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SUMMARY

Programs Manyplot and Merry were written specifically to aid
the Design & Development Group in complex circuit analysis of passive
and active filter circuits. The use of numerically calculated inverse
Laplace transforms allows previously impossible analysis to be carried
out rapidly. These programs should be of use in determining accurate
response and system curves for magnetotelluric and other geophysical
electronic measuring equipment.



1. INTRODUCTION

1.0 In analogue electronics, frequent use is made of the 'pole-zero’
method of describing a circuit transfer function by its complex singularities.
Specification of these singularities and a gain factor is sufficient to describe
the behaviour of a circuit's output in response to any input. The program
described here will, given these singularities and a gain factor, calculate
amplitude and phase information for sinusoidal input and will calculate system
response to a delta function, unit step, or unit ramp function using numerically
calculated inverse Laplace transforms.

1.1 The program, called MANYPLOT, produces line printer and drum
plotter output of phase and amplitude for sinusoidal inputs. For the other
three types of imput only line printer outputs are produced, as very large
output values may be generated with lightly damped systems. Selection of
plotter scale is automatically optimized, and suitable logarithmic intervals
are automatically selected for frequency intervals.

1.2 MANYPLOT is usually used as a relocatable binary deck generated
from a Fortran source deck. An interactive program (MERRY) is available

to pass data to MANYPLQT and control its break-in or execution. MERRY

is a binary program generated by the assembly language program MERRYGEN
and may be entered from a remote terminal to the CSIRO's CDC 3600 computer
in Canberra.

1.3 MANYPLOT should have immediate application as an electronic
design aid and perhaps in the field of mechanical engineering.

2. THEORY

2.0 ~Every linear passive electronic circuit can be reduced to an
equivalent circuit of resistors, capacitors, and inductors. (The arguments

to be used will also apply to circuits containing active elements). This
equivalent circuit may be further reduced by considering capacitors and
inductors as reactances, having a certain impedance and associated

phase angle. Thus every circuit may be reduced to an equivalent arrangement
of resistors and reactances. It is then fairly simple to write down, for such

a circuit, the output voltage as a function of any impressed input voltage and
of the resistances and reactances in the circuit.

2.1 We may write the generalized reactances as functions of a complex
differential operator which we will call 's'. Then the generalized inductive
reactance may be written as sL and the generalized capacitive reactance

as 1/sC. Thus the original equivalent circuit mentioned may be expressed
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as a function of constants and s. This representation, being equivalent to

the original circuit, will of necessity contain all useful information on the

system; we can, then, put all knowledge of the circuit's behaviour into the

ratio of two polynomials in 8. This ratio of polynomials is known as the

transfer function for the circuit and may be conventionally written as H(s).
V out(s) ansn +a "l . +a

i.eo H(S) = = m
V in(s) bms + bm. s +..+Db

This ratio of polynomials may be factored into a quotient of products of
single-order terms as follows:

(s-zo) (s-zl) (s-zz) co. (s-zn)

H(s) = K . ‘
(S-po) (8-p1) (S-pz) (S-pm)

where for s = Z zl, Zy «oc Z H(s) =0;
these zo, Zl’ z2 « o zn are the zeros of the transfer function H(s)

and for S—-p PisPy - P H(8)> o0;

these po, pl, pz_ .o pn are then the poles of the transfer function.

2.2 Thus our knowledge of the original circuit reduces to a knowledge of
the constant 'K' plus the poles and zeros for the circuit. In theory, it is a
comparatively simple matter to find K and the poles and zeros of a circuit. It
remains for the circuit designer to be able to predict the circuit behaviour
from knowledge of K and the poles and zeros; or, knowing that a certain
number of poles and zeros gives him the response function he desires, to find
the values of the poles and zeros and then work back and synthesize a circuit

from them.

2.3 One of the simplest forcing functions used is the sine wave; for
this we write s = jw (j = J-l and w = angular frequency in radians per
second) and consider the complex function:
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(jw-zo) (jw-zl) oo e (jw-zn) = V out (jw)

H(jw) = K .
(jW-po) (iW-pl) cee (J'W-pm) = Vin (jw)

This completely determines the output in terms of the input multiplied by
a complex function containing phase and amplitude information. This information
may be extracted as phase and amplitude information:

for amplitude, Vout = K . / ReZ + Im2 where Re and Im are the
‘Viein respective real and imagin-
ary parts of H(jw)/K.

Arctan (Im/Re) gives the desired phase relation from output to imput.
Thus, all that is necessary for the extraction of the phase and amplitude from
the poles and zeros is the finding of the real and imaginary parts of H(s) with
s = jw. This is a tedious job if there are many poles and zeros and if many
frequencies (w = 277 f) are to be considered; the task is therefore ideally
suited to computer solution. Just how this is done may be seen from the flow
chart provided (cf. Chapter 3 and Appendix 2).

2.4 A knowledge of the phase and amplitude response of a circuit to sine
wave excitation is unfortunately not enough for the electronics designer. He
usually wants to know also how the circuit reacts to ramp-type functions, delta
functions (unit impulse functions), and step functions. This is not as easy a
problem as that of phase and amplitude. It becomes necessary to introduce

the notion of the Laplace Transform, which is a generalization of the Fourier
Transform., The Laplace Transform enables transformation from the time
domain to the complex frequency domain and back again using the inverse
transform. The Laplace Transform is defined as: :

L(F(t) = £(s) = fo°° e S F(t).at

and the inverse transform may!be written:

, ' O, . .
F(t) = L'l(f(s)) =1—— 13+ ]cf?s) eSt .ds

277j) -1 - jeo
where we assume F(t) =0 if t <0 and s = (0'+ jw with 0< 0‘1 ~ O'for allo

2.5 In electronics, one is most frequently interested in transformations
from the complex frequency (s) domain to the time (t) domain. One is
therefore concerned with the inverse transforms of H(s) functions. For poly-
nomials up to third or fourth order, it is reasonably easy to calculate the
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functional form of the inverse transform, but for higher-order ratios of
polynomials the task becomes increasingly difficult without machine aid.

The program to be described successfully carries out the inverse Laplace
Transform for ratios of two polynomials and produces unit impulse, unit

step, and unit ramp information from the values of poles and zeros fed into

it. The program accepts any combination of up to 24 poles and 24 zeros, which
may be either real or complex. There must be more poles than zeros.

» E out (8)
2.6 Let us consider H(S) = ———— where E out (s) is the Laplace
E in (8)

Transform of the output e t(t) and Ei (s) is the Laplace Transform of the
input e (t). But if e, (t) i§% delta fundtion, E, (8] = 1 and thus H(s) =

Eout(s)l.nTherefore t}ﬁ) =L H(S)or eout(t) =1, H(S).

i.e., the impulsive response of the transfer function H(S) is simply the inverse
Laplace Transform of the transfer function.

The unit impulse function looks like this:
A poo

L,orea:]

If we integrate this we obtain the unit step, i.e.:
1 ﬂ.\ > OO

b
——

Integrating the unit step gives the Gnit ramp functiont,:

A

45

\4
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2.7 As it stands, the definition of the inverse transform is awkward

to use in machine oriented calculations, However, by manipulating the
definition. it is possible to derive an expression for polynomial ratios, known
as the Heaviside expansion formula. This is:

LY e s "\ P k)e Kt
-

where P(s) and Q(s) are the two polynomials; the roots (and hence the poles)
of Q(s) are .. _, » Y gy v+ o _. P(8)is of degree less than n and the
roots of Q(s) z}re to be a&l distinctl} Q'(.£ . ) is the derivative of Q(s) with
respect to s at the point s =°<k. K

2.8 It can be seen that for large n, any sort of hand calculations using the
above formula would be extremely long and tedious and would rely on a high
calculation accuracy from step to step. The problem thus lends itself well to
computer calculation. The method of integration of the transfer function for unit
step and unit ramp is simple, as integration is equivalent to multiplication by

a 1/s term or equivalently putting an extra pole into the system at s = zero.
This increases the order of polynomial Q(s) by 1.

2.9 There are only two restrictions in the Heaviside expansion formula.
Multiple roots of Q(s) are forbidden and the order of P(s) must be less than

that of Q(s). The multiple roots problem can be overcome quite simply in
computer applications by making identical roots slightly different to machine
accuracy (10 figures) but not sufficiently different to affect the desired accuracy
of the final result (seldom any more than four to six significant figures).
Unfortunately, at this stage, the one remaining restriction - that the order

of P(s) be less than that of Q(s) - has not been overcome for the transient
analysis part of the program but ramp and step response is slightly less
restricted than unit impulse, owing to the addition of the poles at zero.

2.10 Numeric differentiation of polynomial Q(s) cannot easily be carried
out with accuracy, so the differentiation is reduced to an algebraic manipulation

in the following manner:

Consider Q(s) = (s-al)(s-az)(s-a3) c e (s-an)

Differentiating gives Q'(s) = -2, (s-az) C e (s--arl - 2, (s-al)(S-aS) S
coe (s-an) etc. — ,

i.e. Q'(s) = " a [mgl (s-a )

€, | = Kk :«IL - k'__ =

m¥k
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This then i8 an exact algebraic expression for the differentiation
of Q(s), and has been used in the program.

2.11 As MANYPLOT is completely general, except for the restriction

on the order of the zero polynomial (this is only a minor limitation), it would
appear that the program could be used for calculating inverse Laplace Trans-
forms of virtually any mathematical function - all functions being reducible
to the ratio of two polynomials.

3. PROGRAM MANYPLOT

3.0 MANYPLOT was written in Fortran IV for the CDC 3600 computer.
A flow chart may be seen in Appendix 2, and program listings in Appendix 1.
Memory requirements for MANYPLOT and LAPLACE are 12 000 words
(decimal), and execution times are roughly 30 seconds for a steady-state
analysis and between % and 2 minutes for a transient analysis, depending
upon the number of poles and zeros. MANYPLOT reads its data from a drum
document called MANYDRUM, which is lost after MANYPLOT is executed.
MANYDRUM is created and saved by MERRY (Chapter 5).

MANYPLOT:

(@) Reads all necessary data

(b) Formats all output for printing and/or plotting.

(c) Performs steady-state analysis as per (2.3) or

(d) Calls function LAPLACE (Chapter 4) which calculafes the
- inverse Laplace Transforms and integrated transforms as

per paragraphs 2.7 and 2.10.

3.1 As Manyplot chooses its own scales etc., all that is required in the
form of data is as follows: ‘

Transient Analysis | Steady-state Analysis

(a) Whether transient or steady state Whether the transient or steady state

(b) Poles and zeros Poles and zeros

(¢) Gain factor : Gain factor

(d) Transient time in seconds Start frequency and stop frequency
(e) Title for printouts Title for plots and printouts
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3.2 MANYPLOT can handle any number of poles and zeros. The only
restriction lies in the dimensioning of arrays (complex), "Pole" and "Zero".
These dimensions are nominally set to 24 each. Present input formating
allows up to 9 poles/zeros.

3.3 Scales. Horizontal scales (i.e. frequency) on the plots are chosen
to be 10 inch logarithmic intervals between the stipulated frequency limits.
On the phase plot, the most suitable vertical scale in the following range is
chosen (the scale is 10 inches high).

(@) t 2000 degrees

(b)
(c)

500 degrees

250 degrees

(@) I 100 degrees
(e) T 50 degrees
@ ¥ 25degrees

5.0 degrees

1+

(8)

The amplitude plot has a logarithmic vertical scale labelled from -25
to +25 decibels (10 inches high). This scale (and labelling) extends vertically
upwards as far as necessary and moves the phase plot to make sufficient room
if the amplitude plot goes above the +25 dB mark. If the amplitude curve attempts
to drop below the -25 dB point, backing-off steps of 50 dB are added in as
necessary to bring the curve back onto the area of the plot. All amplitude plots
are normalized to commence at the +25 dB point, and the normalizing factor
is printed on the plot. The title, as defined by the user, is also printed.

4, FUNCTION LAPLACE

4.0 ‘Function LAPLACE is a real in line function called by MANYPLOT
for calculating the inverse transform of H(s) as per paragraphs 2.7 and 2.10.
The time and the number of integrations required are specified in the call,
and gain factor, pole, and zeros are passed in common storage. Appendixes
1 and 2 contain listings and flow charts of LAPLACE.
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5. PROGRAM MERRYGEN AND MERRY

5.0 MERRYGEN (Assembly language - Compass) is the generator for

the binary program MERRY. MERRY operates in 2000 words of core in
CSIRO's DAD console system in the CDC 3600 computer. The program
operating in the console system allows interactive creation of a drum
document labelled 'MANYDRUM' and will then break-in or execute MANYPLOT
as required or delete the drum document with no break-in or execution.

Many execution requests may be 'stacked' in the relevant execution list for
multiple-job runs. The user can specify a unique title for each executed job

for later identification.

5.1 MERRY asks a question, and the user responds by typing a reply.
Typically, in 1 to 2 minutes a user can type in all necessary data and
break-in or execute MANYPLOT.

5.2 The structure of MERRY can be seen from the flow chart (Appendix
3) and listings (Appendix 1). ’ ’

5.3 User macro I10C performs I/O transfers between user and MANYDRUM.

Subroutines MANY and XFER perform the actual read and writes, Subroutine
SWAP initializes index registers needed in the augmented XMIT instruction.
Subroutine CRACK decodes numbers typed into the teletype keyboard, and
justifies them in binary words.

5.4 MERRY uses less than 600 words of core storage and uses roughly
1 to 2 secs of Central Processor (CPU) time per session.

6. OPERATING INSTRUCTIONS

6.0 The operating instructions pertain to MERRY. Ensure that both
MERRY and MANYPLOT are in the Document Region under the user's
charge code before starting.

6.1 Reference to Appendix 5 will show what form the interaction with
MERRY will take. Lines are terminated by CR/LF. CTRL/BELL deletes
the last character. CR and retype to delete a line.

6.2 Appendix 5 shows MERRY to be virtually self-explanatory, but
paragraphs 6.3 to 6.5 contain a few pertinent notes on its use.
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6.3 In response to 'How many poles' or 'How many zeros', a number
from O to 9 should be typed in, in column one. (MERRY will accept any
number from 0 to 89; MANYPLOT's format will accept only I1 at present).

6.4 At present, the reply to 'MANYPOLE or MANYPLOT' will always
be 'MANYPLOT'. If a document labelled ‘"MANYPOLE' exists in the
document region, MERRY can break-in or execute it.

6.5 In response to 'Type BK or EX else just interrupt’, there are three
replies:

BK - (1) Break-in MANYPLOT with 1 minute time limit
: (cost 2*CPU time) Computer response to this can
be either of:

(a) Break-in request accepted. o
(b) Break-in request rejected. Wait and interrupt i.e. LF,
"EX - (2) Put MANYPLOT in execution list EL0O03 for execution

(cost 1*CPU time)
Computer response to this can be either of:

(a) Execution request accepted.

(b) System busy. Wait and interrupt i.e. LF.

LF - (3) Go back to the start and start again from scratch.

. 6.6 After the computer responds to a BK or EX request, LF terminates

the session and gives the cost in seconds (Break-in charges + console
program charge). :
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APPENDIX 1

LISTINGS FROM MANYPLOT, LAPLACE, AND MERRYGEN



, .

#DoC

-12 -

+CCOMR#DA +MANYPLOT 999 CP00es105149425/01/73

#MESSAGE +EXECUTED FROM DR, NO CARD INPUT OR OUTPUT, PLOT FROM PL.
#EQUIP.61=SV
. ®EQUIPs+61=LP
#EQUIP60=SV
#DRLOCATF 9209 +MANYDRUM
#DFCOPDR+209 s MANYDRUM
“.. #EQUIP,1=PL

___PROGRAM MANYPLOT.

13 (PHASES=8HDEGREES.) » (TOP=BHTITLE = ), (WRT3=8H DB. OR )

PROGRAM MAY CONTAIN ANY COMBINATION OF UP TO 24 ZEROES AND/OR
24 POLES. NUMBER OF ZEROES TO BE GREATER THAN NUMBER OF POLES
FOR TRANSIENT ANALYSIS.

POLES OR ZEROES NEED NOT BE COMPLEX CONJUGATES.

COMPLEX POLE (24)9ZERO (24) ¢SUM1,4SUM2,S

_REAL LAPLACE, Z200(3) _ e

DIMENSION HEAD(3)¢PHASE(250)oFREQE(ZSO)oTITLE(S)9HRT2(2)9NRT4(2)
1sWRT6(2) s CHAR(2)

COMMON POLE+ZEROINZsNPsFUDGE »
DATA(TYPE=8HTRANSIEN) » (HEAD=19HMANYPLOT ANALYSIS.
19 (HERTZ=BHFREQ=HZ.) s (DB1=3HDB.) s (PHASE4=6HPHASE )

)

1+ (WRT1=37H25 DB ON THE Y SCALE NORMALISED FROM )
1» (WRT5=22H VOLTS. GAIN FACTOR = )

FACTOR=1,0

WRITE(61+10)

FORMAT (24X#MANYPLOT ANALYSIS#/7X4ZEROES#)

DO 20 K=1424

POLE (K)=ZERO (K)=CMPLX (0e90.,)
READ (20+85) TITLE

FORMAT (5A8)

D=DATE(0)

FUDGE IS THE GAIN FACTOR.
READ (20+30) FUDGE
FORMAT(F80.5)

NZ 1S THE NUMBER OF ZEROES.
READ (20+60)NZ

DO 40 J=1eNZ

READ IN REAL/IMAG PARTS OF ZEROES ALTERNATELY.
READ(20+80)FIRSToFLAST
ZERO(J)=CMPLX (FIRSTSFLAST)
FORMAT (A8,72X)

FORMAT(11)

READ (20960) NP

NP IS THE NUMBER OF POLES.
DO 70 J=1sNP

"READ IN REAL/IMAG PARTS OF POLES ALTERNATELY.
READ(20+80)FIRSToFLAST

POLE (J) =CMPLX (FIRST4FLAST)
FORMAT (F80.8/F80,.8)

READ (20+50) ANAL

~ READ IN TRANSIENT ANALYSIS OR STEADY STATE ANALYSIS.

IFLAG]=1

MAKE EQUAL POLES UNEQUAL BY A SMALL AMOUNT.

DO 90 I=1sNP '

DO 90 J=14NP

IFLAG=0

IF(1.EQ.J)GO TO 90

IF (POLE (1) .EQ.POLE (J)) IFLAG=1

IF(IFLAG.EQ.1)POLE (I)=POLE(I)+(POLE (I)/2E5)*IFLAGI
IF(IFLAG.EQ.1)POLE (J)=POLE (J) + (POLE (J) /2ES) # (IFLAG1+1)
IFLAGI=IFLAGY+IFLAG

CONTINUE

_ #KTNe X ol
s
!lF ¢
p 1J c
11 c
I"IS- ' -
'3
I:
o
I
’I eTTT20
ST T 88
L.
o 30
L
t:':""’“""“a'o“
3 50
L]
& C
W20 C
-
I & 70
“ 80
w'.q
|I L
g'f C
1
1

WRITE(61+100) (ZERO(I)+I=19N7)



100 FORMAT(SXeC(E11e35sE11.3)) -13-
: WRITE(61,110)
110 FORMAT (7X#POLFS#) .
WRITE(614100) (POLE(1)sI=14NP) !
c STATEMENT 300 IS TRANSIENT ANALYSIS START,
L IF(TYPELEQ.ANAL) GO TO 300
C STATEMENT 120 IS STEADY STATE START,
T WRITE(61+120)TITLE
f 120 FORMAT (//76X% STEADY STATE ANALYSIS#///7XSAB//)
’ WRITE(6145130)
FORMAT (//6X#FREQ.HZ#10X#AMPLITUDE#]10X*PHASE (DEG.) #8X#DECIBELS*//)
c x= INITIAL FREQUENCY, Z= FINAL FREQUENCY (H2).
READ(200140)X42
140 FORMAT(F80,.5)
Q=2/X
X1=X
HSCALE=0,1#AL0G10(Q)
__.CALL PLOT(HSCALE+S+92)
INKLEX=0
PH2==10E2S
PH3=10E2S
CALL PLOT(0.0950,094)
CALL PLOT(0.0+254094) : ,
AXIS=10.0%HSCALE
CALL PLOT(AX1S925.00¢4)
AXIS=AXIS/2.0
CALL PLOT(AXIS90.093)
CALL TEXT(HEAD+19,3)
CALL TEXT(D98s3)
CALL PLOT (0,090,0+3)
CALL TEXT(TOP+842)
CALL TEXT(TITLE+40+2)
CALL PLOT(04000.0¢3)
. _VMAX==~10E+25 .
CALL PLOT(0.09-50.091)
150 W=6.28318%X '
PH= o. B
o3 x=(1.0ALOGIO(0)/lOO.)*x
35 IF(X.GT.Z) GO TO 220
© S=CMPLX (0, sW)
IF (NZ.EQ.0) GO TO 170
D060 T=14N2Z
: RL=S=ZERO(T)
" IF (RL.EQ.0+)RL=RL+10E=-20 ¥
MAKE ZERO DENOMINATORS NON-ZERO By A SMALL AMOUNT, =
PH=PH+ATAN (AIMAG (S=ZERO(I))/RL) i
160 SUM1=SUM1#(S-ZERO(I)) °
170 DO 180 T=1.NP
IF (NP.,EQ,0)GO TO 181
RL=S=POLE (1)
IF(RLEQ.0+)RL=RL+10E-20
PH IS PHASE ANGLE.
PH=PH=-ATAN(AIMAG (S~ POLg(I))/RL)
180 SUM2=SUM2% (S=POLE (1))
1181 SUM1=SUM1/SUM2
HW=CABS (SUM1) #FUDGE
. Hw IS THE AMPLITUDE
190 CONTINUE -
__PH=PH*180./3.14159
TFREQ=X/(1.+AL0G10(Q)/100.)
DECIBELS=20%AL0G10 (HW)
IF (INKLEX.EQ.0)FRUN=DECIBELS
IF (INKLEX.EQ,.0) FROD=HW
AMPLITUDE NORMALISED FOR PLOTTING.
DEWDEC=DECIBELS-FRUN
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l INKLEX=INKLEX+1 —14-
FREQ1=ALOG10 (FREQ/X1)
FREQ2 (INKLEX) =FREN1

I PHASE (INKLEX) =PH
IF (PH.GT .PH2) PH2=PH

' IF(PH.LT.PH3)PH3=PH

l ©C BACKING OFF OF AMPLITUDE PLOT TO STOP PEN GOING OFF SCALE.

| 200 IF(DEWDEC.LT.=50.)DEWDEC=DEWDEC+50.

IF (DEWDEC.LT.~50.)G0 TO 200

: CALL PLOT(FREQ] sDEWDECs4)

l : WRITE(619210)FREQsHWePHsDECIBELS

y 210 FORMAT (4XsE12.495X9E 2040 TXeEL12449TX9E1244)

a IF (DEWDEC/5.+.GT«VMAX) VMAX=DEWDEC/S.
s _GO TO 150
" 220 VOT=-45,0
N ENCODE (1242259 WRT2) FRUN
l“’” ENCODE (12+225¢WRT4)FROD
& ENCODE (1292259 WRT6) FUDGE

e 225 FORMAT(E12.4) ,
TR IF (PH2#82 ,GT ,PH3#42)PH3I=SQRT (PH2##2)
l PH3=SORT (PH3##2)
v YSCALE=200.0
T ¢ CHOOSE A SUITABLF VERTICAL SCALE FOR PHASE PLOT.
I 9 IF(PH3.LE.500.)YSCALE=100. | :
»e 1F (PH3.LE.250.) YSCALE=50.0
L IF (PH3.LE.]100.) YSCALE=20.
I o IF (PH3.LE+S0.) YSCALE=10"
- IF (PH3.LE.25.)YSCALE=5S,

o ™ IF (PH3.LE.5.) YSCALE=1,0
e 5 CALL PLOT(040+04093) _
l ¢ EXTEND VERTICAL AXIS OF AMPLITUDE PLOT IF NECESSARY,
) CALL PLOT(0.0+50#VMAX &)
S AXIS=-0,4%HSCALE
I g8 CALL PLOT(AXIS39=50.093)

S EXTEND AMPLITUDE SCALE VERTICALLY AS FAR AS NECESSARY,
P IVMAX=55+52 INTF (VMAX) _ '
b DO 240 IMP=1,1VMAX,sS

l\_,-” IRK=IMP=26

- ENCODE (342304 IHAR) IRK
. 7 230 FORMAT(I3)
',?*‘ CALL TEXT(IHAR93s+?2)

’ CALL PLOT(AXISsVOTe3)
38 240 VOT=V0T+5.0
IV”. . CALL PLOT(AXISs=27.5+3)

# CALL TEXT(DB1s3+2)
“  D0_260 L00=1510
< C CHOOSE A SUITABLE HORIZONTAL LOGARITHMIC SCALE FOR BOTH PLOTS.
l 2 HOS=X1®EXPF(2.30259%FLOATF (LOO) #HSCALE)
a “ALOO=HSCALE® (FLOATF (LO0)=0.1)

" CALL PLOT(ALOOs=264093)
l 2 ENCODE (95250 s CHAR) HOS
H 250 FORMAT(F9.4)
" CALL TEXT(CHAR+9+1)
l g  CALL PLOT(ALOO3440+5.2VMAX+3)

260 CALL TEXT(CHARs9,s1)
o CALL PLOT(HSCALE/1049-26.043)
22 CALL TEXT(HERTZs8s1)
l S 'CALL PLOT(HSCALE/104s93400+5.%VMAXs3)
s CALL TEXT(HERTZs8s1) :
© CALL PLOT(0s0+0e0+3) _
' CALL PLOT(0.0s=5.%INTF (VMAX)=60.001)
- CALL PLOT(0.0+=55,043)
CALL TEXT(WRT15374+2)
& CALL TEXT(WRT2+12,2)
l\_ CALL TEXT(WRT348+2)
CALL TEXT (WRT4+1292)



270

300
310

I e 330

e 340

w350

-
[ N
!
e Xeile)

‘CALL EXIT

CALL TEXT(WRTS5¢22¢2) -15-
CALL TEXT(WRT6+12+2)

CALL PLOT(0.040.04¢3)

CALL PLOT(0e09=-50.044)

CALL PLOT(0.00-25.094)
AX1S=10,0#HSCALE

CALL PLOT(AXISs=P5.044)

CALL PLOT(0.09=25493)

CALL PLOT(0.0¢04001)

CALL PLOT (HSCALEsYSCALE»2)
CALL PLOT(FREQ2(1)4PHASE(1)43)

DO 270 N=1+INKLEX

CALL PLOT(FREQ2(N) +PHASE(N) +4)
AXIS==0,4%*HSCALE

CALL PLOT(AXISs=YSCALE/2.93)
CALL TEXT(PHASE4+691)

CALL PLOT(AXISe=YSCALE®#0e703)

_CALL TEXT (PHASES+891)

DO 290 I=1.11
QUP=FLOATF (I-6) #*YSCALE
IQUP=INTF (QUP)

CALL PLOT(=0,5#HSCALEsQUP+3)
ENCODE (44280, IHAR) 1QUP
FORMAT (14)

"CALL TEXT(IHAR+4+2)

CALL EXIT
TRANSTENT ANALYSIS START,
T=0.

WRITE(61+310)TITLE
FORMAT (//7X# TRANSIENT ANALYSIS“//?XGAB/SX*TIME*IZX“UNIT

TTUIBX#UNIT STEP#11X#UNIT RAMP#)

READ (20+320) TIME

ANALYSIS RUNS FROM TIME ZERO TO NOMINATED TIME.
FORMAT (F80.5)

DO 340 I=1,3

J=1-1

“Z00 (1) =UAPLACETT J) ™

WRITE(61+350)T,200

FORMAT (3XsE12.444X93(E12.44+8X))

T=T+TIME/100.

IF(TIME.GT.T)GO TO 330

END

REAL FUNCTION LAPLACE(TISTEP)

COMPLEX POLE (24)9ZERO(24) +BOTTOMsFACTORsDENOMsLAPLACE1L
COMMON POLEsZEROsNZ NP sFUDGE

FUNCTION LAPLACE CALCULATES THE REQUIRED INVERSE LAPLACE

TIMES. ISTEP SPECIFIES THE NUMBER OF ITERATIONS.
INDEX1=INDEX2=0

IF (ISTEP.GE.1) INDEX1=1

IF (ISTEP.EQ.2) INDEX2=1

LAPLACE1=(0490.)

NPT=MINO (NZ,NP)

DO 60 J=1,NP
BOTTOM=(04+0.)
FACTOR=(1,+0,.)
IF(NP1,EQ.0)GO TO 20
DO 10 L=1yNP1

56 10
I =

I-
30

FACTOR=FACTOR® (POLE (J)=ZERO (L))
DO SO0 I=1,NP

DENOM=(1.40.)

DO 40 K=]14NP

IF(K.EQ.I)GO TO 40
DENOM=DENOM# (POLE (J) ~POLE (K))

IMPULSE #



]
N
3
4
5
&
7

i
P}

1

1

17

40 CONTINUE - 16-
50 BOTTOM = ROTTOM+DENOM
60 LAPLACE1=LAPLACE]+ (FACTOR/ (BOTTOM®POLE (J)##ISTEP))# (CEXP (POLE (J)®T
1) -INDEX1=INDEX2#T#POLE (J))
LAPLACE=LAPLACE1#FUDGE
_C_____MULTIPLY THE NORMALISED RESULT BY THE GAIN FACTOR,
RETURN
{END
SCOPE
__®LOAD
#RUNs 14300
_teoF _
#E0D
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( .

#D0C s CCOMR®DA +MERRYGENses CPO00+91227++25/701/73
#FQUIP+40=(+MERRY) SV
#FQUIP+60=SV+h1=SV
HEQUIPs61=LP
#NISPLAY
#MATINs4N+30
#COMPASS«L 9 X=304R
IDENT MERRY
I10C MACRO A
XMIT,AUG A+WORD
CALL MANY
caLL XFER
ENDM
o ENTRY MAIN
COM] RLOCK 0
L COMMON WORD (11B)
TYPE B8CD 1,TRANSIEN
~ HEAD BCD 94 MANYPOLE ANALYSIS CONTROL LOGGED 1IN, CALLED ON
BCD 99 TYPE YOUR GAIN TERM IN F FORMAT,
RCD 94 HOW MANY ZEROES. (<9) (1 FORMAT,)
RCD 9+ HOW MANY POLES. (<9) (I FORMAT,)
BCD 9y STEADY STATE OR TRANSIENT,
BCD 9s INITIAL FREQUENCY=HZ. (F FORMAT,)
BCD 9+ FINAL FREQUENCY=-HZ. (F FORMAT,)
RCD 9y TRANSIENT TIME-SECONDS. (F FORMAT.)
BCD 9o TYPE A NAME FOR THE RUN, (LESS THAN 40 CHARACTERS).

}
I

=

- - -
o
|

PR B

¢ RSS 2

~ % €Cl_ RCD 2+CCDMR#DAMANYPLOT

I cce BCD 2+CCDOMR#DAMANYPOLE

- cc3 BCD 2+CCDMR#DAMANYDRUM

. EXBK BCD 9» TYPE BK OR EXs ELSE JUST INTERRUPT.

m .. EX BCD 1+EX

' I T BK BCD 14BK

__NumB RASS 1

. 1 TTCOND OCT 0 ' -

l REAL BCD 9, TYPF REAL PART, (F FORMAT,)
1t IMAG BCD 99 TYPE IMAGINARY PART, (F FORMAT.)
» EXACC RCD 99 EXECUTION RFQUEST ACCEPTED.
v ACC BCD 95 BREAKIN REQUEST ACCEPTED

I _NACC BCD .9y BREAKIN REQUEST REJECTED. WAIT AND INTERRUPT.
22 TBUSY T BCD 9e SYSTEM AUSY, WATT AND INTERRUPT

o’ MPLT BCD 9, MANYPOLE OR MANYPLOT.

l “DEL BCD 95 DRUM DOC DELETED ~-INTERRUPT AND TRY AGAIN.
© MAIN NOP .

o UBJP START1.6
I _ START1  SLJ START?

z : " CALL REENTER
~°. START2  CALL SWAPI]

ISK 046

I SLJ PODD
¥ LABEL 25sCC3944DR
‘o N 'SAVE 25,

! T DATE
. STA HEAD+6

:2 'START3  XMIT,AUG HEADsWORD
2 CALL MANY
Il< ENT 1,6
55 10C HEAD+1108B
2z 10C HEAD+118
lf 10C HEAD+22B
L, oK CALL CRACK1
- LDA WORD

'su STA NUMB
BEGIN {.DA NUMR




il

§n
iz

TRANSIEN

.LDA COND_

AJPsZR OUT
RSO NUMB
10C REAL
1OC IMAG
SLJ BEGIN.

AJPsNZ QOD
10C HEAD+33B
STA COND

SLJ OK

IOC HEAD+448B

..LDA WORD__

SUR TYPE

. AJP+ZR TRANSIEN

10C HEAD+558
10C HEAD$66B

SLJ EXITW
10C_HEAD+77R_ _ .

" BKMANY

EXITW

EXMANY

EXITMAIN

.. PODD

.MESSAGE1

MESSAGE?2

.. MESSAGE3

CoM1

L AJPIZR ®ab

MARKEF 2S,EXITMAIN
ERASE 2S5+EXITMAIN
10C MPLT '
LDA WORD.

SUB CCl+1

XMIT CC2+CC

XMIT CC2+14CC+])
SLJ #+3

XMIT CCl.CC

XMIT CCl+1,4CC+]
10C EXBK __ .

" LDA WORD

SUR EX

AJPsZR EXMANY
LDA WORD

SUB BK

AJPsZR BKMANY

" REWIND 25+,EXITMAIN

XMIT+AUG DEL +WORD
CALL MANY

ENT 146

ENI 0s6

ENA O

STA COND

SLJ START?2
RELEASE 25.#%
EXECUTE CCs39MESSAGE3
10C EXACC

SLJ EXITMAIN

" RELEASE 2G54%

DBREAK CC
AJPyZR MESSAGE1
RELEASE 25.%

DF INISH

ENI 1.6

SLJ START3

10C ACC

SLJ EXITMAIN
10C NACC

SLJ BKMANY

10C BUSY

SLJ EXMANY

FND MAIN

INENT WRITLINE
LIRM WRITE,READ
ENTRY MANY«XFERSREENTER
RLOCK 0

-18 -



l COMMON ENTK (11R) -19-
' BL ANK RCD 9
ENTK1 B8SS 118
I CwWD IOTR ENTK1+11R
B REENTER NOP
. MANY NOP
L INE CALL SWAP1
l XMIToAUG ENTKWENTKI

WRITE A1+CWDWRET

' CALL SWAP)
I, ISK 046
. SLJ MEXIT
SLJ MANY
I, © OMEXIT INI =146
‘ EXIT
N RET. SLJ MANY
1 XFER NOP
I"f_~ CALL SWAP]1

XMITeAUG BLANKENTK]
READ 60sCWDsRE.)
WRITE 25+CWDeRFEJ
CALL SWAP1 :
XMITsAUG ENTKIZENTK
i ___+  CALL SwWAP]
REJ SsLJ XFER
END
IDENT SWAP
o FNTRY SWAP)
. SWAP] NOP .
C_SET _ENL sl
o ~ ENI 0+2
ENT 143
ENT 044
ENT 1,5
SLJ SWAP1
END :
‘TDENT "CRACK
ENTRY CRACK]
CcoMl BLOCK 0
COMMON X (11B)
LEFT RSS 1
©_WHOLE  BSS 1
Ao aeT 12 T
CRACK1 NOP
START LDA X
ARSSEOQO 36
STA WHOLE
ARS+EOQO 6 ‘
"ALSsEO 6
STA LEFT
LDA WHOLE
SUR LEFT
STA X
SUB WHOLE+1
" AJPyMI CRACK?2
2N LDA LEFT
2 ARS+FEO 6
STA X
SLJ CRACK]
o CRACKZ  LDA LEFT
I it ARS+EOQO 6

~ e

]

-

{- - -

{ ..

(

[
ok
i
i
1

>
i
H
t
1

'

-

-

y MUT WHOLE+]
' RAD X
5% SLJ CRACK]

lv:f:»' END
‘ SCOPE



N

i

{

(

- Ew e

P

(‘4

#_0AD+30
(EOF
#EO0D

- x
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PR

M/ &L6] [ON:- PLIDOY ~AUDIWOSIY - QY

.

el

MANYPLPT

FIND LARGEST P@SITIVE

VALUE @F AMPLITUDE. ST@RE
PHASE VALUES IN ARRAY PHASE.
FIND LARGEST 4+ ve AND — ve
PHASE VALUES AND STORE IN
PH2 AND PH3 .

BACK PFF LARGE
NEGATIVE AMPLITUDE
EXCURSIONS N 350DB

GET FROM DISC

!

READ DATA AND
PRINT HEADINGS

|

NORMALIZE
AMPLITUDE
FER PLOTTING

CALCULATE PHASE
DUE TP EACH
PPLE AND ZER®
AND ADD

MAKE ALL
EQUAL PPLES
UNEQUAL IN

001 % (NCREMENTS

T

HORIZONTAL
SCALE FACTPR

FER PLPTS AND
LABEL GRAPHS

A

ADD
10—20

IS REAL PART
DENOMINATOR

ZE
?RD

1 AXIS AS FAR .AS

CALCULATE
NUMERATER AND

DENCMINATER ©&F
TRANSFER FUNCT!

CHOJSE o6
INTERVALS FUR

. CALCULATING
H(w)

4!———-&

STEPS

EXTEND VERTICAL

. NECESSARY. EXTEND
: SCALE. CHPOSE
PHASE PRIGIN

Y SELECT

PBPTIMUM
SCALE FPR
PHASE PL@T

—]
|

DRAV IN ALL

FINISH LABELS
PLOT PHASE

AXES, SCALES ETC.

?

READ TRANSIENT
DATA AND PRINT
HE ADINGS

ACE

LAPL .
REAL FUNCTION LAPLACE (T, ISTEP)
INVERSE = TRANS-
FERM FPR TIME T. ISTEP (:0,1,

LAPLACE S THE

2,) SPECIFIES THE NUMBER @F
INTEGRATIONS £F LAPLACE

LAPLACE (T,0) UNIT MPULSE
(NS INTEGRATI®N)

LAPLACE (T,1) UNIT STEP
(NE INTEGRATI@N)

LAPLACE (V,2) UNIT RAMP

(TWP INTEGRATIZNS)

¥

PRINT T AND

LAPLACE

T=T+6T

YES

ISTEP = 03> INDEX

| =
INDEX 2 =0
ISTEP= I INDEX | = |
INDEX 2 = 0
ISTEP = 22D INDEX | =:|
INDEX 2= |

1

CALCULATE LAPLACE

IN REQUIRED NUMBER OF
PPLES .

NUMERATER AND DENPMINATOR
INDEX | AND INDEX 2 PUT

GENERALIZED FLOW CHART
MANYPLOT AND LAPLACE

2 XION3ddY



IE/EL6] ON Pi028y Auodwodsy of

2—29%9

IS C MACR®

TYPES A LINE

EXIT T9 MPNITER
READS A LINE ©N
INTERRUPT

WRITES MANYDRUM
PUTS DATA INTP
COMMPN

CALL
MANY

CALL
XFER

MERRY IfC HEADt448
CONSBLE
PREGRAM
MANYPBLE
2R _REENTER MANY SWAP | XFER CRACK 1
MANYPLPT XFERS CONTREL PRINTS SETS DATA READS TTY CRACKS ASCIT
ST@RE DATA » TO NEXT INSTRUCTIZN ko] LINE @N XFER WRITES MANYDRUM NUMERALS
igEETYPE T RANSENT Igc HEAD + 558 ! ¢r; MESRY FROM TTY INDICES PUTS TTY gUTPUT
C HEAD +668B NTZ COMM
AND CEND = O > I MONITER T ¥ INTS COMMSN |
. CALL O IN P28 B4 i uP T® 9'9
* SWAP | I IN B38BS
I8¢ 9N BI CALL DATAY—A
f EX BK } SWAP ! z X
] TRANSIENT ‘
CALL REENTER ; WAITE LIN 1 !
XQ'LSEXTC”"P;&‘;‘- T#C HEAD COMMEN RE TURN BLANK RIGHT SHIFT
T +778 oN TTY INTO A 36 BITS
IN MERRY - COMMBN
p N —.
¥ BREAKIN RELEASE CALL i
EQF 10 BREAKIN EXECUTE EXECUTEL maNYDRUM SWAP | 1
MANYDRUM READ LINE A —» WHELE
ERASE FROM TTY
RELEASE SYSTEM BUSY
LABEL AND | MANYDRUM NTERRUPT IMESSAGE I ‘
SAVE MANYDRUM I9C
: MPLT WRITE LINE RIGHT SHIFT
INTERRUPT EXECUTE DECREMENT] N& PNT@ A 6 BITS
I‘”i ] X MANYPL@T oR JREJECT B6 MANYDRUM
XFER T'TQI)NECQ:AR:A%N HEAD + 338 BREAKIN REWIND MANYDRUM I
MANYPLOT MANYDRUM [ ]
AND CALL MANY YES OR MANYPOLE. PKAY CALL LEFT SHIFT
PUT 1 INTP B6 ‘ SWAP | A 6 BITS
RELINQUISH YES
} INTERRUPT XMIT DEL Téc C@NTROL TO | i ‘
A @ TTY EXACC THE MONITOR RETURN
I¢cC XMIT TTY A——LEFT
IGC HEAD+10B NO IMAG MESSAGE LINE T
I@C HEAD +HB CEMMEN
I@C HEAD +228 RESET l
RgGISTERS 2
COND = TERMINATE - WHOLE
V I8¢ (ESTABLISH _ SESSIBN RETURN —A
REAL 15TENTRY
YES STATUS) i
A— LEFT
COND— A -
CALL CRACK | A~ NUMBER A
NUMBER := N@ LY TA .
Idc ° A—=X
@F POLES ACC /N X=X+A
START RETUY (RESULT IN
@R ZERBES AGAIN COMMBN)
A—I2B | [ |
-
A——X_ AzAR
— 128
. RIGHT SHIFT | | RIGHT SHIFT
A 6 BITS A 6 BITS
] )
LEFT —A LEFT—=A

GENERALIZED FLOW CHART

MERRY

¢ XIgN3ddv
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APPENDIX 4

SAMPLE PLOTS AND OUTPUT FROM MANYPLOT
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MANYPLOT ANALYSIS
ZEROES
~2,157~004 0,000+000
: POLES

=2 I57=001 2, 157=001
-2 167 001 -2 157 001

554”1- (- ( = =

:~-*~— CTSTEADY STATE “ANALYSIS ~— - T -
7
8
0 PLL RESPONSE AT ,1 HZ B/W
P e e wE A A4S —
"
12—.—'- T R -
13
W FREQ,AZ AMPL TTUDE PHASE(DEG,) DECIBELS
15
i
17 170000~-006 9.9998=-001 1,3340~008 -1.5042~004
o TTAN0T700-008 T 7 6,6998-001 T T 1TBB4Z~008  =1.5042-004
l'“n 171449-006 9,9996001 1,5008-008 -1.5042~004
W o0 AV?Z50=008 T T §,9968-001" 7 {,6675~008 -1.5047=004
21 173108=006 9.9998~001 1.7509-008 «1,5042-004
'“n' 174026~006 9.9998.001 © 2,0010-008 =175042-504
53 175007-006 $.9998«001 2,1678-008 =1,5042=004
L 2s T T TATB0SBRO06T T 9,9998=001 2, 1844 ~008 <~1.5041-004
T ae 177182-006 9.9998-001 2,3345-008 «1,5041~004
l 24 YBIBS=006 " T 9 99YE=00L T T2 S UIIS00R T <1,50%1=004
27 179672-006 9.9998=001 2,5043-~008 ©1.5041-004
T T 2V10495006 T 9V Y9YBS00T T T T T T T2 B34BR008 T =1.5041-004
l 2 272522-006 9.9998001 2,9182-008 =1,5040=004
s TT274098-00% $,9998=001 " 3,16BI-008 < 1,5040-004
11 275785-006 9,9998~001 3.5852-008 =1.5040-004
37 217590-008  9.9998=-001 3,5852-008 ~1,5040-004
lvgg 279522~006 9,9998=001 3.,8353~008 ~1,5039=004
24 37I588=008 T TYI999BS00T T T T 3VVIBYR0UE  ~1.5039-004
Y 373799-006 9.9998~001 4,4189~008 «1,5038=004
. 376165=006 9, 9998=001 4.8358-00F " =1,5037=004
T3 378697-006 9,9998-001 4,9192-008 <1,5037-004
18 471406006 T,9968=001% 5, 1693~008 ~1.5036=004
l 39 474304-006 9,9998~001 5,6696-008 «1,5035-004
a0 4V7405-008 T 9.9996«001 TTT6,1699-008 -1.5034-004
a 570724=006 9,9998+001 6.5034~008 ‘=1.5033=004
_4 7 5:4274-006 T 9,9998-001 T T 8,9202-008 =1,5031-004
l 43 578074-006 9,9998-001 7.3374-008 ~1,5030~-004
44 67 2139-006 9.9998~001 .9208-008 ~1{.5028~004
15 676488006 9.,9998-001 8,5878-008 «1,5026=004
l s T TIVTLIEIS006 T9,9998=N07T 9, 00%7-008 ~1,5023~004
47 776123-006 9,9998~001 9,6717-~008 «1,5021=004
48 8v1451-006 9.9998B-001 T 1.,0422-007 =1.5018-004
l 49 B877153-006 9,9998~001 1,1006-007 ‘*1,5014-004
50 9 3253~00% 9,9998=001 1.1756=007 =1,5010-0604
5 979781006 9,9998-001 1.2757-007 =1,5005-004
52 1 0677-90% 9,9998~001 {3340 ~007 =1.,5000~004
. 53 171424-005 9.,9998=001 1.4424-007 =1,4994=004
54 137224-005 9,9698-001 1B 091-007 -1.4987=004
55 173079-005 9.,9998~001 1.6258-007 ~1.4979=-004
' 56 173995-005 9,9996-004 1.7509-007 =1.4969-004
o 57 174974-005 9,9998=001 1,8593-007 -1,4959=004
58 176023-005 9.9998-001 ST 9927007 <1.4947-004
' 59 177144-005  9,9998-001 _2 1261-007 «1,4933-004
60 17V8344-005. 9.9998=001 T .2595-~007 -1.4917-004




l _2;.
‘ 179628=-0N5% 9,9098-001 2.4096-007 -1.4899=004
I 271002-005 9.9998-001 2,5763-007 =1.4879~004
3 272473-005 9,9998-001 2,7514-007 «1,4855=004
’-ﬁ.__~_2_140$6-v&05._.~,4__-._9 9998=~001 .2.9098-007 e ...=1.4828=004 ___ __
2 275729-005 9.9996-001 3,1099-007 «~1.4797-004
l 3 . 277530-005.. 9.9998-001. _ _ 3.3100-007. _ . _ :=1.4761-004 .. .. _
4 279457~005 9.,9998-001 3,5185~007 '=1.,4721=004
5_ 371519-005 . 9.9998=001 C3.7436-007 _ _ ____ =1.4674-004  __
(I 5 373725-005 9,9998-001 3.9604-007 ©“1.4621=-004
7 ... 3:6086-005___ 9.9998~004 . _4,1772=-0Q2 <1,4560-004
™~ s 378612-005 9,9998=001 4,4440-~007 “1.4490=004
B O . 471315-005 _ . _  9.,9998-001 __ . 4,6858-007 _ _+1,4411-004 . __
0 4574207-005 9,9998-001 4,9275-007 =1.4319-004
~ N 437302=005._.___ . 9,9998-001 .. _ __ _.5,17727-007_. «1,4215=0404
- 12 570613-005 9,9998~001 5,4278-007 «1.4095-004
C' 3 . 5374156=005._ _ . 9.9998=004 .. ._.__5.6529-007 _ _  _~1.,3958~004 . __ _
14 577946=005 9,9998~001 5.8697~007 «1.3801-004
N 632003=005 .. .. _._9,999B8-001 ___ _ 6,0948-007 ___ 1.3621=004 .
l 16 676343005 9,9998~001 6.2449-007 “1.3416-004
7 . 2140987=005 ..__ . . 9,9998~001 . __.__. __6.3616-007 _  =1,3180-=004 .
18 775956-005 9,9999~001 6.,4200-007 '©1,2911~004
l 9 874273-005. _ . 9,9999.004 . 6,37200-007 ®1,2603=008 . _____
B 876962-005 9,9999=001 6.,2282-007 =1.2249=004
A . 973049-005.__ . _9,9999=001__._.__.__ 5.9447-007 =1.1845-004
979563-005 9.9999~001% 5,4695~007 ©1.1382=004
l 23 . .170653-004. ... _ ..9,9999=001 .. ... _.4,7608=007_____ _ «1,0852=004 . . __
_ 171399-004 9.9999~001 3,7686-=007 -1.,0246-004
23 13521972=004 0.9999»001 2.4179-007 -9.5512=005 —
l. 24 173051-004 9.9999-001 5,9197-008 -8,7561-005
27 _ .. 173964-004 . . 9,9999=001 . ___ . =1.8176-0Q07 - =7,8458-005 .. .. _
28 174942-004 9.,9999=001 ~4,9359~007 ~6,8037=005
22 . 155988-004.._ . __9.9999m=0031 . . _. _ . =8,9463=007 - =5.6106=005 _ ___._
l 39 177107-004 1,00004000 ~1,4074-006 ~4,2447=005
' "__M___J_ML 004 . .. 1,0000#000 =22,0561-006 =2,6810=005
R 179585-004 1.,0000+000 -2,8723-006 «8,9066=006
l “  270956-004 _ . 1.0000+000 . 53.8987-006 _ _ _____1,1589=005. . ...
- 272423~-004 1.,0000+000 ~5,1852~006 3.5054=005
3 .. 273993-004_ __1.0000000 _ ___ =6,7860~006 _  6£,1919=00% ___ __
Iw 275673-004 1,0000#000 -8,7795~006 9.2674=005
¥ 2377470=-004 _ __1.0000e000 __ +4,1252=005 = 1,2789-004
18 279393-004 1.0000+000 »1,4317~005 1.6820~-004
39 .,_;:,1_45,0-004 -~ . .1.,0000#000 _ . _ .. ~1,8108-005 __  2,1435=-004__ . ____
I 40 373652-004 1.,0000+000 w2.,2794~005 2.6719=004
A .376007-004. . ... _1.0000000 ... . =2,8576-005  3,2768w=004 .. __
42 378528~004 1,0000+000 «3,5703~005% 3,9693=004
' 43______142255_0114_ o 1,0004e000 ______ =4,6486-00%  4,7621=004
14 474110-004 1.0001+000 «5,5293~005 5.6698=004
. 437198-004..._ .. 1.0001000 . »6,8590-005 _ 6,7090-004
46 570502~004 1.0001+000 ~8,4941~005 7.8987-004
I o -.574037~004 - -1.0001+000 . . .=1,0503-004 _  _ 9.2607=004_  _._ .
.8 5¢7820=004 1,0001+000 -1.,2971-004 1.0820~=003
49___11111&2:&04 1.0001+000 ~1,6002-004 1,2605=003
I 50 676198-004 1.0602+000 -1,9722-004 1.4649=003
3 . .770831~004 ._ .. 1.0002+000 . _ __ ~2.4288-004 1.,6988=-003 .
52 775790=004 1.0002+000 ~2,9890~004 1.9666~003
l 53_ . 8,1095-004  _ 1.0003¢000 -3,6761-004 2:2732=003
54 8576772-004 1,0003+000 -4,5189~004 2.6242=-003
53 942846-004 1.00034000 =5,5524~004 3.0260-003
56 979345-004 1,0004+000 -6,8195~004 3.4859=003
l, 57 ...130630-003. . 1.0005+000 . _#8,3728-004 4,0124=003 . .____
58 171374-003 1.0005+000 ~1,0277-003 4,6150-003
59 . ..132170-003 ____ 1.,0006000  »1,2611-003 5,3049=003
I_.w 17V3022~003 1,0007+000 ~1,5471-003 6.0944-003



17 57y0394-003

1,0106+000 -8.,9618~002

9.1956~002

l -26-
- 173934=003 1,0008«000 -1.8975-003 6.9981~003
174909-003 1,0009+000 -2,3269-003 8.0324-003
l 175953-003 1.0011+«000 -2,8551-003 9.2161=003
) 177069-003 1.0012«000 -3,4977-003 ____1.0571-002 -
; T T1VB264-003 7 1,0014¢000 = -4,2873-003 T 1.2121-002
I . 1795643-003 1.,0016+000 -5,2546-003 1,3895-002
g 270911-003 " 1.0018+000 ~6,84393-003 T T1.,5924-002
5 272374-003 1.0021+000 ~7,8903-003 1.8246=002
J 6 7 T 273944-003 ° 1,0024+000 =9,6673-003° T T 2.,0901-002
7 275616~003 1.,0028+000 -1,1843-002 2,3939-002
N~ T T 2N TAITR003 T T T L 0032000 L A508=007 2 741{3~0072 —
R 279328=003 1.0036+000 -1,7769=002 3.1385~002
3 o T T 3V1381~003 L U0ATE 000 T T T T T TR LTEIS002 T T T3NS 925=002 0
" 373578-003 1,0047+000 -2,6650=002 4,1115=-002
SR T S 375928-003 T 1.00544000 T T e, 2631002 T T T T4 7045002 T
cln 378443-003 1,00624000 -3.9950-002 5,3819-002
14 A II34=003 T TV o071 000 T T T T T TREVEYTI-007 6.I555=(7
T 474014-003 1.0081+000 *5,9855~0072 7.0386-002
l 16 TAYT095=003 T L0093 000 T T R7V32RER002 T B 0463=002
[]
=Yy

e T T B73919~003 1.04224000 £1,0963=001 " 1.0508=001
- 577693=003 1.0139+000 «1.,3407-001 1.1998=001
20 671732003 1, 0159000 178392001 T+ 3696=001
Nyl 676053~003 1.0182¢000 »2,0036-001 1.5628=001
T2 T TR 06786=0037 L, 02079000 T T T ®27448T-001 177824=001
23 775624-003 1.,0237+000 «2,9902-~001 2,0315~001
24 7 T T BYN917~003 T 4L, 02704000 =3, 86507-001 2.3139=-001 T
25 876582=003 1.0308¢000 «4,4550-~001 2.6335~001
w9V 28%2=003 1,0351+000N 35 ,4333-001 2 998 7=001
l.27 9379127-003 1,0399+000 ~6,6224~001 '3.4021~001"
28T 1W0607=002 7T, 0454%000 T =B, 066000 378804-001
2 171349-002 1,0517+000 -9,8162~001 4.3748=001
' s0  AVZ21345002 T L, 05864000 T T T =L ,1935400D 4,98504-00¢
alkl 172994=-002 1.,0665+000 ~1,4497+000 5.5922=001
22 173903-002 1.0753+000 ={.7587+000 6,3050-001
_I33 174876~002 1,0851+000 ~2,1308+000 7:0929=001
34T TTINS9IBS002 T T T 0960000 T T T TTTE2 TS . - —
T 35 177032~002 1.1080¢000 -3.1131+000 8.9047~001
36 1,8224=002 {.1211+000 T I¥,752%+00D 9.9295=001
-';,, 179500=002 1,1354+000 ~4,5131+000 1,1030+000
28 20865002 TI71508+000 =5, 4147%000 1.2197%000
39 212325-002 1.1671¢000 ~6,4784+000 1,3420+000
I4o 2V3I8B8=002 "  L,{BAL+00T 5777 265% 00T T 4677+000
a1 275560-002 1.2015«000 »9,1820+000 1.5942+000
g2” T2Y7350=002 "7 {,ZIB7EU00 T 77 &1, 0B68%001 1 7178+0500
43 279264-002 1,23504000 £4,2803+%001 1,8337+000
44 3T1313=002 1,2497+000 =1,5005+007 1. 9361+000
45 373504~002 1.2616+000 -1,7482+001 2.0182+000
gy 375850=002 1, 26943000 " =2,0234%007 2 U721+000
l4, 378359-002 1,2720+000 -2,3247+001 2,0896+000
o8 AvIUA3S002 T 172680000 T =276498%007 2 0627+000
49 473917-002 1,2566+000 ~2,9937+001 1,9840+000
lso 4TE997=007 1. 2370000 <3 3516001 1. 8477+000
LI 570281~002 1.2093+¢000 ~3,7169+001 1.,6506+000
52 573801=002 1,1738+000 TRF, 0827001 1.3917+000
53 577567-002 1,1315000 ~4,4426+001 1,0732+000
|54 ~ 671596-002 1.0838+000 -4, 7907+001 6.9928-001
55 675908-~002 1,0323+000 -5,1225+001 2.7590~001
56 73 0522=002 9, 7636%0041 <5.4346+001 =1.8999~001
l57 775458002 9,2350w001 ~5,725340041 ~6,9122-001
58 870740=-002 8,6887-001 - -5,9938+001 =1,2209+000
59 876392-002 8,1537=001 «6.2401+001 *1.7729+4000

7.6366=001"

e S T X 1.1 F

'=243418+000



| -27-
- 978910~002 7.1423=-001 -6,6703+001 =2,9232+000
170583-001 6.,6730-001 -6,8567+001 =3.5135+000
I, 171324-001 6.2302-001 -7,0262+001 -4,1100+000
1 _m__lj_lez_:ﬂ,Ql.-_ﬂ_ .__S.Lﬁlilr_ﬂﬂ.l__.__._._.__. LZLlﬁ_QZLD_Ql____ =4,7104+000 —_
2 172965-001 5,4243=001 -7,3203+001 «5.3132+000
l 'y 173873-001 5.0599-001. . . . -7,4479+001 _ =5,9171+000. .
a 174844-001 4,7199-001 -7,5642+001 «6,5214+000
5 . .175883-001 . 4:4028~001 . =7,6705+001  ____=7,1284+000 __ ___
B 176995=-001 4,1074~001 ~7,7677+001 ©7,7287+000
‘I 7 o 178184-001 . _ __3,R321-001 . -7,8568+004 = =8,3312e000 __ __
T8 179457=001 3,5758=001 ~7,9386+001 =8,9326+000
m . __._._230819-001 . _ _ . .3.3370-001 . _ _ »8,0139+001 -.=9.5329+000  _ ___
l 10 272277-001 3.1145-001 -8,0831+00¢ «1,0132+001
N M 273836-001 _. . .. _2.90723=001__ _ ____._B8,1470001 _ . =1,0730+001 . _
=~ 12 275504-001 2,7141=001 -8,2061+001 “1,1327+001
l B 277290004  2,5341s001 =8,2607+00% '21,19234001
14 279200-001 2,3663-001% «B8,3112+001 1,2519+001
s .. 371244001 . 2,2098e003 _  %8,35B1+001  _ =1,3413+001 . _._
16 373431-001 2,0638=001 «8,4015+001 «1,3707+001
I 7. .3¢5771-001 _.. 1.9276=001 .. .. =B.4419+001 . _ _ . . _=1.4300+001_ ___
18 378275-001 1.8005-001 ~8,4794+001 -1,4892+001
19 470954=001 1.6819=001 __ ____ =B,5142+001 =1,5484+001 . __
I 2 473821001 1,5712=001 ~8.5467+001 ~1,6075+001
- 476889-001 _ 1.4679=001 ~8,5768+001. o =1.6666+001
570171-001 1,3714=001 ~8,6050+001 «1.7256+001
l 23 513683-001 1,2814+001 -8,6312+001 =1,7847+001
R 577441-001 1.1972=001 -8,6556+001 «1.8436+001
5 63¢1462=001. . 1,1187-00% .. ____ ~8,6784+001 . »1.9026+001 .
2 675764~001 1,0453-001 -8,6996+001 ©«1.9615+001
l 27 .170367-001 9.7673-002  _ -8,7194+001 . -2.0205+001 _
28 775293=001 9.1270-002 -8,7379+001 ~2,0793+001
20 _870564=001 . . B.5288=002 . mB,7552#+004 ____-=2,1382+p01 = __
I. 3 876203001 7.9699-002 ~8.7713+001 -2.1971+001
31 932237-004 ... 7,4478=002 . .. ____ _=8.7863+004 . =2,2559+004 —
Lo 978694-001 6.9599=002 ~8,8003+001 *2,3148+001
l 3 _1370560+000 ... . 6,5041=002 .. .. . __ . w8,8134+001 - «2,3736001 .. .. ._
34 171299+000 6.0782=-002 ~-8,8257+004 -2.,4324+001
3 1372090+000 . 5,68032002 . =8,8371+004 -2,4913+001 —
36 172937+000 5.3084~002 $8,8478+001 «2,5501+001
I 37 1T3842+000 4.9609-002 =B ,8578+001 ___=2,6080e001 . ____
38 174811+000 4,6362-002 -8,8671+001 -2.,6677+001
39 __1,5848+000. .._ . 4,3327=002 .. .. =8,8758+001  __ -=2.7265+001 .
'40 176957+000 4,0491-002 -8,8840+001 ~2,7853+001
A .. ..178144+000 3.7841=002. -8.8916+001 .»2.8441001 .
L 179415+000 3.5365=002 -8,8987+001 «2.9029+001
43 2107274+000 3,3054=002 -8,.9053+001 ©2,9616+001 —
l 44 272228+000 3,0888-002 -8,9115+001 «3,0204+001
o 2:3784+000 ____2,8867~002 __ -8,9173+004  ___ =3,0792+001 . __
a6 2754494000 2,6078-002 «-8,9227+001 «3,1380+001
l"’**__,__zj_zz;m:_nm__ . 2.5213=002.. .. =B.9278%001 _______ =3,1968+001. .
< ¢ 279136+000 2,3563-002 ~8,9325+001 «3,2555+001
a0 371176%000.. . _2,2021=002 . _ -8,9369+001 ©3.3143+001 ...
l5° 373358+000 2.0581-002 -8,9410+001 «3.3731+001
st 3356934000 ... 1.9234=002 __ ~8,9449+001. . =3,4319+001
52 378191+000 1.7976=-002 -8,9485+001 ~3.4906+001
3B _470865+000 . . 1,6800~002. ____  =-8,9519+001 »3.5494+001. .
'54 473725+000 1,5701=002 ~8,9550+001 «3,6082+001
35 . 446786%000. ... . . 1.4673-002_ . _-8.9560+001. L=23,6669+001.
36 570061+000 1,3743=-002 -8,9607+001 «3.7257+001
l-’-’ 573565+000. 1,2816=002. 28,9633+001 =3.7845+001
5 5173154000 1,1976=002 ~8,9657+001 =3.8433+001
59 671327+000 1.1194=-002 -8,9679+001 .23.9020+001
l 69 61y562n+000 1,0462-002 -8,9700+001 “3.9608+001
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-—zqc

- MANYPLOT ANALYSIS
ZERJES
, *»3,833+%004 0,000+000
-, POLES L
VT TR TERR00Y T, 3064001 T T -

_®317524001 ~3,306+001

4

l . TRANSIENT AVALYSIS ~ - o
s~ MNSZ PLL, TRANSTENT ANALYSIS, 7
l 5 TIVE UNIT IMPULSE  UNIT STEP ~UNIT RAMP
16T TTEL0000€000 7.5237001 0.,0000+%000 6,0000+000
A 1,0000=002 4-§§78*00; .. ..6.04285-001  3,2596-003
12 T 230000002 T T 2,5162+001 9,5732-001 1,1247-002
l 1 31{0000=002 1350679001 _1a1314e000 _ __2,1809-002 .
14 40000002 2,0101+000 1,1903+000 3,3488:002
15 _ 340000002 = «2,42204000 141854¢000 - 4,5403s002
I 16 610000002 “wd 0935+000 1,1510000 5,7099<002
7 770000~002 ~~ «4,17324000 1,1088+000 6,8399<002
s 810000-002 «3,49084000 1,070L+000 7,9287:002
I 19 940000002 “2,55664000 . 4,0398%000  _8,9829s002
20 170000-001 <1 68804000 1,0186+000 1,0011s001
2 171000001 - «9,8256-001 1400544000 .1,1023s001
T2 T 7T 1¢2000-001 "“"'-4"1050 gng 9,9825«001 1,2024=001
I 21 1730002001  «1,6095-001 - 9,9518«001  1,3021s001
2 174000001 1,7412-002 9.9456=001 1,4019s001
25 115000001  9,8462=002 9,9521 =001 1,5010s001
|E° 115000001 1.1965-001 9.9634-001 1,6006:001
2 347000=001 170899e004 9,9750=001  1,7003s001
vaza‘“ C T 8000001 T T 8,51482002 9,9847-001 1,8001<001¢
20 .. 3i9000-001 = 5,9213e002 = 9,9919=00%1 _ 1,9000s00¢
IE;ab 270000001 3,6769=002 9.9967=001 1,9999<001
2;1000=001  1,9845002 919995001 2,0999s001
212000001 8,4436-003 £,0004+000 2.1999s001
|v 2330000008 1,6132-008 400089000 2,2999500%
294000~001 «1:8841=003 1.0001+000 2,3999s001
. 245000~001 .=332070=003 . 1,000L+000 _ __ 2,4999s001 _
I“M 2,6000-001 «3,2767-003 : 1,0001+000 2,5999=001
,_.-_.2‘7090 001 =237439-003 . 110000€000 . _ . 2.,6999s001
g 248000=001 <2,0191=003 1,0000%000 2,8000001
~# . 219000-001 = «1{3290-003 .140000¢000 . .2,9000s001
I 40 300002001 -7.7435 004 9.9999~001 2,99999001
4 31;000 004  =3,7932=004 _  9,9998w001 . 3,0999s00%1
R 3:,2000= 001 w],2767=«004 9,9998+«001 3,1999s001
l o 313000-001 172960-005 . 9,9998e001 _ 3,2999¢001
Coag 314000=001 7:6995=005 9,9998=001 3,3999:001
< . 515000=001 ~ 9,3879=005 = 9,9998-001  3,49999001
45 376000w001 8,5829=005 9,9998~001 3,5999<001
l a7 317000%001  6,6959=005  9,9998»001 L 3,6999s001
48 T 3y8000.001 §,660{=005 "9,9998%001 3,7999<001
a9 3i9000+001 2,8963=005 919993'99;~@w_“m‘m~w§J§2929QQ;W
II 50 430000001 1,5551=005 9,9998=001 3,99995001
<3 471000001 616760-006 o _9.9998=001 . 4,0999s001
52 472000001 1,2941=006" 9.,9998=001 4,1999s001
| Lt 6430004001 __.-1 4656=006 . .9.9998-001 4,2999s001
,m 4;4000~001 -2,5130=006 9,9998+001 4,39999001
55 . 935000-001 »2,5728=006 9,9998=004  4,4999s001 .
416000001 «2,1568=006 9,9998«001 4,5999s001
l\, ... %;7000=001 = =1,5885=006 9.9998=001_  __ __ _4,6999e001
"o 4,8000-001 «130464=006 9,9998+001 4,79992001
¢ 4y9000~-001 = =6,1031=007 .. 949998=001 _ 4,8999a001
I _én 5300000001 "2;9945-007 9,9998-001 4,9999=001




I -320-
| 5;1000001 “1,0125=007 9.9998=001 5,09995001
l 5,2000-001 9,6147-059 9,9998=001 5,1999001
543000001 §,0205-008 9,9998-001 5,2999s001
. 539000s001. 7.3452=008. _.___. 9.9998=001 5,39990901
. 5,5002-001 6,7274=098 9.9998=001 5,49999001
$15000s001 5,2655-008 9.9998=004 5,5999=001
, 517000s001 3,6575=038 9.9998w001 5,69995001
5. i __. 5380002001 _ . 242814=008 0 9.9998=001 . _ .. 5,7999s001
l i 549000001 1,2343-008 9.9998+001 5,89993001
7 .. 610000s004 _ _ 5,2783e009 . 9,9998=001 . _ ____ 5,9999s001 .
& 6510005001 1,0377-009 9,9998=001 6,09993001
l 612000001 _  =1.1398#000 __ _  9.9998=001 . _ __ _ 6.19992001
10 6,30000001 -1.“9692-009 9,9998=001 6,2999s001
. __Q’40£O=OO_L _.=240201=009 - 9,9998=001 = _  6,3999s001
12 645000001 «1,6958<099 9,9998~001 6,49995001
l 13 6150008001 =1,2496009 __  _ 9,999800%1 _______ 6,59995001
14 647000=001 -8,2386m010 9,9998=001 6,6999001
5 648000001  =4,8100e010 _  _ _9,9998e001 _ _  __ 6,2999<001
l 16 615000001 ~2,3639m010 9,9998+=001 6,899935001
V_ . 2%0000=001_ _ . =B,0309=011 . __ .. 9,9998w004 . ___ . 6,9999a004
18 7410000601 7,1067=012 9.9998=001 7,0999s001
I 9__ 242000001 _ __ 4,7074w014 .. __9.,9998=001 7419992001
20 743000001 5,7782=014 9,9998+001 7,2999s004
2 7%4000e001 . 5,2853e011 . . ___ . 9,9998«00%1 . 7,3999s001.
z 750008001 4;14059011 9,9998=001 7,49995001
I 22 246000001 . _ 2,8866=01% . 9,9998+001 . . _. ... .7,59994001
o 747000001 1;7970=011 9,9998-001 7,69995001
% 738000e00% . 3.7347s012 . _ 9.9998=001_ ____ __ 7.7999s001 ..
IP 26 749000001 4,1731012 9,9998+001 7.89992001
Nﬂ 8300008001 _ _B8,3182=013 . 9:9998-001 . 7,9999s001
831000001 «8,8534m013 9,9998=001 8,09995001
E 8520005001 .  =1,5430-012_ 9.9998=001 . .. .. . _8,1999s001
8,3000-001 “1,5861=012 9.9998=001 8,2998<001
o 834000~001  _ =1,3326012 _ _  9,9998+001 _8,3998s001
8,5000~001 -9,8307=013 9,9998=001 8,49985001
r ... Bi8000-004 = =6,4863-013 _9.9998=001 . B,599820014
8,7000m001 ~3,7908-013 9,9998%001 8,6998s001
.. 848000001 . =1:8661=013 . 9,9998-001 ___ .. . .8,7998<004
;sa 89000001 ~6,3588-014 9,9998001 8,89984001
37 940000-001 532310015 . 9,9998+001 ____ ____8,9998e001
R 91000001 3.6505~014 9,9998-001 9,09985001
I’” 39942000001 _ ___ 4,5331-014 949998001 9,1998s001%
> 10 93000001 4,1523=014 9.9998+001 9.2998s001
o 914000003 3,2560-014 . 9.9998001 . _9,3998s001
_ 95000001 2,2716w014 9,9998«001 9,49985001
l_—;. B 946000-001  _ _ 1.4155014 . _9.9998=004 . _ ____9.59982001 .
., 9:7000~001 7,6772=015 9,9998=001 9,69980001
o 918000°001 . _3;2992=015_ 9,9998-001 947998001
l 9,9000~001 6,6555=016 9,9998-001 9,89989001
A7 . 1,0000+000  ~6,8914~016_ 9.9998=001 9.99982001
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l ) 5 _ e o e - -
59_’ e B _ _ o o L L o N
1.
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APPENDIX 5

SAMPLE OUTPUT FROM MERRY
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#LGs CCYi LA, MEERY
140740 £5/01/773

PANYFLOT ANALYSIS CONTECL LOCGCGEL IN. CALLEL ON £5/01/73

TYPE & N&¥E FOE THYE LUNe (LESS TEAN 40 CHAFACTERS).
kTR LT EUN SUHERE lickx :
TYFL YOUL GAIN ki IN F FOK4AT.

.0

Tt MEBLL.ETS

HOW meNY ZFLOFSe (<9) (I FOFRMATW)
1 .
TYPY 1.1AL PAFTe (b FOEMATS)

3 3 Ve '/ (8] &I

TYPE INAGINALY PALT. (F FOLMATS)
-C9.7 ‘

.

© HOW #ANY FOLLS. (<9) (I FOLEATS)

TYPL 1 AL PALTe CF FOMFAT.)
leS82 ‘
1YPE IFAGINAEY PANT. (F FORMAT.)
64975 ,
TYPE LIAL FALT. CF FOLSAT)
le2EE
TYPL IMAGINARY FALT. C(F FOEMAT.)
STEALY STATE OF TEANSIEN.
: STEALY STATE

INITIAL »YLLOULENCY-EZ. (F FOlEAT.)
$0.001

FINAL FOLEUERCY=HZs (F FOEMATE)
$100.0 A

RANYPCOLY OF MANYPLOT.
$ANYFLOT

TYPY K OF E¥, ELOSL JUST INTEERWT..
tEK- ‘
EXJOE 00
ERFLSKIN [LEUEST ACCEPTEL

e

0

CCLME=LA MEREY NORMAL TEEM
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#LG, UL ZTle,iri Y

141107 /01773 :

MANYPLOY A.ALYSIS COWTIROL LOGCEL INe CALLEL ON 25701773
TYPE £ NAME 1OL THL LUde (LESS 1TEAN 40 CHAERACTLERE ).

dan T &1 FUS oUBRDL 10O

TYPE YOUL GAIs 1kEM IN I FORMAT.

Al eBhe9T0D

HOE GAKY Z2E0ES. (<9) (1 POFHAT.)
20, - : .
EOV ®ANY FOLES. (<9) (I FORMAT.)

31

PYrL L IAL PALTe (I FOLMATE)
HE TR R N

Tyl IMAGINADRY PART. (F FOINMATG)
$0.00 ' '
STEALY S1A1E OF TIANSIENT.
SULAMNETILENT .
TRANSTENT 1I14L-SECONLS. (F FORMAT.)
212478

MAeNYPOLE O MANYPLOT.

$MANYFLOT

1YPE E¥ Ok F4s ELSIH JUST INTERLUPT,.
s

EXECUTION EEQULST ACCEPTED.

CCLMiz=LA MERERY ‘ NOF¥AL TEhRW
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w0, Gy COLW RS LA MPTiY

talteghe 25/01/7°%3

MANX?LOT ANALYSIS CONTIOL LOGCLL Ixne CALLLIL ON £t/01/773
TYPE & WAMY PO 1BEF hUse (LESS 1THAR 240 CHALACTELDS).
sy i )81 Rl wlkRER THhRRigdsk:

TYEDR YOUYr ¢Als Thii IN F FOEMAT.

sl.l )

* HOUW MANY ZFLOESe (<9) (1 FORMAT.)

21 .
1XEE EPAL PALT. (F FORMATS)
: 7077 .
TYPE IMACINALY PALRT. (F FOL4AT.)
HICTR A |

HOW MANY POLLS. €(<9) (I FOLMAT.)
20 )
STEALY STATY 0k TEANSIENT.
$SLEALY STAT) ,

INITIAL PFLIQURENCY=-HZe (F FORMAT.)
t0e28

FINAL YEEQUENCY-BZ. (F FOFMAT.)
10.24 " ‘

ENYPOLE QF ANYPLOT.

HEGYS!

1Y E¥, LLSLE JUST INTRLERUPT.
LI:UM LCC LFLETEL =INTRRRUPT AND TLY ACGAIN.

MANYPLCT ANALYSIS CONTROL LOCGGEKL IN. CALLEL ON 25/01/73
TYPL A NAME FOR THL IUNe (LESS THAN 40 CEAEACTEES ).

CCLik LA MIERY - NORWMAL TEEM
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RLOL>CULH LA, ¥ EHEY

0%01CGe 50701773

FENTFLCT ANALYSIS CONTLOL LOGGEL i CALLEFL O8N 30/01/75
IYFE & SAFY FOL THF I Ude (LESS THAN 20 CEARACTENG).
okl oSl FLL O LESPOSS) e sgx

CEYRE YOUL GATQ TEYE IN b FOLMAT.
by .

HCOY ¥ANY Z41F0LSe (<9) (I FOFMATe)
HE | e
STYPE LPAL PRI Te () FOEMATS)
1550085 : ' ,
AYPl IMAGINALRY FALTe (F bOENMATS)
210,

ECE #AsY FOLISYe (<9) €I FOFNAY.)
s C
TYPE FMOL PAFTe (b FOEMATS)
$~35T.0E :

BYFLE I#fnGINOAERY PALTe (F FOEMATS)

$ 854006 '

CUYPE BEAL PAET. (¢ FORMAT.)

$-37.08

iYPY I¥ACINALY FART. Ck FOFHATS)

:-53%.06

STEALY STATE O TIANGSIFNT.

$SUEALY SIATE '

INITIAL PLEQUFNCY=HZe (F FORMAT)

: ~001 . -

FINAL IFEFEUENCY-HZ. CF FOEMATe)

2 100. L

MANYPOLY QF MANYPLOT.
$HANYPLOY .

1YPLE BK OF EX» FLSE JUST INTLERKUPT. ™
$EXK
EKUOE 01
EXKMOE 00 -

EFEAKIN 1RLCULEST ACCHETED
CCLE#LA S MERLY : NORFHAL ThEM
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