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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 ~ystem curves for magnetotelluric and other geophysical 
electronic measuring equipmento 



L 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 MANYPLOT 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 ~ANYPLOT 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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1 
as a function of constants and s. This representation, being equivalent to 
the original circuit, will of necessity contain all useful information on the 1 
system; we can, then, put all knowledge of the circuit's behaviour into the 
ratio of two polynomials in s. This ratio of polynomials is known as the 1 
transfer function for the circuit and may be conventionally written as H(s). 

i.e. 

n n-l 
a s + a is + ..• + a n n- 0 H(s) =----= - ___ ---~.,.._---m m-l 
b s + b is + .. + b m m.. 0 

V out(s) 

V in(s) 

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

H(s) = K • 

where for s = z , zl' z2 .•. z ,H(s) = 0; o n 

. . . 
(s-z ) 

n 

(s-p ) 
m 

these zo' zl' z2 •.• zn are the zeros of the transfer function H(s) 

and for s~Po' Pi' P2 ... Pn' H(s)-+-cO; 

these Po' Pi' P2 ... 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 = F and w = angular frequency in radians per 
second) and consider the complex function: 
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H(jw) = K . 
(jw-z ) = V out (jw) 

n 

(jw-p ):.: V jf-in (jw) 
m 

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, V out • K • J Re
2 + 1m2 

. VI+in 
where Re and 1m are the 
respective real and imagin­
ary parts of H(jw)/K. 

Arctan (Im/Re) gives the desired phase relation from output to impute 
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 = 211f) 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» = f(s) =JooO e -stF(t).dt 

and the inverse transform maY'be written: 

where we assume F(t) = 0 if t <0 and s = 0'+ jw with 0< cr1 > O'for allG' 

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 complexo There must be more poles than zeros. 

E out (s) 
2.6 Let us consider H(S) = --- where E out (s) is the Laplace 

E in (s) 

I 
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I 

Transform of the output e t(t) and E. (s) is the Laplace Transform of the 
input e.' (t). But if e. (t) iHNdelta fuJ~hon, E. (Sl z 1 and thus H(s) = I 
Eout(S)~n.rherefore iltt) = L - H(S) or eout(t) =lIL- H(8). . 

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

The unit impulse function looks like this: I 

v 6(area=l 

o t 

If we integrate this we obtain the unit step, i.e.: 
1 00 

v 

Integrating the unit step gives the &tit ramp functiorl: 

v 

t 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-5-

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: 

-1 
L 

where P(s) and Q(s) are the two polynomials; the roots (and hence the poles) 
of Q(s) are ',-, 1'.>\ 2"':1' """ 0( • P(s) is of degree less than n and the 
roots of Q(s) are to be all distinct~ Q'(,,( k) is the derivative of Q(s) with 
respect to s at the point s = ?(k' 

2u8 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 l/s term or equivalently putting an extra pole into the system at s = zero. 
This increases the order of polynomial Q(s) by L 

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 ac('uraey, so the differentiation is reduced to an algebraic manipulation 
in the following manner: 

Consider Q(s) ::: (s-a
1 

)(s-a
2
)(s-a

3
) .•. (s-a

n
) 

Differentiating gives Q'(s) = -a
1 

(s-a
2

) "". (s-a
n 

- a
2 

(s-a
t
)(s-a3) . 0 0 

• 0 0 (s-a ) 
n 

etc. 
n\Y

t
' r Ii 

,I -a m=1 
k=.LL...J kL 

m:;t'k 
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This then is ail 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 polynomialso 

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 10 
Memory requirements for MANYPLOT and LAPLACE are 12000 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: 

(a) Reads all necessary data 

(b) 

(c) 

(d) 

Formats all output for printing and/or plotting. 

Performs steady-state analysis as per (2.3) Qr 

. Calls function LAPLACE (Chapter 4) which calculates 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 

(a) Whether transient or steady state 

(b) Poles and zeros 

(c) Gain factor 

(d) TranSient time in seconds 

(e) Title for printouts 

Steady-state Analysis 

Whether the· transient or steady state 

Poles and zeros 

Gain factor 

Start frequency and stop frequency 

Title for plots and printouts 

I 
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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 nand "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). 

+ (a) - 2000 degrees 

(b) ~ 500 degrees 

(c) ~ 250 degrees 

(d) ~ 100 degrees 

+ (e) - 50 degrees 

(f)! 25 degrees 

(g) ~ 5.0 degrees 

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 d:rop below the -25 dB point, backing-off steps of 50 dB are added in as 
necessary to bririg 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 ~ seen from the flow chart (AppendiX 
3) and listings (Appendix 1). 

5.3 User macro IOC 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. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-9-

6.3 In response to 'How many poles' or 'How many zeros', a number 
from 0 to 9 should be typed in, in column one. (MERRY will accept any 
number from 0 to 99; MANYPLOT's format will accept only 11 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 llmit 
(cost 2*CPU time) Computer response to this can 
be either of: 

(a) Break- in request accepted. 

(b) Break-in request rejected. Wait and interrupt i.e. LF. 

EX - (2) Put MANYPLOT in execution list EL003 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 

:" 



- ,,~ -I 
I 

*DOC ,CCDMR*DA .MANYPlOT", CPOO •• lOSl,,2S/Ol/73 

I 

*MESSAGE.EXECUTfD FRO~ DR. NO CARD INPUT OR OUTPUT. PLOT FROM Pl. 
*EQUIP,61=SV 
~EQJ).lP.,.61 =~P 
*EQUJD.60=SV 
*DRlOCATF,20,.MANYDRUM 
*DFCOPDR.20,.MANYDRUM 

I ~-. *EQU!P,l=Pl 
_ *I<TN.X.L 

___ ._._~R.oGR~.~ J:~t~N,(Pl-OT ..... . 
tl C PROGRAM MAY CONTAIN ANY COMBINATION OF UP TO 24 ZEROES AND/OR 

1-. " __ C.24 PQLES. NUMBER .OF ZER.OES TO BE G.REATER THAN NUMBER .oF POLES 
. I) C fOR TRANSIENT ANALYSIS. 

11 _. C_ .POLES OR ZEROES .. NEED NOT BE COMPLE.X CONJUGATES. 

t :~ ... __ ... ~.~:~.~f~P.~~l!~.~.~Q~~~0._(24,) t_~_UMI 'SUM2.,~ . 
iC DIMENSION HEAD(3).PHASE(250).FRE02(250).TITLE(5).WRT2C2),WRT4C2) 

tV> "l:o/~' 1,WRT6(2) ,CHAR(2) 
COMMON POLE.ZERO,NZ.NP,FUDGE 

m _ DATA (TYPE=8HTRANS I EN) , (HEAD= 19HMANYPLOT ANAL YS IS. ) 
.'3 1, (HERTZ=8HfREQ-HZ.),CDBI=3HDB.).(PHASE4=6HPHASE.) J ~:----'1~'~:~·~i;~~,~·~~~,g~~~· ~~J.re~~~~~~T~~R~ALf~~riT~~g.~. ~B. OR ) 
> '- '.'1 I. (WRT5=22H VOLTS. GA IN fACTOR = ) 
'I' , FACTOR=I.O . 
! ": _. WRITE(61.10) 
~:._~~ 10 FORMAT(24X*MANYPLOT ANALYSIS*/7X*ZEROES*) 
'~ rys DO 20 1<=1.24 'I ~t ----'---2-0-·PO[ E (' i<"'i ;;ZER-cfc"K "'~C"M~CX ('0'.',0 .') 
~:; REAO(20.8S)TITLE 

85 fORMAT(SAS) 'L '.>' D=DATE (0) 
t '; C FUDGE IS THE GAIN FACTOR. 

" READ(20.30)fUDGE 
.~. " .. 30 FORMAT (FaO ~'S·) 

,: :.~ C NZ IS THE NUMRER Of ZEROES • 
. " READ(20,60)N'Z ., 
.. DO 40 J=I.NZ '1- ';.', C READ IN REAL/IMAG PARTS OF ZEROES AL TERNATEL Y. 
~, REAO(20,80)fIRST.FLAST 
'", -'-''''40'' ZERO (J)=CMPf.·Xc'F"iRS"i·;fLAST) 

t ·l '>. 50 FORMAT (A8,72X) 
.~J 60 FORMAT (II ) 
~1 REAO(20.60)NP 
,!' C NP IS THE NUMBER Of POLES. 

Ir~J DO 70 J=l,NP 
····---c··-·-'--'READINRE·j\CiIMAG PARTS OF POLES ALTERNATELY. 

~ ,t', RE AD (20.80) fIRST. FLAST 

1 '~ 70 POLE(J)=CMPLX(fIRST,FLASTj 
" 80 FOR~AT(F80.8/f80.B) 

_;~ READ(20.50)ANAL 1 ':,~ __ .f ... , .. tf~~G~~1 TRA~SIE.NJ, AN.~lYSIS OR STEADY STATE ANALYSIS. 

~.: C MAKE EQUAL POLES UNE~UAL BY A SMALL AMOUNT. 
DO 90 I=l,NP 1 :,', DO 90 J=I,NP 

__ '.,' IFLAG=O 
',j J .IF(J.EQ.J~~0.J9.99, ____ .. _,_,. __ 

L ", ---- ,"' -.. IF (POLE (I) .EO.POLE (J) ) IFLAG= 1 
" IF(IFLAG.EQ.I)POLE(I)=POLE(I)+(POLEtI)/2E5)*lflAGl 

If(IFLAG.EO.l)POLE(J)=POLE(J)+(POLE(J)/2ES)*(IFLAGI+I) 
IFlAGl=IfLAGI+lflAG 

90 CONTINUE 
WRJTE(61,IOO) (ZEROCI) .I=ltN7> 
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100 fORMAT(5X.C(E11.3,E11.3» 
WRITE(61,110) 

110 fORMAT(7X*POLES*) 
WRITE(61.100) (POLE(I).I=l.NP) 
STATEMENT 300 IS TRANSIENT ANALYSIS START. 

".' ._ .. _ I.EJTt.P£LE~t.ANA.L) .G.o.TO .3QO. _ 

l 1 C STATEMENT 120 IS STEADY STATE START. 
1. WRITE(61,120)TITLE 
I 120 FORMAT(116X* STEADY STATE ANALYSIS*1117XSA811) 

I-
WRITE(61,}30) 

~. 130 fORMAT(116X*FREQ.HZ*lOX*AMPLITUOE*10X*PHASECOEG.)*8X*OECI8ELS*II) 
C X= INITIAL fREQUENCY, Z= fINAL fREQUENCY (HZ). 

REAO(20.140)X.Z 
." 140 fORMAT(F80.S) 
.- ,,- Q=Z/X 

11_ Xl=X 

t:~ ___ ~_._._ .. _~~~t~_~~.gT ~~;~.~~1~~~!2) 
!4 INKLEX=O 

- 15 PH2=-10E25 -J:: ---- - PH3= 1 OE25 
CALL PLOT(0.0,SO.0,4) 

'!l 

13 CALL PLOT(0.0,25.0,4) 

~I~'~:'-'--' -~~~~·=~~O~·~~·:i~~~5. 0.4) 
~ ,I --. -__ AX I S=AX I S/2. 0 
'·1- :: CALL PLOT (AXIS,O.0.3) 
': i: CALL TEXT(HEAD,19,3) 
: 11 CALL TEXT (0,8,3) 
(] -' . :. CALL PLOT (0.0,0.0,3) 
'~I :: -.. --- --.-.- ~:t~ i~~rg1~~~:!6 ,2) 

"-. -
~" CALL PLOT(0.0.0.0.3) 

L'-") VMAX=-10E+25 
,c "',-·_-····CALL pLOT(0~0,-50.0,}) 
';:i! ISO W=6.28318*X 
;~-. ~~ ------'-.PH=O ;-_ ..... _--- .. - - . - ---

.~ SUMl=SUM2=(1 •• 0.) 
(~ 34 X=(1.+AUlG10(Q)/IOO.'*X 
,', 

~. 35 IF (X.GT .Z, GO TO 220 
~:.'i' S=CMPLX «r~ ,W) 
~n IF'(NZ.EQ.O)GO TO 170 

." "--"- ----···-OO··'T60· .. '·f=f ,-Nt- . 

t ') RL=S-ZERO(J) 
::!l IF (RL..EQ.O. )RL=RL+I0E-20 
,-, C MAKE ZERO DENOMINATORS NON-ZERO By A SMALL AMOUNT. 
I~- PH=PH+ATA~(~IMA~(S-ZERO(I»/RL) 

r:,~ -·----~~~--~~·~+~·~~,~-!·i-~;?~R()( I» , 
If(NP.EO.O)GOTO 18} 

1-:. RL=S-POLE (I) 
If(RL.EQ.O.)RL=RL+}0f.-20 

), C PH IS PHASE ANGLE. 

14';' -----____ ~~.:=_~li:~.!A~~.~.!.MA~~-J>O.L~~}) )JR~) . 
~o 180 SUM2=SUM2*(S-POLE(I» _ 

_ )1 lAI SUM1=SUMl/SUM2 
52 -. HW=CABS (SUM 1) *F'UDGE 

153 __ C HW IS THE AMPLITUDE 
___ s,~ 190 CONTINUE-

5~ PH=PH*}AO./3.14159 L/;-···-.. -----~·~I~~~{~E~-~!~~~~~·~~~~~-OO·.)-
C 

IF (JNKLEX .EO. 0) FRtJN=OEC IBfLS 
If(INKLEX.EO.O)F'ROD=HW 
AMPLITUDE NORMALISED fOR PLOTTING. 
DEWDEC=DECIBELS-FRUN 



1 INKLEX=INKLEX+l 
FREQl=ALOGlO(FREQ/Xl) 

1 
FREQ2(INKLEX)=FREQI 
PHASE(INKLEX)=PH 
IF(PH.GT.PH2)PH2=PH 

-14--

, __ ~._._ .. ~ .. _IL( P~_!..L_T ~'p.~3) PH3=PH . 

1 ~ C BACKING OFF OF AMPLITUDE PLOT TO STOP PEN GOING OFF SCALE. 
'_ 2.00 ILtOEWDE.C.LT .-50.) DEWDEC=DEWDEC+50. 

.\ IF(OEWDEC.LT.-50.)GO TO 200 

1 ~ C~LL PLOT(FREQl,DEWDE~,4) 
~ ~ WRITE(61,210)FREQ.HW,PH.DECIBELS 

_ . .-£.1 O_fORM!!-T i.4~!fg.!.4 ,5. X , EJ 2 !!+ •. ?~. E~?4. 7X, E 12.4) 
n IF(OEWDEC/5 •• GT.VMAX)VMAX=DEWOEC/S. 1·_ 1: -. .' -... GQ TO .150. 
- 220 VOT=-45.0 

! J ENCODE (} 2.225. WRT 2) FRUN 

1'-' :.: _____ ~_~.~~~~g~ g~:~~_~;;~~:_;;~gg~_ .. ~ ..... 
!1 225 FORMAT(EI2.4) 

I ........ "'. IF (PH2002 .GT .PH3002) PH3=SQRT (PH2002) 
,. PH3=SQRT (PH3002) 
!~ YSCALE=2QO~0 . . 

;~'3- C CHOOSE A SUITA~Lf VERTICAL SCALE FOR PHASE PLOT. 

_ ~~--..... -···~l~~~~~:-E~~:~~~~}~~~:E~~~·~~·~--·· 
:: ..... ~1 IF (PH3.LE •. lOO.) YSCALE=20. 

1 :~ IF(PH3.L~.50.)YSCALE=10. 
. If(PH3.LE.25.)YSCALE=5. 

"::-'--." IF (PH3.LE.5.) VSCALE=l.O 

I ::: _·-·C·_-· ··----·~~·~?N6-~·~~~~~-Ig·l~-··~·~·i ~ OF AMPL I TUDE PLOT IF NECESSARY • 
. _ CALL PLOT(O.0.5.oVMAX,4) 

.. AXIS=-0.4oHSCALE 

I·' ;! CA~~ PLOT(AXIS,-~O.0,3) 
_ ~ C EXTEND AMPLITUDE SCALE VERTICALLY AS FAR AS NECESSARY. 
(' IVMAX=55+50INTF(VMAX) I ~ .~~ ,·-----··--·~··~-fK~i~·~·~~~= f, fVMAX-~-S -.... -~ ... 

. : ENCODE (j ,-230, IHAR) IRK 
:) " 

" •. J 230 FORMAT (13) 1_'''' CALL TEXT(IHAR.3,?,) 
~/ CALL PLOT(AXIS.VOT.3) 
J3--240--v-of;V6-f+5-~-'O-"'''''''' ......... . 

1_:19 G!I"..L PLOTJAXJ~.-27~5.3) 
4~ CALL.TEXT(DBl,3.2) 
.<!. .. D(L 260 LOO.:.:l., 1 () .... ..... . . .. 

I ~ ::~ __ .~ ____ ........ ~~~~~t~.~!t.~.~_~.~~~~_~.?;_~~_~.~.~_~~1to~~~~~~!r~ ~ C SCALE FOR BOTH PLOTS. 
4~ ALOO=HSCALEO(FLOATF(LOO)-O.I) 

. , I -~·: 

'-

CALL PlOT(ALOO,-26.0.3) 
ENCODE(Q,250,CHAR)HOS 

250 FORMAT(F~.4) 
CALL TEXT(CHAR,9.1) 

__ .. _. __ . _" _C.~~L ~.~9T'< ~J~.o.O ,.34.~ 9 +5. ~VM.AX, 3) I -" 260 CALL TEXT (CHAR,q, 1) 

1 -I. ,. 
-

1 
,., 
'. 

-

CALL PLOT(HSCALEIIO.,~26.0.3) 
CALL TEXT(HERTZ.8.1) 
CALL PL~T(HSCALE/I0~,34.0+5.oVMAX,3) 
CALL TEXT(HEPTZ,8.1) 

.' _ .. , .C~L,L, PLQI.1.9. .. !.O.0 •. Q_~.3) .. 
CALL PLOT(0.0,-S.oINTF(VMAX)-60.0.1) 
CALL PLOT(O.O.-55.0,3) 
CALL TEXT(WRT1.37,2) 
CALL TEXT(WRT2,12.2) 
CALL TEXT(WRT3,8,?) 
CALL TEXT(WPT4,12,2) 



I 
I 
I­
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1
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CALL TEXTCWRT5.22.2) 
CALL TEXTCWRT6.12.2) 
CALL PLOTCO.O.O.O.3) 
CALL PLOTCO.O.-50.0.4) 
CALL PLOTCO.O.-25.0.4) 
AXI~=}O.O*HSCALE 
CALL PLOTCAXI5.-?S.O.4) 
CALL PLOTCO.O,-25.,3) 
CALL PLOTCO.O.O.O.}) 
CALL PLOTCHSCALE,YSCALE,2) 
CALL PLOTCfREQ2C}),PHASE(1).3) 

_. ___ .. .00 270 "1= 1 ~INI<LEX. 
270 CALL PLOT(fREQ2CN).PHASECN).4) 

AXIS=-0.4*HSCALE 
CALL PLOTCAXIS.-YSCALE/2 •• 3) 
CALL TEXTCPHASE4.6,1) 
CALL PLOTCAXIS.-YSCALE*0.7.3) 

.. __ C.Al-.k TEXT .tP.l:.t~SE5. 8,1 ) 
00 290 1=1.11 
QUP=fLOATfCi-6)*YSCALE 
IQUP=INTfCQUP) 
CALL PL_OIJ.~.O .!.?~HSCAL_E .QUP. 3) 
ENCODEC4,280,IHAR)IQUP i '-- .',,:1._ .-~~~ . ~~C[A. +J1i~ I1fAR, 4 ~?) 

"'- ,_,:'\ _ CALL EX IT 
TRANSIENT ANALYSIS START. 

300 T=O. 
WRITEC61,310)TITLE I

~: :'~ 
~ • • J 

. ~-t 

c 
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310 fORMATCI17X* TRANSIENT ANALYSIS*117X5A8/5X*TIME*12X*UNIT I --.--' ---"r~~:~~~~,~~~~~~~~iUNrr RAMP*) 
.: __ ~k' 

." C ANALYSIS RUNS fROM TIME ZERO TO NOMINATED TIME. 

,I_~~ .~§~ 6gRj:~C~~i':~) 
.. " J=T-l 
:,' >, ------340 -'Z-OO( i f=LAP[,,-t-t--n-'JY-

1,-<· WRITEC61.350)T,ZOO 
,1~ 350 fORMAT(3X.E12.4.4X.3CE12.4.8X» 

I· J., . T=T + T IMElt"()o. 
----:<i .' IfCTIME.GT.T>GO TO 330 .",--.. ----.--. -tAIL' E'xIT---·-·--_ .... · __ · '. ----

I"<~: ~~~L fUNCTION LAPLACECT,ISTfP) 
4; COMPLEX POLE(24).ZEROC24).BOTTOM.fACTOR,DENOM,LAPLACEl 
,~ COMMON POLE,1ERO.NZ.NP,fUDGE 

I--~: C fUNCTION LAPLACE CALCULATES THE REQUIRED INVERSE LAPLACE 
-:'; -""C·: TRA~fSfOR~lr--AN(f"lNiE-GR-ATtS 'TH'lSA SPECifIED NUMBER Of 

'-~~ C TIMES. ISTEP SPECIfIES THE NUMBER Of ITERATIONS. 

I 4~·'~'. INDEXI=INDEX2=0 
IfCISTEP.GE.l)INDfXl=1 

_I:, If (ISTEP.EQ.2) INDF.X2=1 
-1') I LAPLACEl=(O •• O.) I ',e ---'---frpT=~n I'H,' (f.fz-;;;;,-p) .. - . 

_.;; .. 00 60 J=I.NP 
.'" BOTTOM= CO •• 0. ) 

I ~,] fACTOR=(l •• O.) 
,-;4 If(NP1.EQ.0)GO TO 20 

5S DO 10 L=I.NPI 

I. s~ --"---'--lO-'fA-cTot?;;;-f-Ac"ioRo' (POLE (J) --ZERO CL) ) 
~, 20 DO 50 l=l.NP 

','; DENOM= ( I •• 0. ) 
DO 40 K=l.NP. 
If(K.EQ.I)GO TO 40 

30 DENO~=DENOM*(POLE(J)-POLE(K» 

IMPULSE* 



I 
1 

40 CONT INUE - 16-
50 BOTTOM = AOTTOM+DENOM 
60 LAPLACEl=LAPLACEl+(fACTOR/(BOTTOM*POLE(J)**ISTEP»*(CEXP(POLE(J)*T 

l)-INOEXI-JNDEX2*T*POLE(J» 
LAPLACE=LAPLACEl*fUDGE 

~_~U!:JIPLY ... HiE .NORMALJSEP R~SUJ.T BY THf: GAtN._fACTOR. 

I ' ~ RETURN 
_ END 

.\ 

') 

1 ( 

1:'- 1:; 
; ; 6 
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SCOPE 

.) ......... I ~ ~ -----... --...... --

1 :;.: 
: 
,-.' 

I.'·~·;·' 
'" r: ~ , 

.' 
" ,I 

1,,- :": 
-- .-"- -. 

: :J 

I 
:'1 - it. 

' . 
. ~ 1 

':, ~ 
I - ;:-.-.~.-----. ... ' ._ ...... . 

I : 

I ~~.: . 
. 13 --I 
J..' ~} 

~t',t 
-- -- .---- ---

I -, . 

I !.) 

• ..• i - ~ . .' 'j 

I " - .~; ~ 

" 

I ... --
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*DOC ,CCDMRoDA 
*fQUIP,40=(,MERRY',5V 
*fOUJP,AO=5V.Al=SV 

,MERRYGEN ••• CPOO,,1227,,25/0l/73 

1 
I 
I 

.*EQUIP,f:.l=LP 
*OISPLAV 
*MAJN,40.10 
*COMPASS.l,X=30,R 

IDENT t-1E'RRY 
IOC MACRO A 

XMIT,AUG A.WORD 
CALL MANY 

I' CALL XfER 
ENDM 

" ENTRY MAIN 
,': COM} RLOCK 0 

1 . ----.---. . COMMON WORD (11 A, 
',TYPE BCD l,TRANSIEN 

~, .. HEAD BCD 9, MANYPOLE ANALYSIS CONTROL LOGGED IN. CALLED ON , I:: BCD 9, TYPE YOUR GAIN TERM IN f fORMAT. 
1 " ~ C 0 9, H,O W MAN Y ~E ROE S • ( < Q ) (I fOR MAT • ) 

:~ t "': - -
.:-'~ E'CD 9, HOW MANY POLES. «9) (I fORMAT.) 

~·I:·~·--"·' .-.-.. -~gg :: i~'i~~~L ~~·~t'3u~~C~~~~:I~~T fORMAT.) 
(~ ,-:.J .. BCD 9, fINAL fPfQUENCY-HZ. (f fORMAT.) 

RCD 9, TRANSIENT TIME-SECONDS. (f fORMAT.) 

1 ~1 BCD 9,' TYP~ A NAME fOR THE RUN. (LESS THAN 40 CHARACTERS). 
,,-,' CC ASS 2 

7~ CCI BCD 2,CCDMR*DAMANYPLOT 

I: -CC'2---'" ...... "SCD 2, CCOMP'*O'A'M ANVPO'L E" 
:, ,CC3 BCP 2,CCDMRoDA~ANYDRUM 

"EXBK BCD 9, TYPf BK OR EX, ELSE JUST INTERRUPT. 
: " 'EX BCD I,EX : I .'" BK BCD I, RK 
" NUMB BSS I 

'I '"''COND''' oct 0 : I"! REAL BCD 9, TYPE REAL PART. ( f fORMAT.) 
J~ IMAG BCD 9, TYPE IMAGINARY PART. (f fORMAT.) 
,~ EXACC RCD 9, EXECUTION RfOUEST ACCEPTED. 

I ": ACC BCD 9, BREAk'JN REQUEST ACCEPTED 
,:; NACC RCO ,9, BREAKIN REQUEST REJECTED. WAIT AND INTERRUPT. 
:;.1 '-'lfu§'y- , .. '--f.fcO'-ci; 'S'''-STEM'''RDs''(,'wATr'AND INTERRUPT 
"MPLT BCD 9. MANyPOLE OR MANyPLOT. 

I :',' '-oEL' BCD 9, DRUM Dbc DELETED -INTERRUPT AND TRY AGAIN. 
MAIN NOP 

-:' I:: ...... ~.:r.ART~, 
_" START2 

I~:' 
-" 4 " 

1
'-"''''--

, ' 

.. : 

START3 

UBJP STARTI,6 
SLJ ST.ART2 
CALL RfENttR 
CALL SWAPI 
ISK 0,6 
SLJ POOD 
LABEL 25.CC3, •• DR 
SAVE 25. 
DATE 
~TA HEAD+6 
XMIT,AUG HfAD.WORD 

I ,' CALL MANY 
" EN I 1,6 
~>'; ___ • ___ , __ , ___ •• ," U)_~. __ I!;,~9..~!LQ~, ... 

I
'i~,' IOC HEAD+l1B 
,/ IOC HEAD+22B 

c"] OK CALL CRACK 1 
" q)A WORD 

l ;oJ STA NUMB 
BEGIN LOA NUMB 



I 
'-

I 
AJP,ZR OUT 
RSO NUMB 
IOC REAL 
JOC IMAG 
SLj BEGIN. 

I :: J!tL. __ ._ . ~3~~-~~~gOD 
'- _ JOC HEAD+338 

4 

,I ~ ,,' QOD 

~TA COND 
SLJ OK 
IOC.HEAD+44B 

.... LJ~.~ _~.QB.O.__ . 
.. SUB TYPE _I '1-- ~JP,;Z.R TRANSIE~ 

;) IOC HEAD+SSB 
i i 10_C HEAD~6,6B 'Ii: SLJEXITW 
i<_..IBANSIEN J.OC_HE~P.+l.1.fL ... _ . __ .. ', __ . _~ __ .. _. 

EXITW ~ARKEF 25~EXITMAIN 
~'I:" ERASE 25 .EX ITMA IN 
Of) I " IOC MPL T 
ro _ LOA WORD 
, . '; SUB CC 1 + I 

,-I ~';: -_._ ...... -"'-"'-'~~i;Z~-c;';~'C--' 
::~ .'1 )(MIT CC2:+I.CC+I 
"I~" SLJ 0+3 
~: 2 .~ )( MIT eel, c c 
" :',~ XM IT CC I + I, CC + ) : i " ... --.. ~3~ ~~~{--. 

'1 ' >. 
:'\ ~ , 

~' 

(. 

1:-
~~'l " .---'" ..... ' . 
, . 

r 
',~ ' .... , 

~'I " 

I :" . ' EXMANY 
-,' 

I
'· 

_.,_,_~. __ 0- _ ••• 

, BKMANY 

AJP,ZR EXMANY 
LOA WOqD 
SUB 8K 
AJP,ZR BKMANY 

. REWIND25~EXITMAIN 
XMIT.AUG DEL,WORD 
CALL MANY 
ENY. I,F, 
ENI 0,6 
ENA 0 
STA COND 
SLJ START2 
RELEASE 25. 0 
EXECUTE CC,3.MESSAGE3 
JOC EXACC 
SLJ EXITMAIN 
RELEASE -ic;', 0' _ .. ' 
DBREAK CC 

(. ;. AJP ,ZP MESSAGE 1 
EXITMAIN RELEASE 25,0 -I.' .... , PODD. 

__ ... MESSAGEl 

DFINISH 
E~I l, 6 
SLJ START~ 
IOC ACC 

. 5LJ EXJTMAIN I'" MESSAGE2 TOC NACC 
_ 5LJ BKMANY 

,. ~fSSAGE3 TOC BUSY 

I SLJ EXMANY 
F.ND MAIN 

I COt-tl 

IDENT WRITLINE 
LIRM WRITE,REAI' 
ENTRY MANY.XFEP,REENTER 
~LOCK 0 

- Ig -



I 
1 
l 
1-
1-· 

BLANK 
ENTKl 
CWD 
REENTER 
MANY --- _. - --'-
LINE 

MEXIT 

II RET 

t
·ll. XfER 

. I 

1·: 

L. 

REJ 

;1 ;, .... SWAP} 
" '-' 

SET 

COMMON ENTK(l)~) 
BCD 9, 
8SS llA 
IOTR EI\JTKlel lR 
NOP 
NOP 
CALL SWAP} 
XMIT.AUG ENTK.ENTKI 
WRITE 61,CWO.RFT 
CALL SWAPI 
1St<: O.f., 
SLJ MFXIT 
SLJ MANY 
INI -1,6 
F:XIT 
SLJ MANY 
NOP 
CALL SWAPt . 
XMIT,AUG BLANK.ENTKI 
PEAO 60,CWlhREJ 
WRITE ~5,CWO,REJ 

CALL SWAPI. 
XMIT,AUG ENTKI.ENTK 
CALL SWAP1 
SLJ XfER 
END 
IOENT ~WAP 

FNTRY SWAPI 
NOP 
fNI 9,1 1 ." '--' ·-· .... 'ENI -'0.-2---.· ... 

":1· --
. , 
., 
1 

.;1--. ' 
COMI 

1-:: __ ;_~Q~E 

t
·, CRACKl 

~', START 
. , 

I-~:I ---' 

I:· 

ENI 1,3 
ENI 0.4 
ENI 1.5 
SLJ SWAPI 
EN!) 
'IDENT -'C'RAt'K 
ENTRY CRACKI 
I3LOCK 0 
COMMON X(lIB) 
ASS 1 
8SS 1 
ocr' 12 
NOP 
LOA X 
ARS.EO 36 
STA WHOLE 
ARS.EO 6 

. ALS.EO-6· 
STA LEFT 
LOA WHOLE 
SUR LEfT 
STA X 

1 ~>-'--'-~~~'~~~~'~;~K2 
__ ". LOA LEFT 

',~' ARS. EO 6 

L ',A STA X 
~ SLJ CRACK} 

:'5 CRACK2 LOA LEFT 
I~~~: .-... -----.. ,---.. _. ~~i' ;'~O~E+ 1 

RAD X 

I-~.'~, ~~~ CRACK) 

C:COPf 

-/q-



I 
'-' 
I 
-

1 ~ 

.: 

t·· 

1 i 

4tLOAO.30 
(EOf 
*EOO 

I- ::~ _._ .... __ .... '., ---r---.. ··· ---- -------
L'" 
• I:. 

l' 

I-~: ---.--._-

'-.--. 

1 
• I ~} 

"'-
1 

1 
i 

1. ,-. 
'J 

I~ 
I~ ... 

I 
' .. - .! ~ 

~ . __ ._- ~ .. --.. ~-
';;i 

" ~. 

1-:.: 
-I r, , 

-
I 

: 

' .. .1' 
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; 

'-' : 1 

I ' .. ) -
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~" 
CIt 
; .. ~ -. 
' .. 

, . 

~ .. 

- - - - - - - - - - - -
FIND LARGEST PeSITIVE 

MANYPLf)l' VALUE f/lF AMPLITUDE. STI5RE 
PHASE VALUES IN ARRAY ·PHASE. 
FINO LARGEST + ve AND - ve 
PHASE VALUES AND ST'RE IN 

BACk I'FF LARGE 
NEGATIVE AMPLITUDE 1-_....... EXCURSIONS IN !l0 DB 
STEPS 

YES 

PH2 AND PH3 . 

NJlRMALIZE 
AMPliTUDE 
FIIlR PLIIITT/NG 

GET FR'M DISC 

CALClJUTE PHASE 
DUE ,. EACH 
PflLE AND ZER18 
AND ADD 

READ DATA AND 
PRINT HEADINGS 

YES 

MAlCE ALL 
EQUAL PtIILES 
UNEQUAL IN 

·001 % INCREMENTS 

ADD 
10-20 

YES 

CALCULATE 
NJIoIERATIfR AND 
DEe/NATH *' 
TRANSFER FUNCT~ 

CtteNSE LdG 
INTERVALS FGIR CH'IIISE MfR/DlNTAL 

SCALE FACT~ 
FfJR PL/Il'S AND 
LA8fL GRAPHS 

r--------.. -I .. cALdl..ATING H(W) 

EXTEND VERTICAL 
AXIS AS FAR AS 
NECESSARY. EXTEND 
SCALE. CtUlfaSE 
PHASE $IGIN 

SELECT 
'-.,..-nMUM 
SCALE FIIlR 
PHASE PLIIT 

DR .. IN ALL 
AXES, SCALES ETC. 
FINISH LABELS 
Pl'" PHASE 

- - - - - - - -
READ TRANSIENT 
OATA AND PRINT 
HEADINGS 

T=O 

LAPLACE (T,O) UNIT IFULSE 

(NIII INTEGRATI"N) 

LAPLACE (T, I) ~IT STa­

(IlNE INTEGRATltIIN) 

LAPlACE CT, 2) UNIT RAMP 

(TWill INTEGRAT"NS) 

PRINT T AND 

LAPLACE 

T=T+6T 

LAPLACE 
REAL FUNCTI"N LAPLACE (T, Ism) 
LAPLACE IS THE INVERSE TRANS­
F,RM Ff/IR TIME T. ZSTEP (= 0 I 
2J SPECIFIES THE NUMBER IIIF' , 
INTEGRATI~NS tiF LAPLACE 

l:STEP-O-=!>,NOEX I" 
INDEX 2" 0 

ZSTEP = I::;> INDEX I = I 
INDEX 2" 0 

ZSTEP" 2=>,NDEX I -I 
INDEX 2 = I 

CAlCULATE LAPLACE 
NUMERA~ AND ~INATfR 
INDEX I AND INDEX 2 PUT 
·,N REQUIRED f&JMBER OF 
Pl)LES 

GENERALIZED FlOW CHART 

MANYPLOT AND LAPLACE 

~ 
"V 

" .~ 
o -)( 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r~ C MACR~ 
(al TYPES A LINE 
(b) EXIT T0 M0NIT~ 
(c) READS A LINE IIlN 

INTERRUPT 
(d) WRITES MAN'r'DRUM 
(e) PUTS DATA I NTil 

ClllMM0N 

MERRY 
C0NS0LE 
PR0GRAM 

STI/lRE DATA 
FIIlR 
TELETYPE 
AND c0ND = 0 

1
st 

ENTRY 

LA8EL AND 
SAVE MANYDRUM 

XFER LINE F.0R 
TTY T0 C0MMIIlN 
AND CALL MANY 
PUT I INT~ B6 

r0c HEAD+II08 
rlllc HEAD+IIB 
rf/lc HEAD +228 

CALL CRACK I 

NUMBER:= NIIl 

!!IF P0LES 

0R ZER0ES 

CALL REENTER 
XMITS CrilNTRIIlL 
T~ NEXT ~INT 
IN MERRY 

If/lC 
HEAD + 33B 

YES 

rlllc HEAD + 558 
rlllc HEAD +668 

YES 

START 
AGAIN 

TERMINATE 
SESSI0N 

REENTER 
'XFERS CIIlNTRIIlL 
TO NEXT INSTRUCTlIIlN 
IIlF MERRY FRIIlM 
M0NIT0R 

o IN 82884 
I IN 83 8 8~ 
9 IN BI 

XFER 
READS TTY 
WRITES MANYDRUM 
PUTS TTY fljUTPUT 
INT~ COMM0N 

GENERALIZED FLOW CHART MERRY 

CRACK. I 
CRACKS ASCIr 
NUMERALS 

I 

YES 

l> 
.." 
-u 
fTI 
z 
o 
X 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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APPENDIX 4 

SAMPLE PLOTS AND OUTPUT FROM MANYPLOT 



I 
I 
1 
1 
1 
1 
1'--' 
, ... , 

.'~ 
1-:::· 

--, 
, 

,~~ 
. I,.) 

I'~·:) 
C::) 

1=::.. 
.'" ~" ........ ../ 

1
_·' 
r. '-_. 

1,---

1-' 
I _ •• ~ 

I ~.:.: 

I 
I -~ 

. ' .... _J , , 

1'-' 
~. :~ 

I·· .. ·, 

-[I',' I' ....... -.. , :, .... :1:.'· II :1 1.,1 Ii·' -r';:~:"i! ,';-11 'jTI-'I ",j ,I" 'I!' Ii!' . 'I'.!.'. li!.t I'.J. 
'" C .~ '~l-; •.. ~. i .. ,~; i:~ ::,. j,;, ~; in :~j I:~ i,~; 11'~:"-"'1; I~:i i, :1" r c. 
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