117 + 0.0006 1 z = -040125 i
18 0e 0344 + 0.0017 I 7 = -0. 0375
19 0s1298 + 0 CO6T 1 Z-= -0 0750
20 Ca1930 + 0.Cl12 I Z = -0a 1250
21 042333 + 0.0157 I Z = -0.1750 -
22 02546 + 0.G201 I Z = ~0a 2250
23 0. 3949 + 0,0384 I z = —0. 2875 {1
24 0e3904 + 0e0481 I 7 = ~0e 3625 L
25 0e3758 + 0.0577 1 z = ~04 4375
26 0s 3580 ¢+ 060671 1 z = -0e5125
27 0e3397 + 0.0763 1 7 =  -0,5875 §
28 0s 3219 + 0,0852 1 7 = -0e 6625 ‘
29 Ge4031 + 01269 1 7 = ~0e 7500
30 063749 + Oel4ls I Z = -048500 (
31 003482 + 0e1550 1 7= ~0e 9500 f
32 Oe3228 + 0e1676 1 z = -1 0500
33 Ce2981 + 061793 1 7= -1.1500
34 0e.2741 + Oel898 1] l = -142500 !
35 Ge 2505 + 0.1992 I 1= -1 3500
36 0. 2273 + 062073 I z = ~14 4500
37 02044 + 0e2143 1 7= -1 5500
38 0. 2238 + 062756 I 7= -1 6625 -
39 041891 + 0e2819 I Z= -1+ 7R75
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40 0el551 ¢ 02856 1 7 = -1.9125

41 0e 1220 + De2867 I 7 = ~200375

42 Ge 0399 4 0.7852 I ! = ~70 1625

| 43 NDe 0588 + 0e2813 1 7 = ~24 2875

44 0,0292 + Oez75C 1 7 = -704175

- 45 CeOCNY De2663 1 7 = “?e 5375

4b ~0e0256 + De2554 I 7 = ~2. 6675

- 47 -0,0504 + Nes&26 1 7 = -7+ 7875

48 ~0e0732 ¢ 062275 1 I = ~2,9125

[l &9 -0e0938 + NeZllB 1 l = -7,0775%

50 -0e1124 + N.1638& 1 l = -2,1625

51 -Ue 17287 + NelT746 1 I = -3, 2R75

[ 57 ~Ne 1725 + 0e1825 I 7 = —2,4750

O 53 -0.1383 + De1528 I 7 = -3,5750

54 ~Cel1999 + Dal1218 I 1 = -3, 7250

_ 55 ~0e2C73 + 0.0906 I 7 = —3.8750

J 56 ~0e2106 + 040596 1 7 = —4, 0250
j BLUCK NO 12 RADIUS = GeB125
1 Cel + 0o I
? Ce + 06 C I
- 3 0.0 + 0s0 I
4 Cel + NeC I
i 5 Pal + 0.0 1
L} 6 Ce0 + Qe !
7 Cel + Dal I
1 3 G.O + 0.(‘ I
Ll 3 Cal + Oel !
10 CeC + Do C I
‘ 11 Cal + Dl I
! 12 €e2832 4 Ou 1
L 13 Col N Ol I
14 Ce + Ol I
" 1% e + Oat I
LJ 14 Cal + Dol I

Ce0208 + Ne( 006 1 I = -0e 0125

s 0603 + Ne (017 I l = 00375

rfre2158 + Do 06T 1 7 = -0 0750

Ca2340 + D111 1 I = -e 12560

Qe3244 + 00(155 H Il = ~( 1750

Ge3272 + DeC19G I l = ~Ce 7750

De4 706 + NeC 280 I 7 = -0 2875

Ne 4366 + QaCGaTe | 7 = -0a 3675

0e 4070 Nel 571 I 7 = ~0e 4275

0e3731 + DeCh64 I 7 = —0e5125

De3472 + Q0754 1 7 = -0, 5R75

Ca3246 + Oe (B42 1 7 = —Ne 6625

Qe 4019 + Del?54 1 7 = -0a 7500

0.3706 + De1398 1 I = -0 8570

0.3422 + Ne 1832 I I = -e 95410}
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[
b
i
32 Ce3159 + Nel657 I 7 = -1+ 0500
33 Ne2909 + 0el772 I l = -le 1500
34 Oe 2668 + Del1876 1 7 = -1 2500
35 0el434 + 0e1968 1 7 = 143500
36 0e2204 + Ne2042 | 7 = -1, 4500
37 Dela79 + 0.,2117 I o= =1e 5500
38 NDe2161 + 0e2722 1 7 = ~le 6625
39 O0el821 + De2784 1 7 = -1,7875
40 Oe 1488 + 0e2815 I 7 = -149175
41 0a1163 # 0.283C 1 7 = ~200375
42 Ce0B&4T + 0e2815 I l = -2.18625
43 0s0543 + Ne2775 1 7 = -2,27875
45 ~-(e0025 ¢+ 02625 1 7 = ~245275
46 ~Ce0285 + Ne2516 I 7 = ~246625
47 -0,0%28 + Ne2388 ! 7 = -2, 7875
48 ~0.0%5? & Ne2242 1 7 = ~2.9125
49 -0,0955 + OezC79 1 7 = -3,0375
50 -0s.1126 + 0e1902 1 7 = ~3,1675
51 -0al29% el 712 I ! = -3, 2875
52 ~Del731 + 0a1791 1 7 = ~3,4250
53 -0.1885 + Nal491 I 7 = -345750
54 ~0e1997 + Ne1185 I 7 = ~34 7250 )
55 -Ge 2067 + 0.CB75 1 7 = -3, 8750 U
56 -0a2097 + 0eC568 I 7= 44 U250 i
f!
BLUCK NO 12 RADIUS = €+8750 !
]
1 Ce0 + 0.C I i
2 Ca0 * UeC i L
3 Ca0 + OCC i
4 0.0 + 0.0 1 EI
5 Ce0 + OuC I %
4 00 + 0. C 1
7 0.0 + OeC 1 I
;| 0e0 + 0eC I i
9 0e0 + 0LC I '
10 0e 0 + OaC I
11 040 + 0uC I |
12 Oe 0 + Col I L
13 he2R32 4 0.0 I
14 CeC + 0sC 1 J
15 Ca0 + 0eC { |
16 Ce0 + DaC 1
17 Ca0433 + 00005 I 7 = ~0,0125 '
13 Cel207 + DelN16 1 7 = ~0a 0375 J
19 (e« 3855 + DNAE I I = =0 175N b
20 Ce 44BE + O0aCl10 I 7 = -0, 1250
21 De 4349 + 0eC153 1 Z = -Ne 1750 }
22 De4002 + NeC197 I I = ~0a2750
23 Do 5346 ¢ 0.0376 I I = ~0a 2875
T
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
EL:
39
40
41
42
43
44
45
46
47
49
49
50
51
52
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BLOCK NO 14

0w I e N

Pt et e b et et
U e e S

Oa 4695
Ca4l193
Qe 3R04
De3492
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56 0e3839 + 002253 I 7 = ~440250
8LOCK NO 54 Z CISTANCF = -3, 7250 L
1 ~-040028 + 0s0019 1 R = N 0625 -
2 -Ce 0084 + 00057 I ko= Oe 1875 i
3 -0.0108 + 0.C071 1 R = 0. 3000 )
4 ~0.0105 + 0eCO67 I R = De 3875 .
5 -C.0081 + C.0050 1 R = De 4500 !
& ~0e 0044 + 0.0027 I R = 0s 4875 -
7 -0, 0046 + 0.0028 1 Fo= 0a5125
3 (40099 + 00059 1 R = 0s 5500 .
9 ~0,0108 + 00062 I R = 0e 6000 i
10 -0.0179 + 0e0098 Y R = (‘066?5
131 -0,0199 + 040103 1 P o= 0e 7375 ;
12 -0.0218 + 0.0106 I R = 0. 8125 :
13 -0.0156 + 0. COTY I R = 08750 :
14 ~0.0165 + 0.COTL I R = 0,9250
15 ~040086 + 04C035 | P = Oe 9625 i
16 ~0.0088 + 0eC035 I R = 0. 9875 {
17 -0.0089 + 0.0C36 I 7 = ~0,0125
14 -0+0089 + 040038 1 7 = -0, 0375 T
19 ~(e0179 + 0.C084 I 7 = -0. 0750 E
20 ~0,0179 + 0e0094 I 7 = ~0e 1250
21 -0.0179 + 0.0104 I Z = -0.1750 .
22 -0,0179 + 0.C114 I 7 = ~-e 2250 i
23 -Co0267 + 0e0150 I 7 = -00 2875 .
24 ~0e0263 # 0s0214 I Z = -043625
25 -0 0259 + 060239 1 7 = ~0e 4375 i
26 -0.0253 + 0e0265 1 = -0e5125 L
27 ~0s0245 + 00290 1 7 = -0e 5875
28 -0.0236 ¢ 0.C317 I Z = -0s 6625 T
29 -Ce 0296 + 0.C465 1 7 = —04 7500 i3
3N —0e0272 ¢ 040513 1 7 = -0, B500 =
31 -0a0243 + Q00563 H i = —(0e 9500 .
32 -040210 + 0.C613 I z = ~14 0500 i
33 ~0a.0171 + DaC864 I 7 = ~141500 ¢
34 -0.0127 + 0.C715 I 7 = -142500
35 ~0.0077 + 0eC767 1 Z = -143500 7
36 -0a0022 + G.0818 1 7 = -1 4500 .
37 Ce 0040 + 0e0868 1 7= -14 5500
18 0.0147 ¢ 0ell56 I 7 = ~1e 6625 :
39 0e0267 + 0.1233 I 7 = -1. 7875 |
40 Ce0402 0.1308 I 7 = -1.9125 :
41 0. 0551 + 0e1381 I l = -240375
42 00717 + 0el451 1 z = -2.1625 ‘
43 0.0900 + 0e1517 i 7 = -2 2875 L
44 CallOl ¢ 061580 I 7= ~2.4125
45 0e1323 + Oal&38 1 = ~245375 i
46 Oel565 % 0e1692 1 7 = -246625 {
47 Cel1832 0el741 I 7 = -2+ 7875
48 0a212& + 0al784 I 7 = -2.9125 £
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kR 49 De2452 + 0.1822 1 P -3,0375
: 50 0.2819 + 0.1854 1 1= -3,1625
q 51 0u3243 + 0.1880 1 7 = -342875
] g} 52 0.4588 + 042281 1 7= -34,4250
: 53 Ce56TE ¢ 0e2298 1 = ~345750
e 54 04863C + 062304 1 7 = -3, 7750
| ﬂ} 55 Ca5676 + 0.2298 I Z = ~3, 8750
56 De4588 + 0e2281 I 7 = ~44 0250
L
1§ BLOCK NO 55 I CISTANCE = -3.8750
L’ 1 -0,0028 + 0,0014 1 R = Ne 0625
: 2 ~040085 + 0e0C42 1 P = Ne 1R75
. 3 -0.0108 + 0.0052 R = O« 3N00
r{j 4 -0.01C5 + 0s0048 I R = 0e 3R75
5 ~Co0081 # 0.0036 I R = Oe 4500
6 ~0eB044 + 0.CO19 I P = Ne 4BTH
: 7 -0, 004& + 0.0020 I R = Ne 5125
Lj 8 -0,0098 + 0.0042 1 R = 0e 5500
9 -040107 + 0aC0%4 1 R = 0e 6000
2 10 -0.0177 + 0.C068 I p = Ge 6675
=j; 11 ~0.0196 + 06071 1 R = 0.7375
L 12 ~C.0215 + 040071 I R = NeR125
: 13 -0 0154 + 0e0047 1 R = 0e B750
g 14 ~0e.0162 ¢ 0.0046 1 Ro= 0 9250
L 15 -0.0084 + 0.0022 I Rz 069625
16 -0 0086 + 00022 i R = Qe QRTH
e 17 ~Ga 00RT + 04G023 1 7 = —NeN125
Rl 18 -0e0087 + 060075 1 7 = ~0e 0375
: 19 ~040176 + N0e0056 1 7 = 040750
20 -040177 + 0eC065 I 7 = -0 1250
21 -0s0178 + 040075 ! 7 = —-04 1750
e 22 -0.0179 + 0s0084 i 7 = 042250
; 23 -0s0269 + 0al144 I 7 = -0e 2875
F 7 24 ~0.0268 + 0.C167 I 7 = -0 3625
; 25 ~Ca0267 + 0eC19C I 7 = ~0s4375
26 ~0e0263 + NeG214 1 7 = -0a512%
- 27 -Ce 0252 + 040239 I 7 = —0e 5875
: 2R -0.,0753 + 060265 1 7 = -0e 6625
e L 29 -0e0325 # 0e0393 1 7 = ~0e 7500
, a0 -0a0307 + NeC440 I Z = -0a B500
! i 31 -0.0285 + 0e0489 I 7 = -0o 9500
{ 32 ~Ce0258 ¢ 0.C538 I 7 = ~1e 0500
33 -Ce 0227 + 000588 1 i = -1 1500
; 34 ~040191 + 060639 1 7= -142520
i 35 -0.0150 + Na0830 1 7 = -1, 3500
36 -0.0103 ¢ 0s0T41 | ! = ~1e 6500
37 -0 0050 + 0.0792 1 7 = -1+ 5500
;;gg 18 0,0021 + 061062 I 7 = ~1e 6425
< 39 0,0125 + Owllé4l 1 7 = . -1.7875
g 40 0e0242 + 0.1218 I 7 = -169125
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le 33 -0e0272 4 0.0513 I 7 = -14 1500
: 34 ~0e0243 + 0eP563 1 7 = ~1.2500
1 35 -Ce0210 + 0sC613 I 7 = ~1.3500
;@3% 36 -0.0171 + 0.0664 1| 7 = ~1.4500
1 37 -0s0127 + 0.C715 I I = ~16 5400
1 33 -C.0088 + 0.C966 1 z = ~1.6625
£ a} 39 040001 + 041046 1 7 = -1. 7875
i 40 0.0103 + Oell25 I Z = -1.9125
: 41 0.0218 + 0.1203 1 7 = ~2.0375
Y 42 00346 + 0.1279 1 7= -2.1625
] 43 0e0430 + 0.1352 1 z = ~2.2875
- b4 00649 + 0,1423 1 7 = ~244125
L 45 0.0825 + 0.1491 I 7 = ~245375
| 46 Ca1018 + 061555 1 ;o= -2.6625
= 47 01232 + 0ul615 1 7 = -7. 7875
N 48 Del466 + 0el1671 1 7 = -2.9125
| 49 0s1722 + 0.1722 1 7 = ~3.0375
& 50 0.2005 + 0e1768 I 7 = -3, 1625
51 Ge2317 + 0,1808 1 z = ~34 2875
3 52 0e3246 + 0e2214 1 7 = -344750
$ 53 043839 + 002253 I ? = ~2,5750
54 Ce4588 + 0.2281 1 7 = -3.7250
55 0e5676 + 002298 I 7 = ~3,8750
{ 56 0.8630 + 0.2304 1 7 = ~44 0250
( CALCULATF P41'S FROM ROX ENTFGRATION MATRIX
: N5/19/71 SEMI-INF INTTE CIRCULAR DUCT
( INK= 0 N= 40 M= 16 MW= 0 LP= B L=130 NN= 2 KDF= 0 N2= O
= B2= 0500 AINK= 0s0  PI2= 6,28318 A= Cu0 R= 1,000 CHK=0,000100
W= 343,0000 S= 343,0000
i. C BUFEER {-7)
?.50000-02 ?45000D-02 540000 D12 5.N000D-02
540000D~02 e 000N -0? 7,5000N-02 7.5000D0-02
{ 745000002 7¢50007-02 Te5000N=07 7.50000-07
- 1.00C0D-01 1.00007-C1 1. 00000-01 1.70000-01
| 1,00CCD-01 1400007-C1 1. 000CD-01 1.00000-01
( 1e00CCD-01 1.25000-C1 1425MCN-C1 1.25000-01
1+25C0N- 01 1.2500)-01 1.2500D-01 1.2500D-01
1a 250CD- 0] 1.25000-01 1, 7500001 1.25000-01
1. 25000-01 1.75000-C1 1,2500D-C1 1.50000-01
L; 1.500C0- 01 1.50000-C1 le500CN-01 1.5000D-01
C RUFFER (R)
L‘ 1.25000-C1 1.75000-C1 1.0000N-01 7.50000-02
: 5¢C0CON=-02 75000002 2450000-02 5,00000-07
- %4C0CCN-07 7450000-€2 7, 500CD-02 745000D-02
; gl 5400000~ 02 5.C0N0D-02 2.50000-02 2.5000D-07
CONCITION NMe =  Ta175345340 00
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-4 0605 DaC440 | R = 0. 0625 V = 1.00 O
~-Na 0707 D.C486 1 R = 0. 1875 vV = 1.00 Ce
-00307 CeCHB78 1 R = 0. 3000 Vv = 1.00 Oe
-Ne 1165 OeC696 1 R = 0s3875 vV = 1.00 Oe
-0D41427 Ce.CBIS5 | R = 0e 4500 vV = 1,00 Oe
~Ne 1628 0.C0307 1 R = 0e 4875 vV = 1,00 Oa
-N,1784 De L5788 1 R = 0a5125 vV = 1,00 O
=0 42060 Cell05 1 R = 0« 5500 V = 1,00 O
-0e2527 Cal218 I R = 0. 6000 ¥ = 100 Qe
~Ny 3338 Cs1689 1 R = 0e 6625 V = 1.C0 Da
~Nq#B56 Ce2383 1 R = 0. T7375 V = 100 Da
-0, 7459 «2577 1 R = 0. 8125 VvV = 1.00 Oe
-1,1019 05210 1 R = Ne 8750 V = 1400 C.
—143A07 Cae386 I R = 063250 vV = 1.00 O
-0a.1685 0.CB13 1 R = 04,9625 vV = 1.00 Da
Q47323 3 —442971 1 R = 0a9BTS v = 1.00 Oe
-57+4629 2462952 1 Z = ~0s0125

3.3056 -1e%255 1 Z = -0. 0375

Q. 59RN ~-4444C9 1 Z = -0. 0750

60 3094 -245058 1 zZ = -0.1250C

35175 -1a6C60 I Z = -0s1750

149423 -0eB8739 1 I = -0.2250

Ne9676 -044222 1} 7 = — 02875

De45561 -0a.1866 I I = -063625

Ca?2336 ~0es 853 1 I = -Qe 4375

Nel247 -04C368 1 7 = -0e5125

N 0655 -0a0112 1 7 = -0a 5875

N0«.N310 0.CC32 1 7 = ~0e 6625

Ne QTN 0aC124 1 I = -0« 7500
-0 .0084 OaC177 ¥ I = -0, 8500
-040163 Nef197 1 7 = -069500
-0.N201 0aCl99 1 7 = -1, 0500
-0.0213 CaCl9l 1 7 = -1,1500
-040212 NaC177 1 I = ~1425008
-04.0202 CeCl62 1 L = -1.3500
~-Na 0189 CeCl45 1 Z = ~1le4500
-0.0174 0.C128 1T = ~145560
-Na0157 0.C110 1 I = -1.6625
-Na0139 0aC092 1 Z = ~-1.7875
-0,0124 C.COT5 1 L = -1.9125
~-Ce0110 0.C060 I I = ~22a 0375
—0N4NN99 0.C04R 1 7 = ~-2+1625%
-040089 D4C036 1 I = ~-24287%
-N,4,0081 0aCT26 1 7 = —-2e%125
-00173 DeCO1RB I 7 = -245375
N4 00467 0.C010 1 Z = =2+ 6625
~0a0061 NaC003 I l = -2+ TB7S
-04,0056 ~0.C003 1 i = -?2a9125
-0.0050 ~-0.0008 1 l = ~3.0375
-N40045 -0.00013 1 I = ~-34.1625
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