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ABSTRACT

A computer program to perform dynamic systems analys.s und
plot the results is presented. Linear systems and a large clussif'icu-

tion of nonlinear systems representing engineering, scientific, and

economic disciplines can be modeled to permit application of the computer

program. Two examples are given to demonstrate the capabilities of the
analysis tool. The mathematical model of a missile guidance and control
system is analyzed and a ratio of polynomials representing the closed
loop transfer function of a high performance model follower aircraft is
evaluated., Linear differential equations to the 100th crder having

real or complex roots can be studied. System characteristic equation

root loci and system transfer functions are plotted.
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1, INTRODUCTION

Systems analyses require that mathematical models be developed
and exercised to determine cause-and-effect relationships. One powerful
method is to generate linearized equations for each physical phenomenon
occurring in the process and combine these into input-output relation-

ships through the application of Laplace transformations.

Studying the characteristic equations of the input-output
relations determines parametric stability trends.(l) Steady state fre-
quency response of the system provides another useful characterization
of system stability. Application of the inverse Laplace transformation
to the process transfer functions provides transient histories of output

(2)

for specific inputs.

This report discusses a program that mechanizes another part
of the analytical procedure, the determination of the frequency response
of linear systems and the modified phase-amplitude characteristic for
nonlinear systems. Reference 1, published in November 1968, discusses
a program that mechanized the determination of the roots of the char-
acteristic equation. Reference 2, discusses a program that determines
the transient response of the process when it is subjected to input

forcing functions.

Application of this computer program, which is an extension
of the material contained in Reference 1, along with the computer pro-
gram presented in Reference 2, permits one to determine quickly and
accurately the stability and performance characteristics of high-order
linear dynamic processes and to qualitatively predict the stability

and performance of a large class of nonlinear systems.

The techniques developed in this report have been applied to

(3) (&)

will be contained in a forthcoming report which expands Chapter 4.2 of

specific studies. A more extensive utilization of the methods

Reference 5. Preliminary work has been commenced to explore the utility
of these methods in providing solutions to optimal inventory

(6)(7)

problems,



A useful linear system analysis method is to determine the
steady state frequency response of the system. Evaluation of the poly-
nomials representing the system's transfer function is a time-consuming
task. Conversion of the tabulated results to a graphical display is
then required before conclusions relevant to system stability can be

appreciated.

The analysis of nonlinear systems is a difficult task, but
for certain classes of systems it is possible to obtain gqualitative
indications of stability. Similarly, the task of obtaining the tabular
data and converting it to a graphical form before conclusions can be

drawn is a laborious process.

These two methods (one linear and one nonlinear) have been
coded in a FORTRAN IV program and integrated into the root locus methods
discussed 4in Reference 1. Main features of the program are:

. FORTRAN IV program. No machine-oriented or object language.
. No FORTRAN complex type statements necessary.

. No special graphical plotting equipment.

. Order of polynomial may be up to 100.

5. DNumber of variations of given parameter may be up to 100.

£ W N o=

Main features of the graphical displays are:

ROOT LOCUS Methoa(l)
1. ILog plot of the third and fourth quadrants of the complex
frequency plane from O to 10,000 radians/second.

2. Linear plots of selected regions of the third and fourth
quadrants of the complex frequency plane with arbitrary scales.

LINEAR FREQUENCY RESPONSE Method

1. Plot of Magnitude (in decibels) and phase (in degrees) of
transfer function vs 6 decades of frequency, beginning at a selectable

minimum frequency.
2. Linear frequency plots of magnitude (in decibels) and
phase (in degrees) of transfer function for selectable ranges of frequency.

10



NONLINEAR FREQUENCY RES:ONSE Method

1. Plot of "Modified Magnitude Characteristic" (in decibels)
and "Modified Phase Characteristic” (in degrees) of transfer function vs
6 decades of frequency, beginning at same selectable minimum frequency
as linear frequency response method.

2. Linear frequency plots of "Modified Magnitude Charac-
teristics” (in decibels) and "Modified Phase Characteristic" (in degrees)
of transfer function for same selectable ranges of frequency as linear

frequency response methods.

2., THE PROBLEM

2.1 Linear System.

Regardless of the complexity of a linear closed-loop system,
its transfer function can be reduced to the equivalent form shown in
Figure 1. For multiple loop systems, the G's and H's are readily ex-
pressed as sums of products of polynomials which are identified with
individual elements making up the complete system.

E [Kp Gy (S) C
R 9

G2 (S)

F |Kc Hy (S)
Ho (S)

Figure 1. Linear Closed Loop System.

ia

R = system input,

C= system output,
r= system feedback,
E = system error,
Kp = process gain, and
Kc = controller gain.

11



The fractions Gl(s)/Ga(s) and Hl(s)/Hz(s) are equivalent trans-
fer fractions of the system and are represented by ratios of polynomials

which upon expansion can be put into the form

n-k

E 2, Mok

p=0 ; (1)
m+n-£

Z bi sm+n-i
i=o0

or 1n factored fom

KD (ea) 0 | ][ )]
+ + L
) ,,El(s zug':v.,.l g+{ogtdng ) [s+(og-3,),

(2)

L g r r- -ar -
s' 0 (stpy) B [s+(o +w, )|[s+(o -du,)
i=1 t=g+l * e

where y = n-12c-v , I= —T—M'I"

where the a's and b's are real, the poles and zeros can be either real

or complex in conjugate pairs, and m > 1,

There are two transfer functions of flundamental importance.

OPEN LOOP TRANSFER FUNCTION:

F G,(s) Hy(s) |, (3)
R R ON N o)
CLOSED IOOP TRANSFER FUNCTION:
c K G,(s)H,(s)

® T mc X O c';arsmz(s)

: (4)




The linear system's closed-loop characteristic equation,

which determines stability is

KcKpGl(s)Hl(s) + G2(s)H2(s) = 0, (5)

Dividing both sides of Equation (5) by G2(s)H2(s) gives

Gl(s)Hl(s)
KcKp G2(s)H;(s) * E =9 (6)

If we let
KK = K*, (7)
Gl(s)Hl(s) = A(s), and (8)
G2(s)H2(s) = B(s), then Equation (6) becomes (9)
K_gég_s). +1=o0. (10)

In terms of the system open-loop transfer function,
= +1=0. (11)

This expression relates the system's closed-loop characteristic equa-

tion to the system's open-loop transfer function.

The steady state frequency response of the open-loop transfer

is obtained by evaluating Equation (3) along the imaginary axis for
values of w between zero and infinity rad/s.

The result is a vector quantity,

F K* A(s)
= =M L¢ 12
B B S & % B(s) 3K 2w oL 7oL’ (12)

13



where

MoL = scalar magnitude of open-loop transfer function between

O<w< e, and

c)oL = direction of magnitude of open-loop transfer function

between 0< w < =
Equation (10) can be rewritten as

Mo Lp o+ 1 L0° = o, (12)
or Mo L9 o =1 £180°. (14)

Equation 14 is the form required to provide quantitative stability
information for a closed-loop system.

There are two figures of merit which provide a measure of
system stability. The only restriction is that all roots of the system's
open-loop transfer function denominator, B(s), be f.O.

GAIN MARGIN is the amount that MbL must be increased or de-

creased to make it equal to 1, only when the orientation of magnitude

of the open-loop transfer function, L%é%%, is 180°,

PHASE MARGIN is the amount that ¢oL must be increased or de-
creased to make it equal to 1800, only when the magnitude of the open-

A(s !
ﬁ%’s_} ,is 1,

These concepts can be related directly to Equation 1k,
Incipient instability is identified with either a zero gain or zero

phase margin.

loop transfer function,

The scalar magnitude of the open-loop transfer function is
-generally expressed in decibels. The decibel equivalent, M . (ab), of

& number, is M_ (db) = 20 log,, M

MBL’ L oL’

14



’

The gain margin and phase margin of a linear closed-loop
system as shown in Figure 1 and Equation (4) can be readily determined
by analyzing the open-loop transfer functions of Equation (3) in accord-
ance with Equation (14).

2.2 Nonlinear System.

V.M. Popov's plots of system transfer functions give some
insight into stability of nonlinear systems.(a)(9) Figure 2 shows
the system configurations considered in this analysis. It contains a
linear part and one nonlinear element and is subject to the following

restrictions.

EkeS )] o[ NON | (o)C
—_ —>

—Lb

62 (S)[  [LINEARITY

Pigure 2. Nonlinear Closed Loop System

1. The roots of Gz(s) have negative real parts and simple or
multiple roots on the imaginary axis (one root permitted at origin).

2. e S2e) =y (15)

3. The linear system of Figure 2, obtained by substituting
9=¢0, is stable.

15



If there exists a non-negative real number q such that

[(l+;jq.u) G(,jw)] +—=2->0 (16)
for all w?0, where G is defined by Gl(s), the nonlinear system is
Gels’

asympotically stable in the large.

Since G has been defined as the ratio of two polynomials, it

may be expressed as

Gyplw) + 3G, (w)

G(w) = (17)

G,g®) + 30, )

where

G = real parts of Gl’ and Gz, respectively, and

1®° SoR

, respectively.

G = imaginary parts of Gl and G

1T’ 2I 2

Redefining G(jw), we have
G(Jw) = Gplw) + JG(w), (18)

where

. _ S18%R * G11 %1 wnd
R (GQRI§+ (G )2—’

Oy g - 615 Gp1 ,

°1 7 TTCp)2 7 (Gyp)2

As a result, the inequality,

[(l + jw) G (Jw)] + _x' >0, (19)

becomes
1
- —>
GRON) q»GIﬁb) + - 0. (20)

16



To aid in a graphical interpretation of these results, we

define
U= GRGu), and
(21)
The inequality of Equation (20) may be written as
1
U-q_W+—K—>O,
where (22)

Q2 0, K> 0.

If we replace the inequality of Equation (22) by an equal sign,

U-qW+—-=0. (23)

Then it may be seen that inequality of Equation (22) repre-
sents those points in the U-W plane of the modified phase amplitude
characteristic which are to the right of the line of Equation 23, as
shown in Figure 3.

W MODIFIED PHASE-

AMPLITUDE
CHARACTERISTIC

U

Figure 3. Stability Boundary-Popov Modified Phase
Amplitude Characteristic.

The nonlinear system synthesis problem will be concerned with
determining the variation of K for a given linear G(s). Figure U4 shows

the boundary constraints of the nonlinearity ¢(c)/0 of the system shown

in Figure 2.
17



¢ (0)

Figure 4. System Nonlinearity.

To maintain symmetry with the Bode Plots, the modified magni-
tude and phase characteristics are plotted on identical axes. Values
of the modified amplitude associated with the modified phase character-
istic for 90° < ¢ < 270° (-90°) establish the contour described in
Figure 3.

Once this contour is established in the U-W plane, the maximum
K obtainable is determined by inspection from the intersection of the
U axis and a straight line tangent to the modified phase amplitude
characteristic.

3. GRAPHICAL METHODS

An on-line printout of the Bode diagram for an open-loop
transfer function, F/E, or for a closed-loop transfer function, C/R,
is generated for the linear system. Similarly, printouts of the Popov
"modified amplitude-phase characteristics" are generated. The phase
and amplitude axes are scaled in degrees and decibels with an arbitrar-
ily selectable scale between + ¢ max degrees + M max db, respectively.
The frequency axes are logarithmically scaled in radians per second over

a range of 6 decades, beginning with an arbitragily selected lowest

18



decade. Values of amplitude and phase are calculated for 55 uniformly

distributed frequencies over the 6-decade range, plus 17 additional

A(s) . -
X*A(s) + B(s) ° This additionesl dis-

tribution of printouts expressed as a multiple of each frequency is:

points centered about each root of

(0,01, 0.08, O.1; 0.2, 0.3, 0.k, 0.5, 0,6, 0.7, 0.8
0.9, 1.0, 2.0, 4.0, 6.0, 8.0, 10).

An option of the program permits the density of the Bode plot
to be either sparse or dense. The sparse plot requires K¥ = O and only
one set of frequencies are available, from which the amplitude and
phase of A(s)/B(s) are calculated. The dense plot permits K¥ to have

values consistent with the root locus subroutine.

For each value of K¥, a different set of frequencies will
exist for K* A(s) + B(s).

A larger number of amplitude and phase values will be gener-
ated. Use of the dense plot capability may be necessary to obtain
precise definition of the graphical plot in some cases.

Any number of simultaneous expands of different portions of
the 6-decade r'requency range may be plotted.

4. DATA FORMATS

4,1 General Description.

This is a subroutine designed to supplement the methods pre-
sented in AMSAA T™M No. 21, A Linear Closed Loop System Analysis Prcce-
dure Using Line Printer Plots of Characteristic Equation Root Loci.
This subroutine utilizes the polynomial multiplication and root locus
methods discussed in AMSAA TM No. 21, and extends the analysis capa-
bilities to include the following available options:

1. Root Locus Plots.

2. Frequency Response Plots.

3. Popov Modified Phase-Amplitude Characteristics Plots.

19



For the root locus option, the output is identical with the
output obtained from AMSAA ™ No. 21.

For the frequency-response option, the output is a log-log
plot cf steady state amplitude vs frequency and a semi-log plot of
steady state phase angle vs frequency. Linear expands of amplitude

and phase for any frequency range may be plotted.

For the Popov modified phase-amplitude characteristic, the
output is a log-log plot of steady state amplitude vs frequency and
semi-log plot of steady state phase angle vs frequency. Linear ex-

pands of amplitude and phase for any frequency range may be plotted.

4.2 Input Description.

a. Program option control card that precedes all data (see

below).

b. Program option control card.

To run the program in its entirety with a dense plot in the

frequency response, i.e.: Root Locus plus Expands and Frequency
Response and Popov Plots plus expands place a one (1) in columns
10, 20, 30, and 4O.

To run only the root locus log plot, place a one (1) in

column 10 and zeros (0) in columns 20, 30, Lo.

To run the root locus expand plot, place a one (l) in column

20 and zeros (0) in columns 10, 30, L4o.

To run the sparse frequency response Popov plot only place a

one (1) in column 30 and zeros in columns 10, 20, and k0.

To run the dense frequency response plot only, place a one (1)

in columns 30 and 40 and zeros in columns 10 and 20.

To void all plot routines place a zero in columns 10, 20, 30,

and 40,

c. Comment Card that follows the g{pgram_ggtion control card

for identification purposes.

20



d. Prqggam Data Cards.

Same format as described in Chapter IV (Data Formats), para-
graph A2 of AMSAA TM No. 21. Control Card used to call All Plot Sub-
routines is same as control card used to call log plot subroutine of

AMSAA T No. 21 (Section IV, paragraph B2).

Control cardsused to call root locus option are same as control
cards used to call root locus expand option, paragraph B2, section IV of
AMSAA TM No. 21. Table 1 demonstrates this input format for the dense
frequency response option. Control cards used to call frequency response,

Popov plots, and expands of both are additional features of this report.

DESCRIPTION COLUMNS DATA
Data appears only once a. - 1-10 Smallest frequency,

rad/s (real)

b. - 11-20 Max phase angle, deg,
(real)

c. - 21-30 Max amplitude, DB (real)
Frequency response, Popov a. - 1-10 Zero,if no expands desired

(integer),

One, if expands desired

Number of expands desired a., - 1-10 No. of freq, response
phase angle expands (inte-
ger)

b. - 11-20 No. of freq response ampli-
tude expands (integer)

c. = 21-30 No. of Popov phase angle
expands (integer)

d. - 31-40 No. of Popov amplitude
expands (integer)

Region of expand, one card for 1-.10 Smallest freq, rad/s
each expand in consecutive (real)
order with a,b,c,d, above. _
11-20 Largest freq, rad/s
(real)

21



4.3, Output Description.

Depending on the options specified, the output consists of:

Root Locus Plot Option

a.

b.

Coe

A list of all of the roots plotted on the camplex
frequency plane log plot.

Two log plots of the roots calculated by the polynomial

multiplication and root locus program.

The specified number of linear expand plots of selectable
regions in the complex frequency plane.

FREQUENCY RESPONSE/POPOV PLOT OPTION

a.

5. EXAMPLES

The

A list of amplitude, amplitude in decibels, and phase
angle in degrees for various frequencies specified in

Section 3.

A log-log plot of amplitude vs frequency and a semi-log
plot of phase angle vs frequency.

The specified number of linear expands of the frequency
axis for the amplitude and phase angles of the specified

transfer function.

two examples discussed in AMSAA TM No. 21 will be analyzed,

using the frequency response/Popov plot option., The root loci of
A(s)/B(s) using K* as a parameter have previously been determined. The
characteristic equation of the system shown in Figure 2 of Reference 1

is

K*A(s) + B(s) = O.

22



The open-loop transfer function for this expression, as given
in Equation (12) is

F _ K*Al(S)+A2(S)+A3(S) (21‘)
E " B(s)
EXAMPLE 1.
where
K* = -0.005
1(s) = 092(S°+1.25-1672)(5°+3.25+25,600" +4915°(S“+68+400)
A(s) = 0.081(464)(5+2.7)(5°+3.28+25,600)
A3(s) = o.95(h6u)(s+2.7)(82+3.QS+25,600)

B(s) = S(S2+65+400)(5%+3.28+25,600)

Table 1 shows the input card format for this open-loop trans-
fer function.

Lines 2 through 24 apply to the polynomial multiplication and
root locus .ae:thods and lines 26 through 36 apply to the frequency

response and Popov condition plot subroutines.

The basic tabulated numerical output is shown in Tables 2 and
3 and is similar to Tables 2 and 3 of Reference 1. A tabulation of the
open-loop frequency res)onse gain and phase and Popov modified phase
amplitude characteristics are shown in Table 4. Figures 5 and 6 are
the Bode plots of F/E and Figures 7 and 8 are the Popov plots of F/E.
Two regions are expanded to demonstrate capability of this program.
First the regions of frequencies between 1.0 rad/s and 300 rad/s
are shown in Figures 9 and 10 (frequency response), ll and 12 (Popov
response) and secondly the region of frequencies between 120 rad/s
and 200 rad/s  shown in Figures 13 and 14 (frequency response), 15 and
16 (Popov response) are plotted. Slope information consistent with
Bode principles may be applied directly to these plots.

23



TABLE 1. INPUT FOR EXAMPLE 1

COLUMNS
1-10, 11-20 21-30 31-4o Remarks
0] 0] 1l 1 Program option
control card
Frequency Response Comment § card
0 9 2 9 504  Problem | data cards
0 1.x10° 1.x10” =] - &
b 3 L L BE =5
3 8 = v (1]
1 .005 e § £
3 25600. 3.2 1. 55. & 3
3 -1672. 1.2 Lo ®, 58
1 -2092. g .
1 .005 £ > Z
3 0. Bs -491.5 o4 .
3 Loo. €. T B
1 .081 g
2 0. L6l & =
2 Rl 1 ) =
3 25600. 3.2 1. s =
1 .95 g n
1 L6k, Q =
2 2.7 L. 3 a
3 25600. 3.2 1. 8 B
2 O 1. & =l
3 Loo. 6. i, 8 1
3 25600, 3.2 1. g !
0 0 0] 10000 Same as paragraph B2,
Chapter IV, TM No. 21.
Control card used to
call all plot sub-
routines.
JL 180. 100. 0 Wy
1 t 5383
2 2 2 2 3 3
1. 300. & 8
120. 200. 5 o <
1. 300. -
120, 200. & o
T, 300. "%
120. 200, 28
1. 300. ‘e
120. 200. g
f o9
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EXAMPLE 2

Table 6, and Figures 12 through 14 of Reference 1 are the
A(s)/B(s) for a 2Uth order linear system. Table 5 gives the F/E
data input for this system, and Table 6 lists open-loop transfer func-
tion. Figures 17 and 18 show the Bode plot and Figures 19 and 20 show
the Popov plot. An expand plot of the region between 1 rad/s < w < 200
rad/s is shown in Figures 21 and 22 for the frequency response and in

Figures 23 and 24 for the Popov response,

These two examples demonstrate the significant systems analy-
sis capability that can be realized by using the tools developed in
this document and the related programs contained in References 1 and 2.
Detailed conclusions can be realized when high order feedback control

systems are encountered.

6. CONCLUSIONS

The method described in this memorandum for computing linear
system root loci, steady state amplitude and phase, and the nonlinear
system steady state modified phase-amplitude characteristic has the

following merits:

l. Accepts input in the form of sums of products of poly-
nomials.

2. Produces a log plot of the entire complex plane in two
graphical displays.

3. Produces selectable scaled linear plots of regions in
complex frequency plane.

4, Relates the closed-loop gain to the graphical display.

5. Produces a magnitude (db) vs log frequency steady state
response plot.

6. Produces a phase (deg) vs log frequency steady state
response plot.

7. Produces selectable scaled linear plots of magnitude
and phase of the steady state frequency response.

25 Next page is blank,
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JULY 19989 BRLESC FORTRAN 2 AND ¢

$SA046 J,ANDRESE BLDG 390 Xx2611

(s N Nl g

10

3a
217

401

402

403

404

405

406

MAXT(10)MINS

00 10 J=1,100
CALL RTLCCS
CONTINUE
END

SUBROUTINE RTLOCS

TT 46051

S0 860003006080080888888SR00T LOCUS

DIMENSION SAVEL(1J0,100), SAVE2(100,1C0)4XA(2C00),XA(2000)
DIMENSION X(100),1GA(10D0),1GR(100),C(100),D¢(200),ANS(10C),

INTEGER COMENT(20) ¢DENSEoRCTLCSe EXPNDoFREQSRySTAR,STAR]
STARIJONEZZEROoDOToVEEsAYCyCASHyBLANK,Q,
POINT(130,100),SPOT(130,50)

1SAVE(100),ERA(100)4AS(100)40S(100),A(100)4R(LOCI,ROOTR(LCO),
2ROOTI(100),ATK(100),CK(100),CKS(10C)

oSTARZ2,

DATA ONE/1HL/¢ZERO/1HO/ ¢DOT/1He/ o AYE/LHA/¢VEE/1HV/ ¢BLANK/1H /,

DASH/1H=/4Q/1HT/4STARL/1HO/ ¢ STAR2/1H®/, STAR3/1He/
LOGICAL PRNT

EQUIVALENCE (SPOT(1s1)¢POINTILel))y(STARL,ZERO),(STAR3,DOT),

(JACKIEo Ko1)o ( JOANNyKK 9 J)
COMMON/FREEK/A,B .
COMMON /INFQO4/ Qo.BLANK,DASH
COMMON /ZINFOT/ ICOUNT
COMMON SAVELl¢SAVE2,POINT
COMMON /ZINFOB/ROTLCS)EXPNC,FREQSR
COMMON /ZINFQO9/ DENSE
READ (59105) ROTLCS) EXPNDoFREQSR ¢ DENSE
READ(%,11) COMENY
WRII1E(6913) COMENT
1 (ROTLCSoNEoUeANDSEXPNDoNE Do ANDSFREQSReNELC) GO TO 37
IFCROTLCSeECoDeANDeEXPNDOECeG) WRITE(6,43G)
IF(FREQSRGEQeOeANNEXPNDGEQLO) WRITE(6,31)
IF(FREQSReEQe Ve ANDOROTLCSEQeO) WRITE(6,32)
IF(ROTLCSoNEeUeANDGEXPNDoNEO) WRITE(6933)
IF(FREQSReNECOeANDSEXPNDoNESO) WRITEL 6434)
IF(FREQSRoNLEeOeANDROTLCSoNELQ) WRITE(6435)
DO0277T 10U=1,20C0
XA(I0U) =040
XRB(IKU)=0e0
DO 401 kK=1,1CO
D0 401 KkKJs=1,1130
POINT(KJyKK)=BLANK
00 402 KK=1,130
POINTIKKs51)=DASH
POINT(KKo50)=2DASH
DO 403 KK=1,100
00 403 KJ=34,12%5,13
POINTIKJI KK )=Q
DO 406 KJ=234,124
D0 406 KK=T, 93,7
IF(KKoEQoe49) KKs5A
POINT(KJoKK)=DASH
00 405 KK=7, 93,7
IF(KKoEQe49) KK=58
POINT(25,KK)=0ONE
D0 406 KK=26,28
POINT(KK,T)=ZERO 59

15
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407

408

409

420

7681

1640 FORMAT( 10X, 7THCELTAK=,11095X919HPOLY,ADDED IN A(S)=o110¢5Xy L9HPOLY,.
SADDED IN R(S)=911095X9 YHPRCANCe=y110)

N0 407 KK=26,27
POINTIKK,14)=ZERO
POINT(26,21)=LERD

00 4C8 KK=235,65,7
IF(KKeEQe49) KK=58
POINT(24,KK)=DOT
POINT(25,42)2LEROD
POINT(25,58)=2ERO
POINT(26442)=0NE
POINT(26+58)=0NF
POINT(206,79)=ZERO
POINT(26,86)=2ERC
POINT(27,86)=LERQ

00 4C9 KK=26,28
POINT(KK,93)=LERD

00 420 KKk=1,100
IF(KKosEQe4) KK=98
POINT(26,KK)=(C
POINT(26,4)=VLE
POINT(2649T7)=AYF

D0 7681 JACKIE=1,100
DG 7681 JOANN=1,100
SAVEL(JACKIE,JOANN)=060
SAVE2(JACKIt9JOANN)=0,0
NO=1

ICOUNT=0

Mi=z)

J210=]

Kl=1

ir=1

12 READ (54101) NyIA, IR, [PROB

101
10

102 FORMAT (1Hly 9X94OHPOLYNOMIAL MULTIPLICATION AND ROOT LGCUS,44K,11
1HPRODBLEM NQ6y15/7)

20

1641 FORMAT(1HO¢5X¢ LOHK=INITIAL2F20,10,5K9 L2HINCREMENT K=,F20,1045X%912H
*K-TERVINATE=yF20,10)

103
21

106
25

IF(IN,NELO) GO TO 19
IF(1AeNE.O) GO TO 10
IFL NeNEo,O) GO TO 10

[FCIPROHLEQ.1G000) GO TO 1016

FIRMATY (T711y)
WRITE(6,1)

N0 5 | = 1,100

All) = 0,0

Bil) = 0.0
FORK1=0,0

FORKZ = (o0

FORK3 = (o0

WRITE (6 41G2)IPROB

IF (N) 21, 292, 21
READIS¢103)Y,UY, YT

WRITE(6o140)N, A, 18, IPROB

WRITE(691461)Y,0Y, YT

FORMAT (&F1060)

GO YC 25
READ(S,1C4)(XLI)eI=1l,yN)
WRITE(6o142) (LoX(1)yls=
FORMAT(TELQ,L,O)

READ (5 ,105)(1GA (1),

LeN)
| = l'

Ia)

59
60
61
62
63
64
65
66
617
68
69
70
71
T2
73
T4
75
16
17
78
19
80
81
82
83
8é&
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
1C1
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118



WRITE(69143) (1, [GA(L)yI=],IA) 119

143 FORMAT(10X,24HNUMBER OF POLY, IN GROUP, ! F NUMERATOR=,110) 120
142 FORMAT(L10X,2HX(y1342H)=4F20,10) 121
READ (5 +105)(IGB(J)y J= 1, IB) 122
WRITE(6,144) (J,IGB(J)yJ=1,18B) 123

1644 FORMAT(10X,24HNUMBER CF POLYe IN GROUP, I3,16H OF DENOMINATOR=,110 124
») 125

105 FORMAT(7110) 126
300 DO 15 I = 1,100 127
15  SAVF(I) = 0.0 128
ISDEG = © 129

JJ =1 130

200 READ (5 ,106)MDEGy( C(1)y =1, 6) 131
IF(MDEGeGT+6) GO TO 48 132
WRITE(69145) ([4CC(1)y1=1yMOEG) 133

48 READ (5 ,104)(C(I)y 1 = 7, MDEG) 135
WRITE(69145) (1,C(1)g1=)yMCEG) 136

106 FORMAT(I10,6£1060) 137
49 IF (IGA(JJ)-1) 50, 51, 5C 138
S1 D0 56 I= 1, MDEG 139
S6  ANS(I) = C(1]) 140
IADEG = MDEG 141

IF (ISDEG - MUEG) 524 524 53 142

53 INDEG = [SDEG 143
GO TO 68 144

52 INDEG = MDEG 145
GO T) 68 146

SO READ (5 ,106INDJEG, (D(1)y I =1, 6) 141
IFINDEGeGTo6) GO TO 5¢ 148
WRITE(69145) ([,0(1),1=]1,NCEG) 149

IF (NDEG - 6) 55, 55, 54 150

S READ (S ,104)(D(I)y I=T7, NCEG) 151
WRITE(69145) (140(1)yI=1,NCEG) 152

55 IADEG = NDEG + MUEG -1 153
CALL POLMPY (CoyMDEGyDyNDEGyANS) 154

IGA (JJ) = [GA(JJ) =1 155

IF (IGA(JJ) -1) 65, 65, 64 156

66 DD 62 | = 1, IADEG 157
60 C(I) = ANS(I) 158
MDEG =1ADEG 159

GO 10 SO 160

65 IF (ISDEG - [ADEG) 66966967 161
66 INDEG = [ADEG 162
GO TC 68 163

67 INDEG = [SDEG 164
68 CALL POLADD (SAVE,ISOEGeANSy IADEG,ERA) 165
165 FORMAT(10X,2HC(s1392H)=4F20,10) 166
WRITE(6,1) 167

1 FORMAT(1MH1/7) 168
6800 If (FRA(INDEG))6R03, 6802, 6803 169
6802 INDEG = INDEG - 1 170
IF (INDEG) 6801, 6801, 6800 171

6801 INDEG = 1 172
6803 JJ = JJ ¢ 1 173
00 70 1 = 1, INDEG 174

70  SAVE(I) = ERA(I) 175
ISDEG = INDEG 176

A = [IA -1 61 177

IF (1A) 201, 201, 200 178



201

202
220

230

203
240

109
339
341

3645
120

340

133

122

335

800

805
400

IF (FORK1) 202, 202, 203
SAVE NUMERATOR.

D0 220 I = 1, ISDEG
A(1) = SAVE(1)

IDA = ISDEG

IA = I8

FORKL = 1,0

00 230 I=1, IA
IGA(I) = [GB(I)
START DENCMINATOR
GO 10 300

SAVE DENOM.

00 240 I = 1y ISDEG
B(I) = SAVE(L])

108 = ISODEG

WRITE (6 41C9)

FORMAT (10Xs41HCOEFFICIENTS ARE GIVEN IN ASCENDING ORDER/////)

IF (ALIDA)) 340, 341, 340
IDA = IDA - 1

IF (IDA) 345, 34%, 339
WRITEC (6 412C)

FORMAT (1HO, 10Xy 20HPOLYNOMIAL

FORK2 = 1,9
GO YO 410

IF (I0A - 2) 346, 347, 335

WRITE(6,121)A(1)
STAR=STARI]
PRNT=4 TRUE,

FORMAT (1HO41GXy28HPOLYNOMIAL A IS A CONSTANT =,1P1EL1647//7)

GO TO 419
ROCT = = A(l) / A(2)
WRITE (6 4133)Al1), A(2)

FORMAT (10X¢21HTHE COEFFICIENTS OF A/1P2E20.7)

WRITE (6 4122)RCOT
STAR=STAR]

PRNT=, TRUE,
ANUMR1=ROCT
ANUMB2=20,0

CALL PLOTER(SAVEL1ySAVE2)ANUMB] ¢ANUMB2yPGINT ¢ XAoXRoMI,PRNT, STAR, I 1I

1NO3

FORMAT (1HC,10X423HROCT OF POLYNOMIAL A [Sy1P1EL6,T7//)

GO 7O 410
WRITE POLYS
ID1A =1DA -1

WRITE (64107)IC1A(A(1)sI=1,IDA)

K = [DA

DO 80C I = 1,1CA
AS(I) = A(K)

K s K-1
IDP2A=1DA *2
[02A= 2 ¢iDlA

CALL MULLER (ASoID1A,ROOTRyRO0TI)

DO 805 [ = 1l,I01A

SAM = 100e ¢ AMAX1(ABS(ROOTR(I)),ABS(ROOTI(I)))
IF (SAM ¢ AAS(ROOTR(I))oEQe SAM) RCCTR{1)= Q40
IF (SAM ¢ ABS(ROCTI(I!)eEQe

CONTINUE

WRITF (692c11) (ROOTR{I)oRCOTI(I)yI=1,1D1A)

CALL ERCHEK(ROOTI,1D1A)
PRNT=, TRUE,

A IS ZEROQ//)

SAM) RCOTI(I)= 0.0
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STAR=STARL
00 2 tl1=1,101A
ANUMB1=ROOTR(I11)
ANUMB2=ABS (ROOTI(I1I1))
CALL PLOTERISAVE]L,SAVE2.ANUMBL,ANUMB2 ,POINT o XAoXBoMIoPRNTSTAR,III
$,NO) :
. & CONTINUE
410 [IF(B(10B)) 411, 412, 411
412 108 = DB - 1
IF (IDB) 445, 445, 410
445 WRITE (6 4123)
123 FORMAT (1HO 10Xy 20HPOLYNOMIAL 8 [S ZERO//)
IF (FORK2)12,450,12
450 FORK3 = 1,0
GO TO 698
411 IF (10B - 2) 451, 452, 469
451 MRITE (6 ,124)8(108)
STAR=STAR2
PRNT=,FALSE,
STAR=STAR)3
126 FORMAT (1HOo10X,28HPOLYNOMIAL B IS A CONSTANT s=,1P1ELN6.7//)
GO TC 698
452 ROOT = =-B(1l) /7 B8(2?)
WRITE (6 o134)8(1), B(2)
134 FORMAT (10X921HTHE COEFFICIENTS OF B/1P2E20,7)
WRITE (6 4125)RO0OT
STAR=STAR2
PRNT=4, TRUE,
ANUMB1=ROGT
ANUMB2=0,0
CALL PLOTER(SAVE1ySAVE2,ANUMBL jANUMB2 ,POINT o XA XBoMIL,PRNT,STAR, (11
$,NO)
PRNT=,FALSE,
STAR=STAR}
125 FORMAT (1HO,10X,23HROOT OF POLYNOMIAL B 1So1PL1ELGLT//)
GO TO 698
107 FORMAT (10X:42HTHE COEFFICIENTS OF POLYNOMIAL A (ORDER = 13,1H)/
11P6E20,7))
499 [pDlB = 108 =)
WRITE (6,108)I01B,(R(1),1I=],108)
108 FORMATY (//7/10X¢42HTHKE COEFFICIENTS CF POLYNOMIAL B8 (ORDER = [3,1H
117 (1P6E20,7))
K = 1DB
D0 801 1 = l,ICH
BS(l) = B(K)
801 K = K-]
10P2R= INB & 2
1028 = 2 ¢ D18
CALL MULLER (B8Sy IOLB,RO0OTR,ROO0TI)
00 806 | = 1,1018
SAM = 100 ¢ AMAXL(ABS(ROOTR(I)),ABS(ROOTI(I)))
IF (SAM ¢ ABS(ROOTR(1))oEQe SAM) ROOTR(I)= 0,0
IF (SAM ¢ ABS(ROOTI(I)).EQe SAM) RCOTI(I)= 0.0
806 CONTINUE
500 WRITE (69112)(ROOTR(L1),ROOTI(I)el= 1,1D18)
CALL ERCHEK(ROOTI,101M) 2
STAR=STAR2
PRNT=, TRUE .
00 3 1ilI=1,1D18 63
ANUMB1=ROOTRI(IIL)
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2

ANUMB2=ABS(ROOTIC(LII))
CALL PLOTER(SAVE]L,SAVE2,ANUMB] ,ANUMB2,POINT o XA9XBoMI sPRNT,STAR, 111
$,NO)
3 CONTINUE
P.N".F‘LSE.
STAR=STAR}
L1l FORMAT (1HOo1lLlXel14HTHE ROOTS OF A/ (1PLE20.T7,6HM ¢l J1P1ELSG.T,1P1
1620, 7,6H ¢l J1P1EL4.T7¢1PLE2067 46N ol L1PLELA.T))
112 FORMAT (1HD, 11X, 14HTHE ROOTS OF B8/ (LPLlE20,7,6H ¢l J1P1EL4.T,1PI
1€20. To6H *1 J1PLlEL4.T,1PLE20,Ty6M +] J1P1EL&T))
698 IF (FCRK2)129699,12
699 IF (FORK3)12,6991,12
6991 MWRITE (6 ,102)IPRIB
MSHEEY = 5
START K CALCULATIONS
IF (N) 702,702,531}
533 00 550 I= 1, N
00 541 J= 1, 10DA
541 ATK(J) = X(1) & A(Y)
COMPUTE RJ0OTS OF K * A ¢+ 8
10C= MAXO( 1DA, 1DB)
CALL POLADD (ATK, IDA,R,IDB,CK)
10S = 10C
554 IF (CK(IDS))IH55, 557, 555
$57 10S = IDS - 1
IF (IDS) 558,558, 554
558 WRITE (6 ,129)x(1)
129 FORMAT (1HO,10X,35HPOLYNCMIAL K*A ¢+ B IS ZERO FOR K =41P1EL6,T7//)
GO TQ $%0
555 [IF (IDS - 2) 559, 560, 561
559 WRITE (6 ,130)CK(I0S), X(1)
130 FORMAT (1HOo10X,35HPOLYNOMIAL K®A ¢ B IS A CCNSTANT = L,1P1EL1S.7,10
1H FOR K = L1PlE14,7//)
GO TO 5%)
560 ROOT = =Ck(l) / CK(2)
WRITE (6 +131)ROOT, X(I)
131 FORMAT (1lHD,10X,18HROOT OF K*A ¢ B = ,1P1EL1S.7,10H FOR K = ,L1P1lEl
14, 7/7)
GO TC 55C
561 K = IDS
DO 8C3 J = 1,108
CKS(J) = CK(K)
803 K = K -1
I01C = [DS - 1
10P2C = LS * 2
102C = 2 & [0IC
CALL MULLER (CKSoIDI1CoyROOTR,ROOTE)
DO 807 J = 1,101C
SAM = 100, * AMAXL(ABS(ROOTR(J)),ABS(ROOTI(J)))
IF (SAM ¢ ABS(ROOTR{J))eEQeSAM) RCOTR(J) = 00
IF (SAM ¢ ABS(ROOTI(J))eEQeSAM) RCCTI(J) = 0eC
807 CONTINUE
WRITE (69808)I01CoX(1)y(CK(J)9JI=1,1DS)
808 FORMAT (///710X¢4BHTHE COEFFICIENTS OF POLYNOMIAL K®A ¢ B (ORDER =
113,7TH) K = 1PLlELGLT/(1P6E20.7))
545 WRITE (69115) (ROOTR(J)oRO0TI(J)pJ=1,1IDIC)
CALL ERCHEK(ROOTI,ID1C)
CALL SAVER(ROOTRyROOTI,ID1CySAVELySAVE29J20,K1)
115 FORMAT (1HO,9X,16HROOTS OF K$A ¢ B/(1IPL1E20,7To6H ¢ [ L1PLELG.T,1P1
1620eT96H ¢ [ 91PLlEL14eT¢1P1E20T96H ¢+ 1 (1PLlEL4.T))
6L
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5452 MSHEET = MSHEEY - 1
IF (MSHEET) 546, 546, 550
546 WRITE (6 ,102)1IPROB
MSHEELY = S
550 CONTINUE
GO 710 12
702 00 705 J = 1, DA
705 ATK(J) = ¥ & AQY)
COMPUTE ROUTS OF K ¢ A ¢+ B
10C= MAXO(IDA, IDR)
CALL POLADD (ATK,IDA,R, [DByCK)
I10S = 10C
754 [IF (CK(IDS))T55, 757, 755
ST 10S = 1IDS -1
IF (IDS) 758, 758, 754
758 WRITE (6 ,129)Y
GO 10 711
155 IF (1DS - 2) 759, 760, 761
759 WRITE (6 ,130)CK(IDS), Y
GO TG 711
760 ROOT = =CK(l) /7 CK(2)
WRITE (6 +131)ROOT, Y
GO 10 711
761 K = (DS
D0 804 | = 1,1D0S
CKS(I) = CK(K)
806 K = K -1
ID1C = [0S - 1
I0P2C = INS & 2
102C = 2 ¢ (D1C
CALL MULLER (CKSoIDICoROCTR,ROOTI)
00 809 1t = 1,101C
SAM = 100, * AMAX1(ABSIROOTR(I)),ABS(ROOTI(I)))
IF (SAM ¢ ABS(ROOTR(I))eEQe SAM) ROCTR(I)= 0,0
IF (SAM ¢ ABS(ROOTI(I))eEQe SAM) RCOTI(I)= 0,0
809 CONTINUE
WRITE (6,808)I0D1C,Yo(CK(I)yI=1,108)
WRITE (64115) (ROOTR(J)ROOTI(J)oJ=1,101C)
CALL ERCHEKIRQOTI,LIDIC)
CALL SAVER(ROOTR,ROOTI, ID1CoSAVEL,SAVE2,J20,K]1)
711 Y = Y ¢ QY
IF (Y - YT) 712,712,012
T12 MSHEET = MSHFET - 1
IF (MSHEET) 713, 713, 702
713 WRITE (6 ,102)IPRIB
MSHEET = 5
GO TO 702
37 WRITE(6436)
GO TO 38
1016 CALL PLOTER(SAVE]L,SAVE2, ANUMBL,ANUMB2,POINT o XA o XBoMIPRNT,STAR,III
$4NO)
1018 IF(EXPNDo,EQ.,0) GO TO 1017
READ(S5,22)L
22 FORMAT(I10)
IF(L.EQ.0) GO TO 1017
CALL EXPAND(L,XA,XRB)
1017 IF(FREQSR.EQe0) RETURN
CALL FREQRS(XA,XB)
11 FORMAT(20A4) :
13 FORMAT(///777177777+20%420A4) 65
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aXaNalNal

(aNaN N g

(2N aNaN gl

10

11
20

15
30

30 FORMAT(////20X,44HONLY THE FREQUENCY RESPONSE HAS BEEN PLOTTED )
31 FORMAT(////20X445HONLY THE ROOT LOCUS LOG PLOT HAS BEEN PLOTTED )
32 FORMATI(///7/720K¢39HONLY THE LINEAR EXPAND HMAS BEEN PLOTTED )
33 FORMAT(///7720X%X,59HTHE ROOT LOCUS LOG PLOT AND LINEAR EXPAND HAVE 8
SEEN PLOTTED )
34 FORMAT(///7/720X¢562HTHE LINEAR EXPAND AND THE FREQUENCY RESPONSE HAV
¢E BEEN PLOVTED )
35 FORMAT(////20X,68HTHE ROOT LOCUS LOG PLOT AND THE FREQUEACY RESPON
¢SE HAVE REEN PLOTTED )
36 FORMAT(///7/7203X¢28HEVERYTHING HAS BEEN PLOTTED )
RETURN
END

SURROUTINE POLMPY (AgNoB,M,C)
DIMENSION A(1),B(1)eC(1)
K = MeN

00 5 I=1,K

Cit) = Q.0

D0 10 [=1,N

L= 1-1

00 10 J=1,M

L = Lel

CIL) = CL)I*A(I1)*R(Y)
RETURN

END

SURROUTINE POLADD (A¢NyRyM,C)
DIMENSICN A(Ll),RA(1),C(L)
IF (N=M) 1,41,2

NK = N

GO 7% S

NK = M

D0 10 I=1,NK

ClI) = All)eB(I)

NK = NKel

IF (N=-M) 11,2515

00 20 I=NK¢M

cCtl) = B(1)

RETURN

D0 30 I=NKoN

ClI} = A1)

RETURN

END

SUBROUTINE MULLER(COE¢N1,RCOTR,ROOTI)
OIMENSION COE(1)yROOTR(1),RO0TI(1)
N2=Nl¢]
N4=0
I=sNlel
19 IF(COE(1))997,49
7 Né=N&+e)
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454
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57
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11

12

13

14

113

112
110

ROOTR(NSG) =0,
ROOTI(N4)=0,
Isf-1
IF(NA=NL)L19,37419
CONTINUE
AXR=0,8
AX120,
L=1l
N3=)
ALPLR=AXR
ALPLI=AX]
Mz]
GOY099
BETLR=TEMR
BETLI=TEMI
AXR=0,85
ALP2R=AXR
ALP21sAXI
M=2
G0T099
RET2R=TEMR
RET2I=TEMI
lKR*C.q
ALP3IR=AXR
ALP3IT=AXT
Mz3
GOT299
BETIR=TEMR
BET31=TEMI
TE1=zALPIR-ALPIR
TE2=ALPLI-ALP3I
TES=ALP3IR~ALP2R
TE6=zALP3I-ALP2I
TEM=TESCTES+TEGSTES
TEI=(TEL*TES+TE2STES)/TEM
TEG=(TE2STES-TELSTEA)/TEM
TET=TE3+],
TE9=TEISTEI-TEHSTC4
TE10=2,¢TE3¢TES
DELS=TET*BETIR-TE4SRETI]
DEL6=TETSRETII*TESGSRET IR
TELL=TEI*RET2R-TEASRET2| +BETIR-DELS
TE12=TEISRET2 I4TE4SRET2R4LETII-DELSG
TETsTE9-1,
TEL=TE9SRET2R-TEL1USBET2]
TE2=TEV*RET2I+TELIU*RET2R
TE13=TEL1-BET1IR-TETORETIRCTELO*BET 3]
TE14=TE2-RETL11-TETSBETII-TEL10¢BETIR
TEL5=DEL1S5*TE3I-DEL16STES
TEL6=DE15%TE4*DEL6*TED
TEL=TELISTELI-TEL4®TEL4-4,¢(TELL1*TELS~-TEL2¢TELG)
TE2:22¢TEL3STELL~4o*(TEL2TELIS+TELLIC¢TELG)
TEM = SCRT (TEL1*TE1+¢TE2¢TE2)
IF(TEL)I113,113,112
TE4 = SORT (.5 * (TEM - TEL))
TE3=2,5¢TE2/TES
GO 70 111
TE3 = SQRT (.5 * (TEM ¢ TE1))
1F(TE2)110,200,200

TE3=-TE3
67
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200
111

204
205

15
3e
16

17

18

41

37
30

31

33

34

TE&=,58TE2/TED

TET=TE13+TEI

TEBaTEL4*TES

TE9=TEL13~TE]

TELOSTELSH-TES

TEL1=2,8TELS

TE2=2,¢1E16

IF(TETOTETOTEBOTER-TEISTES-TELO®*TEL0)204,204,205

TET=TE9

TEB=TELOD

TEM=TETeTCT¢TEQSTES

TEI=s(TELSTETTE2¢TER)/TEM

TE4=(TE2STET-TELSTES)/TEM

AXR=ALP3IR+TEISTES-TEASTES

AXI=ALPII¢TEISTELCTELSTES

ALP4R= AXR

ALP&I=AX]

M=&

GO V0O 99

N6=1
IF (ABS (HELL) ¢ ABS (BELL) - 1.6-20) 18,018,416
TET = ABS (ALPIR - AXR) ¢ ABS (ALP3II - AXI)
IF (TET /7 (ABS (AXR) ¢ ABS (AXI)) - 1,E-7)18,18,17

N3I=N3+¢]

ALPLI=ALP2R

ALPLI=ALP21

ALP2R=ALPIR

ALP2I=ALPII

ALPIR=ALP4R

ALPII=ALPAI

BETIR=BET2R

BET1I=RET2I

BET2R=RET IR

SET21=B8ET31

BET3R=TEMR

BET3I=TEMI]

1FIN3I=-100)14,18,18

Né=N&e ]

ROOTR (NG )=ALP4R

ROOTI (NG )=ALPSI

N3=0

IFI(NG=-N1)35,37,37

RETURN
IF (ABS (ROOTI(N&)) - 1.,E-5)10,10,31

GO T0(32,10),L

AXR=ALPILIR

AXI=-ALP1I

ALP1I==ALPI1I

M=5

GO 70 99

BETIR=TEMR

BETLI=TEMI

AXR=ALP2R

AXI==ALP21

ALP2I==ALP2]

M=6

GO T0 99

BET2R=TEMR

BET21=TEMI 68

AXR=ALP3R
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(s N aNaNa

99

100

.2
102

101
103

22

1
10

AXI=-ALP3]

ALP3i==-ALPY]

L=2

M=3

TEMR=COE(1)

TEMI=20,0

0010CI=]1,4N1
TEIsTEMROAXR-TEMISAX |
TEMI=TEMISAXRCTENROAX |
TEMR= TEL¢COE(1+])
HELL=TEMR

RELL=TEMI
IF{N©)102,1CG3,102
DO1G1lI=],N4
TEML=AXR=-ROOTR(I)
TEMZ2=AXTI-KOOTI(I)
TELTEMLISTEMLOTEM26TEM2
TE2=(TEMROTEMLeTEMISTEM2)/TE]L
TEMI=(TEMISTEM]I-TEMRSTEM2)/TEL
TEMR=TE2

GO TO(11612013,15,33,34),F
END

SUBROUT INE EXPLOT(XARRAY o ICIMEN, YARRAY sKDIMEN,BLIMIT,LET)
INTEGER PUIMNT(130,100),GRAPHL( 120,58),STAR
DIMENSION XARRAY (IDIMEN), YARRAY(KDIMEN)
DIMENSION ENCRML(120),ENCRM2(58)
DIMENSTION SAVEL(100,100),SAVE2(100,100)
COMMCN SAVEL,SAVE2,PCINT
EQUIVALENCE(POINT(1,1),GRAPKHL( 1, 1))

DATA STAR/1He/

WRITE(6,1)

READ(5,10)01,C2

D3=RLIMIT

Ve=-RLIMIT

IF(D2.GT.D1) CALL SWITCH(C1,02)
IF(D4eGToD3) CALL SWITCHIC3,04)

1C1=D3

JOIMENZKDIMEN

CALL ALANKR({GRAPHL,12C,58,120)

00 22 1=1,JCIMEN

X=X ARRAY(1)

Y=YARRAY (1)

IF(Xe EQeUeCoeANDeYoEQe0e0) GC TO 22

CALL LINAR (X,LIMITX,120,C1,D2,ENCRM])
CALL LINAR (Y,LEMITY,58,03,D4y ENCRM2)
IFILIMITXeFCeOeORGLIMITY ECO) GO TO 22
LIMITX=121=-LIMEITX

GRAPHLILIMITX ,LIMITY)=STAR

CONTINUE

WRITE(6,30) ICLoLET, (GRAPHL(Io1)o121,120)
IC1=D&

WRITE(6934) ((GRAPHL(T,J),121,120),J22,57)
WRITE(6+30) ICLoLET, (GRAPHL(1,58),131,120)
WRITE(6,35) D2,01

FORMAT(1H1)

FORMAT(6F10,0,20X) 69
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OO0

30
34
35
61

10
11

20
40

10

FORMAT(1X,16,A4,1X,120A1)

FORMAT (10X, 120A1)

FORMAT(3Xo 1P1ELOe 34 THRAD/SEC,91X,1P1E10s 3¢ THRAD/SEC)
RE TURN

ENOD

SUBROUTINE LINAR (YoLIMITY, IDIMEN,DIMNS1oDIMNS2ENCRMT)
DIMENSION ENCRMT(IDIMEN)

DIMENS=DIMNS1-DIMNS2

LIMITY=O

I [DIMEN-1

A=)

DELTA=DIVMENS/A

ENCRMT(1)=DIMNSI]

ENCRMT(IDIMEN)=SDINMNS2

0O 10 I=2,J

ENCRMT(I)=ENCRMY ({ I-1)-DELTA

DO 11 I=1,J

IF (Yo LECFENCRMT (T ) o ANCoYoGELENCRMT(T¢2))GC YO 20
GO T0 40

LIMITYs|

RETURN

FND

SUBROUTINE SWITCHIX,Y)
TEST=Y

Y=aX

XsTEST

RETURN

END

SUBROUTINE ERCHEK(X. )

OIMENSION X(100)

DATA ERRLIM/O,1E-8/

00 10 J=1,1
TFCABSIX(J) VLTS ERRLIM) X(J)20,0
RETURN

END

SUBROUTINE EXPAND(ILOVE,X,Y)

DIMENSION SAVEL(100,100),SAVE2(100,100),%2(2000)9Y2(2000),%¢(2C00),
. Y(2000)¢X1(2000),Y1(20C0)42(125)021(87)
INTEGER SPOT(130950)9DASHCyBLANK,PCINT(130,10C)

DATA C/1H1/ ¢ OASH/1H=/BLANK/L1H /

DATA APLUS/0,0/¢BPLUS/0,0/+AMINUS/0,0/¢BMINUS/060/
COMMON /INFU4/ Q¢BLANK,DASH

COMMON /PAYNE/AM, AP, BM,BP

COMMON /PJ/X1,Y1

COMMON SAVEL,SAVE2,POINT

EQUIVALENCE (AP, APLUS )9 (AMoAMINUS )9 (BMoeBMINUS), (BP,8BPLUS)
EQUIVALENCE(XL(1)oZ(1))e(YL(1)sZ1(1))

EQUIVALENCE (SPOT(1,41)4POINTIL,1))e(11,12)
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50

54

10

23

41
901
903

910

60
25

62
4«0

D0 40 J=1,ILOVE

00 50 M=1,2000
X1iM)=0,0

Y1(M)=0,0

CALL BLANKR(SPOT,130,50,126)
C9 5S¢ M=1,2000
X2({M)=0,9

Y2(M) 0,0

READ(S5910) OMEGA,ENCRMT,SIGMA,DELTA
OMEGA=ABS( OMEGA)
FORMAT(4F10,0)

ATENCRMT

PERCNT=A®0,01

B=0OMEGA

B=B¢PERCNT
APLUS=B¢CMEGA

O=sAMINUS

11=1

AMINUSSCMEGA-B

CsAPLUS

D2 41 L=1,2000
IF(Y(L)eLTL,DIGO TO 61
IFIY(L)eGTLCIGO TO 41
X1(I1)=sxX(L)

Yid{il)sy(L)

It=[le]

CONTINUE

AzDELTA

PERCNT=AS0,01

8=SIGHMA

AasBePERCNT

BPLUS=S IGMA+B
AMINUS=SIGMA-D

C=BPLUS

DsAMINUS

12=1]

DO 42 L=1,2002
IFICeGTL0,0) GO TO 60
IFIXL1(L)oGT4D) GO TO &2
IFI(XLIL)oLToC) GO TO 42
GO0 10 25

IFIX1(L)oGT,C) GO TO &2
IFI(X1(L)eLToD) GO TO 42
X2(12)=x1(L)
Y2¢12)=Y1{L)

12=]2¢1

CONTINUE

CALL SPLITI(X2,Y29SPOT o APLUS AMINUS,BPLUS,BMINUS)
CONTINUE

RETURN

END

SUBROUTINE SPLIT(X,YoSPOT APLUS, AMINUS,BPLUS.BMINUS)
DIMENSION X1(2000),Y1(2000)

DIMENSION X(2000),Y(2000),2(125),21(87)

INTEGER SPOT(130,50)

COMMON /PJ/X1,Y1 71

719
720
721
122
123
T24
125
726
127
128
129
730
731
132
733
734
737
738
735
7136
739
71640
741
T62
743
T64
7645
146
767
748
749
150
751
752
753
7154
755
7156
757
758
759
760
761
162
763
164
165
766
167
768
169
170
7271
172
773
174
175
176
117
178
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11

12

60
30

20

10
11

EQUIVALENCE(X1'1),2(1)),0(YL(1)oZ1¢(1))

A=APLUS
fR=AMINUS
C=A-R

D=BPLUS
EsBMINUS
G=ABS(D)
H=ABS(E)
F=G~-H
DELTA=C/124,0
DIFF=zF/50,0
DO 11 J=1,126
ZiJ)=A
AsA-DELTA
1(125)1=8
IF(DelTo0e0I0IFF==-DIFF
DO 12 J4=1,49
L1(4)=0
0=D-DIFF
L1(50)=¢€

CALL BRAKUP(LeXeYoSPOTLZ1)
RE TURN

END

SUBRCUTINE BRAKUP(YY XoY,SPCT,XX)

LOGICAL SKIP,5KIP1
INTEGER SPOT(130,500,
DATA STAR/1t+-Xx/

XPT.YPT,STAR

OIMENSION X(2000),Y(2000),YY(125)9XX(BT)

COPMON /PAYNE/ AM, AP, BM, BP

EQUIVALENCE(AP,APLUS ) (AN AMINUS ), (BM,BMINUS ), (BP,BPLUS)

SKIP=,FALSE,

SKIP1=o,FALSE.

00 43 J=1,20006

00 43 [=1,125
IFIY(J)eNEQUeO) GO TO 30
IFIX(J)eNELVL,0) GO TO 30
L=Jel

MzJeb

00 69 N=LM

IF{N,GT4,2000) GO TO 60
IF(Y(N)oNEoeOeO) GO YO 30
IF(X(N)rEL,O0sC) GO TO 30
CONTINUE

GO TO 40

IF(SKIP) GO TO 20
IFIY(J)elToYY(I)) GO TO 2C
YPi=|

SKIPs,TRUE.

IF(SKIPL)IGO TO 48
IF(1eGTe50) GO TO 43
IF(BPLUSCGT,0,0) GO TO 10
IFIX(J)eGToXX(1)) GO TO 43
G0 10 11

IFIX(J)elToXX( 1)) GO TO 43
IF(BPLUSSLT0,0) XPT={(
IF(BPLUS.GELOe) XPT=51~1

72

179
780
181
182
783
786
785
786
1817
788
789
790
191
792
793
7194
7195
796
797
798
799
800
801
802
603
804
805
806
807
806
809
810
811
812
8i3
814
815
8le
817
818
819
820
821
822
823
824
825
826
827
824
829
830
831
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834
835
836
837
838
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50

48
43
40

40

30
12

14
11
15

50

40

30

20

SKIPl1=,TRUE,
IF(NOT,SKIP)GO TO 43
I1=125
SPOT(YPTXPT)=STAR
SKIP=,FALSE.
SKIP1=,FALSE,
IF(SK]IPIGD TC SO
CONTINUE

CALL RITEIT(SPOT)
RETURN

END

SUBROUTINE RITEIT(SPOT)
COMMON /PAYNE/ AM, AP, BM, 8P

EQUIVALENCE(AP,APLUS ), (AN AMINUS ), (BN, BNINUS ), (BP,BPLUS)

INTEGER SPOT(130,50)
IF(B8P.LT.,B8M) GO TO 40
A=BP

R=8M

WRITE(S,1)

FORMAT [ 1H3 , 40X o e 3HCOMPLEX FREQUENCY PLANE,RIGHT MAND OQUADRANT

GO YJ 30
A=BM

8=8P
WRITE(6,2)

FORMAT(1H] 460X o4 3HCOMPLEX FREQUENCY PLANE, LEFT HAND QUACRANT

WRITE(6912)AP, AN

FORMAT(114Xy]15HC~======)-0MEGA,/1XyF8, 2, 112X,F8,2)

WRITE(6,14)8

FORMAT(L124XoSHSTIGMA9 /126X o 1HI9/126X9 11V /121X0F86 2)

WRITE(6.11) SPOT
FORMAT(1X,130A1)
WRITE(6,15)A

FOURMAT (60X 2THLINEAR EXPANC PLOT(RAC/SEC) ¢34XoF8,2)

RETURN
END

SUBRCUTINE SAVER(ROOTR,R00T1,101C,SAVEL,SAVE2,J20,K1)
DIMENSION SAVEL(100,100),SAVE2(130,1C0),ROOTR(100),RO0TI (100!

IF(K1)30,49,10

Ki=l

i01s101C

101C=1D1C+(K1-1)
IF(101C+GE6100)GO TO 30
D0 40 12AP=K1,101C
1ZA=F2AP-(K1~-1)
SAVEL(JIZO,12AP)=ROOTR(IZA)
SAVE2(JL0,1ZAP)I=ROOTI(IZA)
CONTINUE

K1=1D1C+1

GO0 70 20

J20=520+1

101C=101

GC 710 9

RETURN

END
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839
840
8sl
842
863
8446
845
646
847
848
849
850
851
852
853
854
855
856
857
858
59
860
8ol
862
gé3
864
865
86y
86?7
868
869
870
sn
ar2
8713
874
ers
876
8717
sls
879
880
sal
882

a83 -

884
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e87
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893
9%
895
896
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898
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SUBROUTINE PLOTER(SAVEL,SAVE29 ANUMB]1,ANUMB2,POINTXA¢XB oMl sPRNT,
$STAR,NBB,NO)

OIMENSION SAVEL(100,100),SAVE2(100,100),XA(2000),XB({2000)
INTEGER HOINT(1304100)¢DASH,BLANK,STAR,ROTLCS,EXPND,FREQSR,DENSE
COMMON /INFOT/ ICOUNT

COMMON /INFOH/ROTLCSEXPND, FREQSR

COMMON /INFQ9/ DENSE

LOGICAL PRNT

IF(PRNT) GO TO 43

00 40 NAR=1,100

00 40 NBR=1,100

IF(SAVEL(NAB,NBR) )41,42,4]

IF(SAVE2(NAB,NBR) )4]1,40,41

ANUMBL=SAVELINAB,NBR)

ANUMR2=SAVE2(NAB,NBS)

ANUMB2=ABS ( ANUMR2)

AZZ=ANUMB2

AZZ=All%10000060

NZZ=All

IFIN2Z.ECeO) GO TO 45

NEB=NRB+1

CALL EXCUTE(ANUMRBL yANUMB2 yPOINTXAoXBoMIo¢NO,STAR)
IF (DENSE.NE.1) GO T0O 10

TCOUNT=ICOUNT ¢1

GO T0 11

IF(PRNT) TCOUNT=ICOUNT+¢]

IF(PRNT) RETURN

CONTINUE

IF(RCTLCS.EQe0) RETURN

CALL WRITIT(XA,X8B)

CALL PREPAR(PCINT)

RETURN

END

SUBROUTINE EXCUTE(ANUMBL, ANUMB2,POINT o XAy XBoMI ¢NOySTAR)
LOGICAL SKIPl,SKIP2 LLESS

INTEGER ROTLCS,EXPND,FREQSR

DIMENSION XA(200C),XB(2000)

INTEGER POINT(130,100):DASHsBLANK,STAR

COMMON /INFUOB/ROTLCS,EXPNDy FREQSR

DATA K1/10/4K2/100/7¢%X3/71000/,K4/710000/,NEGONE/=-1/
LESS=,FALSE,.

I=0

J=0

XA{NO)=ANUMBL

XB(NQO)I=ARS(ANUMRZ2)

NO=NO+1

IF(ROTLCSeEQeO) RETURN

IF(ABS({ANUMBL ) .GT(10000,0) GO TO 50

IF(ARS{ANUMB2) +GT,10000,0) GO TO SO
IF(ABS{ANUMAL ), EQ.00,0) GO TO 500

IF(ABS(ANUMB2)¢EQ.0.0) GO TO 500
IF(ARS(ANUMB2) LT 0,001) GO TO 50 -

899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
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920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
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938
939
940
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942
93
944
945
946
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948
949
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951
952
953
954
955
956
957
958
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IF(ABS(ANUMBL).LT,0,001) GO TO 50 959

S00 CALL SCALEL(KL,K2,K3,K&o NEGONE,[,ANUMBL, ICONS,LESS,SKIP1) 960
CALL SCALE2(K]19K29K39K&oJoJCONS, ANUMNB2,SKIP2) 961
CALL WPOINT(J,JCONS,LoANUNB2,SKIP2) 962
CALL SPOINT(I,ANUMBL,LESS o ICONS,)LoPOINT,SKIPLoNO¢XAoXBoSTAR) 963

S0 RETURN 964
. END 965
966

967

968

: 969

SUBROUTINE SCALE1(K1oK29K3y)K&oNEGONE,IoANUMBL o ICONS,LESS,SKIP1) 970
LOGICAL LESS 971
LOGICAL SKIP1 972
SKIPL=oFALSE, 973
ICONS=] 974
I=1 975
AKEEP=ANUMB1 976

21 NUMBLl=ANUMBIL 977
NUMB=[ABS (NUMBL) 978
[F(NUMB,EQ.0)GOTO 12 979
IF(NUMBL) 31,4040 980

40 IF(NUMBl,GE.10)GOTO 11 981
GO TO S50 982

31 LESS=,TRUE, 983
XXXz -NUMB1 984
NUMB1 =XXX 985
GOTO 40 986

12 GOTO(1929394),1 987
1 ANUMBl=AKEEP 988
ICONS=K1 989
RK1=K1 990
ANUMB1=ANUMB] *RK 1 991
[=2 992
GOTO 21 993

2 ANUMB1=AKEEP 994
[CONS=K2 995
RK2=K2 996
ANUMB 1=ANUMB1#RK 2 997
1=3 998
GOTO 21 999

3 ANUMR1=AKEEP 1000
ICONS=K3 1001
RK32K3 1002
ANUMR1=ANUMB] #RK 3 1003
[=4 1004
GOTD 21 1005

4 ANUMB1=AKEEP 1006
1CONS=K4 1007
RK&=K4 1008
ANUMB1=ANUMB 1 *RK 4 1009
NUMR1 =ANUMB1 1010
IF(NUMBL,EQ.O) GO TO 51 1011

GO TO 50 1012

11 SKIP1=.TRUE,. 1013
GO TO (64T79899)y1 1014

6 ANUMBl=AKEEP : 1015
ICONS=K1 1016
RK1=K1 1017

ANUMB1=ANUMBL1/RK1 75 1018
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51
50

20

=2

GOT0 21
ANUMB1=AKEEP :
ICONS=K2

RK2=K2
ANUMB1=ANUMB1/RK 2
i=3

GOTO 21
ANUMB1=AKEEP
ICONS=K3

RK3=K3
ANUMR1=ANUMB1/RK3
=4

GOTO 21
ANUMB1=AKEEP
ICONS=K4

RK&=K4
ANUMB1=ANUMB1/RK4
GO 70 50

1=5

RETURN

END

SUBROUTINE SCALE2(K1,K29K39Ké4yJy JCONSy) ANUMB2,SK1IP2)

LOGICAL SKIP2
SKIP2=oFALSE,
JCONS=1

J=1
ANUMR2=ABS { ANUMB2)
BKEEP=ANUMB2
NUMB2=ANUMB2
IF(NUMB2,EQ.,D)GO TO 10
IF(NUMB2,GEL10)GO T2 11
GO T0O SO
GOTO0(1929394),J
ANUMB2=RKEEP
JCONS=K1

RK1=K] 5
ANUMB2=ANUMB2*RK 1
J=2

GO T0 20
ANUMR2=BKEEP
JCONS=K2

RK2=K2
ANUMB 2= ANUMB2 *RK 2
J=3

GO 10 29
ANUMB2=BKEEP
JCONS=K3

RK3=K3
ANUMB2=ANUMB2 *RK 3
J=4

GO TC 20
ANUMB2=BKEEP
JCONS=K&

RK&=KG

ANUMB2= ANUMB2 *RK 4 76

1019
1020
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1023
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1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
10647
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060

1061 ..

1062
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1066
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1069
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11

51
50

200
201
202
203
204
205
206
207

NUMB2=ANUMB2

IFINUMB2,EQ.0) GO TO 51

GO 70 50

SKIP2=, TRUE.

GO TO (697¢899)yJ
JCONS=K1
ANUMR2=BKEEP
RK1=Kk1
ANUMR2=ANUMB2/RK 1
J=2

GO TO 20

JCONS=K2
ANUMBR2=BKEEP
RK2=K2

ANUMB2= ANUMB2/RK 2
J=3

GO 10 20

JCONS=K3
ANUMB2=BKEEP
RK3zK3
ANUMR2=ANUMB2/RK 3
J=4

GO T0 20

JCONS=K4
ANUMB2=BKEEP
RK&=K4
ANUMB2=ANUMB2/RK 4
GO 70 50

J=5

RETURN

END

SURROUTINE WPOINT(Je JCONSoLsANUMB2,SKIP2)

LOGICAL SKIiP2

L=0

IDELTA=Q
IF{ANUMB2+GEe96e2)
IF({ANUMB24GE+800)
IF(ANUMB2¢GEe 669)
IF{ANUMB2,GEe 5e9)
IF(ANUMB2¢GEeY00)
IF{ANUMB2,GEo %o 2)
IF(ANUMB2,GEe3e5)
IF(ANUMB2,GEe 269)
IF(ANUMB2,GEoe2¢4%)
IF(ANUMB2,GEe1le9)
IF(ANUMB2eGEs1e5)
IF{ANUMB2eGEs le2)
GO TO 211
IFLANUMB2,LTo9,2)
IF{ANUMB2.LT.8.0)
IF(ANUMB2.L To669)
IF(ANUMB24LT45.9)
IF(ANUMR2,LT45.0)
IF(ANUMB2,LToe%e2)
IF{ANUMB2,LTe 345)
IF(ANUMB2,LTo269)

IDELTA=12

GO
GO
GO
GO
GO
GO
GO
GO
GO
Go
GO

T0
T0
70
T0
T0
T0
T0
70
T0
10
T0

200
201
202
203
204
2C5
206
207
208
209
210

IDELTA=11]
IDELTA=10
IDELTA=9
IDELTA=8
IDELTA=T7
IDELTA=6
IDELTA=S
IDELTA=4

1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1116
1119
112¢
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
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211

10
100

1000

10000

41

11
101
1001
50

10001
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40

IF(ANUMB2,LTo204) IDELTA=]
IF(ANUMB2,LToele9) IDELTA=2
IF(ANUMB2,LTole5) IDELTA=]
IFIANUMB2,LT,142)IDELTA=0
IDELTA=13~-1DELTA
IF(Je.EQ.S5) GO TO 50
IF(SKIP2) GO TO 41
IFIJCONS.EQe1)GOTO 1
IFLJCONS.EQ.101G0OTO 10
IF(JCONS.EQ.100)G0OTO 100
IF(JCONSLEQ.1000)GOTO 1000
IF(JCONS.EQ, 10000)GOT0 100CO
L=T3+10DELTA

GO TO 40

L=86+1DELTA

GO TO 4C

L=99+1DELTA

GO 19 40

L=112+IDELTA

GO 1D 40

L=12%

GO 1D 40

KCONS=JCONS+1

SKIP2=4 FALSE,
IF(KCONS.EC.11)GOTO 11
IF(KCONS<EQL101)GOTO 101
IF(XKCONS.EQe1001)GOTO 1001
IFIKCONSL.EQ,10001)GOTO 10CC1
L=60¢+IDELTA

GO TO 40

L=4T+IDELTA

G0 TO0 40

L=34¢1IDELTA

GG TO 49

L=125

GO 10 40

L=34

RETURN

END

SUBRCUTINE SPOINT(IoANUMBLyLESSy ICONSyLoPCINT,SKIP14NOyXA¢XBySTAR)

DIMENSION XA(2C00),XB(200C)

INTEGER POINT(130,100),DASHyBLANK,STAR,Q

INTEGER STAR1,STAR2

DATA STARL1/1HG/,STAR2/1He/
DATA BLANK/1H /4DASH/1H=/,
LOGICAL SKIPl +LESS
AKEEP=ANUMB]
ANUMBL1=ARS ( AKEEP)

KOOL=0

IF(1eFQe5)GO TO 1000
IF(ANUMB1oGEe Te1 )KOOL=T
IF(ANUMBLl.GE.5.01G0 TO 1011
IF(ANUMBLlo,GEe%¢0)GO TO 1111
IF(ANUMBL,GEs30el) GO TO 1211
IF(ANUMBloGEe2431G0TO1311
IF(ANUMB1.,GEo106) GO TO 1411

Q/1HI1/

78

1139
1140
1141
1142
1143
1144
1145
1146
1167
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1rt
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
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1011
1111
1211
1311
1411
1511
4011

10
100
1000

41

11
101

1001
50

14

51

15

4«0

3

12
102
1002

IF(ANUMB1,GEe1.0)GO TO 1511
GO TC 4011
IF(ANUMBL.LT.71)KOOL=6
IF(ANUMBLloLT<e5,0)K00L=S
IF(ANUMBLl, LT o 400)KOOL=4
IF{ANUMRLoLT,3,1)K00L=3
IF(ANUMBLloLTo203)1K00L=2
IF(ANUMBLloLTo Lo6)KOOL=]
NCRMNT=8-KOGL

IF(LESS)GO TO 40
IF(SKIP1)GO Ty 4l
IFCICONS.EQe1)GOTO 1
IFIICONS.EQ.1C)GOTO 1C
IFLICONS.EQ.100)GOTO 100
IF(ICCNS.EQ.1GOC)IGOTO 1000
KOOL=T1+KOOL

GO TC 50

KOQOL=64+KOOL

GO TO S¢

KOOL=57+KCOL

GO TO 50

KODL=50¢K00L

60 TO0 50

LCONS=ICONS+1
SKIPl=eFALSE.
IF(LCCNS.EQe11)GOTO 11
IF(LCONS.EQe101)GOTO 101
IF(LCCNS.EQe1001)G0TO 1001
KOOL=78+¢K00L

GO T0 S0

KOOL=854K00L

GO TC S50

KOOL=92+K0OL
LESS=eFALSE.

IF(POINT(L,KOCL)oECeDASH) GC TO 51
IF(POINT(LoKOCL)eEQeC ) GO TO 51
IF(POINT(LyKOOL)eEQeSTAR]L1) GO TO 15
[F(POINT(LsKOOL)eEQeSTAR2) GO TO

IF(STAR,EQ,STARL1) GO TO 51
IF(STAR.EQeSTAR2) GO TO 51

IF(POINT(L,KOOL)eNEsBLANK) GO TO 70

POINT(L,KOOL)=STAR
ANUMB]1 = AKEEP

GO T0 70

L=L¢l

IF(L.EQe130) GO TO 51
GO TC 14

IF(SKIPLl) GO TO 42
IZ=1CONS+2
IF(1l.EQe3)GOTO 3
IF(12.EQ.12)GOTO 12
IF(12.EQ.102)GOTO 102
IF(IZsEQ.1202)GOTO 1002
KOOL=21+NCRMNT

GO 10 50
KOOL=284¢NCRMNT

GO 1O S50
KOOL=35¢NCRMNT

GO T0 50
KOOL=42¢NCRMNT
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1226
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70

1
11

14 FORMAT(T75Xs8HLOG PLOT»/58X942HCOMPLEX FREQUENCY PLANE,LEFT HAND CU
SADRANT o/ 75X 9H(RAD/SEC) )

12 FORMAT(32X95H1000099X94HL1CCO99Xy3H1CO910X92H10412X91H1 912X 42Hel,y10
X9 14H 01 <~==J-OMEGAs/ 18X9s 11HMINUS SIGMA)
13 FORMAT(32X,5H10000,9Xy4H100099Xy 3H1C09»10X92H10912Xe1H1o11%X,2He1910
$X914He01<~~-J=~0MEGAy/ 18Xo11H PLUS SIGMA)

GO T0 50

IY=ICONS+3
SKIPl=,FALSE.
IF(1Y.EQe13)GOTO 13
IFLIVeEQs103)GOTO 103
IF(1Y.EQ.1003)GOTO 1003
IF(1Y.EQs10003)GOTO 10003
KOOL=14+NCRMNT

GO T1O 50

KOOL=T+NCRMNT

GO 710 S0

KOOL=NCRMNT

GO T0 50
POINT(L,1)=STAR

GC 7C 70

RE TURN

END

SUBRCUTINE PREPAR(POINT)
INTEGER POINT(13041970)4PRT
OATA PRT 76/

WRITE(6,1)

FORMAT(1H])

WRITE(6,11)

FORMAT(//7)

WRITE(PRT,14)

WRITE(6,12)

DG 50 I=1,130

50 POINT(1,50)=POUINT(I1,51)

10

15 FORMAT(75X,8HLOG PLOT,/58X¢43HCOMPLEX FREQUENCY PLANE,RIGHT HANC Q
SUADRANT 4/ 75X, 9H(RAD/ SEC)

11 FORMAT(5X,48HTHE FOLLOWING ROOTS ARE PLOTTED ON THE LOG PLOV,/
15X ¢ 99HROOTS AT THE ORIGIN ARE NOT PRINTED OR PLOTTED, ROCTS ON THE

ARE NOT PLOTTED.

29//716Xy5HSIGMA 225Xy THI-OMEGA,/ /)

* J-OMEGA AXIS

WRITE(PRT, 1C)POINT
FORMAT(1X,130A1)
WRITE(6413)
WRITE(PRT,15)

RETURN
END

SURRIJUTINE WRITIT(XAyXB)

DIMENSION XA(2000),X8({2000)

WRITE(6,1)
FORMAT(1H1)
WRITE(6,11)
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20
40

50
22
10

17
60

61

62

60

12
19

00 77 120=1,2000
XC=xB8(120)

IFIXCoGTe0e0) XC=-XC
IF(XCeNEoOeG) GO TO 22
IFIXAC(IZ0))22,40,22
K1={20

K2=]20+¢12

D0 50 K=Kl,K2

IF(XA(K) ¢NE.OosO) GO TO 77
IF(XB(K)eNELUeO) GO TO 77
GO 10 60
WRITE(6910)MXA(T120) 4XC
FORMAT(5X,F20699 10Xy F20.9)
CONTINUE

RETURN

END

SUBROUT INE FREQRS(STGMAX ,CMEGAY)

DIMENSION SAVEL1(100,100),SAVE2(100,100),ACOEFF(100),8BCOEFF(100),
AAAAAA(99),BBBBBB(99), SIGMAX(2C00) ,OMEGAY(2000) ,DEC(9),
OMEGAS(55) yOMEGA(17) 4WLOG(3000),PHILIN(3000) ,MCBLIN(30CO
) » PHIPLN(3000) , MPCALN( 30CC) o ALIM(7),8IGSEM(300C),
EMSUBS (3000)

REAL MDBLIN,MPCBLN

INTEGER FRQEXP,IEXP(4)

INTEGER POINT(130,100)

COMMON/ FRFEK/ACOEFF, BCOEFF

COMMON/ INFG2/ALIM

COMMON/ INFO3/0MEGA

COMMON/ I NFOG6/ EMSURS

COMMCN /INFO7/ ICOUNT

COMMON SAVEL,SAVE2,POINT

EQUIVALENCE (WLOG(1),SAVELIL) ), {PHILIN(1)ySAVE2(1)),

(SAVE! (3001),MOBLIN(1)),(SAVE2(3C0L),PHIPLNI(1)),
(SAVEL(6001),MPCBLM(1)),(SAVE2(6001),BIGSEM(1)),
(ALIM{L)oXSMALL )9 ( AAAAAA(]1),ACOEFF(2)),(BBBBBBI(]1),
BCOEFF(2))

TENS(X)=X*10,0

DATAIDECtI ) 91=1909)710002e¢C93¢090%4¢0956096¢0,76098,009,0/

DATA LET1/4H CB/,LET2/4H CEG/

K1=0

KOUNT=1

00 61 I=1,4

LEXP(T)=0

D0 60 I=1,3000

WLOG(1)=0,9

PHILIN(I)=0,0

BIGSEM(L[)=0,0

EMSUBS(1)=0,9

MDBLIN([)=0,0

PHIPLN(1)20,0

MPDBLN(1)=040

WRITE(6,51)

READ(S ¢ 19)XSMALL ¢ DEGREE, DBL IM

READ(5,12) FRQEXP

IFIFRQEXP NELOIREADIS, 12V (IEXP (K ) yK=1,y4&)

FORMAT(4110)

FORMAT(3E1040,50X)

DO 90 I=2,7 81

L 2R B X J

SN
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90

71
70

41

13

20

10

11
80

40

68 WRITE(6450) WLOG (1),BIGSEM(I)MOBLINCI)PHILINCT),EMSUBS(I),
LMPDBLN(T),PHIPLN(T)

69

34
30

35
31

36
32

ALIMUT)=TENSC(ALIMI[-1))
DO 70 J=1,6

DO 71 I=1,9

K=Klel
OMEGASI{K)=DEC(I)*ALIM(Y)
Kl=Kl+¢9
OMEGAS(S55)=zALIM(T)

K=1 .
CALL FIGURR{S5,0MEGAS ¢ KOUNT)
Y=ABS (OMEGAY(K))

X=ABS(SIGMAX({K))

IF{YeEQeOeD) GO TO 13

YOMEGA=Y

GO 10 20

IFt{XeEQe0eD) GO TO 10

YOMEGA=X

CALL SWEEPR(YUMFGA)

CALL FIGURR(17,0MEGA,KOQUNT)
IF(KCUNT(GEC2984)G0 TO 40

GO 10 80

KK=Ke¢]

KI=zKell

IF(KIeGT42000) GO TO0 40

DO 11 L=KKeKlI

Y=ABS (OMEGAY(L))

X=ABS(SIGMAY(L))
IF(XsNEoeUeOeUReYeNFe0e0) GC TO 80
CONTINUE

GO T 40

IF(KeGEL. ICOUNT) GO YO 490

K=K+l

GO 1O 41

DO 68 1=1,3000

IF(WLOGII)eEQeOe 0 ANDGPHILIN(I)eEQeCe00eANDoPHIPLN(1)eEQeCoUeANDS
LMDBLIN(T)eECeUe0o ANDoMPOBLNI(]1)eEQeCeO0cANDBIGSEM(I)EQeCaOoAlMD,
2EMSUBS(1)e€EQeVe0) GO TO 69

JJ=MCD( ! ' 57)
IF(JJeEQeO) WRITE(6451)

WRITE(6414)

CALL NEWPLT(DEGREEWLOGyPHILIN,LET2 )
IF(IEXP(1)4EQ.0) GO TO 33

JI=LEXP(1)

DO 34 [=1,JJ

CALL EXPLOT(WLOG,3000¢PHILENy3C00,DEGREE,LET2)
CALL NEWPLT(DBLIM,WLOG,MDBL IN,LET1)
IF(IEXP(2).EQe0) GO TC 31

JI=IEXP(2)

DO 35 I=1,JJ

CALL EXPLOT(WLOG,3000,MDBLIN,3C00,0BLIM,LETL)
WRITE(6415)

CALL NEWPLT(DEGREE,WLOGyPHIPLNZLET2)
IF(IEXP(3),ECe0) GO TO 32 .

JI=1EXP(3)

DI 36 1=1,4J

CALL FXPLOT(WLOG,3000,PHIPLN,3000,0EGREE,LET2)
CALL NEWPLT(DRLIM,WLOG,MPDBLN,LET1)
IF(IEXP(4)eFQe0) GO TO 33

JI=IEXP(4) 82
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D0 37 I=1,J4J

37 CALL EXPLOT(WLOG,3000,MPOBLN,3000,0BLIM,LET])

51 FORMAT(1HL sS5XoSHOMEGA, 13X 9 3H/M/ o LOX o 6H/R/=DB,10%X ¢ IHPHI 2CXs6H/ M/ P,
10X, TH/M/P~0B, 14X, SHPHI=P /)

S0 FORMAT(2Xo1PLlEL265¢5Xe1PLEL265¢6Xe1PLEL2,5¢5X91P1EL2e5011X,
SlP1EL265¢3Xy1PLEL265¢9X, 1PL1EL2,5)

L4 FORMAT(LHL /7771717777 7077777717925%460HTHE FOLLOMING PLOTS ARE NCR

*MAL FREQUENCY RESPONSE DATA )
15 FORMAT(LINYG////117171171707777777425%436HTHE FOLLCWING PLOTS ARE PCP
*JV DATA )
33 RETURN
END

SUBROUTINE FIGURR({KONT ¢OMEGA,KOUNT)

OIMENSION SAVEL(100,100),SAVE2(1C0,100)

OIMENSION ACOEFF(100),BCOEFF(100),AAAAAA(99),RBRBBAB(99)
DIMENSICN WLOG(3000) 4PHILIN(30CO),MOBLIN(3000),PHIPLN(30CO),
S*MPDBLN(3000),BIGSEM(3000) 4 EMSUBS(3CCO) s OMEGA (KONT)

REAL MDBLIN,MPORLN

INTEGER PDINT (130,100}

COMMON/FREEK/ACOEFF,BCOEFF
EQUIVALENCE(AAAAAA(L),ACOEFF(2)),(BEBBBB(1),BCOEFF(2))
COMMON/ INFO6/EMSUBS

COMMON SAVELsSAVE2,POINT

EQUIVALENCE (WLOG(1)oSAVEL(L1))(PHILIN(1),SAVE2(1)),
1 (SAVEL(3001) 4 MCBLIN(L))o(SAVE2(3001)PHIPLN(1)),
2 (SAVEL(6001) ,MPOBLN( 1)) (SAVE2(6001)4BIGSEM(1))
00 21 I=1,KONT

CALL FIGURE(OMEGA(I)oACOEFF(1)oAAAAAA,EMOFAS,PHIAS)
CALL FIGURE(OMEGA(I),PCOEFF(1),RBBBBByEMOFBS,PHIBS)
BIGEMM=ABS (EMOFAS/EMOFBS )

BIGSEM(KOUNT )=BIGEMM

WLOG(KOUNT ) =OMEGA(I)

PHIEND=PHIAS-PHIBS

IF(PHIEND.LT,~-180,) PHIEND=PHIEND#®360,

IF(PHIEND,GT, 180,) PHIENO=PHIEND-360,
PHILIN(KOUNT)=PHIEND

PHIEND = PHIEND * 0,0174533

REEL BIGEMM & COS ( PHIENC )

EIMAG= BIGEMM * SIN ( PHIEND )

EMSUBP = SQRT ( ( REEL#*¢ 2 ) ¢ ( ( OMEGA ( I ) ¢ EIMAG ) %+ 2 ) )
EMSURS (KOUNT )=EMSUBP

QUANZ=OMEGA(I) * EIMAG

PHIPEE=ATANZ (QUANZJREEL)

PHIPEE = PHIPEE * 57,2957795131

IF(PHIPEE o LT o Oo) PHIPEE = PHIPEE + 360,
IF(PHIPEELLTo-180.) PHIPEE=PHIPEE+360.

IF(PHIPEELGT, 180,) PHIPEE=PHIPEE-360,
PHIPLN(KOUNT)=PHIPEE

DEEBEE=20,0%(ALOGLO(BIGEMM) )

MOBLIN(KOUNT )=DEEBEE

DEEREP=20,0*(ALOGLO(EMSUBP))

MPDBLN(KOUNT)=DEEBREP

KOUNT=KOUNT +1

21 CONTINUE
RETURN
END
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SUBROUTINE FIGURE(XoYoZoEMOFAS,PHIAS)
DIMENSION Z2(99)

REELAS=Y

=2

Az-1,0

REELAS=((2([)ei{X®*]) )eA)+REELAS
I=1e2

IF(1sGTo99 ) GO TO 22

Az=-A

IF(Z(1)eFQeJe)GO TO 25

GO TC 21

=1

A=1.90

AIMAGA=0,0
AIMAGA=(Z2(I)s(X**[)1%A)¢AIMAGA
I=1+2

IF(1aGTe99 ) GO TO 23

A=-A

IF(Z(1)eEQeVe)GO TO 26

GO TCO 24
EMOFAS=SCRT((REELAS*$2)+(AIMAGA*=*2))
PHIAS=ATAN2(AIMAGA,REELAS)

PHIAS = PHIAS®*57,2957795131
IF(PHIAS LT 4Cs) PHIAS=PHIAS+360,
RETURN

cND

SUBROUTINE LOGGER(XX,LIMITW)
DIMENSION ALIM(7),DIMS(20)
EQUIVALENCE(WASTE, AXX)
COMMON/ INFO2/ALIM
TENS(X)=X%10,0

D‘TA (DlHS(l).l=l.20) /1000lolS,1039105'107'109592025'205'20851
$3015903050369590%6590%08595.496060596689TeT986899¢999999/

LIMITW=0

LIMITX=0

LIMIT2=0

DO 20 [=1,46

AA=2%(1-1)
IF(XXeLToALIM(I¢1)ANDeXXoGE,ALIM(TI)) GO TO 21
RETURN

LIMITX=TFNS(AA)

WASTE=ABS(XX)

IF(WASTE.EQe0eO) RETURN

IF(AXXeGEe le0oaANDe AXXelLT,10,0) GO TC 22
IF(AXXaLTe10,0)G0 T9 23

AXX=AXX/10e0

GO 7o 30

AXX=TENS (AXX)

GO 10 30

DO 24 [=1,19
IF(AXXoGEeDIMS( 1) e ANDoAXXoLToOIMS(I¢1)) GO TO 25
LIMIT2=1

LIMITW=LINITXeLIMIT2

RETURN

END

SUBRGUTINE BLANKR (POINT,N1,N2,LIM1) 8l
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INTEGER POINV (N1 oN2),BLANK, D/SH, 0
COMMON /INFO4/ QoBLANK, DASH
CATA BRLANK/LIH /4DASH/LIH-/,Q/1H1/
D0 51 M=]1,N1

00 51 Nsi,N2

POINV (M,N)=BLANK

00 52 m=1,N1

POINT(M,1)=DASH

POINT (MyN2)=DASH

DO 53 M=1,N2

POINT(Ll,M)=Q

POINT(LIML,M)=C

RETURN

END

SUBROUTINE NEWPLT(XoYeZ,LET)

INTEGER POINT(130,100),POINTF(120,58),STAR,Q

DIMENSION ALIM(T)

OIMENSION Y(3GC3),213000)

DIMENSION SAVEL(100,100),SAVE2(100,100)
COMMCON /INFJ4/ QoBLANK,DASH

COMMON/ INFO2/7ALINM

COMMON SAVEL,SAVE2,POINT
TQUIVALENCE(POINT(1,1),POINTF(1,1))
DATA STAR/1H®/,Q/1HL/

FORMAT(1H1)

CALL RLANKR(PUINTF¢120058,120)

DO 10 I=1,2000

IF(Y(1)eEQeDe0) GO TO 11

GO TC 12

IF(2(1)eEQeU60) GO YO 10

CALL LOGGER(Y(I)LIMITW)
IF(LIMITH.EC.O) GO TO 10

CALL LINEAR(X LIMITY Z(I))
IF(LIMITY,EC.0) GO TO 10
POINTFILIMITH,LIMITY)=STAR

CONTINUE

DO 40 1=20,100,20

D0 40 J=1,58

POINTF(l,J)=0

WRITE(G6,1)
FORMAT(1Xs6(1PLELOCLlo1Xe3R/S96X)91PL1ELOGL)
J=X
WRITE(6,S51)J,LETL(POINTF(I91)0e1=1,120)
FORMAT(1Xo14y A%o1X,120A1)

WRITE(6+,20) ((POINTF(19J)o0=19120)0J22457)
J==X
WRITE(O6,S1)JoLET L (POINTF(1958)01=1,120)
FCRMAT(10X4120A1)

WRITE(6,30)ALIM

RETURN

END

SUBROUTINE LINEAR(X,LIMITY,Y)

DIMENSION ENCRMT(59)

LEMITY=0

FLIMIT=X®2,

DELTA=FLIMIT/S8, 85
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ENCRMT(1)=X
00 10 1=2,58
10 ENCRMT(1)=ENCRMT(I-1)-DELTA
ENCRMT(59)=-X
No 11 I=1,58

11 IF(YoLEcENCRMTII)oANDoYeGECENCRMT(1+41))G0O TO 20

GO TO 40

20 LIMITYs]

40 RETURN
END

SUBROUTINE SWEEPR(XOMEGA)
OIMENSION OMEGA(17)ySWEPERL1T)
COMMON/ INFO3/ OMEGA

DATA (SWEPER(I)oI=191T7) /CeCl90005¢0019062¢0039004¢0e590e6,067,

$0e89009¢10092¢094¢096609860,10,0/
DO 70 K=}1,17
70 OMEGA(K)= SWEPER(K)®XOMEGA
RETURN
END
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APPENDIX B

FLOW CHART OF SOURCE DECK

87 Next page is' blank.
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