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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.

Preceding page biank
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1, 1INTRODUCTION

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,)

e Computation of the roots of any equation H(A,B)=0 either
by linear interpolation or by Newton-Raphson iteration.

e 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.

e Graphing of roots and functions, as selected.



1.1.2 Your Specifications

e Specifying your data and your equations is done in sequences
C2 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.

e 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:
° 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. SELECTION OF PROGRAM OPTIONS

In this section, we describe how the data input variables are
used to select the various program options listed in Section 1.
(A complete discussion of each individual input variable is pre-
sented in Section 3.) The basic computational modes are selected
by the input variables 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 (IH#0)

For each scanned A, the B roots of any equation H(A,B)=0 are
computed either by linear interpolation (NX=0) or by Newton-
Raphson iteration (NX>0). In the latter case, DHB (the partial
derivative of H with respect to B) must be specified. For each
IY#0 (Y=P,W,Z), the corresponding user specified function Y (A,B)
is evaluated for the previously computed roots. If ISG>0, then
for each IY>0, the main program will use a special algprithm to
graph the corresponding function Y against the independent variable
A. If also IH>0, then a graph of B versus A is also produced.*

2.2 FUNCTION SCANNING MODE (IH=0)

For each incremented B value, the entire range of A is scan-
ned; and for each IY#0 (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.



I18G>0, then for each IY>0, 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.



3., DATA SPECIFICATION: INPUT SEQUENCE C2

e Subsequence C2-1 is to be used to insert any user required

specification statements (such as Type, Data, and Dimen-

sion statements).

e Subsequence C2-2 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 below.

® Subsequence C2-3 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

K

These input variables are individually described below.

3.1.1 DY, YI, YE (where Y = A,B)
e DY =Y Scan Increment Value.

o YI Y Initial Value.

@ 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 are to be read in
on a data card (or file) in free format. The read statement

is Sg&tained in the main program, and the read logical unit
1is .



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=0.0).

3.1.3 E = 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=0, in which

case E can be used as any desired parameter).

3.1.4 IH = integer check for basic computational mode

e IH=0 causes bypass of root computations and selects

Function Scanning Mode.
@ IH#0 causes selection of Root Computation Mode.

@ IH<0 indicates that a printout of the computed
roots is desired, but that a graph of these roots

is not desired.

e IH>0 indicates that the printout and the graph of
the computed roots are both desired.

3.1.5 IY (where Y = P,W,Z)
IY = integer check for computation of the function Y and its

graph.



e IY<0 indicates that a printout of the computed values for
the function Y is desired, but that its graph is not

desired.

e IY=0 indicates that computation of Y is to be bypassed.

e IY>0 indicates that both the printout of Y and its graph
are desired.

3.1.6 1SG = integer check for scan and graph mocdes

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=0), or to solve
for the roots corresponding to each independent scan value (IH#0).
If any graphs are desired, they are plotted against the independent
scan variable.

e ISG

I}

+ 1 selects A as the independent scan variable.

e ISG

+ 2 selects B as the independent scan variable.
e ISG<0 indicates that no graphs are desired.
e ISG>0 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<0, then no
graphs are produced even if some IY>0).

3.2 GENERAL COMMENTS ON DATA SPECIFICATION

e 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'.)

e 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.



Your inserted statements may be in the form of program
segmentsy in which case any number from 50 on may be used
for your statement labels. (For example, see Sample
Program 1.)



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 C3-1 (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)

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

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

o 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:

e DHY = partial derivative of H with respect to Y (or RY);
where Y=A if ISG = + 2, and Y=B if ISG = + 1.
e If Y is in degrees and DHY is computed from the correspond-

ing radian variable, then also set DHY=RAD*DHY.

e Specify DHA or DHB as required; or specify both derivatives
(in which case the program will select the appropriate

derivative).



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=0):

® 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):
@ YVER = 0.0 and XHOR = 0.0
o 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



GENERAL COMMENTS ON EQUATION SPECIFICATION

Corresponding to each subsequence C3-j, insert your pro-
gram statements, 1f any, between those statements labeled .
jO and j1 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 jl1 {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 (C3-1 and C3-2) without that quantity having
to be redefined.

11



5. GENERAL COMMENTS

5.1 DATA SETS

e 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.

e 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 1) 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=0 causes automatic bypass of all Newton-Raphson compu-

tations, even if DHA or DHB has been specified.

@ IH=0 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=0 (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.

12



5.3 DIMENSION RESTRICTIONS

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

e 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 (X-axis) scan variable
is 99.

e The program will allow a maximum of 20 rise pieces per
graph, 20 fall pieces per graph, 50 stray points, and 10 equal
pieces. (See subroutine BRKUP for the definition of these quanti-
ties).

e 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

e 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.

e 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 1is
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
(IH#0), 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 6 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.

14



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 (YO,Yl,YZ) and their differences AY, = Y,-Y, and AY, =
Yz—Yl. These differences are used to sort the Y values into ris-
ing, falling, and equal arrays based upon whether AYn is positive,
negative, or zero. However, if in any instance

*
> YJOIN*|aY |

oY | < |aY, _{[/YJOIN  (if YJOIN > 1)

< |AYn_l|/5 (if YJOIN < 1)

then Yn is placed into what is called a stray array.

Stray array points are plotted, but no lines are drawn to
connect them. This is based upon the hypothesis that if ]AYn[ is
n-1l» 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

either significantly greater or smaller than | AY

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 locij; 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,
1sG, 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 C2-2. 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)=0. 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=0 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=0 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 + BZ.
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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 étfaight lines at different intercepts (each
intercept being the corresponding value of Bz). (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.é Data Set 2 (Sampie'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-
mented A value in 1ts 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

1/0 FOR SAMPLE PROGRAM 1

Reproduced from 2
est available copy. g
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SUBROUTINE FRONT
¢
C
C###SAMPLE PROGRAM 1 INSERTED HERE DEMONSTRATES HOW PROGRAM MULTI
C###CAN BE USKED TO CALCULATE AND GRAPH ROOTS AND ALSO HOW IT WILL
C###SCAN AND GRAPH VALUES OF FUNCTINNS,

==0: DATA SFT 1 COMPUTE THE FQUILIBRIUM STATES OF A 2-DEGREE OF
FREEDOM RHOMBOID FRAME,

«=0X DATA SET 2 SIMPLY SCAN ALPHA AND COMPUTE P = CTN(ALPHA),
FOR CTN(ALPHA) ,LT, 20

-=0ON DATA SET 3 SIMPLY SCAN BETA (FOR ALPHA=45) AND COMPUTE P = H,
WHERFE H Is THE ROOT EQUATION OF DATA SET 1,

»%x*THE SAMPLE PROGRAM WAS RUN WITH THE FOLLOWING DATA INPUT FILE:

5-01'15.01115-0,10.",'15-0!1!5.0'.01;.001;4!2;3;0!2,!

10.0,1,0,.5

s 0,0,0,70.0,040,0,0,0,0,.05,0.0,0 ,0 1,0,0,1
.0y45,0,45,0,5,0,=-20,0,120,0,0.0,0.0,0, 0 1,0,0,2

eXeXekeNe o XeNe ks K2EeReNe N N el

C###THE FIRST 2 INPUT LINKES COMPRISE DATA SET 1 (THE 2ND LINE CORRESPONDS
C##*TD THE INSERTED READ STATEMENT 521), THE NEXT LINE SPECIFIES DATA
Ce##SET 2, AND THE LAST LINE SPECIFIES DATA SET 3,

C
C
C
C
C1l,.."ULT1-PUPPOSE PPOGRAM FOR COMPUTING AND GRAPHING
C RONTS AND/UR VALUES FOR ANY REAL FUNCTION
C =-BY RUSSEL BRANTMAN
C
C
COMMUN/FLAGS/ISCAN,IH,IP,IW,1Z,15G,L,HJOIN,PJOIN,wlOIN,ZJOIN,
& HVER,PVER,WVER, Z2VER, XHOK
CUMMCN/SUR/DA, AT, AF,DB,B1,BF,DC,E,NX,N,ISKIP,H,A,B,DHA,DHB,
& PNUME,PDNHM WVUVE WDNOM, ZNUME ZDNOM
C
C SEQUENCE CONTROL
IF(N.EQ,=2) GO TO 40
IF(N,GT,.~2) GO TO 20
C
C
C
€2,..DATA SPECIFICATION (SFE DOCUMENTATION)
C
C L IS THE DATA SET COUNTER WHICH IS INITIALIZED TO 1 AND AUTOMATICALLY
C INCREMENTED BY THE PROGRAM, L MAY BE TESTED FOR TRANSFERRING TO THE
¢ INFORMATION APPROPRIATE TO THE DIFFERENT DATA SETS,
C (NN OUTPUT, EACH DATA SET WILL START ON A NEW PAGE)
C
C
C2-1,..SPECIFY ANY SPECIFICATION STATEMENTS NEEDED FOR YOUR MATERIAL
C
REAL K1,K2
C
C
C2=2,,.SPECIFY ANY DESIRED READ STATEMENTS
C
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Cx##NOTE FOLLOWING TRANSFER OF CONTROL BASED UPON THE DATA SET
C#»#COUNTER L, THIS IS ALSO USED IN SUBSEQUENCES C3=2 AND C3<4 TO
C*##TRANSFER TO THE EQUATIONS APPROPRIATE TO EACH DATA SET, ALSO
C*#»#NUTE USE OF STATEMENT NUMBERS .GE, 50 FOR YOUR INSERTED
C##»¥PROGRAM SEGMENTS,
C

GO TO (521,522,523),L
521 READ(1,65) T,K1,K2
65 FORMAT(3F)

GN TO 531
522 GO TO 532
523 GO TO 533

C

o

C2~3,,.SPECIFY ANY DESIRED WRITE STATEMENTS
C

531 PRINT 546

546 FORMAT(/7/°* SAMPLE PROGRAM 1°*)

PRINT 500,T,K1,K2
500 FORMAT(///° THETA ZERUG = *,F4.1,7X,°K1 = °,F3.1,7%X,
1°K2 =°,F3,1//° P = APPLIED LOAD ON RHOMBOID FRAME®’/
2° Z = INCLUDED ANGLE OF FRAME’’S BASE JOINT®,
3% (TU NEAREST DEGREE)*//)
GO0 TO 545
532  PRINT 510
510  FURMAT(//° P
GO TO 545
5§33  PRINT 543
543 FOKMAT(//’ P = H, WHERE H IS THE ROOT EQUATLION OF DATA SET 1°

CTN(ALPHA), FOR CTN(ALPHA) .LT, 20°//)

1//7)
545 CONTINUE
C
C
C
C3,..EQUATION SPECIFICATION (SEE DOCUMENTATION)
C
C
C3«1,,,SPECIFY YOUR CONSTANTS
C
C DO NOT REMOVE STATEMENT 10 (RAD=)
10 RAD = 3,1415927/180,0
c
RT = RAD&T
C
11 RETURH
C
C

C3-2,.,,SPECIFY H AND ANY COMPUTATIONS DESIRED DURING SCANNING PHASE
C
C DO NOT REMOVE STATEMENT 20 OR THE NEXT STATEMENT (RA=,RB=)
20 RA = RAD#A

RB = RAD#B
C TO SKIP NOVER ANY SCANNED VALUES (OR ANY ROOT REGIONS),
C SET ISKIP 5 1 FOR THOSE VALUES AND THEN GO TO STATEMENT 22
C
Coe#NOTE FOLLOWING TRANSFER OF CONTROL BASED UPON THE DATA
Cx%*SET COUNTER L,
C

GO TG (551,552,551),L

551 RTA = RT + RA
SA = SIN(RTA)
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CA = COS(RTA)
RTB = RT + RB
C
C##%SKIP REGION IN wWHICH CROSSOVER OF FRAME’S ARMS OCCURS
IF((RTA+RTB) ,GE. 0) GO TO 80
ISKIP = 1
GO TO 22
C
Cxx#THE ABOVE STATEMENTS ELIMINATE FROM THE (A,B) SCAN REGION
C###THOSE VALUES OF A AND B FQOR WHICH (RTA+RTB).LT.O
C

8 RAB = RA + RB
CH = COS(RTB)
SB = SIN(RTB)

SBA = sB - SA

SK = (Kt + K2#SBA)Y#SBA
Hi = RAB = SKxCA
H2 = RAB + SK#CB

H = H1#5B = H2#SA
552 CONTINUE

C

21 IF(N)22,40,30

22 RETURN

C

¢ .

C3«3,,.SPECIFY NEWTON=-RAPHSON VARIABLE DHY, WHERE Y = A OR B
C (IF DHY CUMPUTED FROM RY, SET DHY = RAD#DHY)

C

30 CUNTINUE

C

CK = (K1 + 2%K2#SBA)4CB

DHY1 = 1 = CK#CA
DH?2 = 1 = SK#SB + CK#*CB
DHB = Hi#CB + DH1#SB = DH2#SA
DHB = RAD%DHB
C
31 RETURN
C
C .
C3=4,..SPECIFY YNUME AND YDNOM OF FUNCTION Y, Y = P,sW,2
C (DEFARULTS ARE YNUME=0 AND YDANOM=1)
C
40 CONTINUE
C

C###NOTE FOLLOWING TRANSFER OF CONTROL BASED UPON THE DATA SET
C###COUNTER L, NOTE SPECIFICATION OF FUNCTIONS IN TERMS OF
Cx##VARIARLFS PREVIOUSLY DEFINED IN C3-2, ALSO NOTE CONDITIONAL
Cr##%DEFINITION OF 2ZNUME WITHIN A DATA SET ITSELF,
C

GO TD (561,562,563),L

561 PNUMFE = H1
PDNOM = SA
ZNUME = A + B ¢+ 2T

C###RUUND OFF 2 TO THE NEAREST INTEGER IF MAGNITUDE 0F z .GT, 1
IF (ABS{ZNUME),LE,1) GO TQO 565
IZNUME=ZNUME+ 5
ZNUME= I ZNUME
GO TO 565
562 PNUME = GOS(RA)
PDNOM = SIN(RA)
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CeexIv THIS DATA SET, IT wAS POSSIBLE TO SPECIFY THE DIVIDE CHECK
Crx#INPUT VARIABLE, DC, SUCH THAT THE MAIN PROGRAM DIVIDE CHECK ON
Cxx#PDONOM wWOULD IN EFFECT RETAIN ONLY THOSE VALUES OF THE FUNCTION
Ceuxp LT, 20, HOWEVEP, IF P WERE A MORE COMPLICATED FUNCTION, THIS
Cxu#CUULD HAVE BEEN ACCOMPLISHED BY CONDITIONALLY REDEFINING pDAOM
C*##BASED UpPON THE FOLLOWING CHECK?:

PNUME = YOUR SPECIFIFD EXPRESSION

PDNOM = YOUR SPECIFIED EXPRESSION, IF ANY

P = PNUME/PDNOM

IF (P .G, 29) PDNOM = DC

oo n

GO TO 565
563 PNUME =H
565 CONTIWUE

C
41 RETURY
C
C
C3=5,,..,FIXED GRAPH DATA
C
DATA XHUR/0,0/
DATA HVER,PVER,WVER,ZVER/4%0,0/
DATA RJIDIN/Z2,5/
DATA PJOIN/2,.5/
DATA wJDIN/2.5/
DATA ZJOIN/2,.5/
C
C
Co.o 0D OF INPUT TU MAIN PROGRAM
C (DON®T FOARGET YOUR DATA CARD FOR THE DATA INPUT VARIABLES ==

DAyAL,AF,DB,BI,BF,DC,E,NX,IH,IP,1w,1Z,I8G)

EMD
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. SAMPLE PROGRAM 1

. 10.0 Ki = j.u0 K2 = .5

. = LOAD UM REOMBHOTL FRAME

. 7 = IWNCLUNED ANGLF OF FRANFE?S BASE JUTHT (TO HERRFST DEGPREE) - —

- ALPHA RANGE =  =15,000 10 115,000 ALPHA I1&CREMEST SCAN =  %,00v0
. BETA RANGE = 15,000 10 115,000 BETA INCREMENST SCAN = {0,000

ALFIA AND BETA SCAWS,
ACCURACY DF BETA ROOTS =

= Wt CRSYERGESCE - TR NMAX =z
-we REMENBFR « THERF MAY BE ADDI

wITH LITEAR "IWNTERPULATION U

1.F=03

- ITRRATIONS,, —THEN —HETA = INTERPOLATEN VALUE,
ROOTS OUTSIDE THE SPECIFIED SCAN RANGE

TIONAL

BETA RS IT4ITTAL VALUE

10 NERTONTRAPHS O T SO ———

KD PRINTED TTERRTIONS = s 4

= LA = FUNCTIONS JF ROOTS

“ I¥ (ABS(DENOM ar P,w, O 23} ,LF, 1.E=02), THER PRINTED FUNCTION VALUE = %%, AND PRINTED
L S AL AMGLES = DEGREFS R : : s

ALPHA = 15,000 RETA p " A [TERATIUH 1 RODTS  (DATA SKI 1)
. 99,196 1,0128400 0 00NE=01 1.,040E402 2

ALPHA = -10 000 RETA P W 2 ITERATIONS 1 RDUTS (DATR SET 1)
. 93,018 " 0.0N0E=int 1,030E+02 -100
: ALpHA = ~5,000 AETA p w z ITERATIUNS 2 RCOTS (DATA SET 1)
N 5,000  =2,003E+00 0.000E=01 1.000E401 u
: K6 ,568 1,2816400 9,000E=01 1 020E+402 2

0,000 BETA P w 2 ITERATIONS 2 ROOTS  (DATA SET 1)

i 0,000 1,7476=09 N, 000E=01 2,000E+01 2
. 79,790 1,397R+00 ), 000K=01 1.000E+02 3
" ALPHA = 5,000 P W Z ITERATIONS 2 ROOTS  (DATA SET 1)
: 6,743E=01 0.000E=01 3.0n0k+01 0
: 72,602 | 496E400 0 OOk =01 G,800F+01 3
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Z
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5.230E491
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115,006 3,409E+00 0,0008=01 1,800E+02 0
ALpHA = 50,600 0 BETA L e Sz ITERATIONS 2 RMITS (DATA SET 1)
50,000 2.015E+00 0, 000F=01 1,200K402 2
. 116,000 3,225E+00 1,000K=01 14800E402 3
___ ALPHA = 55 000 _ RETA P " 2 _ TTERATIDNS. 2 ROOUTS  (DATA SET 1)
55,000 2.1 18E+00 0,0DOE=01 1e300F+02 [§] o
_ o . foS, 000 3,081t400  0,000E=01] 1eROUE+02 o 1 -
ALPHA = 60,000 RETA P [ A 1TERATINSGS 2 ROOTS (DATA SET 1)
“ nOLUN0 2, 429E+00 0,000E=01 0DF 402
- 130,000 2.972E+00 0L,000E=01 1.800K402 3

» * ALpHA = 65,000 KETA p W 7 1THERATIO S 2 ROUTS (DATA SET t)
» [Sh I YRVE] 2,349F+00 0, 0DQE=D1 1.500E+02 0
x as 000 2.491F+00 0, 0U0E=Q) 1,800FE4+02 0
RETA P Z ITERATIONS 2 ROUTS (DATA SET 1)
i 70,000 2, 4K1K400 0.000E=D] 1.h00E402 3
- 90,000 2.A36E+00 0. 000E=01 1.800K402 4
ALpHA = 15,000 BETA F W 2 ITERAT1OS 2 ROJTS (DATA SET 1)
: T5,000 24,62RL+00 o NUOE=Q1 1.,700E+0U2 ¢
: 45,000 2.,303E+00 000k eN] 1e800F 407 O
ALPHA = BU, 060 BETA 3 W Z ITERATIUNS 0 ROUTS (DATA SET 1)
ALPHA = RS, 000 BETA e w Z ITERATINNS 2 ROYTS (DATA SET 1)
: 75,000 2.,R03IE+00 GG NNOE=01 1,800F+02 4]
" K6 00 2.,978E+00 DL 000E=01 1,900K+02 ]
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a ALPHA = 90,000 TRETA TP oW T - ’Zﬁr»ii_‘riitﬁiﬁwﬁ 772 RUl_IT5‘7 {DATA SET [B)
) To, 600 2,430+ 00 0, 000E=01 1 ,RD0E+02 3 e e
' 9n, 004 INGOE+1D 0.000E=01"" 7 2,000E+02 4 — - [ —
o ALpHA T =TS 000 RETA P A Z ITERATIONS 2 RDOTS T (OATA TBET TY
W T T B5,000 T RIEFOL 0L, 000E=0T 7 T1UEGUE Y02 o T T
” 35,000 Ty F3IR400 DL, 000E=G1 2 00E+02 7T T S
« TTTALPHA TE Tynn,gon T RETA 77 7 P W Z ITERATIONG ~ T2TROOTS (DATATSET 1)
» - 50,000 2.9T2E+ 0 0, 000E=01 T.800E+02 Z
PR o 100,000 3,15E+00 i 0uE=01 2.200E+02 370 ) o T
> ALPHE = 105,000 T TBETE P w A ITERATIO4S 2 ROOTS (DATE SET 1)
» T 55,000 7],[}911‘7*[)(? 0.000E=01 1« RODE+0QD i N o T T
=TT B T 108,000 4.043E%00 0,000F=01 T 2.300F 0 B 0 - - - T
» ALPRR = 110,000 RETA P E z ITERATIONS 2 ROOTS ~ (DATA SET ()" "
o 50,000 3,225E400 N eGNDFE=01 1.BGOF+02 Z T e
T TTOT000 ° "7 F0A33FF00 T 0L000ES0TT T 7, AN0E§0T T B o
“ ALPHA " "7 T15,000 BrTA N Ww VA "2TRODTS T (DATATZET T -
:* """ T - 45,000 3.409E+00 U HGE=A T1.800E +02 - T mT
. 15,000 4,901E+00  0,000F=01  2,500E«02 0 B

3 ¥
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TP ST CTH(ALPHA)Y,

FOR CTR(ALPHAY LT,
ALPHA RAKGE = 0,000
BETA RAUGE = (1,000

20
o 70,000

TQ e OthO

BETA Iw~CREME

ALPHA INCREE

“ DATATSET 2

oue

TALTAWGLES =

ALPRA ANL RFTA SCANS,

FOR THIS DATA SET, THE
TP, W, TETFURCTIONS OF TRAUTS
P,W, UR Z) ,LE, S,E~02), THER PRINTED FUNCTIUN
BEGRFES ’ : : o R .

IF (ABS(DENQM OF

NTTA ALPHA

SCARNED FUR EATH
RUGTS ARE THE SCANNEDX VALUFS

RETK

VALUY

EEE, AND PRIWTED [TERATIONS

ITERATIUNS

{DATA SET 2)

ALPHA P W 15 ROUTS

; 0,000 LS 0,000E=0L G 000FE=01 =100
5,000 1.143E401 N NOOE=01 B4 000F=01 [
: 10,000 S.6T1E+19) 0,000 =y U, 00VCE=01 0
: 15,000 3.732E+00 0,000E=01 (e D0NE =t 0
: . 20,000 2.74TE+0D Q.NB0E=0] 0.000F=01 ]

- - . 7';,"(»{)0 7 2.1 45“7070 u.(mm‘.-;n 0, 000E~01 o
j77 - ) 7 30;&00 je732€400 N,NUDK =01 VL G0k =0 [}
; 35,000 1,428F+00 0 NOE=01 Ve 000E=01 0

; 40,000 1.192E+00 0,000k=01 Qe QOOE=DT 4]
:—-» o £5, 000 1, 000E+0D D, 000F=01 0, 00GKe01 0
. 56,000 d.391E-01 0,000E=01 0,000K=01 0

i 55,000 T C02F=01 0. 000E=u1 0 000E=01 0

: 60,000 5,774kK=01 0,000E=01 UL 000E«0] 0

. 65, 0D0 4.663E=01 N OU0E=01 Q000K 01 0 -
N 70,000 3.hdGE=D] 0, 000E~01 04 000E=01 0
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P = H,

WHERE H [S TeFE ROGT RQUATION OF LATA SFT

ALPHA RANGE

BETA RANGE

= s,

= -7u,

TDATATSET ¥ Teew TALEHA ART RETA SCANE, T ATTH T BETA SCARKFD FORTEACH AUBWA
=== FOR THIS DATA §

m—- P,k,7

= FlnCT

- Ik (ABS (VEGDR
-== ALL ANWGLES =

= 45,000

BETA
300
15,000

“10,000

=B, 000

0,000
5,000

10,000

15,000

20,000

45,000

30,000
35,000
Lan,000
45,000

50,000

85,000

60,000
65,000

70,000

75,000

R0, 000

age 1N 45,000 ALPHA INMCREMENT SCAN = p,000 e
non 0 120,000 RETA INCREMENT SCAN = 5,000 o
ET, THE ROOIS ARE THE SCANWED VALUES
I0kS aF ROOTS 7 - e
nF pP,v, OR Z2) ,LE, 0,E=01), THERN PRINTED FUNCTIOw VALUW R, A4D PRINTED ITERATIONS «100
DEGREES A LI A
P W Z ITERATTONS 2% Kk0QOTS (DATA SE{ 3) e
L m7.966R=02 0 0,000E=01  0,000F=01 L e
=9, 488E=~02 0, 000E=01 Ge DOUE=O1 v L
=], G2F=0§ P O0E=(] OeUUUE=0T 0 e
Lmle91E=01 0, 000F=01  0,000FE=01 L . -
=1 ,10RFE=01 UgBUOE=01 e OGOE=01 4] e
=1, 100k=01 U NN0E=01 U 0GOE=01 0 e
LomLenT1E=G1 0,000 - e
w1, 122F=01 0, 000FE=01 0 ON0F=01 0 R . o
=9,9RbE=02 Ng0Q0E =0} 0. 00VE=0 &} B e
_rdedblbz02  0,000F-01  R.000E=D1 L R e - I
=7.066E=02 0,000E=01 U, 000E=0] G . . e
=5,228F=-02 _NeOVUE=DY Ve UUNE=N] b [
__=?2.885E=02 G, 000F~01 CDL000Ee01 0 A e
DL 000E=01 0,000E=01 U OO0k =0 0 e
3,424E=02 e 0U0E=01 Ve 0GVE=01 0 T
L 7.335E«00 0 0,000E=0]  0,000F=01 c o @ B - S
1.162E=01 D 000kK=01 e ODUE=01 [ e
1.611ken] 0,000K=01 0. 000k=01 L
2.057E=01  0,000K=0Y U 000k=01 O ~ o
2,409E=01 N, 000E=01 e H00E=01 0 e
0 000E=(] 0,000E=01 0

2,814E-01



0 10=3000°0 10=3000°0 [u=3pLS°1= 000*021
R 10=3000°0 10=3000°0 10=30u0°D  00u°*§T1
B _u 10=4000°0 1030000 10=3922°1 000011
0 10=3000°%0 {0=400u°0 10=3p21°2 000°S807%
————— o _10=3d000°%0 10=3000 10=-307L"C 000*uoy
[5) 1v=3000°0 10=3000°0 1o=38v0° € 000" Sh
0 10=3000°0 10=3000°0 10=36p1°¢ 00006
0 10=3000°%0 [0=34000°0 10=-3€Gu"E 000°Sy
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4P-OO GP-OO 8p-00 100.00 120.00

20.00

0.00

BETA Vs
ORATA SET 1

ALPHA

1-20.00

20.00

0

"0 20.00

40.00
ALPHA

33

60.00

80.00

100.00

—
120.00



0.00 1.00 2.00 3.00 4.00 5.00

-1.00

-2.00

-

P VS
DATA SET 1

ALPHA

20.00

¥
0.

00 20.00

40.00
ALPHA

34

60.00

T
80.00

100.00

120.00



Z VS ALPHA
5 DATAR SET 1

SP.OO 120.00 160.00 200.00 240.00 280.00

40.00

0.00

-20.00  0.00 20.00 40.00 60.00 80.00 100.00  120.00
ALPHA
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ALPHA

36

P VS ALPHA
o BETA = 0.000
i_ DATR SET 2
ol
S
=
=4
(’5_.
5
o
o
c\‘._
=
.00 10.00 20.00 30.00 40.00 50.00 60.00

70.00



P VS BETA
ALPHA = 45.000
- DATA SET 3

.00 0.08 0.16 .24 0.32 40

]

-0.08

-0.16

-20.00  0.00 20.00 40.00 60.00 80.00 100.00  120.00
BETA

37






APPENDIX B

1/0 FOR SAMPLE PROGRAM 2

Reproduced from
best available copy.

> preceding page blank



SUBROUTINE FRONT

C*wiSAAPLE PROGRAM 2 INSERTED HERE DEMONSTRATES HOW PROGRAM MULTI
C##%CAN BE USED TO GENERATE CROSS=SECTIONS OF A 3=-DIMENSIONAL

C##*SURFACE IN SPACE. THE EQUATION OF THE SURFACE TO BE COMPUTED
CxuxIS P = A+ B¥s2,

.

-=DATA SET 1 SCANS AND GRAPHS AGAINST ALPHA FUR EACH BETA,

¢
C =<DATA SET 2 SCANS AND GRAPHS AGAINST BETA FOR EACH ALPHA,
C
C

_ C#x*THF. SAMPLE PRNOGRAM WAS RUN WITH THE FOLLOWING DATA INPUT FILE:
C
C 10,0,50,0,50,0,5,0,0,0,15.,0,040,0 __0.0 ;, ) s ,17_”___"_% L
C 10.05000530.0,5.,05225.0,2540,0.0,0.0,0,0,1, )2
C - e e = J
T e ¥THE FIRST INPUT LINE IS DATA SET 1, THE 2ND IS DATA SET 2,
C - - -
C
_C B TR . R
C
_ C1,,.,MULTI=-PUKRPOSE PROGRAM FOUR COMPUTING AND GRAPHING
c RONTS AND/OR VALUES FOR ANY REAL FUNCTION
c _==BY RUSSEL BRANTMABN
C
_..c_ e . o e , .
COMMON/FLAGS/ISCAN,IH,Ip,IW,12,18G,L,HJDIN,PJOIN,WJOIN,ZJOIN,
R HVER,PVER,WVER, ZVER, XHOR
C
_ COMMON/SUB/DA,AL,AF,DE,B1,BF,DC,E,NX,N,1SKIP,H,A,B,0HA,DHB,
N pNUMh,pD«nm,wNUML,NnNOM ZNUME , ZDNOM
C
¢ SEQUENCE CONTROL o o -
3 ~ IF(N,EQ,=2) GO TO 40
IF(N,GT.+2) GO TO 20
Lo
¢
€3 DATA SPECTFICATION  (SEE DOCUMENTATION)
C
CUETT T8 THE DATA SET COUNTER wHICH 1S INITIALIZED TO 1 AND AUTOMATICALLY
C INCREMENTED #Y THE PROGRAM, L MAY BE TRSTED FOR TRANSFERRING TO THE
¢ IAFORMATION APPRUPRIATE TO THE DIFFERENT DATA SETS.
C_ (0N DUTPUT,, EACH DATA SET WILL START ON A NEW PAGE) =~ S
C
G : o
C2-1,..SPECIFY AKY SPECIFICATION STATEMENTS NEEDED FOR YOUR MATERIAL
C . e
c
C2-2,.,5PECIFY ANY DESIRED READ STATEMENTS e ——
C
R S L . ]
CZ2-3,. . SPECIFY ANY DESIRED WRITE STATEMENTS
c e R -
I (LLEQL2) GO OTO 60
PRINT 560 L - e
500 FORMAT(//”* SAMPLE PROGRAM 2°)
60 PRINT 846 = U
546 FORMAT(//” P = A + Be#2 “°//)
C

40



C
C3,..FUATION SPECIFICATION (SEE DOCUMENTATION) .
C
¢ — e - -
C3-1..,8PECIFY YOUR CONSTANTS
C
C NO HOT REMOVE STATEMENT 10 (RAD=)
10 RAD = 3.1415927/180.0 e
C
N S
' 11 RETURN .
" c

C3-2...SPECIFY H.AND ANY LOMPUTATIONS DESIRED. DURING SCANNING PHASE .
¢
‘. C DO _NQT REMOVE STATEMENT 20 _OR_THE NEXT STATEMENT (RA=,RBz) .
20 RA = RAD#A
e~ _.__RB.s RAL¥B . . ; e } . e
' & TU SKIP OVER ANY SCANNED VALUES (OR ANY ROOT REGIONS),
C SET ISKIP = 1 _FOR_THOSE VALUES. AND THEN GO TU_STATEMENT_ 22 . _

S oS .
21 IF(N)22,40,30
.. .22 . FETURN
’ C

—
C3-3,,.SPECIFY NEWTON=RAPHSON VARIABLF DHY, WHERE Y = A OR B

C. ... (IF DHY COMPUTED FROM RY, SET DHY = RAD#DHY)
C
30 CONTINUE
C
S S -
31 RETURN
C
C .
~..€3=4...SPECIEY YNUME AND YDNOM QF FUNCTION Y, Y = P,wW,2
’ C (DEFAULTS ARE YNUME=0Q AND YDNOM=z=1)
R « ; B o -
: 40 CONTINUE
C
PNUME = A + B##2
C
41 RETURN
_.C .
C
. €3=5,,,FIXED GRAPH DATA
C

DATA XHOR/0,0/
DATA HVER,PVER,WVER,ZVER/‘**O.’)/
. _DATA HJQIN/2.5/ .
' DATA PJOIN/2,5/
—— ~.DATA wJOIN/2,5/
‘ DATA ZJOIN/2,5/
—C
C
" C...END OF_INPUT TO _MAIN PROGRAM . e e e e -
C (DON’T FNOKRGET YOUR DATA CARD FOK THE DATA INPUT VARIABLES ==
C DA:AI-AF‘,;‘DB;ABI,BFuDC:EJNXlIH:IP,IW:IZ;ISG)
C

41



v

SAHPLE PROGRAM 2

P = X

éan2
ALPRA RANGE = =50,000 T0 50,
BETA RANGE = v,uho TO 15,
DATA SFT § === ALFHA AKD BETA SCANS, alTH
=e= FOR THIS DATA SET. Teb
wee Pya,Zd = FUNCTIUNS OF RIS
== 1F (AHBS(DENDM OF P,w, QR Z)
-w= ALL ANGLRS = DEGREKS
BELIA = Q.00 ALPHA P
-50,000 =5.ulE+01
40,000 =4 ,000E+01
=30,001 =3,000E+01
N =000 =2.000E+01
EERUMI =1 COOE+0Y
0,000 U, YU0E=0]
. i L0, p0n 1.000E+0}
20,004 2.000E+0)
30,000 3,000E+01
. N : - AQ,000 4,00CE+01
50,000 S, 000E+0)
BETA = _5.000 ALPHA P

=50,009
=40,000
«30,.000
-20,000
-10,N0d
0,000
10,000

20,000

-2 ,500E+0]
-1.500E+9]
«S,000E400
5, J0VE+00
t.SODE40]
2,500E+01
3, 500E+01

3,500E+0)

0o

w09

ALPHA SCANNED

LE.

w
UL,000E=C1
0,000E=01
G NOOE=0]
D4 CUQE=01
0L, 000E=(T
0, 0N0E=(1
0, 000E=U1
0, 000E=01
U, 0U0E=91
U.OUUE-Ol

0. 000E=01

w
0,030E=01
0 UI0E=C1
0, 0U0F =41
0 UG0F=01
0,000F=01
0,000E=C1
D, 000E=01

D, NU0E=0)

O =01},

ALPHA

BETA

FOR EACH AETA

ROOTS ARE THE SCAswED VALUES

THEP PRINTED

Z
0,0U0E=u1
D.000E=01
0 ,GUUE=01
Ng000F =01
0.0N0E=01
Ca0OUE=D]
0o GO0E=C]
). C00E=01
0,000k =01
0,C00E=01

D,000K=01

Z
040V0E=01
5, 00UF=01
04 000E=01
Ve 0NDE=D]
V,000K=01
0, 000E=01
0, 000F~01

O UOF=01

IHCREMENT SCAN

IMCREMENT SCAN

FONCTION

VALUE

ITERATIONS

ITERATIONS

= 1u,00Y

= 5,008

= eEA,

11

11

AND

RUUTS

ROLTS

PRINTED ITERATIONS

(DATA SET 1)

(DATR SET 1)

= =100



BETA

¢y

BETA

to, 000

15,000

30,000
40,000

50,048

ALPHA
b0, 090
-10,000
“30 900
20,000
=19,000

G000

1o, uo0

20,000

36,000

40,000

80,000

ALPHA
-5, U0
A0 ug
30,000
20,000
=10,000

0,000

10,000

20,000

30,600

40,000

50,004

S,50uk40
6 SUUE401

TJ500E 401

P
S UOnE+0]
6, A0UF 01
T.0NUE+DY
Ry 0O0E$01
9, G0UE+G]
1,000E+02
1, 100F+02
1, 2N0E+(2
1.,3008402
Fo400E+02

1.500E+02

P
1,75UF4+02
1 ,B50FE+#02
1,950E402
2,N50E4+072
2.150F+u2
2.,250E402
2.35UE+02
2,450E402
2.550E+02
2,650E+02

2,750E+02

D 00Uk =0
NyNBGK eyl

G0k any

vi
0 NGO =(]
(,VUOF =]
D HuDEwi ]
D, 0NNK™) ]
O,000E«=01
0., 000E=U1
Dy OuDF =]
0,000k =01
Ny OCE=i]
Q,000E=1

0, 00OF=01

1o 000E~0T
0, 000FE=01
0,000«
U 000FE=01
DaON0E~uY
O OOE=GT
D UN0E=(]
D,000E=01
JaIOE=UT
(0 000F=01

0.000E=01

D, 0NDF e}
U (tHIF =0t

Ny 000E =]

4
L UOOE=01
Q000K a0}
(e NOOE=01
14 0N0FE =]
UeQGHLE W
000D F =]
G GOGE =0
Ve 0DOF =01
O N0DE=01
Ve WUCE=i}]

Ve DUUE =11

Z
N, 000K=01
e QUUF =L
Je Q0OEaD]
0,000k =01
GeONGE~N]
Qe0CIE=0]
D, 000E=0Y
Ge00NK=01
e JOOE=01
G,000E=01

0,000E=t1

ITERATIO S 11 k0DUTs (DATA SET 1)

ITERATICOHS 11 ROuTs (DATA SET 1)

[}



o

P o= 2 + Bee2

ALPHA RALGE = O,0uv0 TO 30,000 ALPHA I1:CRE#E~T SCAN = 108,000

RETA RARGE = =26,000 TO 25,000 BETA INCREME.IT SCAN = 5,000

DATA SET 2 ALPHA AND RETA SCA:S, wILTH HETA. SCAHNED FUR EACH ALPHA

FOR IHIS DATA SET, THE ROUTS ARE THE SCANNED VALUES

P,n,2 = FULCTIONS OF ROOTS

w== IF (ARS(DENOM OF P,W, 9R Z) .LE. 0,E=01), THE& PRIaTED FUMCTION VALUZ = ###, AxD PRINTED I[ERATIUNS & =100

=== ALL ANGLFS = DEGREES

ALPHA = 0,000 BETA p W Z ITERATIONS 1+ ROOTS (DATA SET 2)
. «25.000 H250E+02 0,000E=01 U4 000E=D1L &
=40,060 4,000E402 0,040k =0Y U, 000E=01 0
=15,000 2,250E402 DGDDOE=01 DeULE=GY 0
L. 1,000 1,000E402 U 4U00E=01 )4 NOVE=D] 3]
-5 000 2,500E+0] 0, 000E=01 0 00UE=D] 0
0,090 G, ONFeny (},0I0E=C1 ) 00UF=01 0
R 5,000 2.5C0E+0) 0,000E=01 0, 000F=0] 0
10,000 1 ,00UE+02 D 0u0K=C1] DeOUNE=U] ]
15,000 2.?250E+U2 0L 0UQE~DT CeNDOE=U] 4]
20,000 4, 0N0E+02 N, 00NE=01 DeNUUE =Y 0
25,900 6,250E+02 7, 000E=01 0L U0RE=C1 0
ALPHA = 10,000 RETA p W z ITRRATLOAS 11 ROOTS (DAT2 SET 2)
«25,000 6.350E4+02 N, 000CE«01 GaOOCE=(] 0
-20,000 4,100E402 3 OU0E=N] 14 100E=0] 0
= ~ N 15,000 2,350E+02 QL,000E=01 0,000E=01 3]
-0 U0 1410CGE+N2 (DVOE=CT O HINOE=01 4]
=5, 000 3,50GE+0] 0, 090E=01 U e CONF 0] o
0,000 L OuE+0Y NL.000E=0] NaNUOE=G] U
L 3,500E+01 0,000E=01 Vg NNUE=OT 0

1,000 1,100E+02 N,000E=01 G ONUE=N] o



Sv

15,000
PTT
25,000

T Tauend = 200000 BFTA
=25,000
20,000
“<15,000
10,000

~5.,000
T6.000
5,000

10,000

20,000

25,000

ALPHA = 30,000 RETA
~25,000
TR0 oke
=}5,000
“10,000
C=5,000
0,000
5,000
T T T T T G T 000
T15,000

20,000

25,000

i 7“‘5’ :UUO” o

2, 350E402
4,1008+402

6,31508+02

P
b.4S0E+02
1,200E402
2.450E+02
1,200E+02
4,50CF+01
2,600E+01
4.500E401
1.200E402
2,450E+02
4,200E+402
6,450E+02

[
6,550E+02
4,300E+02
2.550E+02
1.300E402
5.500E+401
3,000E+01
5.500E+01
1,300E+02
2,550E+02

4,300E402

T 6.550E+02

0, 000E=N]
0. 00CE=)

0, 000E=01

"
0,000F=01
0,000E=01
0,000E=01
0.000E=y1
0. 000E=01
0,000E=01
0. 000F=01
0,N000EeN]
0.000E=01
0,000E=y1

0,000E=01%

W
2,000E~01
0.000E=01
0,000E=01
0.000E=D1
0,000E=01
0.000E~01
0,000E=01
0,000E=01
0. 000E=01
0,000E=01

0.000E=01

Do NONE=L
JeUUOEwU

0, 000F=N1

z
0,000E=01
0,000F=01]
0,000E=01
0,000E=01
0,C00E«01
U, 000E=01
04,000E«01
U,000E=01
04000E=01
UeLOOE=UL

Q0,0V0E=01

Z
04 000E=01
0,000E=01
0o 0UQE=01

0,000E=01

0, 000E=01

0, 000E=0]
04000E=01
0,000E=0]
(. D00E=01
0,000E=01

0,000E=01

ITERATIUONS

Q

0

4

ITERATIONS

0

0

11 RODTS

11 ROAOTS

(DATA SET 2)

(DATA SET 2)



P VS ALPHA
BETR = 0.000
DATA SET 1

80.00

00

o

o

2

- /

o y

o /

N

1

o /

[on}

[on}

<+

]

[on}

[on}

o

L? T T T T T -7 1
-50.00 -40.00 -20.00 .00 20.00 40.00 60.00 80.00

ALPHA
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P VS ALPHA
BETA = 15.000
0ATA SET 1

]

280.00

240.00

1

200.00
J i

160.00

|

80.00 1?0.00

40.00

.00

T T N T T T T -1
-60.00  -40.00 -20.00 0.00 20.00 40.00 60.00 80.00
RALPHA
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P VS BETH
ALPHAR = 0.000
OATA SET 2

o

" bs.00  -17.00  -9.00 “1.00 7.00 15.00 25.00 31.00
BETR
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70.00

GP-UO

50.00

40.00

P 10"
20.00 3p.00

10.00

.00

P

V6 BETA

ALPHA = 30.000
DATA SET 2

N\

R’

o

-25.00

T
-17.00

-9.00 -1.00 7
BETR

49,

.00

-00

N
23.00

n
31.00






