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PREFACE 

The Transportation Systems Center (TSC), in support of the 
Federal Railroad Administration's Office of Rail Safety Research, 
is developing design guidelines for improved safety in rail 
equipment. As part of this responsibility (under the RR628 Rail 
Equipment Safety Project), TSC is acquiring, modifying, and devel
oping computer programs for track/train dynamics analysis. These 
programs are being used to assess the behavior of alternate design 
concepts and operational procedures for improved safety, reliabil
ity, and performance of rail systems. 

As part of this effort, TSC has been investigating the derail
ment behavior of trains when negotiating curves under buff or 
draft. To enable an analysis of how the critical car and train 
parameters affect the actual stability of the various train buck
ling modes, TSC has developed a generalized multi-purpose computer 
program. 

The author wishes to acknowledge the invaluable support of 
Mr. James Mulcahey and Mrs. Yvonne Silvia in providing assistance 
in the programming effort and in the development of the multi
valued graphing logic. 
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1. INTRODUCTION 

1.1 DESCRIPTION OF PROGRAM 

The program is a generalized multi-purpose program that can be 
used to compute and graph cross sections of any surface in 
space, or to compute and graph the roots of any equation and any 
functions of these roots. It can therefore be used for a variety 
of applications, including the graphing of multi-valued functions 
whose branches are not known beforehand. This capability is unique 
among graphing programs, and it greatly facilitates the analysis of 
any system with multiple equilibrium branches. 

In this respect, the program is especially suited for comput
ing the equilibrium branches and investigating the stability of 
nonlinear finite-degree of freedom systems subjected to static 
loads. 

Although the program is principally designed for functions of 
one or two variables, it can effectively handle any number of 
variables by looping the program and treating the additional 
variables as input parameters to be varied with each run. 

1.1.1 Main Program 

The main program provides for: 

• Scanning of two independent variables (A=Alpha, B=Beta). 
The scan increments and ranges are independently specifi
able. (If there is only one independent variable, the 
other may be treated as a parameter or need not appear at 
all.) 

• Computation of the roots of any equation H(A,B)=O either 
by linear interpolation or by Newton-Raphson iteration. 

• Computation of up to any three functions P(A,B), W(A,B), 
~ and Z(A,B); where (A,B) are either the directly scanned 

values or the previously computed roots. 

• Graphing of roots and functions, as selected. 

1 



1.1.2 Your Specifications 

• Specifying your data and your equations is done in sequences 

CZ and C3 in Subroutine FRONT. Although your input of these 

items can be as complicated as you require (possibly involving 

additional reads, writes, and conditional branches), the only 

information actually required by the program is: 

C2) A data card specifying the data input variables. 

These variables select the scan ranges, the computa

tional mode, and the functions you wish to compute and 

graph. A discussion on the use and specification of 

these variables is presented in Sections 2 and 3. 

C3) A list of the functions and/or characteristic root 

equation you wish to have computed. Specification of 

each equation is done according to a fixed format de

scribed in Section 4. 

• Sequences C2 (Data Input) and C3 (Equation Specification) 

are divided into self-described subsequences Ci-j. There

fore, the following documentation should be read in con

junction with the accompanying program listings. These 

listings contain two examples of sample programs which 

have been inserted into sequences C2 and C3. (For a dis

cussion of these sample programs, see Section 6.) 

1.2 DESCRIPTION OF SUBROUTINES 

The main program uses four subroutines: 

e FRONT is used to input your data and equations. 

• BRKUP and CONCAT contain the logic for organizing data for 

plotting functions that can be multi-valued, and the calls 

to the plotting routines stored in the system library 

(Scale, Plot, etc.). 

• PBETAS is used to graph single-valued functions. 

2 



2. SELECTION OF PROGRAM OPTIONS 

In this section, we describe how the data input variables are 
used to select the various program options ~isted in Section 1. 
(A complete discussion 
sented in Section 3.) 
by the input variables 

of each individual input variable is pre
The basic computational modes are selected 
IH and ISG. The following descriptions are 

for the case when the absolute value of the input variable ISG is 
equal to 1. (If the absolute value of ISG is equal to 2, then the 
following descriptions apply with A and B interchanged.) 

2.1 ROOT COMPUTATION MODE (IHfO) 

For each scanned A, the B roots of any equation H(A,B)=O are 
computed either by linear interpolation (NX=O) or by Newton
Raphson iteration (NX>O). In the latter case, DHB (the partial 
derivative of H with respect to B) must be specified. For each 
IYfO (Y=P,W,Z), the corresponding user specified function Y(A,B) 
is evaluated for the previously computed roots. If ISG>O, then 
for each IY>O, the main program will use a special algorithm to 
graph the corresponding function Y against the independent variable 
A. If also IH>O, then a graph of B versus A is also produced.* 

2.2 FUNCTION SCANNING MODE (IH=O) 

For each incremented B value, the entire range of A is scan
ned; and for each IYfO (Y=P,W,Z), the corresponding user specified 
function Y(A,B) is evaluated at each of these scanned values. If 

* Since for each A there are generally multiple B roots of unde-
fined connectivity, a special algorithm has been developed which 
attempts to define the probable loci of these roots and to there
by define the multiple branches of each function. This ability 
to provide plots of multi-valued functions whose general loci are 
undefined is unique among graphing programs, and it greatly 
facilitates the analysis of any system with multiple equilibrium 
branches. 
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ISG>O, then for each IY>O, the main program will graph the corre

sponding function Y against the independent variable A. A separ

ate graph will be produced for each incremented B value, thereby 

providing a cross section of the surface Y(A,B) at each of these 

B values. 

2.3 DEGREE/RADIAN SELECTION 

If A and B are in degrees, then the program recognizes the 

symbols RA and RB as the corresponding variables in radian meas

ure; therefore, where applicable, the appropriate equations should 

be specified in terms of (RA,RB) instead of the indicated values 

(A,B). However, data input and output are always directly in 

terms of A and B. 
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3, DATA SPECIFICATION: INPUT SEQUENCE C2 

• Subsequence CZ-1 is to be used to insert any user required 
specification statements (such as Type, Data, and Dimen
sion statements). 

• Subsequence CZ-2 is to be used to insert any user required 
read statements. The program will execute these read state
ments after reading in the data input variables specified bel0w. 

• Subsequence CZ-3 is to be used to insert any user desired 
write statements for printout of any initial comments and 
any input data. (Note, however, that the data input variables 
specified below are automatically printed out.) 

3.1 THE DATA INPUT VARIABLES 

The data input variables which must be specified for execu
tion of the program are:* 

DA, AI, AF, DB, BI, BF, DC, E, NX, IH, IP, IW, IZ, ISG 

These input variables are individually described below. 

3.1.1 DY, YI, YF (where Y = A,B) 

e DY Y Scan Increment Value. 

• YI Y Initial Value. 

e YF Y Final Value. 

(The only limits on the magnitudes of the above values are those 
set by the output format statements. In these statements YI and 
YF have been set at F9.3 and DY has been set at F7.3. However, 

The values for these data input variables 
on a data card (or file) in free format. 
is contained in the main program and the 
is "1". ' 

5 
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when graphing, or computing roots, there are certain additional 

dimension restrictions. These are described in Section 5.3). 

(If either A or B is to be used as a parameter, rather than as an 

incremented variable, then set the appropriate DY = 0.0, and set 

the corresponding YI = YF = the value of the desired parameter. On 

the other hand, if this variable does not appear at all in the 

equations, then just set the corresponding DY = YI = YF = 0.0). 

3 .1. 2 DC arbitrary divide check on the denominators of the 

functions P, W, Z 

(See 4.4 for explanation of how DC is used by the program. However, 

if the divide check does not concern you, or if you only wish to 

avoid dividing by zero, set DC=O.O). 

3.1.3 ~ = Newton-Raphson convergence test parameter 

NX maximum number of interations 

(Units of E = that of the root variable, A or B, as defined by 

the units of its input scan range). 

(Limits of NX = 0 to 99). 

(If Newton-Raphson scheme is to be bypassed, set NX=O, in which 

case E can be used as any desired parameter). 

3.1.4 IH = integer check for basic computational mode 

• IH=O causes bypass of root computations and selects 

Function Scanning Mode. 

o IHfO causes selection of Root Computation Mode. 

3 .1. 5 IY 

• IH<O indicates that a printout of the computed 

roots is desired, but that a graph of these roots 

is not desired. 

o IH>O indicates that the printout and the graph of 

the computed roots are both desired. 

(where Y = P,W,Z) 

IY = 'integer check for computation of the function Y and its 

graph. 
6 



• IY<O indicates that a printout of the computed values for 
the function Y is desired, but that its graph is not 

desired~ 

• IY=O indicates that computation of Y is to be bypassed. 

• IY>O indicates that both the printout of Y and its graph 
are desired. 

3.1.6 ISG = integer check for scan and graph modes 

ISG selectes the independent scan variable for data output. 
The remaining, or dependent, scan variable is then used to either 
increment the independent scan cross section (IH=O), or to solve 
for the roots corresponding to each independent scan value (IHrO). 
If any graphs are desired, they are plotted against the independent 
scan variable. 

• ISG + 1 selects A as the independent scan variable. 

• ISG + 2 selects B as the independent scan variable. 

• ISG<O indicates that no graphs are desired. 

• ISG>O indicates that at least one graph is desired. 

(See Section 2 for a more detailed description of the computational 
sequences generated by ISG. Also note that if ISG<O, then no 
graphs are produced even if some IY>O). 

3.2 GENERAL COMMENTS ON DATA SPECIFICATION 

• None of the data input variables can be omitted . They are 
read in on a data card (or file) in free format, and need 
only be separated by commas. Real values must contain a 
decimal point and may be in either E or F form. (The program 
expects to read this data on logical unit "1".) 

• For each subsequence C2-j, insert your own program statements 
between the title card and spacer card. Even if you have no 
statements to insert, do not remove the title and spacer cards. 
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o Your inserted statements may be in the form of program 

segments; in which case any number from 50 on may be used 

for your statement labels. (For example, see Sample 

Program 1.) 
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4, EQUATION SPECIFICATION: INPUT SEQUENCE C3 

Sequence C3 is to be used to insert your equations according 
to the following format. However, you need specify only those 
equations you actually require. Also, if your equations involve 
only one independent variable, the other may be treated as a 
parameter or need not appear at all. 

4.1 SUBSEQUENCE C3-l (CONSTANT SPECIFICATION) 

This subsequence is to be used to insert any user defined 
constants. The expressions for these constants can involve any 
user supplied input data read-in in sequence C2, but they cannot 
be functions of the scan variables alpha and beta. 

4.2 SUBSEQUENCE C3-2 (ROOT-SCAN PHASE) 

o H = any equation in (A,B) [or in the corresponding radian 
variables (RA,RB)] whose roots are desired. 

o Particular root or scan regions may be skipped by simply 
setting ISKIP=l for those values and then transferring 
control to statement 22 (for example, see Sample Program 1). 

• Whether or not H is to be specified, you may specify any 
computations desired during the scanning phase. 

4.3 SUBSEQUENCE C3-3 (NEWTON-RAPHSON DERIVATIVE) 

Let Y = A or B: 

o DHY =partial derivative of H with respect toY (or RY); 
where Y=A if ISG = ~ 2, and Y=B if ISG = + 1. 

o If Y is in degrees and DHY is computed from the correspond
ing radian variable, then also set DHY=RAD*DHY. 

o Specify DHA or DHB as required; or specify both derivatives 
(in which case the program will select the appropriate 
derivative). 
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4.4 SUBSEQUENCE C3-4 (FUNCTIONS P, W, Z) 

Let Y = any function P,W,Z of (A,B) [or (RA,RB)] whose value 

is desired for each of the computed roots (or scan values if 

IH=O): 

• YNUME = numerator of the function Y (if YNUME is not 

specified, then by default it is set = 0). 

• YDNOM = denominator of the function Y (if YDNOM is not 

specified, then by default it is set= 1). 

[Using this function computation approach, for each (A,B) YDNOM 

is compared against the value of the input parameter DC. If the 

magnitude of YDNOM is less than or equal to DC, then computation of 

the function Y is bypassed for that (A,B); and a notation is made 

on the printout indicating that Y(A,B) did not satisfy the divide 

check. (For example, see the output of Data Set 2 of Sample 

Program 1).] 

4.5 SUBSEQUENCE C3-5 (FIXED GRAPH DATA) 

The following fixed data items are used by the graphing sub

routines. These data items are set by data statements to the in

dicated values. Ordinarily, the user will not need to change 

these values. (For a discussion of how these data items are used, 

and how they can provide greater graphing flexibility, see 5.5). 

Let Y H,P,W,Z (where P,W,Z is used to indicate the cor

responding functions and where H is used to indicate the dependent 

variable of the alpha-beta pair): 

e YVER = 0.0 and XHOR = 0.0 

e YJOIN = 2.5 

(YVER and XHOR are used in scaling the vertical and horizontal 

axes of the corresponding Y graph. YJOIN is used in assessing the 

probability of consecutive Y values belonging to the same locus). 

10 



4.6 GENERAL COMMENTS ON EQUATION SPECIFICATION 

• Corresponding to each subsequence C3-j, insert your pro
gram statements, if any, between those statements labeled. 
jO and jl of the appropriate subsequence. (For example, 
for subsequence C3-2, insert your program statements 
between those statements in subsequence C3-2 labeled 20 
and 21). 

• All subsequences C3-j, with their correspondingly labeled 
initial and final statements jO and jl (see above), should 
at all times be present - whether or not you have any 
statements to insert. Even if you do not require the 
radian variables (RA,RB), do not remove or alter these 
labeled subsequence statements. 

• Your inserted statements may be in the form of program 
segments; in which case any number from 50 on may be used 
for your statement labels. 

• Any quantity (including H, DHY, and the functions Y) may 
be redefined at any time on any condition. 

• The Newton-Raphson Derivative and Function Computation 
subsequences (C3-3 and C3-4) can make use of any quantity 
defined in the Constant Specification and Root-Scan 
subsequences (C3-l and C3-2) without that quantity having 
to be redefined. 

11 



5, GENERAL COMMENTS 

5.1 DATA SETS 

• A data set consists of the initial data for the data input 

variables and any data you specify, in accordance with subsequence 

C2-2, for one complete execution of the main progam. 

• Before being read in, each data set is automatically se

quentially numbered by the main program (L =Data Set Counter). 

When no data sets remain, the program exits normally (closing 

the plot output file if necessary). 

• There can be up to 99 data sets (restricted only by main 

program formats); and there are no restrictions on the manner in 

which one may differ from another. In fact, with appropriate 

transfers (based on the value of L) in your inserted segments, 

you can effectively run completely different programs on any 

selected data sets. (For example, see the three data sets of 

Sample Program 1). 

5.2 PROGRAM FLOW RESULTING FROM ZERO DATA 

• NX=O causes automatic bypass of all Newton-Raphson compu

tations, even if DHA or DHB has been specified. 

• IH=O causes automatic bypass of the main program determin

ation of roots and their corresponding graph, even if H and DHA 

or DHB have been specified. However, all input computations 

specified in the Root-Scan subsequence C3-2 are still performed 

for each scanned A and B. 

• IY=O (Y = P,W,Z) causes automatic bypass of the main pro

gram computation of the function Y and its graph, even if YNUME 

and YDNOM have been specified. However, all input computations 

specified in the Function Computation subsequence C3-4 are still 

performed. 
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5.3 DIMENSION RESTRICTIONS 

• When computing functions directly from scanned values, no 
dimension restrictions are imposed. 

• When computing roots, the program will allow 10 Beta (or 
Alpha) roots for each scanned Alpha (or Beta) value. There are 

no dimension restrictions, however, on the number of values to be 

included in the Alpha and Beta scans through which these roots 
are computed. 

• When graphing either roots or functions, the maximum num

ber of scanned values for the independent ex-axis) scan variable 

is 99. 

• The program will allow a maximum of 20 rise pieces per 
graph, 20 fall pieces per graph, 50 stray points, and 10 equal 
pieces. 

ties) • 

(See subroutine BRKUP for the definition of these quanti-

• If either a dimension violation is encountered, or the 
wrong Newton-Raphson derivative has been specified, execution of 

that data set is thereupon terminated, an error message is printed 

out, and the next data set is then read in. 

5.4 ROOTS 

• If particular root or scan regions have been skipped, note 
that the actual excluded region will be the specified skipped 

region plus the subregion (if any) up to the first scan value out

side the specified skipped region; i.e., if a root exists between 

the boundary of the specified skipped region and the first scan 

value outside the region, it will not be recorded. 

• Also note that if more than one root exists bewteen suc
cessive scan values (as might occur near a bifurcation point) , 

and if the number of such roots is even, they will go completely 

unrecorded; while if the number of such roots is odd, there will 

either be no convergence or only one root will be selected. 

13 



5.5 GRAPHING 

In each of the following subsections let Y = H,P,W,Z (where 

P,W,Z is used to indicate the corresponding functions, and where 

H is used to indicate the dependent variable of the alpha-beta 

pair). 

5.5.1 Scaling of Graph Axes (YVER and XHOR) 

For each function Y to be graphed, the scaling of the vertical 

and horizontal axes is set by the minimum and maximum values in 

the corresponding arrays. (Note that since the horizontal axis is 

determined by the range of the independent scan variable, it is 

therefore common to all graphs of the same data set.) To enable 

adjustments to these scales, the data variables YVER and XHOR have 

been introduced. When computing the vertical scale for each Y 

graph and the common horizontal scale, the values of YVER and XHOR 

are temporarily included in the corresponding vertical and hori

zontal arrays. 

Since YVER and XHOR are all presently set at 0.0, each graph 

will have a set of axes which include the point (0,0) in their 

scale. (For how YVER and XHOR are set, see 4.5). 

5.5.2 Multi-Valued Graphing (YJOIN) 

If the program is being run in the root computation mode 

(IHfO), and multiple roots are computed for each independent scan 

value, then the program attempts to sort these multiple roots and 

their corresponding function values into multiple rising, falling, 

and equal arrays; and to then concatenate arrays of the same type 

if they occur sequentially. These arrays are used to define the 

probable branches of the multi-valued function; the points within 

these arrays are then connected when the graph is plotted. How

ever due to the problems which occur near bifurcation points 
' 

(where branches cross), rising arrays are never connected to fall-

ing arrays, so that if a branch consists of both types, there will 

always be an unconnected gap when going from one type of array to 

the other. 
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In addition to defining and concatenating arrays, the program 
must also attempt to assess the probability of consecutive Y 
values belonging to the same locus. Consider three consecutive Y 
values (Y 0 ,Y 1 ,Y 2) and their differences 6Y1 = Y1-Y 0 and 6Y 2 = 
Y2-Y

1 . These differences are used to sort the Y values into ris
ing, falling, and equal arrays based upon whether 6Yn is positive, 
negative, or zero. However, if in any instance 

> YJOIN*I6Yn_ 1 1 

< I6Yn_ 1 1/YJOIN 

< I6Yn-ll/5 

(if YJOIN > 1) 

(if YJOIN < 1) 

then Y is placed into what is called a stray array. n 

Stray array points are plotted, but no lines are drawn to 
connect them. This is based upon the hypothesis that if I6Yn1 1s 
either significantly greater or smaller than I6Yn-l1, then the 
point Yn probably should not belong to that branch. Accordingly, 
it is then put into a stray array. Based upon an examination of 
the various branches that have been drawn in, it is usually easy 
to then identify which branch a stray point actually belongs to, 
and to then manually draw in the connecting line. 

In practice, if one sees a point on his graph that appears as 
if it should belong to a particular branch, but which is connected 
instead to some point way above or below that branch, then YJOIN 
is too large and should be reduced. 

On the other hand, if there are too many stray (unconnected) 
points on the graph, then YJOIN is too small and should be in-
creased. (Remember, though, that there are always gaps between 
rising and falling arrays.) 

Presently, YJOIN is set at 2.5 for all graphs (see 4.5 for 
how YJOIN is set)~ 

5.5.3 Bifurcation Points 

It should be noted that in the neighborhood of bifurcation 
points (where curves cross), the graphing logic has been designed 
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to indicate the probable loci; but, because of the uncertainties 

involved, the user should rely on his own knowledge of the problem 

to specify exactly what happens there. 

5.5.4 Excluded Points 

If any function P,W,Z does not satisfy the divide check for a 

particular value of (A,B), then that (A,B) value will be uniformly 

excluded from all the graphs (except the graph of the roots them

selves). If the Newton-Raphson iteration scheme is used and con

vergence is not achieved, then the numerical printout will display 

the linearly interpolated value (with appropriate indication). 

However, this value will be excluded from all graphical output 

(including the graph of the roots themselves). 

5.6 VARIABLE NAMES USED BY SUBROUTINE FRONT 

A, AF, AI, B, BF, BI, DA, DB, DC, DHA, DHB, E, FLAGS (common 

block), FRONT (program name), H, HJOIN, HVER, IH, IP, ISCAN, 

ISG, ISKIP, IW, IZ, L, N, NX, PDNOM, PJOIN, PNUME, PVER, RA, 

RAD, RB, SUB (common block), WDNOM, WJOIN, WNUME, WVER, XHOR, 

ZDNOM, ZJOIN, ZNUME, ZVER. 
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6, SAMPLE PROGRAMS 

The sample programs are used to demonstrate general program 
use, special program features, interpretation of program output, 
and to illustrate the general flexibility of the program. Input 
and output listings are provided along with the associated graphs 
that were produced. 

An example of what the input program looks like before inser
tion of your data and equations can be obtained by first turning 
to the input listing for Sample Program 2 -since, in .that program, 
the user inserted segments consist of only one equation and two 
write statements. The actual input program starts with the title 
sequence Cl. All dotted or unmarked comments which follow are 
fixed parts of the input program (Subroutine FRONT). 

6.1 SAMPLE PROGRAM 1 

Sample Program 1 consists of three data sets. The input list
ing shows how the data and equations for the three data sets were 
entered and differentiated one from the other. Starred comments 
have also been inserted to draw attention to the use of program 
features of special interest. These features include insertion of 
program segments with transfers of control, skipping of particular 
root regions, and conditional redefinition of a specified function. 

Following is a description of the three data sets and of par
ticular features to be noted on their numerical and graphical 

printouts. 

6.1.1 Data Set 1 (Sample Program 1) 

On Data Set 1, the equilibrium states of a two-degree of free
dom rhomboid frame are computed. Alpha and Beta represent the two 
degrees of freedom, P is the applied load, and Z is the included 
angle of the frame's base. An understanding of the problem, how
ever, is not necessary to see how the program is used for its 
solution. 
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The basic frame parameters are read in after the input data 

required by the program by an inserted read statement in subse

quence CZ-2. The root computation mode of the program is used to 

compute the equilibrium states of the frame from its characteris

tic equation H(RA,RB)=O. These states are non-unique as shown by 

the multiple equilibrium paths depicted on the graph of Beta vs. 

Alpha. In this graph, the program was able to define the equilib

rium branches without any uncertainty and to precisely plot the 

intersections. On the next two pages, graphs of P and Z corre

sponding to these roots are shown. Herein, the program was un

certain as to what exactly occurred in the neighborhood where the 

branches met. However, the user is alerted to this uncertainty 

by the fact that gaps were left, and so he is made aware that he 

must rely on his own knowledge of the problem to define what 

exactly occurs in these areas. 

The numerical printout depicts the general format to be ex

pected when the root computation mode is selected. For the ex

ample under consideration, ISG was set equal 1; so that alpha was 

selected as the independent scan variable, thereby causing the 

roots to be calculated in terms of beta. These roots and the 

corresponding function values were then plotted against the in

dependent scan variable. 

Further examination of the printout reveals that the first 

four lines of comments (from "Sample Program 1" through ''Z =") were 

user supplied; the rest are supplied automatically by the program 

based upon the initial input data. Checking the column labeled 

ITERATIONS, which gives the number of iterations that were re

quired for Newton-Raphson convergence, we see that the printout 

also includes a case in which the function divide check was not 

satisfied (ITERATIONS=-100), and a case in which Newton-Raphson 

convergence was not achieved (ITERATIONS=-NMAX=-4). (In this 

latter case the root value supplied is the linearly interpolated 

value.) When ITERATIONS=O it means that a scanned value exactly 

coincided with a root. 
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6.1.2 Data Set 2 (Sample Program 1) 

On Data Set 2, the function scanning mode of the program is 
used to simply compute the single variable function P = CTN(RA). 
By breaking up the function into its separate numerator and deno
minator, the divide check on the denominator of P is then used to 
limit the computed values to less than 20. On the numerical print
out we see that the first computed value did not satisfy the deno
minator divide check; therefore, this point is excluded from the 
corresponding graph. 

Also note that on the printout, when using only the function 
scanning mode, the word ROOTS actually refers to the scanned 
values; thus, 15 ROOTS means there were 15 scanned values of the 
independent variable alpha. 

6.1.3 Data Set 3 (Sample Program 1) 

On Data Set 3, the function scanning mode is again selected; 
but this time ISG is set equal to 2, so that the independent scan 
variable is beta. Also, in this case, we will be using a two 
variable function; however,the beta scan will be run through only 
once, for alpha= 45°. The function to be computed is P = H(RA,RB), 
where H is the characteristic root equation of Data Set 1. Ac
cordingly, on the graphical output, we see that the values of beta 
at which the curve crosses the P=O axis correspond to the beta 
roots that were calculated in Data Set 1 at this particular value 
of alpha. 

6.2 SAMPLE PROGRAM 2 

The purpose of Sample Program 2 is to demonstrate the ability 
of the program to generate cross sections of a 3-dimensional sur
face in space. (Such a surface might represent the total poten
tial energy of a system whose stability is to be investigated.) 
The equation of the surface to be computed is P =A~ B2 . 
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6.2.1 Data Set 1 (Sample Program 2) 

On. Data Set 1, ISG is set equal 1; thereby selecting A as the 

independent scan variable. Accordingly, a separate graph of P vs 

A is then produced for each incremented B value in its scan range. 

These graphs are straight lines at different intercepts (each 

intercept being the corresponding value of B2). (Only the first 

and last graphs are shown.) 

The numerical printout depicts the general format to be ex

pected when the function scanning mode is selected and a two var

iable scan is employed. 

Also note that on the printout, when using only the function 

scanning mode, the word ROOTS actually refers to the scanned 

values; so that 11 ROOTS means there were 11 scanned values of 

the independent variable alpha. 

6.2.2 Data Set 2 (Sample·Program 2) 

On Data Set 2 we change the scan direction by setting ISG 

equal to 2' so that B is now the independent scan variable. Accord-

ingly, a separate graph of p vs B is now produced for each incre-

men ted A value in its scan range. These graphs are parabolas 

having different vertices (each vertex being the corresponding 

value of A). (Only the first and last graphs are shown.) 
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APPENDIX A 

I/0 FOR SAMPLE PROGRAM 1 

Reproduced from 
best available copy. 
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c 
c 

SUB!<OUTINE FRONT 

C***SA~PLE PROGRAM 1 INSERTED HERE DEMONSTRATES HOW PROGRAM MULTI 
C***CAN BE US~D TO CALCULATE ANO GRAPH ROOTS AND ALSO HOW IT WILL 
C***SCA~ AND GRAPH VALUES OF VUNCTIONS, 
c 
c 
c 
c 
c 
c 
c 
c 
c 

--o~ DATA SFT 1 COMPUTE THE 
FR~EDO~ RHOMBOID FRAME, 

EQUILIBRIUM STATES OF A 2-DEGREE OF 

--0~ DATA SET 2 SIMPLY SCAN ALPHA AND COMPUTE P = CTN(ALPHA), 
fOR CTN(ALPHA) ,LT. 20 

--ON DATA SET 3 SIMPLY SCAN BETA (FOR ALPHA:45) 
WHERE H Is THE ROOT EQUATIO~ OF DATA SET 1, 

AND COMPUTE P : H, 

SAMPL~ PROGRAM WAS RUN ~ITH THE FOLLOWING DATA INPUT FILE: 

5. o, -15. o, 11 c:;. o, 1 o. n, -15. o, 115. o,. o 1,. oo t, 4, 2, 3, o, 2, 1 
to.0,1.n,.5 
c:;.o,n.o,7o.o,o.o,o.o,o.o,.o5,0.o,o,o,t,o,o,t 
o.0.45.o,45.o,5.o,-2o.o,t2o.o,o.o,o.o,o,o,t,o,o,2 

C***THE FIRST 2 INPUT LIN~S COMPRISE DATA SET 1 (THE 2ND LINE CORRESPONDS 
C***TO THE INSERTED READ STATEMENT 521), THE NEXT LINE SPECIFIES DATA 
C***SET 2 1 AND TH~ LAST LINE SPECIFIES DATA SET 3, 
c 
c 
c 
c 
Ct,,,MULTI•PUPPOSF PROGRAM FOR COMPUTING AND GRAPHING 
C HOOTS AND/OR VALUES FOR ANY R[AL FUNCTIO~ 

C -·BY RUSSEL BRANTMA~ 

c 
c 

COMHO~/FLAGS/ISCAN,IH,IP,IW,IZ,ISG,L,HJOIN,PJOIN,WJOIN,ZJOIN, 

& HVER,PVER,WVEP,ZVER,XHOR 

COMMO~/SUR/DA,AI,AF,DB,Bl,BF,OC,E,NX,N,JSKIP,H,A,B,DHA,DHB, 

1> PN UME 1 PO NOM, W NU'-IE 1 WDNOM 1 ZNU ME, ZDNOM 
c 
C SEQUENCE CO~TROL 

c 
c 
c 

IF(N.EQ,-2) GO TO 40 
Ir(N,GT,•2) GO TO 20 

C2,.,DATA SP~CIFICAT!ON (SFE DOCUM~NTATION) 
c 
c 
c 
c 
c 
c 
c 

L IS THE DATA SET COUNTER wHICH IS INITIALIZED TO 1 AND AUTO~ATICALLY 

INCRE~ENTED BY THE PROGRAM, L MAY BE TESTED fOR TRANSfERRING TO THE 
INFORMATION APPROPRIATE TO THE DIFFERENT DATA SETS. 
(flN OIJTPIIT, EACH DATA SET WILL START ON A NEW PAGE) 

C2-t, •• SPECIFY AN~ SPECIFICATION STATEMENTS NEEDED FOR yOUR MATERIAL 
c 

c 
c 

REAL Kl 1 K2 

C2-2,,.SPECIFY ANY DESIRED READ STATE~ENTS 

c 
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C***NOTE FOLLOWING TRANSFER OF CONTROL BASED UPON THE DATA S~T 
C***COUNTF.P L. THIS IS ALSO USED IN SUBSEQuENCES C3•2 AND C3-4 TO 
C***TRANSFlH TO THE EQUATIONS APPROPRIATE TO EACH DATA SET. ALSO 
C***NOTE USE OF STATEMENT NU~BERS .GE. 50 FOR YOUR INSERTED 
C***PROGRAM S~GMgNTS. 
c 

521 
~5 

5.22 
523 
c 
c 

GO TO (521,522r523),L 
READ(1,65) T1 K1,K2 
FOR:1AT (3F) 
GrJ TO 5 31 
GO TO 532 
GO TO 533 

C2-3 ••• SPECIFY ANY 
c 

OESIREO WRITl STATEMENTS 

531 
546 

500 

532 
510 

533 
543 

545 
c 
c 
c 

PRINT 546 
FORMAT(//' SAMPLE PROGPA~ 1') 
PKINT 500,T,K1rK2 
FORMAT(///' THETA ZERO : ',F4.1,7X,'Kl : ·,~3.1r7X, 

1'K2 :',F3.1//' P = APPLIED LOAn ON RHOMBOID FRAME'/ 
2' Z : INCLUDED ANGL~ OF FRAME''S BASE JOINT', 
3' (TU NEAREST DEGREE)'//) 

GD rn 545 
PRINT 510 
FORMAT(//' P : CTN(ALPHA), FOR CTN(ALPHA) .LT. 20'//) 
GO TO 545 
PRINT 543 
FORMAT(!/' P : H, "'llERE H IS THE ROOT EQUATION OF DATA SET 1' 

1 I I) 
CONTINUF: 

C3 ••• ~QUATIUN SPECIFICATION 
c 

(SEE DOCUMENTATION) 

c 
C3·l ••• SPECIFY YOUR CONSTANTS 
c 
c 
10 
c 

c 
11 
c 
c 

DO NOT REMOVE STATEMENT 10 CRAD=) 
RAD = 3.1415927/180.0 

RT : RAD4T 

RETURN 

C3·2 ••• SPECIFY 
c 

H AND ANY COMPUTATIO~S DFSIRED DURING SCAN~ING PHASE 

c 
20 

c 
c 
c 

DO NOT fii':MOVE STATEI~ENT 20 OR THE NEXT STATEMENT (Rl\=,RB:) 
RA : RAD*A 
RH : RAD*B 

TO SKIP OVER ANY SCANMED VALUES (OR ANY ROOT REGIONS), 
SET ISK!P ~ 1 FOR THOSF VALUES AN~ THEN GO TO STATEMENT 22 

C***NOTl FllLLDWING TRANSFER OF CONTROL BASED UPON THE DATA 
C***SET COUNTER L. 
c 

GO TO (551,552r551),L 
551 RTA : RT + RA 

SA : SIN(RTA) 
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c 

CA = COS(RTA) 
RTB = RT + RB 

C***SKIP R~GION IN wHICH CROSSOVER Of fRAME'S ARMS OCCURS 

If((RTA+RTB) .GE. 0) GO TO 80 
!SKIP = 1 
GO TO 22 

c 
C***TH~ ABOVE STATEMENTS ELIMINATE FROM THE (ArB) SCAN 

C***THOSE VALUES Of A AND B ~OR WHICH (RTA+RTB).LT.O 

G 
80 

552 
c 
21 
22 
c 
c 

RAB : RA t RB 
CH = COS(RTB) 
SH : SIN(RTB) 
SBA = SH - SA 
SK = (Kl + K2•SBA)*SBA 
Hl : RAB - SK•CA 
H2 : RAR + SK*Cfl 
H = Hl*SB - H2*SA 
CflNTlNUi 

H'(N)22,40,30 
RETURN 

REGION 

C3-3 ••• SPECifY 
C (IF DHY 

NEWTON-RAPHSON VARIABLE DHY, WHERE Y 
COMPUTED FROM RY, SET DHY = RAD*DHY) 

= A OR B 

c 
30 
c 

CUNTINUE 

CK = (K1 t 2*K2*SBA)~CB 

DHl = 1 - CK*CA 
DH2 = \ • SK*SB + CK*CB 
DHb : Hl*CB + DHl*SB - DH2*SA 
I)HB : RAD•DHB 

c 
31 R~TtrRN 

c 
c 
C3-4 ••• SPECIFY YNUME AND YDNOM OF fUNCTION Y, Y = P,w,z 

C CDEFAHLTS ARE YNUME::O .AND YDI\IO!<':l) 
c 
40 CONTII\JUE 
c 
C***NOTE FOLLOWING TRANSFER OF CONTROL BASED UPON THE DATA SET 

C***COU~TER L. NOTE SPECIFICATION OF FUNCTIONS IN TERMS Of 

e***YARIABLFS PREVIOUSLY DEFINED IN C3·2. ALSO NOTE CO~DITIONAL 

C***DE~lNITI8N OF ZNUME WITHIN A DATA SET ITSELF. 

c 
GO TO (561,562,563),L 

561 PNU~1F. = Hl 
PDrwr~ : SA 
ZNUME = A + R + 2*T 

C***RUUND Off Z TO THE NEAREST INTEGER If MAGNITUDE OF Z .GT. 1 

IF (AHS(ZNUME).LE.t) GO TO 565 
IZNUME:ZNUME+.5 
ZNUTVIE: I ZN U~1E 
GO TO 565 

562 PNUME : GOS(RA) 
PDN0~1 = SIN(RA) 

G 

24 



C••*IN T~IS DATA SET, IT wAS pOssiBLE TO SPECIFY THE DIVIDE CHECK 
C••*I~PUT VARIABLE, DC, SUCH THAT THE ~AIN PROGRAM DIVInE CHECK ON 
C***P[HJO'/; v:OULO IN EfFECT Rt:;1'AI1J UNLY THOSF.: VALUES OF THE FUNCTIOt~ 
C***P .LT. 20. HDv~EVr..:P, IF P •~ERE A i•10RJ:: cnMPLICATED FUNCTIOI\J 1 THIS 
C•••CDULD HAVE BEEN ACCOMPLISHED BY CONDITIONALLY REDEFINING PD~OM 
C••*HASED UPrJN THE FDLLO•NlNG CHE:CK: 
C PNW1E = YOUR SPEC If IF.:D EXPRESSimj 
C PDNOM = YOUR SPECIFIED EXPRESSIO~, IF ANY 
C P : PNUME/PDNOM 
C IF CP .Gt::. 20) PDNnM : DC 
c 

GIJ TO 565 
56 3 P r~ Ui•H·::H 
5 6 5 C 0 h T l'! ll E 
c 
41 Hf:T!JR'J 
c 
c 
Cl-S ••• fTXEO GRAPh DATA 
c 

lJATA XHIJR/0.01 
DATA HVf:R,pVER,WV~R,ZVER/4*0.01 
OATA H._FHN/2.5/ 

c 
c 

DATA PJf'IN/2.~/ 
D i\ T A ;; ,JO I :~ I 2 • 5 I 
UATA ZdUI:·112.51 

C ••• E.~U OF IIJPUT TiJ i4AlN PROGPAM 
C (D8N'T fORGET YOUR DATA CARD FOR THE DATA INPUT VARIABL~S ·-

DA,AI,AF,DK,HI,BF,DC,E,NX,IH,IP,Iw,IZ,rSG) 
c 
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ALP'iA -to. oc_ ... l t--r- T!. I TEF'!. TIC' -S -~~Ts (D'P s,.T I) 

4 0. f"l •'"\ ~) 1 ... 2 3E + (> c ) • l'· :\-L'E;.~, ~--~~-:-e-n r,£ + ~) 2 

ALP"A 15. {.1(.;0 ~'" T ~ ? z ITE~ATrG·-S ~:::.rs ( ::-.;. T!. SFT 1 J 

-- -- --~s:- ~ c: :;-·-----~-~ ~ -1·!:"··(;·"':' J ,1, .1 uF•,__. 1 1· 1) _.,f +.] 2 
- --- -~-- ----------



N 
00 

115 .ot\(i 3. ·l o9t.: +Ott o. ()oO~.-n 1 1 • t5 001:::+ II) 

·--~--··· ·-· . - --·-- ·-- -

-~~~~- 50,0()0 Hc.TA z lH~RATflhS llf)dTS 

Sn. flt10 2.<~1?E+Oll D .<lO(lF•() 1 1,lOtH0 -+02 

__ 1 ! n...!~~~-------__l_! L?_~~ +U~ ____ ____(_~ ·~!.Y_~t-~v 1 ~-~~-~l_:)!_~_r!.:~-

AI_JPHA. 5?_• ()()0 Rl·.TA z TTtRATJI_l';S 2 ROUTS 

~"),()00 2, J 1 tlJ:;t{)l_, o,o~~~~!._ ___ . ..!..!l~-~~L!"~2 _______ ~---~-

1 j)s .• tl_t~ (l 3 • 118) i'. +Ill) 0 ,(hlOt:•d1 1 • BtJnr· tn 2 

oO. oot' H_TA z n"iS ROtlTS 

nll.\)fl(t ) • i29F:+t)t) n,O<HW•Ol 1,t00Ftll2 

1 •Hl.Ot)U '2,972f:+O<l Cl, OO(IE•O 1 1. 8 no~: +0?. 

ALpHA OS 000 fHTa. • 7, lTf:RATIIl•S ~~OUTS 

t">~ • iJdP 2,.34~1-"+C)!l O,OiHJE•01 1 .~our.+o2 

~5.(\0f) ---~~~J n, OtnH:•o I 
-~--~ 

1, son F. tO 2 

ALprlA ?o.ooo Rf'TA p :,..; z !H:RATJ[Jo'-.S RLlf.lTS 

7 () _ 1100 7.~Hlf-:+O'l o ,oooE-tJ 1 l,h00l::t02 
-~-~~--~~--~___::__~ 

qo. on<, "2. R 3 o ~:-+-v n Ll. uuor:-~l 1 l,ij00~:+02 

ALpHA = 75,ooo fH~1A ~ w Z ITf-:kATlfJ'JS 2 RfJdTS 
------- -----~-------

75. 011n "2 1 f. 281:.. t I}<) n ,noor:-ll 1 1,700f.t02 

,;';,flOC) 2. B l) 3E+1Jtl ti,OtJOf-:•fl 1 l • !'"l 0 1lF +112 

ALprlA !-10,00(1 BFTA p " z ITERAT!ll'•S HOUTS 

ALPHA AS,OOO 8f:TA z I T~RAT lll'"S 2 HflUTS 

75. 1)1111 2. ;<0 31-:+00 o ,ooor:-o 1 1. a oor; ... 112 0 

ijlj ,'lOU "2., 07fH:+(HJ ;l • OOOE•U 1 1.Q{II)Ft02 

(DAJ'A S~J' 1) 

(ll AT A ~ E:f__!) __ 

DATA S~T 1 l 

(DATA S~J' I) 
·----~-----

(flAT A st:T 1) 

<o.• rA sc;r 1 J 

(DATA S~T I) 
---·---

(llAfA S~T I J 



N 
\.0 

, -~P"ftJ:-------=-(J .. ii~()(ilJ--·· Pf':TA z:----- -1TTRAfTT~- -2-RTIDfS- -([lATA SF:Tl J 

7o • l~tJil 2.~]bf.t(iO \I, 0\IOf:~-0 j 1 , H 0 nE +\J 2 

q f). (l 00 3. -, q flE trlu (). 000£-01 l.0-00£+1l2 

AL-pH~ -,s-; i) D IT f'f'J'A z rtfRATJ(HS -kTltlTS ((l-A-TA ·-SE-I' -.--,------.. -~ 

-65. (1 oo - ·t -. ~ 9 rt: t(J v !>. (fr)(.fF>,;cn-- c~·8-li(lE-+02 

- j-~4T:f~+ll.{) ____ U ,OOOF~- -2-:-J{l0~-o2·----

··--·--ALpHA--: --filil-,1]{\o- ~ETA z ITEkATTrl'iif -T iFml' s---c-o ,;;-n--·srr-iy-- --
·--------co~-2.-ifi21:~-----o: OT16E;:-ot T ,8t)(JE+02 

1 d(!. 0l)1) f,7f~:,E:+no i1 ,oooE·0-1 2. iiJvE-+02 

/iLPrlA TUo~~------- -l\VT.---------v------- --..,-~~~--fTi'J<ATin··rS 2 RUll'fS (DATA SF.i 1) 

') 5 ,Ill) 0 -3,11AlEtno C), (l()llF:•r)t l,R!lOE+-0.2 

til~. 000 4, i\44Eflil) 0 ,fH)Of:-.() i '/,j00"•''?-

ALPtlll 110. ouo Rf:T A p • z ITF.RAT 1m1s 2 ROOTS (!lATA srr·n-
so.ooo 3,225Ft<1G () ,ooor---:-l) 1 l.Ro0F+02 2 

- TTo-;<roo· -- <r-;T31IF+DTl- -·--f)--;!HJOV.--Ci I L, ~Oi1EtifT ____ -r 

A LI'H7<- : - ·n 5 • fHiO FF.TA 1' IV z I Tr:PA'T'! (l<rS T-ROOT5 (THI'A - :OF. T -1 ~--

4..,. 000 :3. 409E+ilil rj,t)tlt)E·O·l -· 1 ~ll0(rF+02 

tts.oon 4,QOtF.+00 O,OOOF-0! 2,500f+02 



lN 
0 

·p =· tTiJ(ALPHA), fflR CTK(Af.PiiA) .LT. 20 

ALPHA RAI•GE.: o,noo rr! 7!1,000 ALPHA !IJCR~.i~~:~T SCAN 

P.FTA HAi•GE p, (ii.lO T(l :·r • (~ tl U H~TA I~CRt.~~~-r SCA\ 

.. ---DATA-~--=~- ALpHA l\F.!!; HF.TA-~- Nllr:l ALPHA -S1"7P,NED FOR EACH ---rfEl"~~----
r-n~--: THIS Oi\T..\ SVT, Pit. Rflf.1TS ARE 1HF SCANfliU' VALU~S 

-p-;~-,z ----=-- -TTn\•C[!ONs--~-~F R(ff'(~c:; -
!F (ABS(DENCIM <W r,w, (IR Z) .Ll::. S.E••l2J, THF<' PRPTHI Frr"'CT!IJ•'i VALIJf 

·nr AiTC:Lt--:·s = tJF:"G"Rrr-~r 

HETA 0,000 f,f.pHA p " z ITEPATlli•S 

o,ooo *** O,OOOE-01 o. onoF-tll -1 (){) 
------ ---------------·---

5,\JOO 1 • 1 4 3r: + l'r 1 n,lhl0F•u1 !) • ()0!)1-'•0 1 

10,000 S,671E+tl·l n. O•lClt:•ul o.onnE-nl 

1 s.ono l. 7 32F:t 01' o,oooE-nl (),OOil!-"•01 
----- ___ , _______ --------------

-----------~ 

20,\HliJ ').,74-~:+<Jl) {) ,flOOE:•tll o.oonv-ot 

?5,000 ),t4~E+Oil O,OOOF•IJ1 o,oooE-ol 

30. ou (} 1 • 7 3 2fo: t ll ~~ ll,ilOfH>•tll U,t)(:Of-•01 

3~. ()() (l t,428Ftnn O,llotH:-n I 11, ooor.-n 1 

'f(l,O(l(1 1 ,192F+nn !J, {l(JOF-~J 1 ~), oo,Jr.-o t 

·~. !)() () 1 • [! (\ u fo~ +!)I) (>. noo~:-u t q, {)I)!Jf'"•O 1 
-------------- ------- --------·- ·-- . ------- - ·--

50.01.)() ". 39 lf_•lil O.ODIH:•ol 0, OOOF•fJ 1 

SS,uun 7,()02f•Ol 1), (Hl0E•tl1 11, OtHlF•O 1 

tJO. oc <J 5, 77 4b:•t) 1 o.ooor::-or t;. OOOE•(I 1 
·--·- --- ·- ---·- ------ ------------~-----

b'-J,Ol)(l 4,6b3E·OI :) • (!l)0~:-(11 t), u(loe_·-o 1 

?o,oon 3,n4iiE•OI tl,OOOF.:-01 n. nooF-tl t 

5,000 

U,()llt) 

***' A'i[) PHir'TFD InRATiilNS : • __ I:_O_<_J __ _ 

15 R'JUTS (OATA ~U 2) 



(.N 

t-' 

P : H, WHFPE H IS 'T'M~: RClt~T ~WJAJ'Itl!'<i flF f1ATA. SFT l 

AI,PHA PAtJGE 45.000 lfl 1~. ()i)(j ALPHA PICR~'I·1 ~- ~1 .SCAfJ 

P.ETA RfiN(;~- -?o,oor1 rr1 t2_<!.unn HETA I"CME•E•T SCAN 

---TA'i'ASr:T 3 Al.~;HA Ail.[~ 1~E-fA- -~f(A\[:,-,-- ·,.rr--~ HETA··-·sr·td'i~:FO FllR·- EACH -A-I.1)Hi\ 
~-Ill- THIS PA1A. SF:T, THf-: Rt.l!lrS ARE TtH S(AI'oli~FD VALUES 
P,w,z = f-li,\'C'TIOf~s r1V ROut~c; 
I~ (/l.f1:j(ll~:llf.lrt fW P, v, Of~ ZJ ,LE, ll,t:•ol), 1H~fv PRii'iTt-:11 Fl_lf~Cl'!Ot\j VAL\11-" 
Ai,L Al•Gt,F.s : D~GRH"s 

ALprlA 45. l)()fl HETA p w z l TFHATl(HJS 

-~~-f_l_!.Y.2.5!. -~_!_ 4~~~~~-0?_ _o_-'---~1-~~ n -~ ~l -~ ~~~-~no~:-~('! () 

•15 • tliJO •Y.4RPF,•Il2 n ,OtJOE•(J 1 u, OOl!E•Il l 

•lo,oon •1,,}421-'-0l d. {Hl(lF:•u J o, ,,u uf:-nt 

.. 5 • l.!J:lu 
-- ~-1~~(!_1 ~:_:~) 1 _{~~~~~ 1.0~'-91 o ~ f!tJ.9X~_Q _ __!_ 

0, riO() •1 , 1 n RF:-o 1 U,OtlOE•t\1 d,OliOE-111 

S ,tllsD -1 , 1 11 ~~~:-o 1 0. I)!JOE.'•O 1 0. ()(it)l:."•(\1 

~ (I__!__!~ ~~i2__ -t.•\?1_E-ot _o .!..~~~-n ~; ~ ~J ~~ !~!_(l_l_l_l:~-~~--- -

.1 s. ()1)/l -l • 1'2 2!-' •tl 1 u.ovoE-ol !) • t100fo:•l) 1 

".lo. 001.1 -9,'-lRbF~-n;_ n, ounr~-o 1 o 1 oo n~:-o 1 

~~-~-00~}- - -" ._'±h}_--<12 _(_~~-r~~~~ F.-_ q__t !~_.OOtJ~~~-lJ__1 

30,(1{)() •7, ,shbE•02 n, ooo~:-o 1 u.ooo~:-..-ol 

.15. t_)(lf} -s. :!2HF.-o2 11. oouE-o 1 u,uuo~-nt 

~'.!.! (l-~~! __ -_7 ._~BS_E~02 o,oonF-:-ot .!.!.• oooc:-o! 

45, f!O'J 1_1, IHlOE-0 1 n.th}Of:•Ul 11, f\O(lfo:•O 1 

~() ,1100 J. 424E•il2 d, noo~:-o 1 t) 9 0IJllE•01 

- ~ ~-~-(~ (~ ~~ 7__0_1_5 >: - 0 2 - ~) ~ 0 1! 0 t: ""'-~-) 1. l)_!~~~~o~:_-~lt 

tlO !' f/00 1. J62~-n 1 (). {Jil(l~;-~,J 1 r),OOtH •01 

hS, t)On 1.h1 lr•lll o.oocw-n1 I). 000~.-01 

___ ~~~~~~ ____ _'2. !' •i_S 7g_~il _1 __ ___ 12. ~l~~~-~:--r~_l _____ ~.!.'-:' __ 0_9!~-::>_1_ 

7s,noo 2,4b~H.-Ol 'l,OtJtH:•Ol l!,OOOE..•Ol 

R 11,_000 2 0 R\4E•Ot 0, UIIPI'~·(J I o,onot-ot 

l) 1 (}()() 

'-i,()llll 

***' A:·tD P~l 1 lfFIJ ITFRATlf.lNS •100 

29: hOilTS (DAT~ :;f:r 3) 
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I 
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I I 

I= 
lo jc I" 

I 
I 

I 
I~ 

,_ :- 1-
0 'i '0 " IC l'i " I II I l1 I 
:..J :..J I~ "' 

,,. 
iW w 

0 0 c ~~ lo " 0 

I~ 
I':: c ig 0 

0 
!~ 1:: 

0 '. "'' lc 10 
I 

I 

I~ 
I 1-iO II I~ 0 

~~ I I II I 

"' ;,.: IW ~~ "" c '"' 0 !o c 

I~ I~ "'' lo 
I~ c I; " i': 

I"' I~ i= I" 
I 1-

I~ 
,_ 

c 0 I= 0 ,c :c c 
I I ,I I :. 

I~ 
I 

"' :.; 

~~ 
.... :w "' "' " lc ... 

I~ 1~. 
,. 

"' 
., 

I"' N .... 

I~ "' iM !- !"' 

lo 
I 

! I 
c 

I! 
0 I"' 

" - "' 0 '" 0 
0 1". 
"' - "' "' ~~ 0 
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1-
1-
i 
I 

I 

I 
I 

I I 

I i 
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I 

I I 
I 

I I 
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0 
0 

0 
C\1 

0 
0 

0 
0 

0 
0 

0 
(X) 

0 
0 

0 
<D 

a: 
f
WD 
(Do 

0 
v 

0 
0 

0 
C\1 

0 
0 

0 

0 
0 

BETA VS ALPHA 
DATA SET 1 

0 

C\11--------,,--------r--------~------~--------~--------.--------, '--zo.oo o.oo zo.oo 40.oo so.oo ao.oo 1oo.oo 12o.oo 
ALPHA 
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(L 

C) 
C) 

II.l 

C) 
C) . ..,. 

C) 
C) 

en 

C) 
C) . (.'.1 

C) 
C) . 

C) 
C) 

C) 

C) 
C) 

..... 
I 

C) 
C) 

liE 

P VS ALPHA 
DATA SET 1 

~ 

liE 

~ 

(.'.1+-----~----------.--------.--------.-------.--------.--------. 1
-20.00 o.oo 20.00 40.00 60.00 80.00 100.00 120.00 

ALPHA 

34 



0 
0 

0 
ro 
N 

0 
0 

0 

""" N 

0 
0 

~~ 
0 
0 

0 
CD 

N 
0 
0 

0 
N 

liE 

0 
0 

0 
ro 

0 
0 

0 

""" 

0 liE 
0 

Z VS 
DATA SET 

/ 

ALPHA 
1 

o.oo 20-00 40 .oo 60 .oo so.oo 100.00 120-00 ALPHA 
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CL 

0 
0 

"'<t 

0 
0 

N 

0 
0 

0 

0 
0 

co 

0 
0 

co 

0 
0 

0 
0 

N 

0 
0 

9J .oo 

P VS RLPHR 
BETR - 0.000 

DRTR SET 2 

10.00 20.00 30.00 40.00 
RLPHR 
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0.... 

0 

0 

'V 
N 

0 

0 

ro 
0 

0 

0 
0 

0 

ro 
0 

0 
I 

P VS BETA 
ALPHA = 45.000 

DATA SET 3 

p=o 
~ 

0+--------,------~--------.-------.--------r------~------~ 1-2o.oo o.oo 2o.oo 4o.oo so.oo ao.oo 1oo.oo 12o.oo 
BETA 
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APPENDIX B 

1/0 FOR SAMPLE PROGRAM 2 

Reproduced from 
best available copy. 
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c 
c 

SIJRROLJTINE FRONT 

-=-:::--c~---,~--------~---- ------ ------ ~~~-----~----~-~---

C•••SA~PLE PROGRAM 2 INSERTED rlERE DEMONSTRATES HOW PROGRAM MULTI 

C•••CAN BE USED TO GENERATE CROSS-SECTIONS OF A 3-DIMENSIONAL 

-~-c.ii-*iS~uR-~'A"cE:-- iN~- sPACE: - rliE ~=au/\rio~N -o-r THF.: suJ-ir.\ct-rCJ- BE coM-PuTED 

C•••IS P = A + H*•2. 
----··c;~------ ---~----~ ----~-~----~ -----

c --DATA SET 1 SCANS AND GRAPHS AGAINST ALPHA FUR EACH BETA. 
--c--~ AT ASET_2 ___ SCA NsAffLf. GRA PH~s -A-GAi-f.fST ___ R ETA~--E~ACH--ALP H A·:-·---------------------

c -·-c·· ------ --~~ ----------
C•••TH~: SA!~PLE PRflGRAM ~iAS RUN WITH THE FOLLOWING DATA INPUT FILE: 

--~ ·-c:----~-- ~---- -~ ----~ --- --~-
c to.o,-so.o,so.o,s.o,o.o,ts.o,o.o,o.o,o,o,l,o,o,l 

--c---10-:o-;o:-r)~~3 o. o, s-:o; .;.-is~~o~~ i5. o, o. o~ ~6~o-.-o, o-;(,-o ~o-; :2-
c 

-C .. iTHE f"IRST iNPll'f LIN~: :is DAtA. SET 1, THE 2ND IS~DATA SET 2~ 

c 
c 
c 

~~~~-~c----- -~-

<.:_~1__. ~ • f•1 U_LT I -_pU f<PllS ~-: PROGRAM. FUR C 0~1PU TIN G A fiJ D GRAPHING 

C RiJOTS AND/>JP VALUES FOR ANY REAL FU~-JCTION 

~- -~ --BY RlJSSt.L 13PAtJH1M! 
c 
c 

------------- ---CC1Y~~fif0-t~J /FLAGS I I SC AI'~ ,-I t1, I p, I W, I Z 
1 

1 SG, L, HJO IN, pJOI N, WJOl N, ZJOI r~f, --
~ HVEP,PVER,WVER 1 ZVER,XHOR 

c 
COMMON/SUb/DA,AI,AF,DB,bl,Bf,OC,E,NX,~,ISKIP,H,A,B,DHA,DHB, 

~ ~· PNUME,PDNOM,WNUME,WDNOM,ZNUME,ZDNOM . 

c 
-~c:-- --~- ~--·-st:-liDENc 1': ccfNTRUL 

c 
~c 

c 

Jf(N.EG.-21 GO TO 40 
IF(N.GT.-2) GO TO 20 

~ --c2~ ~~.T>Atii-s-pE:cTtrcli.rtrl~J (s~:t DOCLIMENTATION) 

c 
C L fs-fi-l"£ ~DATA SET COUNTER 1\HICii IS INITIALIZI:.D TO 1 AND AUTOMATICALLY 

C INCR~MFNTFO BY THE PROGRAM. L MAY BE TFSTED fOR TRANSFERRING TO THE 

---C~~-UfF'Clpr:fl'\'ri lJf>i APP RliPR1A'r-E TO- THE D I FFEP~Ewr DATA SETS. 

C (0 n !~~IJ:l'_Y:I!~~H -~D~ T_A ~ ~-E~T -~-l_L_~_S_'['~l3 'J'_ 9_~ -~A !'_~~VJ___f'~~E) 
c 
c 
ci:..t ... SPF.ClfcY Ar,y SPECifiCATIO>·; STATEMFNTS N[EDED fOR yOUR MATERIAL 

c 
c 
C2-2 •• !SPECifLA_NY __ ()E§~f:{J::D -~_E:_AO ~ STATft;,EIIJTS 

c 
c 
Ci-3 ••• SPECIFY ANY htsiRE~ WRITE STAT~MENTS 
c 

---------- --·- ·--·· IF ( L. F-~Q. 2) G-rf· tO b 0 

PRirH 500 
500 FOP'1ATC7T'-~-SAMPLE~ PROGRAM~-:2')-- -

bO PRINT 546 
-546 ____ irW{~ii\r-{i/• P =A t B**2 'II) 

_L_ ________ ~----·-

40 



c 
c 
c 3. I. F>~UATIDN spr.c r neAT roN . -~E oocuMF.NT Al'..l.Q_N_l_ _________ _ c 

__ __L ______ -·------- -------------·- ---·- -·-··-- ---
C3-1111SPfCIFY YQUR CONSTANTS 

__ _L_ __ - ··---- ----------------------- --- - .. C DO NOT REMOV~ STATEMENT 10 (PAD:) 
1 0 R AD = 3 • 1 4 1 59 .2.1L.1Jl_Q_.__Q_ _______________________________________ _ c 

"-- __ c_ _________ ------
• 11 RETURN 
.. __ ____c_ _________ ----
.. c 
" __ C.J-2. I ISPECITL.H AHD ANY ..Cill:!P.U1ATIOks .nE.SIRE.IL llllRING._..sc.AN..NIN~ PHASl:;_ __ ~ c 
•· __ _c__ ___ Q_Q JHl.LREMIDlE _.ST.ATEM.E.NT 20 .. OR ... THE NEXT STA.T.E.NEJ'U' .. iRA::::.-.RB::::) • 20 RA : RAD*A 

___ R.B_.; .RAD.:ll:li 
C TU SKIP OVER ANY SCANNEU VALUES (OR ANY ROOT REGIONS), ,. ____c_ __ ____5_D_I.MTP_ :::: 1 _fQB 'L!::lQsr: VALUES. AND THEN_ GQ_ TQ .SI.A'r.EH_E;NL2.2 ' c 

• -· ___ c_ __ 
• 21 1F(N)22,40,30 

.22 F ETUH~; 
c 

• __ c._----·-·---------. - ---
K C3-3110SPF.CIFY I<Et~TON-RAPHSON VARIABLE DHY, WHERE y =A OR 13 

c_ ( :(f DHY C0'1E'11TEP FRO'i R¥, SET DHY : RAD*DHY) c 
JO CONTINUE 
c 

__ _c _____ _ 
31 RF:TURN 
c 
c 

__ CJ-4 •• _~SPECIEY YNLJME AND YDt~O\l Of fUNCTlO"i y, Y = p,w,z 
C (DEFAIJLTS ARE YNUMr::o AND YDN0~1:1) , .. __ ___c __ _ 

" 40 CONTINU~ 
c 

c 
41 RETliP~J 

---~--- ---
c 

__ C3-5_. •• FIXED GR!l.ph DATA 
c 

DATA XHOp/0.0/ 
DATA HVER,PVER,WV~R,ZVER/4*0.0/ 

JlA.I.A HJQIN/2. • .5../. 

' ______c_ 
c 

DATA PJOIN/2.5/ 
DATA ;•IJOIN/2.5/ 
DATA ZJOIN/2.5/ 

' __ C. ,SND __ U.L~tl.E.U'LTQn_MA.H_.I .E.RQGRlL'L 
C (DON'T FnkG~T YOUR DATA CARD FOR THE DATA INPUT 

' __ __c ____ U~A.LAF,__Dl3,Bl., l:lF, DC, E, NX, IH, IP, IW, IZ, ISG) ' c 
.E..N.!L. 

41 
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~ 

N 

SAI~PLt: P!IOGRAM ~ 

P = A + 8**2 

ALPMA PANG~ -so.I)IJO ro 5 1'• (Jr)o ALPHA I~CRE•E\T SCA~ 11..' • OUt) 

btTII R~ NGE v. uno Tll 1 ~. OOIJ HETA l"CRE~E~T SCAN : 5.U0U 

DATA SET 1 

BE ['A = 

SETA --

Q • C\Q~I 

_ 5__..!H'<~ 

AL~HA A~D B~TA SCA~,s, ~JTI~ ALP~{A SCAN~t·c FrlR ~A[H t~ETA 

fUR THIS DATA SETo Tef ROOfS ARE TH~ SCA•nED VALUES 
P,A,Z = f·U~·CtiU~S •J~ RllOIS 
lf (AHSlOE~OM OF p,w, nR Zl .LE. 0.~·01), THE~ PRl'TEP FU"CTrn• VALUE 
ALl A~GLJ~s = D~GH~~;s 

1\LPHA p w z lTERATlU"S 

-50.001) -s .vnt>t.-+ o 1 u.OOO!::•Ul u.oout:-J1 

-40 .(tt.ln •4.00l1 Et01 0 • l)tJOE•01 v.uvoE-o1 

-J(l 1 (I(Hl ·3.~.•0t'E+Ol l.).l)itOt;-:J 1 r) 1 GUOt:•Ol 

-i:n.tlt'{! • 2 • <rtHJF.:: tO 1 0 •f1 \IOE•(I t I).()OOF:-01 

•l (1. 01.,10 •l.C!lZIE+Ot I).{H!IlE•Vl 0.0 1)0[•01 

{r.(}t){\ u. •.)tlo~:-o 1 0 • Ot)Of,•\,; 1 l•. uovE-ol 0 

10 .{tl.)f) t.trQOEtill (l 1 1JUOE•ttl o. UO(li.';-o t 

:l.Q .l)()l) 2. •)f!,JE-:+Il l o.o(wr:-ot I.J • C0Clf.:•01 

3 (1 • l~ (I() 3.uov~HJ1 (). 0\Jill!:•!) 1 0 ,tH.lUE•tl1 0 

1(.),001) 4. (llJCE+O 1 ''· OlioE•01 11, ooot:-ot 

51.1. noo 5 • (lQ(Ii'.:-+0 1 0. (l()()f-~·(ll tJ e (.I!JQJ-:•0 1 

•\l.Prl,\ p . z !TERATlO •S 

•50.{1()•1 •2. 5\l'JEttl 1 (). 0')1)E:-()1 n.OOLlE·Ol 

•40,0~)\) -1.50\if.t!)\ O,O:IOE•Ot 1) • POOF.•O 1 

---- ---··- •).0 ~,OQ(I •S.OOOE;_+OO o. f.lvor~-~~ 1 ('. ooor:-n t 

-2o .• noo '-., •JOt)f::tl)O n .tHiOJo:-ol u,OOil£-nJ 

•1 0 • r),.JJ 1. '5 n u~:+O l O.O()Of-~•01 ll, oon~:-n 1 

_0 ,(!00 2,50oE+ll1 0. ()l):"lf:•l· 1 o • (Hl~W·O 1 

10 .{1 00 3,5tHiE+t)1 ~), Ot)(lE;•Ol t) ,OOOF. ... n t 

2n .ootl 4,~01Jf::.t01 n.ooor~-~~, tl,!lOOf.·Ol 

*** 1 ft~LI PRi~TED lTEHAJl()~S 

11 RUUTS (DATA SET 1) 

\1 HOUTS (DATA S~T ll 

•100 



3t' ,tHill ~ • ~ fltrt::+ •' 1 'I• OOtlf-.•tl) (). {) (l()~·-q l 

HJ,lll.llJ b.~~~liE+(Jt il ,Ool!lf'•v I u. (lilt) ~:-til 

'-,f),(l{Jri 7.~1l.)E't'll c;. ooo~:-') 1 'J • t~Or>~.-tl I 

~ETA ~ t 0 ,rJOU ALP It fl p ,, z IT~BATJU•S 11 i~OdTS (DATA Sr;T 1) 

_..,{),I<() •l ~. t•fJqf::+ (ll I). n ,, n ~~ ... t.l 1 (I • () \) \ \f•~ • (l 1 

•1(1 • f!t.JO f:l, ')OI{F,tn 1 0 • tltr(lF;-~ll 1). O('t)r -n1 

-Jo, •JOil 7. 111) lli'~+n 1 d. nunf-~·u l (J,n(l(W•lll 

-~n • nnl, H. ,.o (.It::; t (11 ,J,(ll){)t·;-1)) n,ul)nF .. nt 

-Ill ,1!1\'l 9, (,{)\)f.~+ I) 1 rl. no 1..l t:-u I l) • (~ Or;F.·O I 

{). 01)1) l.r~OiJf::trl2 o. Ollnr:-ut 11, no;n:-n 1 () 

1Cl,tl(l0 1. 1 OtJF:tn2 n • OuOF:-o 1 0. oor.f-:-o 1 

l.il.uoo 1,2ilt1Etil2 o. or)(lf-:-n 1 tl, Clll\)E-0 1 

3r). onn 1. )t}()[-;+(12 1'),{11J(li:>•01 0, r}ll;)F.•O 1 

40. 1)/10 1. 400E+112 0,(1tlOf:•l)l \.l • 00UE• 1J t -!'> 
Vl 

50 • Ot.IO l • ~IJI.>F:+-!12 0 • ()UOt'~•O 1 t), OllOf.•tl 1 

BE I' A = J5,ooo ALPHA p ~. z !TE~BAT 10:JS 11 HOUTS (OAI'A S[T 1) 
-sc,,ouG 1, 75 (Jf, tfl? •J. ooot:-o t n. otl or:-ot 

•10 • O(;I.C l,!i50F.t1J) O,POOF•Ol d,OtlUF•IJl ('. 

•Jn. nut' l,Q5UEt02 0. (11.\l)f::•(l 1 ·J. 0011r:-o 1 

-Lo.ooo 2 • rl5l1Et02 u. o'>oF;-o 1 ll,P00f:·01 

•1o.oon J,t50F:+IJL :) • \)rJ0!-;•111 iJ,t)Oiil::•ll\ 

n.oon 2.:>5<'E+O;i o,oooE.•vt o, or·JE-n 1 

1 o. ()!){_) 2 • 35tlF·:tO/. (),OOOE•Ol o, Ll00i.'>·O l 

:.l(),IJ\1\) 2,45{JF.tll7. o,oooe:-nt o.O{l!1~~-ot 

3o. (j() n 2.550F+02 Q. {l;)()£•(J 1 u. 1.HlUE-u t 

40.fl00 2, t>SUEtl)/. o. OI>OF•O 1 tJ. tJoor;.u 1 

SO,IIno 2,750F:tU2 o.onot:•ol lJ,0(JOE·fl1 



~ 
~ 

P = A + B**2 

~ATA S;:1' 2 

ALP~A 

ALP4A 

ALP!!~ HA'"G~; o.ouo TU JU.,lHhl ALPHA J<.,CRE''r··"T SCA~ 

S~:TA. Pfi"~<;E •25 .liOO I'(! 2~. 1)\lf} BJ::H. PCR£' E.1T SCAN 

u.voo 

1 0 ... ~~ l~ () 

ALPHA AI~U l~FI'A SCA":S, 
FDF l't!IS DATA SET, Tt.E 
P,~,z : ~l!'JCTIGNS Uf 
If CAMS(DEND~ Uf P,W, 

1.'1 l T r~ 
PUUTS 
ROOTS 
np ZJ 

ALL A·'H;Lr:s llf:GFWI:';S 

BE1A p 

•1.5.0(J0 ~.25<JE.t02 

.. .co.~)(;() 4. uour~ t02 

•15 .Otl(l l.,i~0£<+02 

_, 0 .il{)(} 1.!1{H/F+f12 

-5 .noel 2. 51)\)~:+rJ 1 

{),1)')1) n, tJnnF.•(l1 

.J • 0 llO 2,5PUE'+!ll 

to.onn 1. onut.+02 

15 • {l(ll} 2,75uE+U2 

20. 0;10 1, \tt1Df.:+02 

/.I).'J;)I) b. 25 1JF:+02 

R~n r 

•25. ()J)/) 6. ]50£+(12 

-;o. t'l'U 4.1 {I! lEi tl2 

•l'),{)(iO 2.350E'.+tj( 

... J 0 ,tJ{J{) 1, 1 {)(·~:+ n 2 

.. 5 • Oi'n 3,1)0GE+'.l1 

n.oun l .11(){)1::+(11 

5 .n 'Ill 1.5011E+Ol 

lP 1 0U0 1 .1 (lllE:+ tl2 

HElA SCAii'>JEJ) F'flR F:ACH ALPriA 
ARE THE SCANiiEU VALUES 

.LE. U.~•U1), fHE• PRl•TlD FU'CTIDN VALUE 

I'·' z lT~PAT IU'S 

O.OllQ£•01 0 .Ol'~OE-0 1 

IJ • 0 .)01:,•01 v.OOOE•Ol 

f) .r)flllE•O l t) .tJOl'E•O 1 

0, OtlOF•IJ 1 .J, OOl'~-~) 1 

0. (100!::-•J 1 u.or'-•E•')l 

o. (),'J(1f-:•() 1 rj • OO(if.•Ol 

~ • (ldOfo;•(l 1 n, Ot)Of•tll 

t.l. Ot'n~:-ol 0 • OU~)f~•(J 1 I) 

0 ,ll<tO~:-ot L' 1 () fJOt:•\11 

0.oont::>•Pt D.O!hli:.•Ol () 

1. fJtlO~•tl 1 C1 .0!It!E•l' 1 

" z 1 T'.RAT ll.> .• s 

') • oOPf..:•O 1 (J,OC)t-:£•01 

•) •(l(t0F;•Ill :.1.noo~:-o1 () 

n.ovoc:-o1 n ,('IJOt:•ol 

n • Ool>E•O 1 (J ,nnoE:-o 1 

0 • O•JOf,•n 1 t;. ('onF:-o t l' 

•) ,<':Jor:•t) 1 •I. 0UOF~-G 1 IJ 

1) ,lltJCJt-•(11 o,nnuE-ot () 

(} 1 0(\Clfi:•Ul 0 • iJflUE•fl t () 

10.t)(l,l 

5. 01)<) 

***• A··r[l pJ,lliT~0 I ft:HAT lU~JS : •100 

II" RUOTS (DAH. sr:r 21 

11 J-HlilT.S (DAfA SET 21 



l5,0d0 2.l5()~+02 n,oOOE•fll IJ,000£-(}1 
----·----

:£1l,lliHl 4, 1 OOF.:tll}. 0. ()J(:~;-q 1 O,UOOE•UI 

7.5,00() 6. J5UE+02 o.oonE-01 o,oour.-nt 

ALPHA = 2o.nou Bf'T4 p ·.; z lTERATJDI'S 11 HOUTS (DATA SET ll 

·25 .ooo b,45P~:+Il2 o,ooor.-ot O,U00£•01 

•20,000 -1, ;>O'J£+02 o.oooE·01 o,ooor-:-ot 
----- -----·- ---

-ts.ooo 2.450E+02 o,or'OE•I)l o, (lOor·-o t 

-to,oon t ,')ll0Et02 O,Oil0£::•U1 o. oouF;-o 1 

-s.oou 4.SOUF+OI 0 ,(lc)0£•01 o.ooor:.ot 
--- ··---- ·--- . ---

c-.ooo 2,0001:::+01 o.noOE•OI O,OOOE•Q1 

'),000 4.500f:+OI ~.ooOF:•n1 u,ouoE-01 

10.0()0 1.2UOE+02 o,noOt:•l)t u.oooE-01 

Js.uuo 2.450E+02 o,nnoE-ot o,oooe-ot 
..,.. 2ll,OQ0 4.200E+O] 0, OOOE••.J J u,uoUt:•Vt 
til 

25.000 6.450Et02 o.oooe:-01 O,OOOE•Ol 
----·-- -~--- -~· 

A.LpHA = 30.000 RETA p w 'l ITERATIONS 11 ROUTS (OATA Sr:T 2) 
-zs.ooo b,55LlE+02 (),OOOF.:•Ol 0,oooe:-ot 
•20,000 4 • 31JOE+02 o.OoOE•OI o.onOE•01 

•15 • O(lt) 2.550E+02 o.ooOE•OI (1, UUOJ::•O 1 

•I 0. (1(\0 I. 3<>0£+02 o.nooE•OI O,OOOE•OJ 

·5.000 5.500E+OI O.OOOE•OI C,OOOE•OI 

n.ooo 3,t.l00Et01 0.0oOE•O! o,ttOOE·Ot 

s,oon s.sooF.+cll O,OOOE•Ol o,oooe:-01 
-- ·----- -. 

10.000 1 ,jOllF.+02 o.ouoF.•OI o.ooor:-ot 

15,000 2,550Et02 o.oooE•OI u,oooE-ot 

20,1100 4,J(H_lF.:t02 o.OOOE•Ol o.oooE;-ot 
- ·-··-·--· -- - ---·-

25.000 b.550E+02 O.OOOE•OI O.OOOE•OI 



P VS RLPHR 
0 
0 

BETR - o.ooo 
0 DRTR SET 1 
co 

0 
0 

0 
t.D 

0 
0 

0 

"'" 

0 
0 

0 
N 

Q_ 

0 
0 

0 

0 
0 

0 
N 

I 

0 
0 

0 

"'" I 

0 
0 

0 
w,_ ______ _,,--------.--- ----.--------r--------~--------r-------~

 

1-so.oo -4o.oo -2o.oo o.oo zo.oo 4o.oo so.oo 8o.oo 
RLPHR 
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0 
0 

0 
CD 
N 

0 
0 

0 
v 
N 

0 
0 

0 
0 
N 

0 
0 

0 
<D 

Q__o 

0 

0 
N 

0 
0 

0 
CD 

0 
0 

0 
v 

0 
0 

P VS RLPHR 
BETA - 15.000 

ORTR SET 

-40.00 -20.00 0 .oo 20 .oo 40.00 so.oo 80.00 
RLPHR 
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0 
0 

0 
r-

0 
0 

0 
CD 

0 
0 

0 
1.0 

0 
0 

0 
0._,. 
,....., 

* 
0 
0 

O.....o 
en 

0 
0 

0 
N 

0 
0 

0 

0 
0 

0
-25.00 

P VS BETA 
ALPHA = 0.000 

DATA SET 2 

-17.00 -9.00 -1.00 7.00 15.00 23.00 31 .oo 
BETA 
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p VS BETA 
0 ALPHA - 30.000 0 -
0 DATA SET 2 
r-

0 I 0 

0 
CD 

0 I 
0 

I 0 
LD 

0 
0 

- 0 ov 

liE 

0 
0 

O.....o 
en 

0 
0 

0 
N 

0 / 0 

0 
'\ 

0 

'~ 
0 

.. 0
-25.00 -17.00 -9.00 -1 . 00 7.00 15.00 23.00 31 .oo 

BETA 
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