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ABSTRACT: This report describes a method of using a digital computer

root-locus program as a means for generating design charts which may
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which the positions of the dominant complex conjugate poles and zeros
may be chosen by the user. Design charts for this network are included.
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AUTOMATED GENERATION OF DISTRIBUTED-LUMPED-
ACTIVE NETWORK DESIGN CHARTS BY DIGITAL

COMPUTER ROOT-LOCUS TECHNIQUES

I. Introduction

This is one of a series of reports describing the use of digital
computatioéal techniques in the analysis and synthesis of DLA (Distri-
buted-Lumped-Active) networks. This class of networks comnsists of
three distinct types of elements, namely, distributed elements (modeled
by partial differential equations), lumped elements kmodeled by alge-
braic relations and ordinary differential equations), and active
elements (modeled by algebraic relations). Such a characterization is
applicable to a broad class of circuits, especially including those
usually referred to as linear integrated circuits, since the fabrica-
tion techniques for such circuits readily produce elements which may
be modeled as distributed and active, as well as ones which may be con-
sldered as lumped. The network functions which describe such circuits
involve hyperbolic irrational functions of the complex frequency vari-
able. For example, for the simple uniform distributed RC element shown

in Fig. 1, the open-circult voltage transfer function is:
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where p is the complex frequency variable and %)and q)are respectively
the total resistance and the total capacitance of the element. The

transcendental nature of the network functions of the type shown in (1)
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encountered in networks containing distributed elements produces many
problems wﬁen the methods normally used in the analysis and synthesis
of purely lumped (or lumped and active) networks are applied to the

DLA network. The analysis problems may, in general, be overcome by
using digital computational techﬂiques to model the distributed ele-
ments and also to solve the equations of the resulting network. A
program for implementing such an analysis operation has been described
in a previous report.l With respect to synthesis, one of the most
fruitful approaches which has yet been proposed is the development of
design charts which give the values for the network elements which will
realize specific equivalent dominant poles and zeros. The points
needed to construct these design charts may be found by matching the
characteristics of the networks at selected points along the jw axis,2
or by maximizing the magnitude of a.network function at a given value
@of complex frequency using>optimization strategies.3 In this report a
novel technique is developed for the direct production of such design
charts. The method does not require the use of matching techniques or
of optimization strategies. It uses a digital computational method for
generating a root locus. When a set of such root loci are drawn on a

single graph, the result is a complete design chart. The technique is



quite general and it may be applied to a broad class of DLA'networksg  

The report consists of two major sections. In sections I1 and III a
discussion is given of the digital computer root-locus program devel-
oped for this application. In section IV, the program is used to

develop design charts for some specific DLA network configurations.

11, Some General Aspects of a Root-Locus Program

Several approaches to the use of digital computation techniques
to plot root loci have been reported in the literature. Two of the
more representative ones are described in the articles listed in the
references 4,5. The root-locus program called ROOTLOC, which will be
described in this and the following section of this report, has several
features in which it differs from some or all of the root-loci deter-
mining programs previously reported. Its major characteristics are:
(1) A relatively simple algorithwm is used to generate each of the root
loci. Thus, it has been possible to keep the over-all size of the pro-
gram quite small and, as a result, it is a relatively efficient program
to compile and to execute. (2) A feature has been included which pro-
vides for automatic internal scaling so that-all of the points which
determine the root locus ére very nearly equispaced. (3) The function
whose locus 1is to be plotted is described by a separate subprOgram“
.which is provided by the user. Thus it is possible to plot loci for -
transcendental functions as well as for the more QSUAI pblynomial functions.

The digital computer program ROOTLOC is designed to comstruct a

root locus plot of the function F(p,R) where p is the complex frequency



variable and R is the parameter which is being varied. Thus, for a
given sequence of values of R, it 1s desired to find the corresponding

values of p which satisfy the equation
F(p,R) = 0. (2)

The program requires that a user supplied subroutine called EQN be used
to determine the value of the function of F(p,R) and the derivative

function F'(p,R) where

R )

The basic algorithm used to follow the root locus may be expressed by
assuming that some value of p, namely P> is a point in the vicinity

of a zero of F(p,R). If we now let P41 be some new point in the vicin-
ity of Py then the relation between F(pi+l’R) and F(pi,R) may be

expressed by the relation

If the new point Pit1 has been chosen so that it is actually a zero of
F(p,R), then the left member of the above equation is zero and, ignor-

ing terms of higher than the first order in the right member, we may write
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The relation given above may be applied iteratively as an algbiithm;tbi

locate a zero of F(p,R) starting from some point thch is close to'suéh'   .
a zero. This equation is, of course, the well-known Newton-Raphson
relationship, A discussion of its convergence properties may be found
in any of the standarﬁ texts of numerical analysis.6 The problem
solved by this algorithm is, of course, exactly.the problem which is
encountered when a point on a root locus for a given value of R is
known and it is desired to find another nearby point, also on the root
locus, representing. a slightly changed value of R. Thus the relation
of (5) is directly applicable to the root-locus problem being considered
here,

The general operation of the ROOTLOC program is readily described.
The user supplies the program with a known starting point, i.e., a
value of p which is a root of F(p,R) = 0. The pfogram then makes a
change in the parameter R and iteratively applies (5) until convergence
is found, i.e., until a new value of p is found which satisfies (2).
This new value of p is thus a point on the root locus. Next a check is
made to insure that the point which has been found is a convenient dis-
tance (for plotting) away from the preceding point. If it is not, the
program automatically makes an appropriate change in the value of R and
the Newton-Raphson algorithm is.again apﬁiied. This procedure ensufes
that the points defining the root locus will be equispaced, even though
the sensitivities of the roots with respect to R may vary widely at -

different parts of the root locus, The process is continued until some



terminal value of R, specified by the user, is reached. As many sets
of starting points for the root loci, and as many ranges of the para-
meter R may be used as are desired. Thus, different branches of the
overall root-locus plot are easily found by repeated application of the
basic logic described above. After all the points determining the root
locii have been located, they are plotted using an internal plotting
capability which is included as part of the program. This plotting
subroutine assigns alphabetical symbols to the various points as they
are computed. These alphabetical symbols are then reproduced directly
on the plot so that the value of the parameter R corresponding with any
point on the root locus may be readily determined from an accompanying
tabulation of data. Multiple use of each alphabetical character is
made if the number of points which is plotted exceeds 25 (the character
I is not used). Thus, if a hundred points are to be plotted, the first
4 will be plotted using the character A, the next 4 the character B,
etc., Since the relations for F(p,R) are supplied by the user, the pro-
gram may be used to plot the loci of transcendental functions of the
kind encountered in DLA networks as well as the more conventional poly-
nomial functions. A simplified flow chart of the sequence of operatioms
used by the ROOTLOC program is given in Fig. 2. Some more detailed
information on the operation of the ROOTLOC program is given in the

next section.

II1. Operation of the Digital Computer Program ROOTLOC

The digital computer root-locus plotting program ROOTLOC is

designed to implement the general computational process described in
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the preceding section. The program requires the use of two subroutines.

The first of these is a plotting subroutine entitled XZPLT. This is

supplied as part of the root-locus program package. The second subrou-

fine which is called EQN, is provided by the user. The details of

these two subroutines follgw:

XZPLT -~ Subroutine for making an x~y plot of a set of data points with
"z'" coordinate information specified through the use of various
alphabetic symbols to indicate the values of the parameter R. 'The
subroutine plots the abscissa vertically downward on the printed
page. Thus, as large a total range of abscissa scale as is desired
may be used. The scale used for the abscissa is 10 units per inch.
Since there are six printed lines per inch on a standard digital
computer printer, a range of 90 units will cover 55 printed lines.
This corresponds approximately with a singlé printed page. The
ordinate is printed across the page. Again, a scale of 10 units
per inch is used. Since there are 10 characters per inch on the
standard printer, a range of 100 units on the ordinate scale encom-
passes 100 characters of printing and provides a 10 inch wide plot.
A listing of the subroutine XZPLT is included with the listing of
the maidn program given in Appendix A. A summary of its character-
istics and a basic descyiption of its operation can be found in
the 1iterature.7

EQN -- A user supplied subroutine which computes the value of function

F(p,R) and the value of the derivative function F'(p,R). The



argument listing of thdis subroutine is (R, P, F, FP), where R is

the (real) value of the parameter being varied, P is the (complex)

value of the complex frequency variable, F is the (complex) value

of F(p,é) and FP is the (complex) value of F'(p,R). Thus R and P

are inputs, and F and FP are outputs.

The main program for ROOTLOC has three major functions. These are:
(1) To read the input data; (2) to compute a succession of points which
define the root locus; and (3) to plot these points on a two-dimensional
graph. The details concerning these three funétions are covered in the
remainder of this section.

The first function of the digital computer program ROOTLOC is to
read the pertinent data indicated by the program. There are three types
of data. The first type is a title statement which identifies the pro-
gram. This is punched on a single card in alphanumeric format and may
be from 0~80 characters in length. This title information is only read
once for any given submission of the program, and it is reproduced on
all the program output. The second type of data which is read by the
program is the values of the 10 internal parameters which are used in
the program. These parameters are read only once. They are identified
by their FORTRAN variable name. Their function is explained in the list
which follows: |

FMAX - This variable is a convergence factor which is used as a

criterion to decide when the Newton-Raphson algorithm has found a

value of p sufficiently close to an actual zero of F(p,R). It is
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the maximum value which the quantity F(p,R) is allowed to have for
any given set of values of p and R. The program will continue to
apply the basic relation given in (5) until the absolute value of
F(p,R) is less than this value or until the maximum permitted num-
ber of iterations (see ITMAX below) is exceeded. A value for this
parameter which has been found suitable for many applications of

" the program is .001.

SCALE -~ This parameter is a scaling factor which is applied to the
locations of the data points as determined by the ROOTLOC program
before they are plotted. This factor must be specified by the
user since the plotting subroutine XZPLT automatically assigns a
range of 100 units for the "y" coordinate. For example, if it is
desired to have the ordinate range start at the '"x" axis, then the
maximum ordinate value permitted is 100. The scaling factor must
be chosen so that the data points will lie within the appropriate
hundred-unit range which is chosen for the ordinate. Similarly,
the scaling factor must be correlated to the "x" axis values which
are to be plotted. The total range of the abscissa or "x" axis is
completely variable. However, és pointed out above, a range of
approximately 90 units requires one page of printed output. Thus,
if a one-page plot is desired the scaling should be so chosen as
to insure that the scaled data points fall within a range of 90
units for the abscissa.

ITMAX -~ This parameter specifies the m#ximum number of iterations

which is permitted for the Newton-Raphson algorithm. If this
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number of iterations is exceeded without convergence (as specified
by FMAX) having been obtained, the program will stop computation
of the root locus which it is currently following, and will go on
to other root loci. If no other root loci are to be computed, it
will proceed to the plotting phase of the program. A value of this
parameter which has been found suitable for many of the applica-
tions for which this program has been used is iO.

IRMAX ~ This parameter limits the maximum number of iterations
which are permitted in the algorithm which adjusts the change made
in the parameter R so that the computed data points are spaced
equally in the resulting plot. If the number of adjustments exceeds
this value the program will stop its efforts to compute the root
locus which it is currently following and will go on to other xoot
loci, or, if no other root loci are to be computed, it will proceed
to tﬁe plotting phase of the program. A value of this parameter
which has been found suitable for many of the applications for
which this program has been used is 10.

NSX - This parameter specifies the maximum abscissa value to be
used on the plot produced by the XZPLT subroutine.

NSY - This parameter specifies the maximum ordinate value which is
désiréd on the plot produced by the XZPLT subroutine. The minimum
value which will be used on the plot is automatically set 100 units

lower than the value specified for NSY.
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NNP - This parameter specifies the range of abscissa values which

it is desired to have on the plot. If this parameter is set to a

value of 90 then the plot will cover approximately one page.

LMX -~ This parameter specifies the maximum number of points that

it is desired to plot. The maximum value for this parameter which

is allowed by the dimensioning of the program is 200,

LPLT - This parameter provides an option by means of which the

plotting capability of the ROOTLOC program may be suppressed.

Normally it is set to O for the case in which a plot is desired.

However, if the parameter is set to 1, the plot will be suppressed.

LPRNT ~ This parameter is used to select either of two formats for

the printing of data as it is computed. If the parameter is set

to O the results of each step in the various iterative processes

of the program will be printed. If the parameter is set to 1, a

reduced output is used in which only the final (successful) results

of the iterative processes are printed.

The third type of data which is read by the ROOTLOC program is the
(complex) value of the starting point which is chosen for the root of
the F(p,R), the initial and final values of the parameter R, and an
initial value for the variable DR which is used in changing the para-
meter R. As many sets of this third type of data may be used as is
desired. Each such set will be used to construct one root locus, or
one section of a root locus. This makes it possible to avoid computa-
tions at branch points, where F'(p,R) is zero, and thus where the

iterative relation given in (5) will not converge.
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A detailed set of instructions for preparing input data for the
digital computer program ROOTLOC is given in the Appendix, together

with a flow chart and a listing of the program.

IV. Application of the Program ROOTLOC to some DLA Networks.

As a verification of the utility of the approach 1mp1emen£ed by
the ROOTLOC program described in the preceding sections of this report,
the program has been applied to analyze the well known low-pass DLA net-
work configuration shown in Fig. 3. The voltage transfer function for

this network is2

v

1 1 - cosh® +-% coshO

(6)

where O = JRoCop, and where Ro and Co are respectively the total resis—
tance and total capacitance of the uniform distributed RC line, K is
the gain of the VCVS represented by the triangle shown in the figure,

and p is the complex frequency variable.

Fig. 3
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If the basic fundamentals of root locus techniques are applied to
the function given above (these techniques as conventionally defined
must be extended so that they apply to tramnscendental functionss) for
an RoCo product of 10, the resulting (hand) computations produce the
root-locus shown in Fig. 4 in which the movement of both the dominant
and.non-dominant poles of the network function are illustrated. The
arrows showﬁ in the figure indicate the direction of increasing K.

In order to apply ROOTLOC to develop a plot of the type shown in
Fig. 4, a subroutine EQN and a set of data cards are required. List~
ings of these are shown in Fig. 5 and Fig. 6 respectively. The output
data from the ROOTLOC program giving the scaled values of the points
on the root locus, the values of gain and the associated alphabetic
symbol used for plotting are shown in Fig. 7. The resulting plot is
shown in Fig. 8. It is readily verified that this plot agrees with the
one shown in Fig. 4.

In the above example, we have verified the feasibility of applying
the ROOTLOC program to determine a root locus for a DLA network config-
uration. Now let us see how this program may be applied as a synthesis
tool to develop design charts for specific DLA network configurations.
As an example of such an application, consider the network shown in
Fig, 9. It is well known that this network will realize a voltage trans-
fer function of the form

V2 6+ a?)

¢))
V1 p + blp + b2
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Figure J  Sketch of root locus for the example problem
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Fig. 9

over certain ranges of the constants a and b We will now show that

2.
this circuit can also be used to synthesize transfer functions of the

form2

\'/ G(p2 + a.p+ a,)
1 2 i
= ) (8)
1 p + blp + b2

3%

<

To see this let us first consider the voltage transfer function for the

network. This is

r O sinh© + R
£ [}

< lN<1

1 C.R
1 Ro - RocoshG + X {(rf + é c) Bsinh®
o

9)
+ (R + 2C;r R p) cosh@ - ZCIrfRop}

where

0=y R Cp (10)
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The numerator of this voltage transfer function contains three varia-
bles, R, C, and r_.. If R and C_ are chosen such that a zero is
o o £ o o

possible for 0=0, uw=l, then, as r_. is varied the zeros of the voltage

f
transfer function-can be located off the jw axis in the right or left

half of the complex plane by varying the feedback resistance r_ as

f
shown in Eig. 10,

After the zeros of the voltage transfer function have been chosen
the values of Ro’ Co’ and r. are fixed. Looking at the denominator of
(9) it can be seen that this leaves two variables in each circuit that
are still free to be chosen. These two variables are gain (K) and the
value of the input capacitor (CI). Thus, for fixed values of either of
these variables we can generate root loci as a function of the other
variable for the specified values of Ro’ Co’ and Tee Listings of the
subroutine EQN for the two cases are shown in Figs. 11 and 12. Fig. 11
covers the case where T, is the parameter and Fig. 12 covers the case
where K is the parameter. Some root locus plots for various cases have
been superimposed in Figs. 13, 14, and 15. These figures provide a set
of design charts which are applicable to the indicated regions of the
complex frequency plane.

The use of the capacitative load at the input to the VCVS as shown
in Fig. 9 does not permit the poles of the resulting transfer function
to be located in all regions of the complex frequency plane. Additional

coverage is provided by replacing the shunt capacitor CI with an input

resistor RI. The voltage transfer function for this network is
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Figure 10 Root locus of the numerator for R,Cq normalized so
crossover at jw =1, (RS, = 11.192, R, = 17.786 , C4 = .629£4)
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z& ] rfG sinhO + Ro
v 1 R
1 RO - RocoshO + X {(rf + ﬁgﬁ”;) 0 sinhO
To 1)
ZROrf 2R rf
+ (Ro + R ) cosh® -~ ° }

1 R

Note that this function has the same numerator as the one given in (9).

Thus, if we choose values of Ro’ Co’ and r_ such that the zeros of the

f
voltage tramsfer function are specified, there will again be two unspec-
ified variables which can be used to determine the pole locations.
These variables are the gain K and the input resistance RI' Thus, for
fixed values of either variable we can generate root loei which are
functions of the other variable. Listings of a subroutine EQN which
will implement the two cases are shown in Figs. 16 and 17. Some design
charts which have been prepared by superimposing several root-locus
configurations for this network are shown in Figs. 18 and 19. If we
compare the various design charts which have been presented so far, we
see that, in general, the shunt input capacitor network shown in Fig. 9
is suitable for network functions in which the poles are closer to the
origin than the zeros, while the shunt input resistor network is suita-
ble for network functions in which the poles are farther from the origin
Atﬁan the zeros.

In this section we have illustrated applications of the ROOTLOC

program to develop design charts for some well known DLA network con-

figurations in such a way as to extend the capabilities of these
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configurations from the original case in which the zeros of the voltage
transfer function were permitted only on the jw axis to the case where
zeros are permitted anywhere in the complex frequency plane. An exam-
ple of the synthesls of a special network function using these design

charts is given in the following section.

V. Example of Design Procedure

As a general procedure for the use of the design charts developed

in the preceding section, to synthesize a network function having a

+

dominant pair of complex conjugate poles and zeros, the following steps
may be followed:
1. Find the zero on the normalized numerator root locus shown in
Fig. 10 with the same damping ratio as the complex zeros of
the filter being synthesized. This determines the value of re
for the normalized filter and the frequency normalization fac-
tor w_, where
n
real component of zero of filter
o being synthesized
n real component of zero on normalized

nunerator root locus with same
damping ratio

2, Frequeﬁcy normalize the desired pole locations for the network -
being synthesized using the factor W .

3. Check the families of curves shown in Figs. 13, 14, 15, 18,
and 19 at the desired normalized pole location to find the
one with the desired re curve passing through this normalized

pole location. This determines K and RI (or CI) for the
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frequency~normalized filter. If the desired Te curve does not
pass through the desired pole location on any of these families
of curves, then interpolation between families of curves will
be necessary.

The values of the components for the filter being synthesized
are found from the values of the components for the frequency

normalized filter by dividing the values of the frequency

dependent components by W .

As an example of the application of this procedure, consider the

voltage transfer function

v, (p)

o+ . +.3-41.5) _p>+ .6p+ 2.3
+

- 3+ il.5
Vi) (p+ 1.6+ 1.6

1.6 - 31.6) 2, 3 95 4+ 5.12

Applying the steps defined above to this network function we obtain

the following results from each of the steps.

1.

4.

The feedback resistor re = 1,9. The frequency normalization
factor w_ = 2.

n
The normalized roots of the denominator are p = -0.8 + j0.8.
The family of curves for which the point (-0.8 + 3j0.8) is on
the r_ = 1.9 curve is R, = 10, and the gain of the VCVS is 1.3.

f
The DLA network for the desired filter is shown in Fig. 20.

It should be noted that, in the example given above, an exact solution

was found on one of the design charts developed in the preceding section.
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17.786Q

Fig. 20

This, of course, will not always be true. TFor a more general synthesis
capability it would be desirable to generate additional families of
curves., However, the curves given in this report can be used as the
basis for interpolation to approximate the values of the network ele-
ments which will produce a broad range of the most commonly encountered

network functioms.
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APPENDIX

Instructions for Preparing Input Data for ROOTLOC Program

Card
No, Variable Columns Format Purpose
1 LTR 1-80 8A10 Title card for problem
2 FMAX 1-10 E10.0 Convergence factor for
Newton~-Raphson algorithm
SCALE 11-20 E10.0 Scaling factor for locations
of roots of function
ITMAX 21-23 13 Maximum number of iterations
permitted for Newton-Raphson
algorithm
IRMAX 24-26 I3 Maximum number of iterationmns

permitted for algorithm
which adjusts change in
parameter R

NSX 27-29 13 Maximum abscissa value
desired on plot

NSY 30-32 13 Maximum ordinate value
desired on plot (minimum
value is 100 units lower)

NNP 33-35 13 Range of abscissa values
desired on plot (90 covers
one page)

LMX 36-38 13 Maximum number of points

that it is desired. to plot
(1f not specified, set to
200 by program)

LPLT 39-41 . 13 Indicator for plotting: O
if plot desired; 1 1if no
plot desired
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LPRNT 42-44 13 Indicator for printing data:
0 if data is desired for
each step of process; 1 if
only successful steps are to

be printed
3 P (Real) 1-10 E10.0 Starting value of
P (Imag) 11-20 E10.0 root location
RA 21-30 E10.0 Initial value of parameter

R which is to be varied

RB 31-40 E10.0 Final value of parameter
R which is to be varied

DR 41-50 E10.0 Initial change to be tried
in changing the parameter R

FMAX 51-60 E10.0 New value for convergence
factor (if no new value is
specified here, the original
value read on card no. 2 is
retained)

3~

Blank card signifying end of data

Notes:

1. As many cards of type No. 3 may be used as is desired before the
blank card. The program may thus be used to plot loci starting from
different root locations and/or for different ranges of the parameter
R. If the number of points computed exceeds LMAX (maximum value 200),
the program will ignore anf remaining cards and proceed with its plot~
ting c&cle.

2. If it is desired to have the user-supplied subroutine EQN read
input data, the subroutine must be arranged so that it does this omnly
on its first call. The data cards should be inserted following the

first Card No. 3 which is used in the data card deck.



Read FMAX, SCALE, ITMAX,

130

142

Start
Read and print LTR
Set L =1
¢IRMAX, LMX, LPLT, LPRNT

Is IMAX O?‘“?a;;—)IMAX = 200

No <

Print FMAX, ITMAX, IRMAX, LMX, SCALE

7
Set IR, INR, IT, DZ to O

Read P, RA,VRB, DR, FZ

= ? = -
Is FZ 0.—“—§3——>FMAX FZ -

Yes ¢ - ‘
\/
Is DR = O?——————-——)
Yes
No

\
Print RA, RB, FMAX

Set R = RA

>y
Call EQN to find F and FP
Set FM = |F[ and FPM = |FP|

X(L) = Re (P) x SCALE
Y(L) = IM (P) x SCALE

Z(L) = R
Is R = RA? Yes
No
v
= R
Is R B? Yeos
No
A4 \/

Compute DZ <:::>
o

Flow Chart for Root Locus Program
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Is LPRNT = 0%

No
l Yes | 38
Print L,IT,IR,P,F,FM,FP,FPM,R,Dr,DZ
- >
Is FM > FMAX?
Yes
No
v
Is INR > 07— — ¥
es Is FPM < .001?—> Multiply
No - FP by
v No | 100
IT = O =~ N
i P=P - F/FP
Is R = RA?——p———
es INR = 0
No ¢
J IT = IT + 1
Is R = RBY —F—>— $
es Is IT £ ITMAX —5
No
v Yes
DZ=5é—1s DZ > 67
Yes (:::)
‘ .| No i
7
A 4
l?
Yos Is DZ > 47 N
No
K4
DZ=1¢ -1s DZ < .57
Yes
\ No
t( )
Yes Is DZ ?
N/ .
R =R - DR No
I (
DR = 3xDR/DZ 1R = 0
J
R=R+ DR Is LPRNT = 07
¢ Yes
IR = IR + ‘
i 1 print L, IT,IR,P,F,FM,FP,FPM, R, DR, DZ
Is IR £ IRMAX?—> A
LeL+1

@ %

Flow Chart for Root Locus Program (page 2)
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N
>

Is L > LM— >
v L=1L-1
No ¢
R Is LPLT = 1?'——§€;~9 Stop
( Is R'= RB?
Yes
No
No
W Call XZPLT
R = R + DR 4
J Stop
INR = 1
151 > l
>
Yes Is DR Z 07
l No
AP 9 B?
Is R < RB? Yos 1 Is R > RB? Yos
No No
Ny Y Vg
R = RB R = RB
> > <
N
142

Variables:

DR - change of variable

DZ - distance from preceding point

F - value of function

FMAX - convergence factor for Newton-Raphson algorithm

FP - value of derivative of function

INR - indicator to insure use of Newton-Raphson after each gain change
IR - counter for gain adjustments

IRMAX - maximum number of gain adjustment cycles

IT - counter for Newton-Raphson cycles

ITMAX - maximum number of Newton-Raphson cycles

L - counter for point being computed

IMX = maximum number of points to be computed

LPLT - plotting indicator (1 if no plot desired)

LPRNT - reduced printing indicator (1 if reduced printing desired)
LTR(I) = title

P - position of root

R - variable

RA - initial value of variable

RB - final value of variable

SCALE - scale for plotting
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118

000073

000071
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125 +O0RMAT

PROGRAM MATN (INPUT,0UTRUT)
TMATN PROLKAM FUK ROOT LOUCUS PLOT
COMPLEA Pyt oFP
CUTMENSTON LTH{8) «X(200)9Y(200)94(200)
HEAD 105+ 1K
FORMAT (#A10)
PRINT 110sLTK
FORMAT (lRisBAL0)
()Z:O-
L=l
- READ 119 eFMAX s SCALE s ITMAX s JRMAXINSK g NSY s NNP s LMX o LPLTILPRNT
IF (LMX.bWeD) LMA=200
FORMAT (2E10409BI3)
PRINT Y1209FMAX9s 1 TMAXy IRMAX LLMXsSCALE
120 FORMAT (LHO+22HMIN VALUE OF FUNCTION=
115HMAX TIEKATJUNS=
1s5Xe 1 IHMAX POINTS
PRINT 125 «
(IHO 92X o lHL s 1XaPHIT 91X 92HIRs9X 94 HRUOT 9 15Xs BHFUNCTIONyBXy
19H(MAG) 99X s 10HUERIVATIVE 98X 9y5H (MAG) 96X9s 1HR 19X e 2HDR 98X 92HDL/) L
130 R=0
INR=0
1T=0
READ 135+PeRAIKB4DR, FZ
DZ=0,
"IF (FZeNEe0.) FMAX= FZ
135 FORMAT (BE10.0)

10% 40,

110

WE9, 299K
s1390Xe LAOHMAR ADJUSTMENTS=,I3

529 1395X9OHSCALE=sEB]//)

7000120
£00121 _
prris3

T000133"
000135
000140

000162
100144

;00150

000152

00154

00155

§

00157

'ooozeb T

poo17ro
boozzz
_ooozze

142 CALL EQN

7140 FORMAT

IF (DR.,EGe0.) WO TO 180
PRINT 140yRAsRBFMAX ‘
(1H0 s 22HKANGE OF VARIABLE FROMsE10a292X0
__ 12HTOsE10+4295X922HMIN VALUE OF FUNCTION=4E942/)

RaRA
(RePok sFP)

FM=CARS (F)
___FPMSCARS(FP)

TK(L) =REAL (P)#SCALE
Y(L)=AIMAG(P) %SCALE
L) =R
_IF (RLEQ.RA) GU TO Jaé&
IF (R,EQ.Rts) GU TO 1644
DZESORT (X (L) =X (L=1))#a2e (Y (L )=Y(L=]))#®2)
TTIFTALPRNTWGTL0) GO TO 146
144 PRINT 1499Ls1ToIRsPoFoFMaFPyFPMIRsDRyDZ
145 FORMAT (1X931392(E10.292H%JsEYe2)92E10, 2.2H*J.£9.2.4E1o.2)
(FM,GT+FMAX) GO TO 170

i e e A 3t b L e e o S b e o dm+ e b e

146 IF 0
IF ({INRLGT.0) 60 TO 170
IT=0
IF (R.EQeRA) GU TO 150
__IF {(R.EQeRB) .GO TO 150
TIFT(DZ.6T86) ULES.0

iF (DZ.GTe4as) LO TU 160

jgoaoasa
000253

TF (DZeLTe0eB) NZ=1.0
IF (DZeLTe2s) GO TO 160
Y50 IR=0TT
__IF (LPRNT.EQ.0) GO TO 152° ) _
PRINT 16459LsIToIRsPeFIFMeFPyFPMIRyDRHDZ
192 L=L+*1

_‘0v0306

, "Gaw



000310 [F LT ablMX) L0 TO 180
S 060313 1F (R.ENRB) GU TO 130
I IUERE.) ' RTRYDOR
000316 INR=Y
«17000317 77 151 IF (DPL,GEL0,) 00 10 155
00321 [FoARGGTRH) GU TO 142
gou3la : HzRB
000324 GO 10 142
000325 198 iF (RGLTeRH) GU TO 14?2
000330 H=RB
gouss3u T T TG0 To 142
000331 160 H=R=NHR
100333 UH=3,05%0R/DZ
“2 000335 R=R+DR
Y 000336 [NR=1
000337 1R=IR+Y
"T7000361777 T T T UF (IR,LE«1IRMAK) GO TO 151
000343 GO To 130
000344 170 IF (FPMLT404001) FPFP#(100,404)
00035%5% P=pP=F/FP
000367 C1T=1T+)
000370 INR=0
TUT00037) 7T TTTTTTTLF (I1TWLESITMAR)Y GO TO 142
000373 G0 To 130
000374 180 L=L-1
000376 IF (LPLT.EQ.)1) STOP ‘
1 000401 CALL XZPLT (LoRsYsNSXINSYINNPoZ)
.} 000410 STOP
00042 T END T

-y

\ §
‘./"




‘ wUHHUHT[NE XZPUT (NDsAdraNS Xy NoYﬁNNPol) L

D000 I MENSTON A(EUU),Y(ZUO)-L(11)~LINt(101);2&;00)~JL
H00010 WATA (JL (1) 9121925) Z1HAs1HU1HCLHD 9 LHE 4 11F 3 1HG o ]

S T T LMLy LHM e LHN sy 1HU LHP y THO e LR e 1HD 9 IHT LHleHVylHH:

o P2UM/IH=/ s JP/1H*/ s J7/1HD/ s JBLANK/LH /’JI/1HI/ L
Douowlo : NDAZ (ND+A4) /25

-0p0Vla 217 PRINT 2240

noued . 220 FORMAT (LH19l0A919HDATA FUR X=Y=L PLOl)

00020 PRINT 225 .

o0uRe T 2285 FORMAT  (1HO 1bxa1Hx'19x.1HV,19xolHZ-lbx’6HSYMHuL/)

000024 Li=1

=000025 NED
“hoovle 227 UO 240 T1=1.NDA

0Vo0u3s PRINT 23%sJeX(J) oY () eZ (J) o JLILZ)
.000071 235 FORMAT (IS¢  3E20.8910XsA1)

000071 T T T Mty =L (LZ) s
g o0uTH JEJrl

000076 1F (J=MD) 2409240250
21000104 240 CONTINUE

000107 26% LLZ2=L7+1}

000111 GO To 227 - ,
000111250 NOMSNDo1 i
1000113 DO 200 I=14NOM
000114 1A=z1+)

‘‘‘‘‘‘ 000116 PO 200 J=TAWND

000120 IF(X(I)=X(J)) 200¢200¢215
~3000124 215 TEMP=X(1)

00126 P T k() T e e e

1000132 X () =TEMP
je1133 TEMP=Y (1)

v 4135 Y{I)=Y(J)

4000140 Y (J)=TEMP
0001461 KTEMP=ML(])
0143 T M (T eM(y) T T ST T e e e
000146 M{J)=KTEMP
000151 i) =72(J)
1000154 2{J)=T1EMP
. 000156 200 CONTINUE

1000163 NPz (NNP/ZL1O) %6 i
‘ 00016bmW“_“~““XNP:NP.“_mm“"““MMM_Mw“MmMWMMm“wwwww_m e
"""" 000170 ANS3 (NSX/710) %6
52000176 YNS=NSY

000176 . DO 101 I=1s911
~1000}77 CL(1)=10¢1=110+NSY

000203 101 CONTINUE .. ,

000204 "~ BRINT 102sL — =~ S U L )
.i000212 102 FORMAT (1HL192X911(14646X))

000212 NEX))

000213 w=l

000214 108 ‘NQ=0

000215 0o 110 1=1.10

T.000222 T nQ=sNEed .
1000224 LINE(NQ)=JP

«) 000226 , PO 110 J=199
000230 NQ=NQ+1 :

E 1232 7 110 LINE(NQ)=JM

luyo260 LINE(101)3JP




00u24e] Ly 1l99 1l 119

G00243 118 XX {K)# 0= XNS+ANP ¢ ,4999Y
000251 [F(NXY 1)6e)199117
00Nz%3 11A nx=0
000254 s0 TO 119
C0EnS 117 IF (NX=NP) 11991199118
wn0eho 118 NX=NP
1000262 119 1F (NX=N) 12591204175
000ees 140 Y=Y (K)+101.499999=YNS
000270 IF (NY=1) 12791269123
00ner3 122 LINE(1)=ulZ
0ove’s N GO To 127
2000275 123 1F (NY=101) 126041264124
1000300 124 LINE(101)=UZ
0o03ne a0 1o 127
000302 126 LINE(NY)=M(K)
1000306 127 K=K+}) .
1000310 ‘ IF (KeND) 115¢11%4128
oov3le 125 1F (N) 12891399128
1000313 12R IF (N/6=(N=1)/0) 130411304135
000322 130 PRINT 131ls LINE
1000330 131 _FORMAT (5Xy101A1) -
000330 GO TO 140
000334 135 nNe(N#10)/64NSK=NNP
Do0342 PRINT 1329 NNyLINE
000351 137 FORMAT (1XeI4s101A1)
000351 140 1F (N=NP) 1454+160+160
1000357 145 nN=Ney S
000361 IF (N/6=(N=1)/6) 14891489105
1000367 148 00 150 I=1+101
10371 ' LINE(T)=JBLANK
S .0373 190 CONTINUE ,
, 000375 U0 192 1=19101910
[ 000376  LINE(D)=JI . A
77000400 152 CONTINUE
000402 GO TO M19
;ooo«oz 160 RETURN
2000403 __END
1




