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ABSTRACT -

An Analysis/Simulatlon Program For
Power Electronic Circuits - -

Donato Vincenti -

[

The central role of power electronics in the development of fully
: ) .

automated production machinery has prompted an intensive Tesearch effort,

- e ' »

directed towards the improvement of the associated converter circuits.

Part of this activity has been 'f‘ocug'ed on*the development of efficient

programs for computer-aided circuit analysis and design. A number of

such programs é€xist for both mainframes and personal computers (PCs) and
all perform well With var‘ying’ degrees of versatility and flexibility.

Despite their adaptability, .hcwe,ver'. these general, circuit simulators

are not designede’to work fast with power ’e'lec,trqnic circuits -

* 13

especially when these packages are*run on PC'E;. Moredver, ther‘é is a

need for circuit simulation and analysis programs that can run faster

Ty ’ . ' 3
and be more effective because they are geared towards a specific family = -

of circuits and cnmpone“»ts. This ‘stra:tegy has been employed in wr'iteqing

the anal’ysié and s’imulatvion program- for power electronlc circuits

(ASPPEC) presented in this thesis. It is focused on'applicatlons, in.

¥ -

' » power 'eiectronics equipment circuits which, dué tuo their xionline‘g.riti'es

and swi'tching patterns, tené to be difficult to analyze Wwith ekisting
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circuit simulation programs. The algorithm developed in this thesis, 1is

used to design a program targeted for use with .desk-top computers. It

'

f‘éatur'es extensive graphics, low memory reqhirements, f‘astiexe"c'ution

]

times aﬂd above -all - user friendliness. This thesis will show how

'ASPPEC perforr;\s -schematic capt'ur:e to -analyze power circuits on PCs.

Finally, the program is used “to produce simulated’ and experimental

results. of actual converter «circults 1In order \to establish its

PAY

effectiveness. ‘ .' \
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- 1.0 INTRODUCTION o

1.1° General Introduction to Static Power Amplifiers
. Ful]l automation in manufacturing processes has become'the leadlng

edge of industrial renewal. Full aﬁ 1on(reﬂul'res the successf‘ul

. N
functional integration of three basic system componets; the controller,
Q.

fne power amplifier with its respective drlver, azg the production

-

mathinery. Of these three components, the controller and the productlon

) .
machinery have received an enormous amount of_attention» There are 2

ke

good examples of controller applications: the research 1into the

development of. spécial purpose digltal computers and associated software

which function as industrial controllers. and the research lnto the

development of intelligent featug;es such as vision and touch for

specialized production machinpry (robots). Despite spectacular successes )

in the aforementioned two areas, \{q‘act ‘remains that, unless, equally-

s

. «
sophisticated and reliable power amplifiers are developed then the
overall productlon system cannot reach its fullﬁg‘tentlal A major step

in this direction has been the develdbment of effective analysis and

. simulation programs for power electronic clrcults such as PSPICE [1] or

SPICE (2], IS-SPICE {3], MICRO-CAP [4], ECAeZ [S], VANGUARD [6], ACNAP3

~

and DCNAP2 [7], ATOéECS [8], COSMIR [9], and SWEAP [10]. -

-

—— -

1.2 Related Simulation Packages

~As with many other research areas, digital simula_tion of power

LS

amplifier cifrcuits can s‘lgnlflcantly' facl?gte' the process of product
. LI M

Y +

-
1



#+design and development. The various circuit simulation packages

\ , :
available " tod§\ can be classified into 2 categories of electronic

1
Y

simulators:

-

. 1) Simulators which use complex modeling. :’

- 2) Simula;tors which use simple\modeiing or ideal models.
The circult simulators of the first categoryr such as PSPICE [1], SPICE
{2), IS-SPICE [3]; MICRO-CAP [4]), ECA-2 [5], VANGUARD [6]), ACNAP3, and
DCNAP2 (7] us.e comi)le,x models for their semiconductors '(transist.ors).
Therefore analyslis of cir‘cuif.s with‘ ’several transistors (power
electronic circuits) use large amounts of memory, require excessive run
times, ‘and need prqcess information that can be supplied only by the
’switch man.uf'actux:ers. All of these PC software pack;ges elther use SPICE
for their circuit simulation or they are imitat;ions of SPICE. For
instance]¥ANGUARD [6], the computer-aided engineering system from \CAS‘E
t-echn‘b{ogy is a $82,105.00 package that has a schematic graphic circuit.
editor producing a PCB layout, timing verifiéation, *foglc’ simulation, .
and has a ,SPICE circuit,' sir:(;lator ir;tegrated in the package. Another l
qu*cuit simula\t‘or. PSPICE, which was one olf‘ the first circuit:simulators
on the market (January 1984), was"de(reloped by 'MicrloSim [1‘]: PSPICE is a
member .of' the SPICE family of ‘circult simulators. This program comes

frc;m the. SPICE [2] family of circuit simulators developed at the

University of California at Berkeley during the early 1970’ s. PSPIf:E

uses the sanme algorithm as SPICE and is considered more.powerful than

ety ———

IS-SPICE, MICRO-CAP; ACNAP3, DCNAP2, and” ECA-2 ([5].. For example,

¢ .



MICRO-CAP has a self-contained schematic editor whéreas PSPICE must
U '

interface with PC-based schematic editors '(FutureNet, Omation, OrCAD,
P-CAD, or Viewlggic) which are somewhat cumbersome since these editors
are slow and use unnecessary compbnents‘ which PSPICE does not recognize.

eference [S5] states that ECA-2 performs essentially the same functions
rd . :

¢

as SPICE (PSPICE) or less. Reference [3] states that two or more
independent sinuseoidal sources in IS-SPICE cannot be phase shifted with
respect to one another -except for small signal AC sources. References

[3]). and [5] are examples of competitive circuit simulators that use

o

PSPICE (SPICE). By comparison, references [3] [6] [7] and {11) have a
similar PSPICE input file syntax.‘ Fur};hermore, speciﬁal. software
(PRE-SPICE) ts used in IS-SPICE [3] to prepare circult analysis flles .
for either IS-SPICE or mainframe SPICE. Therefore,” from references [2]
[3] [4] [5) [6].17). and "§11] one can conclude that PSPICE is the PC
industry standard of the first category of circuit simulator. For many

years SPICE has been successfully employed to predict the 'tryxs\ient anda

\
-y

steady state behaviour of various power amplifier circults on a

. )
mainframe or super minicomputer, such as the VAX11/780. However, one can

n »

o . Y
v agree with reference [11] and'argue that Jobs on a PC AT, for example,
typically run about IG/ as fast as those run on a YA‘XH/’?BU

minicomputer. Although this run—‘time is insignificant compared with the

™~

time required to define' a problem, it is an advantage to designers when
.

results can be viewed immedliately on a PC display rather than after the

. - ]
lengthy delays incurred by remote ;‘acilitl_es. System parameters l’lm
.presented by approximate. values and component- tolerance limits, for

- example, call for numerous runs. TBerefore, the time spent walting for a .
. - N T
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batch run and the output from a multi-user mainframe often offset the
\/

N .
.ra.dvantage of higher speed. With the arrival of the 80386 MPU systems and
Y

the numeric coprocessor‘v‘lé for floating-point calculations - mainframes
use flodting-point software - it Is possible to run iterative software
faster on the PC than on the mainframe. This has many advantages from
the designers’poi—nt of view. Since run times on PCs are somewhat longer
than corg:espohding simulation algorithms applied on malnframes, many
al'gor‘ithms using the Nsec’ond category of simulators such as ATOSECS™ (8],
COSMIR {9]), and SWEAP [10] ares\more suitable for PCs. These programs

fall under the second category 1r‘1 which the Jnonlinearities of switches

are modelled by an ideal open-circuit in the non-conduction state and an

‘1d¢;a1 "short-circuit in the conduction state (COSMIR and SWEAP), ‘and a

large inductance and a small inductance (1yH for a bipolar transistor)
¢ v .

respectively in”ATQSECS. The*Phoblem with ATOSECS’s algorithm is that it

b ’ .

requires that ‘each semiconductor switch present in the system be

p}%‘dlleled ‘'with an RC circuit (snubber). This will increase the order of

the system by 2 for every semiconductor switch, implying,that a solution .

using ATOSECS will be slow when incorporated on a PC. Moreover, ATOSECE
requires a lengthy inptut file which does not make this type of pr‘ogram.

user friendly. The “other two programs, COSMIR and SWEAP, .have also been'
d Kl -

develdped specl‘fically\ fwi»iex; electronic clrcuits and appl(ications..

4
In ‘the COSMIR %~ program,  semiconductors are represented by

~

plecewise-linear switches where \éétéh\ mode of the converter Iis
e

repr‘esey,ed by a ﬂl'ﬁ}éar circuit and is described by a corresponding set

of linear state-space elqua“t’ions [9]. A similar algorithm 1is used by

SWEAP [10] which puts constraints on the_num?oer of states, Inputs, and

-
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topological modes the, program is capable of accommodati.ng.

1.3 Proposed Simulatior; Package

.

The circuit simulation program ASPPEC (analysis/si‘mulatioﬁ pr‘ogr‘ar‘r}

for power electronics’ equipment) presented in this thesis has also been

written for power electronic circuits. Its main features are; that it is

very user friendly (e.g. one can tnput a circuit by drawing on the CRT),
-t

it includes extensive graphics features, and it is compatiBle witP the

[}

men;or‘y capabilities of %lesk-top computers. However; at the present state

<

of develbpment, it cannot accommodate feedback loops. Nevertheless, it

-

s envisaged that the subject simulation program can ' assist in the
development of power amplifiers and of power electronic circuits in
i) It can be used:to provide performance insights before the

>

actual circuit is built. .Because of its short execution time %

general, in four ways:

3

and extensive graphics, the program can be used repeatedly to

AN
predict transient and steady state current and voltage

— ’ o

waveforms through and across varioys circuit components.

-

- Th'g:se features are especially use‘/ful during the K gett 1né
a . . . “‘ .
acquainted .with the _circuit” phasgL of research apd

deve iopmént - &

ii) It can be used to provide relévaqtlcircuit deéign data
. ! " ‘ . ’ 1

such as rms, peak, and average voltage and current: ratings

’for' various .active and passive circuit component':s under the

worst operatirg conditions. In this case, the effects, on the

’
- ) v‘ ] ‘

> Pz -

o8
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ove?ail system performance of changing certain component

Man

‘«

valués can be evaluated quickly and inexpensively.

111) It can be convgni;ntly, employed.. to perform
nondestructive faglt circutt testing, by simulating various
systém faults such as component fallures and load short
circuits.

iv). Flnally: it can be also used as a self-teaching, self
lqgrnlng tool by nonexpert’members of the circuit development

=

team.

e

~n
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2.0 PROGRAM STRUCTURE

A description of the hardware support and of the Internal structure
of the prog’i‘am is provided in this chapter. The program itself |is
designed to introduce the reader in a systematic way to the hardware and
software required and to allow him to produte a similar program on a
different bompuier such as an IBM-PC. Appendices containing the progranm
can‘be referenced to the algorithm presented in this thesis to aid in
the ‘under‘sténc‘ilng of 'fhe methods used here and their app.l(lcation \to any
”other' high-level programming language. Moreover, the progranm is not as

important as is the ‘usage of tHe algorithm. Although this‘th_esis‘~ was

implementec"i on a Hewlett Packard 9836 serlies desk top computer, 1t 1is

® '
" important @ stress that the program presented here is not restricted to

this machine. Thus, specific hardware requiréments such as Ehe
knob-control on” the HP 9836 can be replaced by a;gemparable hardware”

item such as é.‘ PC-mousé. which functions in a similar fashion.

1

. N

2.1 Genentl Description of the Program Structure

'n\ The program actually consists of two subprograms The first
subprogram is a user-fr-lendly interactive clrcuit-—drawing package which
n;akes use of the cémputex‘ s extensive graphic capabilities A listing of ‘
the circuit drawing program is given in Appendix 1.. The ﬂsecopd prgg\Fam
is the tree-link program which perf‘or':;xs circuif analysis based on linear

netyoﬂc t,heory [12] After having drawn the clrcuit 1n the computer. the‘ ‘

analysis section recalls the coordinates of circuit element.s from a file

.
P '

e . : . b LS



created by the circuit drawing program. Subsequently, it performs the _.
gycesgary _conversions to be used in the tree algorjithm and, finally

produces output voltage/éurrent waveforms .following the formulated
. "\
results of chapters 3 and 4. A listing of this tree-link program is

given in Appendix 2. Throughout this thesis both 'oi‘ these subprograms

are referred to as "the program” or ASPPEE unless indicated otherwise.

-

The program is written in 3.1 Hewlett Packard BASIC for the HP 9836
ser'i'es désk-top computer. In HP BASIC there exists a family of special

instructions that facilitates arithmetic ‘operafions on numeric arrays.
4 -

w " ¢ ‘ o
This family of special instructions is'used extensively in the tree-link
program, lience, familiarity with this special instruction group will ﬂd
in introducing the reader to the program logic. In most high 1level

languages this speclal instruction group does not exist, and therefore

would be replaced by subroutines to perform the task. The ‘special

instruction is_the MAT command. It can quickly initialize numeric arréys

A

to constant values or copy numeric arrays. It also performs arithmetic
operations on numeric arrays. )‘Finally. through the use of secondary’
keywords, it can be used to manipulaté numerie data stored in arrays.

For exan‘}ple, matrix multiplication lis implemengg_dpy the following

-

instruction; .o

3 ] . 5, !
. .

. MATC=A*B :
The asterisk is the matrlx multipllication oper'ator‘.' In this case it is
v multiplying matrix B by mabrix A and storing ‘the solution in C. The
asterisk can also be used in scalar multiplication as follows;

PR

.
+ A

. s
-
— .
s .- .
» « R . « " .



MATC =k * B

. -

.

. where matrix B is multiplied by a scalar number k and the solution is
stored in C. The calculation is done in REAL math 6 uniess both operands

are'integers. in which case the computation is also INTEGER. With the

use of secondary keywords in coﬁjunction with the MAT instruction, the
fol}owiﬁk,functions can be executed. There are 3 secondary keywords:
1) IDN is a secondary keyword which turns a square matrix

into an identity matrix,

i1) INV is a secondary keyword which finds the inverse of &
sqhare matrix; The 1inverse 1is found using the
pivot-point method. If the determinant of the inverse

matrix- s very small compared with the elements:in the
N N ) , ,
4/24*_/ argument matrix then ‘the inverse may be ipvalid. A zero

depermlnant would lnglcate an invalid inverse matrix. - T

- »

*

111) TRN 1is a secondary keyword thcb produces.fhe transpose
of a matrix. The traﬁsi)ose is produced by exchanging
rows for columns and columns for_.ndbs;) Wrong sﬁaped

result :matrix will be redimensioned by the compﬁter‘."

—

. $

Examples of the use of these functions are found within the tree-link
' - . o B "
program (Appendix 2). .. R T -

e ) - - . - * - -~
s .y - . \
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2.2 "éub;;_ections of the Program:
In this section a descriptloh of - hardware support and program

g} ) .strpcture is(p/r;avided wit_h‘the heli) of the flowchart shqwn in Flgure
2‘1 The START block begins t?e flowchart. He) the genera-l hardware
support. description 1is introduced The next section of the flowchart ‘15
the INPUT CIRCUIT block. In this stage, located in the ~circul‘t drawing
program (Appendlx 1), interacrive graphics are used to Jnput circuit
elements. The program passes directly to the STORE \)FLOF:PY-\DISK

. sectlon. This block is useful when repeated circuit- analb;ses; are
desired. Here, the circuit giescrli:tion can be reczov'ered or stered on the
mass Storage medium - t}le floppy disk. Both the INPUT CIRCUIT and STORE
ON FLOPPY DIjSlé steps are found in the circuit- drawing p'ro'gram (Appendix
1), 1n80rpora£t1ng 'thé many “user friendly" 'feat\fres— ment.ic;ned ir; the

next subsgectlions. In the ENTER VALUES block, circuit élement parameters

are entered followed by the search for '‘previously stored data flles in

> ~
P

) the PWM TREE .section. If the éep.rch is positive ‘the program goes to the
- . * 1 ’

CAPACITOR LOOP‘INDUCTOR‘CUI'SET stage, . otherwise .the program switches -to‘ /

. ./

the PWM SCHEME block where either a standard or a custom input schemg

' - . can be selected The LINEAR GRAPH SETUP sectlgn produces the tree fi}e
%

using linear graph theory [12] Both the tree f‘lle and the PWM écheme

file are stored when the program is in t.he STORE PWM SCHEME and the

R ¢~~-€IRCUIT TREE ON FLOPPY blocks The search for capacitor loops or

lnduct‘or cut-sets ‘is performed in the \CAPAgITOB LoopP INDUCTOR‘ CUTSET
'st‘age., If th,is block finds ;one of the c{égeneracies shown in chapter 3, -

) the progrem (‘a.lli:ws t.he)user_to select the. output wavét"ortms‘ in the QUTPUT

‘ SELECTION step. The néxt three ’sec=tion,s are discussed in chapter 3 and

\

~
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chapter 4 and, use the Sta:jece approach - references [12J[13}{14]). -

‘ After the output waveforms—ane solved and drawn by the OUTPUTS READY

block the pf‘ogram goes to the OUTPlJ:r WAVEFORM .Step where the user

chooses the destination of .the waveforms,” Finally, the EDIT "block

-

simplifies the . task of editing' either the circuit,” .the circuit

3

parameters or the presentation of the.wavefornms.
. . N -

2.2.1 Hardware Support
The program 15: implemented on the Hewlett Packard 9836 .serles
desli-top computer with a Motorolas 68000 based -micro-processer, S&me of'

i

its har features include:a single 1.0 Mbyte memory board, an HP-IB

bys [ interface with” a HP p}otter,“\rotary knob control with eftended

g

graphicy ™ rt, two disk drives, a RS-232G“standard interface, and a
~ , . . } ‘

‘initiated the task of develgping the program’s graphic orientation: The

visual {nteraction of th:a'- user with’thg system makes the inputting and
outputting: of data 11lustrative. w

2.2.2 InPutti,’_pg the Circuit \

i The circuit under~Simulation is enter;ed‘ and displayed on the CRT
{as shown 1in Fi‘gur'e 2.2).i2y using ~the rotary knob and f.he pne—define-d
function keys (i.e.p so_ftgkéys).' These pre-c;efine; functlon keys ir;cl'ude '
a wide setection of cix‘jcuvit elements‘such' as dc/ac voltage and current

sources, resistors, c¢apacitors, inductors, switches, éingle. and three

phase converter mstructures. and .connec"cing lines. Ad_di'tional graphical

"features designed to enhance circuit. 111ustra}'.1‘on include arrows, loops,

15‘

-



1
\ )
. ENTER RESISIAMCT IH OimS .
60 - i
. ‘ ' Figure 2.2. Picture of the. GRT.dis/p)éy of a 3-phase rectilter .
) ' circuit during the entering value _peridd. . -

?

circles, and squares. Circuit manipulation in graphic mo;ie also allows' .
extensive labelling and editi%g‘such as the @eletion or- addition of
circuit elements, chamacter deletion., element glzing, and repositi‘onlng'
'.of" the ent:.ire‘circuit. Hart_:i copies can be obtained witﬁ ‘e use of an HP

(AT

- . . . * ' N . k
plotter. Moreover, all the circuits illustrated inp this thesis have been

1 e

‘ r obtained with the use of thls program. '

b >
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.1 2.2.3 Storage on the Flopp): Disk @

The visual representation of.the-circuit on the CRT can be stored

»

or retrieved from a data file on the floppy disk. The fille name can

conslst of up to 9 alphanumeric characters. An underscore character is
»

appended to the data file name allowing the program <co immediaﬁe'ly

i‘de;’xtif‘y the file as a tlircuit diagram data file. Circuit element

»

positions are stored using integer coordinates and element codes. This

information® is packed in integer form to economize disk space and is

( repacked ‘upon deletions of circuit elements. To avoid duplication of
file narr;es, a directory 'iS' displayed when prompted to input the file

name. ' .

Y%

2.2.4 Entering the Parameters D

The :circuit element values are entered . interact;Vely. For

resistors, capacitors, ’and. inductors, valdes %1n Ohms, Henrys, and

a

Farads 're‘spectively. The values of the independent voltage sources and ‘

) .
current sources for any schematic representation are entered in volts or
3

1

amperes respectively. These source inputs “can allso be a data flle
contalning the ‘desired waveforms. This procedure involves the following:
using a data acquisition device such as a,digitai scope 1interfaced to
the computer, actual source waveforms can be .retrieved from the digit\al

scope and stored on a floppy disk. At the source entry prompt, the file
tj

-

" .name¢ of this waveform is retalned in memory as being one source
R

‘ * > 4
- - waveform. Preprogrammed source waveforms are similarly entered. Entry of

. the base frequendy, the waveform resolution: (number of points), and the

/  number of cycles-are then prompted. Upon completing the above element

% !
¢
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entries, if a switch configuration exists, the entry for the swl't.ching

-

scheme (PWM scheme) will be prompted. L A~
- -3 :
2.2.5 Previously Stored Data Files
E . Ser Tt
To speedup repea:{féz, runs, the program searches the data floppy ‘disk

’ '
for previously definedﬁ/puts such as circuit PWM and tree flles. If and

whgn such data is found, the program p;*oceeds with t‘he‘ investigation of
capacitor loops and/or inductor cut-sets. Thig situation also occurs
when only component valuesrare changed while the respective clircuit
topology and control scheme remaix:x; the same. When the resolution (number
of points)‘ selected by the user is high or the circuit is.large, the

. / - 1 . - C
usefulness of this storage feature becdmes apparent. In conJunéyien‘f”wlth
¢ o

ram storage, run-times can be sharply reduced with this storage feature.

2.2.6 The PWM Scheme ' L.

N

At this point the program prompts the user to defihe 1‘:he req¥ired
PWM (pulse width modulg.tion) voltage scheme from an existing menu. If,
however, t‘he user :Jants to employ a custonrizeda-PWM scheme this éectlon
can be bypassed. Some standard PWM séﬁémes,’ such.- a8 the °‘square wave
scheme, original sine PWM séheme, modified siné' PWM scheme and the-third
ham‘nonic. injection PWM,sc':he‘me (15], are 1hcox~por'a€éd in this section.
W§th 4 popular carrier frequencies the '9, 15, 21, and 27 trlangles are

selected based on the criteria for unwanteq ha.rmonigs. Also, a .1"to 1

modulation index can be selected.
AN
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2.2.7; Lintéar Graph Setup

rom the circuit dlagram drawn on the CRT, the program constructs
b °
' .the respective circuit tree by using established’ principles of ~ linear

A}
graph and circuit analysis theory‘[12].0Accord1ngly, all voltage sources

and as many .capacitors as possible "become twigs, while current sources
and as many inductors as possible become ' links. Resistors can becone

elther links or twWigs. This method is .elaborated in Chapter 3.

K

o - 2.2.8 Storage of the PWM Scheme and Circuit T{e.e on Floppy Disk
The PWM control scheme and respective circuit tree obtained earlier
are stored in binary files on a floppy disk. The PWM control scheme data

, flle consists of real number data that describe t\he‘switch configuration

. < ,
scheme. A single cycle 1is developed by ASPPEE for the switch

configuration scheme. To reduce run-time, the cycle is repeated up to
the number of cycles selected by the user. In A 3-phase system, other

phases are derived from this single cycle. The respective circuit tree

data file consists of integer number data describing the circuit tree
[12].

- 1
1

2.2.9 Search for Capacitor Loops or Inductor Cut-sets

v

‘A unique feature: of the proposed simulation program is that it can

handle capacitor loops and/or inductor cut-—sets.'This feature frees the
. ¥ v

user from employing additional components (such as series and shunt

»

. ' resistors) ‘to eliminate unavoidable loops and cut-sets. The restrictiodN’
. resulting froQ, the presence of sauch circubt .conditions is that"on;y the

readily, avallable state variables (i.e, capa,cito'r"_twig‘ voltages,
" ¢ . ' X oY

}"" . o\ 4

»
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\

inductor 1link currents) are used asloutputs. If, however, the circult’:'
does not include any"égpacitor loops o:r' vlzguctor cut-sets, then thé user
“is free to ask for any valid circult output. To compute these\outp‘uts
the prograxﬁ' introduces a zero-value voltage source in series , or ‘a
zero-value current source in parallel with the respective circult
element. As expected, the voltage and current sources are used to
compute current and volf:age quantities respectively.

2.2.10 The Output Waveforms

When a requested output has been computed, the, program notifies the

user by appropriately labeling the respective circuit component(s). Once
. [ 3
a requested output becomes available, it can be displayed on the CRT, or

sent to~a plotter, or stored on the data floppy disk for further

analysis. Such analysis might involve taking the FFT (fast fourler

transform) of a waveform to obtain its frequencC¥% spectrum,

2.2.11 Editipg The Circuit 8

A circyjt editing capabllity 'has been included when repeated
pi*ogram runs ‘e xiéq'ﬁired for different cir?uit component values . It
enables the user to bypass tl,m& consuming parts of the gogram (such as
tree forma-tion, etc.‘)_ by using relevant data from previogs runs. l.;.’DIT
also allows the user to customize his output plots by a.dJus*ting vertical
and/or horizontal axe"s‘ and .to perform operations on outputs such as the

product of two waveforms. Some of these features are shown in chapter 4,

-- Y
-, *

22
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_analyse \such circuits were not incorporated.

network of éléments:

18

3.0 FORMULATION OF THE CIRCHT EQUATIONS.

In order- to establish the methodg by which ASPPEC formulates the
circult equations used to solve the output waveforms, identification of
the circuit components and sub-circuits must be introduced. It should be
noted that the trivial and impractical case of a purely resistive
network is not considered by ASPPEC since Kirchhoff's voltagé law (KVL)
and,JKir‘chhoff"s curreg£° law (KCL) equations would be static - no
variiations in the voltage or cur‘r*ent«of‘ the circuit would occur in time.
Therefore, a very irﬁpractical circuit to 1nc'or~pbx~ate into‘ the program
s}nce it® is both time, conéuming (compute{ running time;) and \rr;cmorty
consuming.‘ 'ghis type of circuit and also resistive circuits containing

]

only sour‘ces\\fare not allowed .by f‘the brogram since the routines to

-8
In general, circuits are classified by the type of electrical

=

éomponents makin% up the circuit and by the voltage -and current

characteristics of these¥electrical components. Therefore, this section

hY N

will first present the type of circuit components and circuit networks ‘

(sub-circuits) that~can be analysed by ASPPEC. Secondly, a systemai(c

f‘or\mulati'on of the circuit equations will be developed.
' &
i

/
3.1 'Circuit Elements - N {
Six bas/"ic circuit elements are avéilable to the user for cre%ting a

- <

o

KN



, 1) Independent voltage sources.

-7 . . . 2) Independent current sources.

3) Resistors. : . %a

2,

. w 4) Inductors. _ K K

5) Capacitors.

-

6)-Switch configurations.

The schematic representation of these circuit elements are shown in

&

Figure 3.1.

N N

RESISTOR INDUCTOR CAPACITOR BWITCH
K

i

. __Ifw \ ‘—-I:w 1 ~
R .
» //” . . El
2 A

iy le
{

L\ AN

5 , . ,
‘ Figure 3.1. Schematic representation of circuit elements.

4

-~
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Independenf: voltage. and current sources 'cgn‘ be any time varying

‘waveform created by the user (customized waveform) or anyone of the

common slx';usoidal or dc waveforms is produced by ASPPEC. The customized
sources are introduced to the program by entering the data file néme
during the "entering the parameters" period of th.e program. ;. The
P
customized sourtce data files can be produced by the user and stored in
the format mentioned in chaptei 2. They are ’mathen:atically represented
as v(t) and 1(tl), where v(t) represents the voltage at 'any given time
across the voliage source terminalé shown in Figur%.l. The plus sign
seen\‘ next to the source (Figure 3.1) indicates the positive‘terminal.

The current 1(t) represents the current in the direction of the arrow, at

any Instant of time through the two terminal current source device also

~“shown in Figure 3.1. Besides these two schematic répr‘gsentations of the

voltage source rand current sources the program has also incorporated-’

three other schematic sources:
N h ,

Al

1) Constant voltage source. ' . \ '
2) Battery source. ' -

3) Sinusoidal voltage. 9 .

All the voltage sources represent the voltage across a two-ferminal
.

C . ,
device where the voltage can ‘be described by the user using a data file

and the default time varying voltage, is a sinusoidal voltage. For °

example, 1if the use'r. enters only a numeric value inst;ad of ~an ASCII

name during the "entering the parameters" period (desc.r'ib%a in chapter

. . A0
2) and the source is schematically represented by a sinusoida)] voltage

)
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-
o

. ' 4 .
source, ASPPEC will default to the sinusoidal source with a defined base .

frequency and root-mean-square (rms) value of entered amplitude. All

types of sources are assumed to be ideal. This means that no matter what

‘network of elements |is connected’ to the terminals of a voltage or
: D

current source, . the voltage across the voltage source and the current

ES

through the current source will ma‘intaln its magnitude "and waveforn,

L

This is true no matter what amount of current is demanded by the network

connected across the ?:erminal's of a 'voltage source énd no matter" wha‘t

- M

amount of voltage Ji's demanded by the network connected. to a current

osou'rce .

“

.The next set of electrical elements which are also schematicagllay

shown in Figure 3.1 are resistors, inductors, and capacitors, all of
4 v ) by
which are classified by ASPPEC under the heading "linear elements". The

voltage and current characteriétic of each of these three passive

elements can be written as

) v(t) = Ri(t) o

or
v = Ri ! - (3.1)
Al ° " hd
k _ Ldi
v = —dE . (3.2)
and o } ¢
¢ .
b ve= 114t . " (3.3)
C ) . .
£ ;" '

-7
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4

for the resistor, inductor, and capacitor respectively. Assuming the

]
\

three passive elexr;ents RLC .are lumped and their values remain donstant
in time (time-invariant). The resistor, inductor and capacitor" behave as
Iinear time-invariant elements since Lh?‘ir values are assumed to r-emal‘n.
c;)nst;nt. Therefore, a network composed of these elements is classified
as a time-ipvariant linéar networnk.

The final category of elements which are 1ncorpor;1t;ed into Ih@
program ‘are the switch configurations which are shown schematically ‘in
Figure 3.1. Si?c élwitch configurations are ;xsed in power electronic
sub-circults in_power electronic equipment. They consist of the. four
basic elements mentioned earlier and the constant voltage‘ sources,
sinusoidgl voltage{g}ources, capacitors, and a new element-the switch.
Before describing the switch and then the switch configurations as a"
whole, something shoulfi be sald about the capacitors -in the half-bridge

inverter -shown 1in Figure 3.1 (the only switch configuration with

capaclitors). It® is assumed-and 1is most often the case in rkal

‘applications—’that the values of these capacff.ors are large enough to

»

allow the replacement of the constant voltage? soﬁrc,e and the two

capacitors by two jdeal constant voltagexsources each having half the

amplitude of the original source (Figure 3.2). For this reason this

4

type of sub-circuit are talled a half-bridge inverter. Using this -

assumption all the switch confi’guratlons in Figure 3.1 are composed ‘of

at- least one type of voltage source and a' number of switches. Therefor-e,’

X

the switch must ' be defined to ' better understand the switch

n~
-

configurat 1onés.

*

The switchis showﬁr; inwF'igu-re 3.3 and can be visualized as - a

" e
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i Figure 3.2. Half-bridge inverter equivalent circuit. | wtion
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sectlon,‘of"wire having two terminals that can be in oné of two modes‘ at -
at any given instant of time. The first mode is the open mode or off ~
state and the second mode is the closed mod® or on state. These states

represent the cutoff region and the " saturation regilon of a power
- ¢ I . ~

4

L, ! o ' R
~ ) ;; ) - 'Y [ .
. O - £

N _SATURATION -REGION -
D > ASSUMED. CLOSED. | -

\

»

Figure 3.3. Ttge ideal -switch.

-
» [N
A _
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electronic traﬂsis'ior'rés;)ectively. Also, the switch is idealized it. has

. zero current flowing through the two terminals in the off state; it has

»

.- ——

.zero voltage acr‘dss the ‘two terminals in the on state, and 1t: is
bi\directional. These 3 conditions ane not true for the diode, thyr‘istor,'
triac, ' GTO, \bipolar' transistor and MOSFET transistor. Moreover .the
switch has no losses or does not store any charge, the voltage can be
any Polar-ity between the two* terminals, and the current can flow in

elther direction, Like the non-ideal switch, however, they are

¥

nonlineax‘* Therei‘ore. the switch and the switch configuration can be

©

found under the program sub—menu\(circuit drawing program 1ln Appendix 1)
titled nonlinear elements". These elements are classified as nonlinear
because they fail the linearit.y testy One can quickly-see that as the

switch 1s .opened the current is zero. When the switch is closed, the

~

cuxjrent can be any value up to inf‘inity (which is determined by the rest

of the cirFuit)‘ancf the voltage Is zero. Therefore, the s;:itch does not

cohfor'm to the proportionality criteria/er‘ linearity. C

s t

For those, who would like to ifmagine a more realistic representation

o of t‘be switch, one can think of the*switch as consisting of four diodes

and a power electronic NPN ioipolar transistor w}th ideal properties as
shown in Figure '3.4. The realization of an ideal bidirectional switch

using ldeal components indicates that a' third ter:minal (the gate) is

iy

present. More information 1% needed to'allow the switch to alternate

.from one mode to the other. This ext:ra information is provided by the

_gating signal. This gating signal is supplied to thel‘gate of the

e

_tranststor in Figure 3& The applitude of this gating signal (eéither



A

L) * . 'Y

current orww}q}tagé depenlc_nng on. tl'\e selected transistor) usually

determines the state. of the transistor. Since a power transistor .can be K
. ¢ .
in only one of two states, a simpler representation is required in order

1

toFrindicate the state.at any given instant in time. If this is not done

* the amplitude of the gating signal of a non-power transistor would
1*‘ Ay ‘\ -~

<cle'c.er‘mine if ;t is in the cutoff region, saturation region or active '

region. o e~

)
-~

"I'h'.r;ee' functions describe the switching patterns the existence

- functions [16], gain functichs {17], and switching functlc#)’ns [18]. Even

?

ap

Figure 3.4. Realizatlon of an idéal bidirectional

: - ~

‘switch usipg ideal.components.
foe T -

though the names vary from reference to reference, these ‘funct.lons

' ’mathematically deséribe switch states in much the same ‘way. .By i_ooking

- at an examplé one can better understand a) switching function. In F?'igtire
’ s ' A . ‘ " .
= < R . -
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»

K3.Sg the input -voltage is shown to be vi(t), the output voitage across
[ ~y N
the resistor is Vo(t)r the current through the switch 19&19’&). and the

-" current in the output resistance is io(t). Alzso. the switch is following
- » ) _ :
an on-state and . repetitive off-state switching pattern as shown 1n

¢

‘Flgure 3[’5-1: called.the .switching function of the switch. Switching

£
o~

‘ vg (1) - e ) i
- ,
‘SHITCH , - .
® is(tJ -P)f— iott) R .
%y ‘ V'(t) - 0—1—-—) H
, + . + . £~ ‘ .
> ~ vo(t)‘T R ON 1 . .
- - - QFF:".,'G >
— a 1 2 3 4 5
. t (SEC)
a) yl ' b ).‘ - )
Figure 3.5 Test circuit a) using a switch and a r'esi;tor' , =

~

b) and the switching function of the switch.

4

]

}‘unctions are mathematically expressed by using the Fourier éxpansion

-

: -]
. S e H(wt)= Z [Ancos(nwt) + anin(nwt)] )
| n=0 ,
where : .
’ 1/2 " -
N l £ X
.AO = T‘[ H dt
~T/2
‘¢ > ) )
] ~<



ST ~ .
172 '
L .2 | ,
A = IJ Hcos(pwt) dt n :0
5 - - : .
. 172 : A ,
Tr2 . ' ‘ ’
B_ = 2| Hsintnwt) dt
n T ,
~172 S
and

n=0,1,2,...

)
n

repetitive freqdency of the pulses

- -

T=11/f£ ., . .
3 & .

anf lt,he angular, frequency -

w

. , w
e

The variable H can have the values T or O which can be found from the

switching function. . . \

s
, P

Having mathématically represented the switching function as H(wt),

the switching function can be multiplied by the input voltage vl(t) of

et
.

Figure 3.5a to give a new voltage ’\'r_’i(t), where - _ .

»

Hlwt) x Giu) = vi(t) “ (3.4)
\
_\ | o

1
[}
i

° This concept is fundamental to the development of .t’h,e ASPPEE program.

. . N ' Y
Fo? example, in the circuit of Figure 3.5a let .

4

: = v(t) =10V ‘ L - "
v‘e' - o i '«’

F
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and the switching function H{wt) 1is the one shown in Figure 3.5B. Also

o

by using KCL and Ohm’s law

' N -

v(t) = 1(t) X R

e -

The output voltage vom. output current io(t). switch current 1S(t),

and switch voltage vs(t) are shown in Figure 3.8. This is a very simple

LVOLTSI . Lo «

=PI

» vott) ‘
(%] - ;

) t
t , [LAMPS]
B) 2

§ St)=1 (1) \ ' AP
%]

. J

s

CVOLTS ]

E 0 “ N » b 5 | ’
. C) lp\ *x A

- L

Fltgure 3.6. Ideal power ¢ircuit output waveforns.

. N - A h " #
.
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™

but good illustrative example shoWing the voltaée and current waveforms
\

of a simple power electronic circuit. It should be emphasized that it s
assumed that the sw}tch is an ideal switch. No modeling is performed to
represent the switch and certain elec£riéa1 character}stics‘of the PS
switch are neglected, such as the on-voltége drop
or the effects of parasitic capacitance between terminals. One |is
tempted to say , therefore, that tﬂ; dynamical solutions presente? by
ASPPEC will not represent thé actual solution waveforms since certain
electrical characteristics of the standard transistor are 1ignored.
Moreover, since the validity of the final result 1S“questiona51e the
solution is an approximation of the reaf solution. This is not trde,
however, because the power electronic transistor and its technology

P

actualﬁy aSﬁroaches the performance of the ideal switch. To 111usfqate
the validity of this statement actual examples of power ele;tronié
circuit waveforms and their simulated resultéiby’ASPPEC are presented in
chapters 5 and 6.

Gétting back to the example of Figure 3.5a, Figure 3.6 illustrates
all the voltage ;nd current waveférms of the circuilt. Anotﬁer way of -
presenting this example 1is by replaciné the dc voltage, vvl(t) (10
volts), and the switch in thg exémple by ;"new voltage v;(t) as sh&wn in
Figure 3.7. The new voltage ‘Source vi(p) ingust theﬁswitching“functlon
multiplied by the'original voltage source vi(t) (equation. 3.4). %his
results in another circuit which has the same output véltage and current
waveforms as shown in Figure 3.6a and b. A problem in doing this new

modifiéﬁ eircuit, which is not apparent in this simple example, is that /ff’

all the voltage and current waveforms on the-right of the switch or

_ '
)

| o | <

.‘ . % . . ‘-
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i ()

v;(t) Vg(t) 5 OHMS

Figure 3.7. Modificatlion of the circuit after removing the switch.

¢ .o I

“ . a ”&

configurat.ion can be derived using techniques of linear network theory
[12]. Howe\}er, the voltage/current waveforms of the circuit on the left,

of the switcmﬁfiguration seems to be lost (Figure 3.7), since the

3 supbly and switch configuration is replaced By a varying power su;iply.

—

Thus \'dtal information' about the transistor electrical rating
rec;uifemept and original power supply ra:tings is lost. Bﬁt actually,
ysing the techniques d,egcribed\ in ref‘erenée [16], bne can recoﬁstruct.
the voltage and current wavefor;n\s of the individual switches and power
supply. ‘For example, by referring to the example of Figure 3:5 the
output c;xr'rent. ‘1 O(t.) can be derived by solving for “the cur"r‘ent‘ of the
modified circuit shewn in Figure 3.7, and multiplying the result by the
switching function described by the Fourler expansion of the switching
function shown in Figure 3.5b. The result will be the current 11(t)

through the power electronic switch \and in this case the input cgrre;!;\

@



delivered from the supply. This result may be obvio
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5

us in this example

but the process and result holds true for many power electronic

‘equipment configurations.

.

A pover. electronic circuit wi&h linear and nonlinear elements can

be replaced by an equivalent linear circult. Replacing the supply and

switch configuration in this fashion, ,transforms a nonlinear circuit

into a purely linear circuit. This means that the output voitage and.

current waveforms can be derived by using the State Space method for

linear time-invariant systems where there is a wealth of information [9]
AN

(12] {13] (14] {18]. In the next section the State Space method is used

to formulate the circuit equations in a systematic way.

o €

3.2 Systematic F6Fmulation of Circuit Equations

At this point in the program, the subroutine called "Time-Domain",

beginning at 1line 16035 and endix;g gt line 22020 of the tree-link

A

program (Appendix 2), constructs the normal tree, the formation of

circuit equations, and the discretized solution of these equations. Only

the circult ‘@e and formation- of circuit equations are discussed in

this section. There are 9 main blocks:

1)

2)

3)

" (Appendix 2)

N 8

Construction of a tree, lines 16240 to 16960 (Appendix 2)
Q

Partitioning of the corresponding voltage and  current
vectors from the element table (inputs).

' ~
Us;ng KCL equations on the tree to produce the

fundamental cut-set link matrix Ql’ lines ;7990 to 18710

X 0 AY



‘

4) From the fundamental cut-set link matrix the' f}lndamental
. loop twig matrix (Bt) can be dérived.
5). Partitioning of the fundamental cut-set 1ink matrix into
sypmatrices. ﬂ .
6) Expansioh of the equationv can be derived when Bt and Ql"

matrices are inserted back into Kirchhoff’'s equations.

7) By using the voltage/current relationship of the

1 elements, unwanted‘ variables can be eliminated so that
only the state variables are left. '
8) The general state equations, a set of first-order
w
differential equations, are constructed. s ‘
9) The state equations for a network having no derivati%es
.. .
of the sources are constructed.
L
‘ In the general stat\\equations (block 8), a set of first-order
" . r
differential equations ' . S
r
S
LR %
L]
. 3,
. s n- dx _ de "
' ‘ a—E = JAx +.31? + 323—6 (3.5)
¥ and the output equation \
w=6x + 5D1e + ng—:- N (3.8).

~

8

are dérived. Both equations are referred to i state equations. Where J, '
v

fB‘, B, DV',SDz are matrices, x is the state vettor, the elements of x arg

state varliables, and e is tfhe inbut .source vector. Using the

\ »
\ ‘ : . '

N . .,
Vo L 9
. :



© transformation

one finds that

and

therefore

Equation 3.5 becomes

Using the linear combination of the original state vector x

"a

» 4 *

-

The output equation is :

33
o
x' = x - $ze (3.7)
. y
EE' ) d‘x - $2e|
dt dt
dx' _dx _ gde
dt dt 2dt v
%

dx _ dx’ de

at ~a * B
dX" _ ' + Be (3.8)
dt o

9 ‘.
x‘= x’ + 32e‘5 )
w=06x+ De |, (3.9)
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X
o

where B = 181 + JSBZ, D= D1 + h’fBz. Since the outputs are restricted to

capacitox*" twigs and inductor links, ?)2 will always be zero. Finally, for

§

a causal systemo(block 9), a term later explained in this sectlon, the

state equati;)ns for selected outputs become

| g_’t‘ = dx + Be (3.10)
and the output equation ™
. W= €x + De (3.11)

where again 4, B, €, and D are matrices, x is.the state vector whose
elements are state va-r‘iables, and e is the input ‘sour'ce véctor. i

In the previous section (section 3.1) it was shown that the final
dynamical time-invariant system _consivsts of voltage sources, current
sources, and RLC linear elements with voltage/current relationshlpg
described by expressions 3.17 3.2 and 3.3-.GBef:ox:e ;alling the "Time
Domain” s'ubrqutine" the program has ‘developed a table consisting of
element codes (codes for each type of elément), ;élement.values. and the
actual element terminal éoopdinate values. Using this table the program

*golves for a normal tree [12].

-

- 3

A tree is a different represeht;.tion of. a circuit. It involves the
followinglconditioné in producing a tx:ee consisting of, twi'g;s ax.1d lirnks.
For example take the circuit shown in Fi'gu;'e 3.8, where the sc;lid line
an'd dotted \hline in the tree repr{esentsl the twig and ‘link\ ré\spectlvely.

The tree is constructed following the rules ‘outlined in refe}'enc;e [12]

' | ) '

-
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which states that all nodes must be connected by at least one twig and
- H . ’
thére can be'no twig loops (loops produced entirely by twigs). There are

4 rules for assifgning twigs and links:
o

__a) Voltage sources must be twigs and current sources must be

1inks. o
b) As much as possibié capacitors should be twigs and as much
as possible. inductor should be 1inks.

c)+Resistor twigs and resistor links which are assigne'd so0

¢

, that the two previous rules are not violated.-
.d} As few as possible inductor twigs and capacitor links.
At this point it 1s Important to mention that. the f)rogram analysis

section distinguishes between two types of circuits which are

1) Ca;;acltor-—loop-inductor—cut-set circuit (CLICS).:

2) Non-capacitor-loop—inductor-‘cut—sei circuit (NCLICS).

A CLIéS circuit (also called a snon-causal system) is a circuilt that has
at least one iInductor twig or capacitor link in its tree represéntation.

(2 .
The test locatfon for such a circuit is shown 1n_ the flowchart (Figure

2.1) .of the program and cis located under the block name called
“c;pacitort loop 1ndl;ctor cut-—sei_". Schematically, the prgéem‘:e of any
capacitor-loops; a loop containing only capacitors or only capacitors.
and ;ndependent voltage sources, and the presence of any m’ductoor'
cut-set; a cut-set containing only inductors or only inductors and

independent current sources where a cut-set of branches of a .conﬁeéped

graph (more specifically a tree) where removal will cause the graph to

R
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become unconnected 'into exactly two subgraphs (subtrees), is classified
as a CLICS circult. When the test for su%h a éircuit indicates a
4 .

poéitive\resuit, the, program prevents the user from selecting output
, o - '
waveforms. This 1s so bgcause we no longer have only solutlions where

output waveforms are a linear combinations of the state varlables;

instead we have degeneracles where the capacitor voltage and inductor

currents are restricted by some* constraint. This .introduces the

Y

derivative of the input source vector (e) terhn the state equation

am—

3.5. Thus, the order of complexity of the clrcirt equals the number of
indépendent energy-stqring branches (capaclitors plus inductors) less the
number of capacitor links and inductor twigs in the tree (capacitor

* »
loops and inductor cut-sets) in the gircuilt. Therefqre, the solution is

_restricted to solving the output voltage of capacitor twlgs and current

waveforms th\rough inductor links. In this case the” transformation
nentioned earlier to solvé the general expressions 3.8 and 3.9 is used.

It should be emphasized that this transformation 1is a very important,

’ °

feature since it allows the user to construct circults containing elther

capacitor loaps or inductor cut-sets. These circuits are very important

b

ones and often arise in actual applications especially in power
electronic three-phase circuits where filter components inherently

px;c;duce capacitor loops and/or inductor cut—setg. - A simple régistor
. . ’ $
placed in the proper location can alleviate this problem as |is

recommendec% by the authors of ATOSECS (8], but this resistor puts g

L4

constraint on the user and reduces the prégram's 'circuif generalization
ability. Adding this resistor will "also increase the size of tﬁe

fundamentdl cut-set link matrix, and the program in turn will need more

1
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4

. ' ' N
memory and the matrix operation speed is reduced. Not giving the' user

-

the option for selec}.‘lot is not really a problem since the solutions of

L

‘ ;
the state variables ca.n.‘b‘e used to evaluate any output waveforms desired

I3 W ,
by the user. - s

i ©

In the NCLICS circuit, (causal, systen;) [13], ASPPEC will give the
user the option to select the desired output wa}vef‘orms. This is possible
since the state .equations '3.9 and 3:10 do not contain any terms
involving f\uture predictions of the input sources (%E—\). Therefore,
'outpu.t waveforms can be selected freely by the user. Tr'a;msparent to the

user, the program inserts zero value voltage sources in series with the

Y

branch element where output current waveforms were selected, antl zero

{ value current sources ir\ between branch terminals where output voltage
. (\ .
waveforms are selected. The voltage polarities and current direction

yd

remain consistent with the respective branch. voltage polarities and

current direction followed in/ the circuit tred” representation., These

zero valued voltage sources (represented as Eo), and zero valued current

sources (represented as Jo) dre implemented -in the analysis until the
final solution where the output waveforms-are systematically derived..

" The actual routine implemented in the program for checking

-capacitor loops or inductor cut-sets is simply the tree routine. which

- N 1

functions as if it was solving a tree until one of the degeneracles is
fgunq._ Yhen this happx;.n\s the ptogram then ignores the output selec\:tion
roﬁt_ipe. ~

~ ;rhe arrowheads seen on the branches in the tree of Figuré ‘3.8,
represent the dir‘ec;;ion of the current. They are placed in the direction

¢f the. entefed element aligt; in the direction of the second element

v,
* ’
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/ ‘ .
.terminal entry, seleécted by th[user. The voltage source  polarity

' Co ¥
- indicated by the plus sign and current source arrow direction are

consistent with ,the( assigned current direction of the branches.

Moreover, the ousput current waveform selection direction-indicator

]

during the out;;ut selection part of the program also is ;:onsistent with
the branch current directions. Therefore, the‘ u‘ser' knows the dlrections
and poiarity of the respective output current’ and voltage waveforms.
‘Moving along to the s'econd. part of the outline mentioned earlier (block

N

2), the partitioning of. . the voltage and cﬁrren‘t vectors due to the tree
) L v

arrapgement and the ease -in recovering the zero /(lolta.ge and current

4
source submatrices (using the convenlence of the REDIM statement of the

HP program language), the pa\rtitioning'fof the source vectors ar'e%

L
'

L4
4

v v
Eo . 4
v v
v 3 E1 RL _ )
t v |- Hv o
v = = v = {4 Ct v = Lt ’ (3.12a)
/ Vl t v { v ¢
. . Rt Io f
v v
- Lt Ji
U L
, L3 e - - - -,
, 1;0 , 1ct A
1 Wl |
1= e 1=e|l 1= |t (3.12b)
1\1. t { t i ' v
C Rt Jo
‘ ‘ i',:t i“
. | ) |
] ’I‘
o o / . Cd

) .
‘ ’ ' '

‘Where, for éxample, Veo© is the vector 'gf zero voltage source twig

voltage, ¥ and the subscripts t and 1 represent twvig and link

-

¢ ' ’ c . .
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st

- : ' +
respec'gively. These subscri';ts are understood for thé' input voltage
quantities (E1 and Eo) and 1input current quantitfes (J1 and Jo) .
therefore, not used. Also, the voltage quantif:ies Eo and E1 are
partitions of the larg;r quantity. E, similar'ly- 1';he cu‘x;rent quantities Jo

" and Ji-are partitions of the luéer quantity J.

Uslqng the tree of Fligure 5.8. the( twig currents in terms of link

currents (in scalar form) using KCL equations are

“ . ! ¢

, b | (3.13a)
o ‘ 12 = 15 - 16 , (3- 13'b)
L ] \, -
13 =1 -1, (3.13¢c)
i!. = 17 . (3.13d) .
’ 4

. L
In matrix form we know that ) . )

. ' ‘,'L

. . 4 .
Where the ‘subscript’ t stands for fundamental and therefore Q ¢ 15 the

a
<

fundamental cut-set matrix. This expression cin also be written as =
N vt - '

8
2

or
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ta

(3.14)™> .

’ ’
N

. 4
Similarly using KVL equations it can be shown that
v =-Bv .
L tt '
or ' " -0
H ) ¥,
v = Qv = ' (3.15)
L Ut '

Where 1 signifies the matrix transpose operation, and B(t is the

fundamental loop twig matrix. From the twig current equations’ 3.13, the

Ql matrix can be written as

% -branch 5 6 7 ~

l1ink» R L J M
tw18 o - \1
1 v El-1:0:0
o= 2 = [t (3. 16)
' ' -3 10 -1 1 - *
BN 4 ,R|0:0:1
1 r
o : 1 ,
N _ vwhich is les8 than full -but gives the general ided behind the

-

partitioning process. The Q.l matrix in a general form can be written as

o
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' ) “ﬁ‘;’; *c R L Jo "
by .
’ E Eo QEpc QE_oR QEc:L QEoJoQEo.H ,
E1 10 Qe Qm QE‘IJDQELH )
Ql = C Qcc an QCL Qc.lo Qc.n (3.17)
‘ R0 Qp & 95 %
L Lo 0 QLL Qio Qm ]

W,
N L}

is a submatrix from the partitioned Q, matrix.

Where, for example, Qcc

Take for example the Ql matrix developed from the tree shown in Figure
. «
3.8. The submatrices are -

5o

-11 . 1-‘ h 01 '\L
Q= o [71 Q ={1 | @

ey S

The lt‘hree zero entries come directly from the CLICS circult def_‘inition.
If a capaclt_or.ltnk ;exists. by deﬁinltiox; there can only be voltage
sources and/or 'ot.her' capgcitor; ;n ‘the loop. '[hgrei;ore, uncier ‘t.he
:gapacitoruli'nk column, the Rand L t:wig entriles inustj{e zer;(l Similaﬁly;
the C and R entries in the inductor iytuig must’ also be zero. Once the Q,

\ma'trlx is constructed, ‘the program can quickly find the KVL equations in
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matrix form from equation 3.15. Where e %
y :
Bt = Ql . -~

~

Now that the Ql matrix 1is formed, using the voltage vectors 3.12a,

current vectors 3.12b, KCL equations in the.form of equation 3.14, and

-

e KVL equations in the form of equation 3.15, the result ‘will be an

expanded for:m showing all the twig currents and glink voltages. To

P siinplify the derivatioh, f\lrst,the CLICS circuilt with no zero sources
(Eo and Jo terms in the Q‘ matrix cio not need to be se;:arate;y
considered) case will be derived. Then, the derivation for the NCLICS
circutt will be derived. -

o B ° . «

3.2.1 CLICS Circuit
When the Eo and Jo terms are not considered, the expanded form of

n,

* equations 3.4 and 3.15 is

= Qi -Qi -G1 .~Qi (3. 18a)

) e = Qdy ER R B LL £ R
L P L P T (3.18b)
Q' N "
A LY
: . : g p (3.18¢)
, Rt 0 = Qi Oty T4, e
n ﬂ ' E
e = 0 B TR VoPRRE (3.18d)
K ’ -~ ) K .
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-
e and
= Quv Qv 0 0 (3. 20a)
ct EC E cc ct
_ T T T
- Vao < QERVE * QCRth ¥ QRRvRt 0 (3.200)
\\ v = Qv. +0v_ +Q v +Qv (3.20c)
Lt ELE cL et RL Rt LLoLt
“ ’
. T T R T
vy = v +\~'QCJth Ve Y UM (3.20d)

By usi«fmg the voltage/current. relationships of the network elements
(flrstr seen in scalar form as equations 3.1, 3.2, and 3.3) the resistor,
inductor, and capacitor elements can be rewritten in a matrix form which

) N describeg-the 1link and twig voltage/current relationships as

i : C 0l}lv
. ct di ¢ ct *
: . , = . (3.23)
“ ‘ ‘ | [icl] dt [0 ' CJ [vcl] ) ,

.The final variables of interest are v, end i - the state variables. .

, The .derivatlon process ‘consists of deriving.express;,ions for vct’and 1u. \




45

using equations 3.19b and 3.20c respectively, while all other variables
using equations 3.19, 8.20, 3.21, 3.22, and 3.23 are eliminated.

Equation 3. 19b can be rearranged as

-

-Q i1 Q 1 (3.24)

+ = -
Qil. Q cL LW "cd'y

1(:1: cc ¢ CRiRl

The left-hand side can be rewritten as

- ’ i ’
iCt + Qccim = [I i Qcc][ c:] . (3.25)

t
Then, by substituting equation 3.23 into equation 3.25, variables .im

and i can be eliminated from the right-hand side. That is

N .
d|C 0o 1{v

i +Qi=[I Q]-——t £t (3.26)

Ct, ccfct cc dt[o Cle] ‘ |

-~ v

Substitutifig equation 3.20a into equation :3.2(6 the variable vct can also

be eliminated giving a final equation

o * ) b T
*

_ N - d|C o] -v. .
tee * el ™ [I' ‘ 'Qcc] dt ot c o v :tor v -
: ’ L] EC E cc ct )
L. 8§

, and v, elininated on the right-hand side

With variables ict’ icl

.
Y
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—
»
d C 0 0
+ —11I Q ] t v
dt[ cc T|E
[° ‘fl] ["]
or ‘ § 1]
+ Qi = _ggv - _gg'v : h) (3.27)
ct ccct dt” ¢t dt E ) »
yhere . ~
_ c o1[17 . T .
. &= [I QCC] t A N . a
» 0 Cc
v 1 cc
Y, .
and v oy
»
<y
8’=-[I Q]ct O 9 =-ocd ' \
cc T tc L EC ‘
- 0 nCl QEC = ¢ . v
Substituting equation 3.27 back into equation 3.24 f ¢
N ® ! :
—d(s’v = -Q i' - Q i -Q 1 + —dé"v ' o (3.28) 4
dt” ct CR™RL cL Ll cy  dtTE ' X
L] . ' .
The task now is to eliminate ~1Rl, which can be done by substituting )
.. N
equation 3.20b into % . e
- ‘ \"_ ! .y .
\_) . . J
T = GV f .
.an expression which comes from equation 321 giving ¥ ) © ‘ « T
4 . ) . / ’ .
4 =cQlv +GQv +GQv D (3.20).
¥ Rl LER E L CR Ct L RR Rt ~ ¢ .. &
' . . v - -
D ’Q » .
. ! N . N A N @ |
~ :‘ a. 8 . : P ‘ p . ‘.:' ..J:;
. N . "'m'ﬁ



" / )

/ i
= Rt t Rt

k4

(from equation 3.21) will elimlnate iRt from the equation giving

\A "

.
Ver = “RQete T RO i T RO, (3.30)
\
Substitution of equation 3.30 into equation 3.29 will give
i =6Qv +GQv -6Q ROQ 1 -GQ RQ 1 (3.31)
Rt (7ER E (TCR Ct L"RR 't “RRRL (7RROETRLLL .
N - GOQO'RQ 1 ' ° .
“"LRR t RJ 4 ‘
» 3
v .\\'
Equation 3.31 can be r'ewr'itten.as X .
, I
<&
4+ +6Q' RO 1 =60V +GQv -GQRQ 1
¢ Rl 3l “RR" t “RR Rl "LER E L crR Cct LYRR tRLLL
Y ‘ y
° cQ'RQ i -

' © ULRR tQRJ J
—— ’*' AN A )
or pa

PR I T 1 P ; v

[I * GlQRRRtQRR]iRl - theav * GlQCRth GlQnaRtQuLil.l . o
- AR \
. 1:\ .
5 h ) « i



48

e

' .
G QR %t " .

: * &

Three varlables J(1. R, and Gl are defined és

X I+ GQ R N
= +
1 [»" e tQRR]
- T K

R = Rl * QRRRtQRR

and
. _ o1

Gl R )

Therefore

where R 1is the loop-parameter matrix and is non-singular [1]. As a

cons;equenc:e,J(1 is non-singular and Zi(:1 always exists. Moreover

- C @

[ T S ST S U ST SR S 2
1o =RNGGQuv +RGGQ. v, -RGGQRQ1,
4 T
R Gl GlQRRREQRJi.I
' !
R -1 T -1 7 '
lo =RQv+R Qv - R QRO R QRO R (3.32)
L '
4 . ‘ i

.

*

By étlibstituting equation 3.32 back Into equation 3.28, an equation free

from non-state variables is i‘ound N

*
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d NP S -1 -1 EPRRSCLIS
Efgvct - QCRR GlQER'vE QR Qv * O R QRRR\tQRLitl

t . !

-1.T a4 ’
- * QCRR QRRRtQRJiJ QCLiLl QchJ * cﬁg Ve

. ‘ J

doo ™ _ [ potat : -1 A PR}
at Ve T [anR an] Ve ! [QCL * QR QRRRtQ,RL] [QCRR‘ G

] -1.7 *d,,
¥ [ 0, + QR QRRRtQRJ]iJ taEE e

or more compactly

»

Ao oy o i . G
'd—tgvm - int * mu Y Ve * X i+ d_t'g Ve
where
\ _ -1.7
Y QR Qe
’ % =-0 +QR'QRQ -
1 cL CR = “RR t RL
X
D -7
. Y= ann Qs
;o =17
¥ o= Q, % ann anRtQa.{
I3 5, '

"

Similarly, using equation 3.20c and rearranging as-

E24

(3.33)
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T

_ Al T T .
MY A Q;L"E YUV t G Ve (3.34)
the left-hand side can be rearranged as .
‘ -
- ) ‘ 13 . Q‘
T T v .
- = - 3.35
' MY QLLth _ [I QLL] [vu] ( )
Co Lt

‘Substitutipé equation %.22 (the voltageﬂ/cur'rept rela_.tionship°f'or an

jpductor) into équation 3.35, 'variables le and vuﬂc'a.n \'be eliminatéa ;

from the right-hand side ' [

. . - .
I - . ;

‘ \ ‘ ‘1] d o1 . ‘
v, v, [1 -Qu]ﬂéE u T . (3.38)
| o Ljfs,

-«

The variable 1“ can be eliminated from equation 3.36 by replacing the .

n
f'. »

variable with equation 3.19d. .Therefore, equation 3.36 becomes '

T _al ) d 0 i
w T W ~[I° -QL‘]EE ol L il-e 1 :lq 1]
. t LL L4 J

~
| oty oAl e 00T ] '
4 TR AT E'E[I Qu.]. ol L {1-q o ,
' . . . N t L!. d
- & ¢
. S
, + 9 -Q' L .0 I,
dt tilo Ll |
: . t]] "u
’ 5 L# :
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s * ,\:
Or
A
\ R .
‘ - Qv =-9¢ - ¢ '
' W T Qe = dt"eu Tt i, . ’ (3.37) .
.
where -
, ! "N
! ¢
¢ = [I -QT] Lt 0 I =L QT L g .
L . t Lt
\ o L 1]-Q
t L .
’ and
/
i "”
; T{|L 0 1
2’e= - I - 1 . v - L N
-t [ QLL] [o L ”i_ ] QLL tQLJ
t L
‘ ‘ ) \ ) I3 F
. R LY ’ v s .
By substituting equation 3.37 back'-into equation 3.34 ana rearranging
H . ] .
< " . . “ ‘ ; -
% - Q'v +qv Q Vet -—2’ v (3.38) )
dt ‘}l CL,Ct- RL Rt dt A ,
The final task is to eliminate the variable Vet from equation 3.38. .
This 1s done by substituting . , R
. . | | :
; o ¢ /
. g Ve = Rti" (from equation’'3.21) . ) ‘
. —~ .
into” equation 3.38 however ‘i" must first be eliminated in this -
f . : - .
i~ expression. Substitution of equatiop 3.18¢ will give
. | R o “
. . v v -RQ S RQ i - RtQ“!.J | (3.3'9:2

Rt RR RL RL l.l

-
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e b H
.

v

[
1

.

The wvariabl
YN
equation 3.29, the result i

P o - '
- ) T T T
Vat RtQRRGlQERvE ’RthuG’chnvt:t RtQR_RGlQRRvRt
‘ -
- RtQRLiLl - RtQﬁJiJ
“ Also . * -
. ;
T - 7 - T _ ’ T
Ve 'Rt_anGchkvnt = RtQRRGlQERvE R %erCi%:Vee RtQRLiu RQ.1
or ‘
S frerg ]y, =~ro GQlv. - RQ GQv
t RR L RR| Rt tRR LER E tRR LUCR Ct
. «

Again three varlables 1(2. R,

52

S

. ' - !
" RGAL T ROty
%

and Gl are ‘defined as

Tt
T
I+ RtQRRGlQRR

. T
G v QenC %

e 1_'“ in equation 3.39 can be eliminated by substituting
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- [ ]
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‘\\
R =G '
t t -
_ ¥
- Therefore
, ¥ =BG
5
» -

. * )
N .

where G is the node-parameter matrix [12], and like the loop-parameter't

-

matrix R, the G matrix is nén-singular. Therefore, J(:1 always exists.

Equation 3.40 can now be written as ' !

T T ~
[th]vkt - RtQRRGlQERVE R;QRRGKQCRVCt RtQRLiLl RtQRJ1J

)

v.'=-G R.'"RQ GQ'v - ¢ 'R 'RQ _GQlv

Rt t t.RR | ER. E t tRR \ CR Ct
¢ ' N
¢ -1.-1 -1 =1 ) R
G Rt RQQ'RLil.l : G Rt RtQRJiJ
Therefore - . ) . -
4 - - M <
v, = Q6o v -coce'v -clg1 - G—1QN1J‘ (3.41)

RR L ER E RR L7CR Ct RL LU

‘ Substituting equation 3.41 back into equation 3.38

Ao 2 ale - ol e T _oTe s oo

dtﬁu: N QCLth QRI.G QnGlQERve QRI.G - antchvct
. ' — “*' . . . . \
< ' ’ N
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- - T A1 T _g ’ B t
Q G QRLiLl QRLG QRJIJ * QELVE * dtz iJ
Aoy = Q —QG ‘o cQ' - ld’c o 1
dt™ Lt RR | “CR RL RL|LL

dy, .
R

In a more compact form

d - - ’ - ’ d ! )
- a-g!il‘.t = gVCt ?iu + 8 VE ] 1.] + a{\‘e 1J ) (3‘. 42)
where
a7 - ¢! T o .
5 .'QCL QRLG QRRGchn . - %
' F =@ 6o :
RL RL ' : A

§’=Q %G QRRIER

[N

e

'y - t\ -1
¥ QRLG QRJ

.y . .
Rearra.nglng and rewriting equation 3.33 and equation 3. 42 in matrix

Vi

form, they both can be presented asg

-

& Ojvc g-‘y vct*-.y’if’ vs+§’ O—EVE‘ (3.43)
] zdtiu.\ g - lu 5 -¥ 1J- o Z'dtij’

1
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,
. . w.
> >

Since matrix &€ and matrix-£ are time-invariant diagonnal matrices, g’

and £ ' exist. Equation 3.43 can thus be written as o )
) dx de
’ * where A ~ A ’
¥
v
' 1
L 9
i N R -
- . 1= s -3
. v '
g'o [y Ch
B=lo &5 -# |
.and N X . e
3 N 4 , 3 \‘\ \
. ‘ .. [E'o e o
: . B=lo o |
f -
v and the submatrices are’ ’ R
. € =c +0CQ . & =-0CQ
S t ccLcc . ' ccUTEC -
-3
} . :
o | "
= + . y
: £ A L, QLLLtQLL' - o ,2 = 0L, p y (
L . ot 5 ) .
s . ‘ ) ) . . W
. " - | ' ' ‘ + ° by o
. R. =R ¥ QRRRtQRR . oo ¢ = Gt QRKGIQRI e T e
2 \%l
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\ (4
. 1.7 ) ’ -1
y = Qo:aR an . ' v o= QCRR QER
#°=-9 +QRQRQ # =-9 +Q R QRO
cc cR RR t RC. . ' oty Ter RR t “RJ
% A" ; /
o' _ale! T et = a' - o ! T
v an. QRLG anGchn v F QEL QRLG anc'tqen
e
T -1 . i _ oAl
¥ QRLG QRL' ' ¥ = Q.¢

3 -
.

The fihal equation 3.44 can be put in the form of equation 3.8, and

by using the linear combmation‘ oo

" 3 r

x=x' +3Be. (3. 45)

the output equation can be shown to be

i

w= Ex ( . " (3.46)

?

where € 1is the identity matrix I, .P.nd'x is the state variable. The D\

matrix 'seen in the géner‘al fof‘m (equation 3.9) by definition is zero. |

'The next type of circult considered by the program is the NCLIC circuit.

.
3

-



3.2.2 ’NCLIC Circuit

the NCLIC circuit.
considered separately from

expansion off equation 3.14

1

« Eo ,

E1

ct

i
Rt

Lt

and

<
it

<
I

<
|

T

s
Mf,

e
-

Q.1
EiC Cl

-Q i

cc ¢l

v
Eol Eo

T
v
QEoJo Eo

QT.

v
Eodt .E0

+ Q‘

= Qprdri

- QCRiRl

E1J6YE1

Eﬂivﬂ

EoLiLl .
- Ot

cL Ll

-t

+
\ QC.HVCt

and equation 3.15"1s

= Qpoluo , = Qo
" Qetie T Gata
w
- QCJoiJo ST Qe
,_‘QRJoiJo = Qs
Qe T Qala
.
0 + 0
0 L+ 0
T
* Qe °.
1 T
o+
* Qe QoVie
R 9
T T
* Qe Qi

R
LA
PRIpIPRE: T2

T B

—
" .

——

The second type of circuit which- can be analyzed by the program ié
In the NCLIC circuit the Eo and Jo terms must be

the E and J partitioned matrix, ther'efox'e the

(3.47a)
{3.47p)
(3.47¢)

(3.47d)

(3.47e)

(3.48a)

(3.48b)

(3.48¢c)
(3.484)

(3.48e)
¥

.....
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The output solution of the desired waveforms iEo and N can be solved

ﬁsihg equations‘3.47q and 3.48d. First, equation 3.47a can be rewritten

as
\ 1 y )
y leo = “Cocler = Bualne ™ Qeartii - Qeosotso ™ Yol
Lo ™ “Coden ™ Lartre ~ Qodie T %eoidy (3.49)
-lf -°

The task now is to eliminate variables im and iu from equation 3.49.

This pRocess is considered below. From equat:.i:on 3.23

- -

"L d
L= Catva

- \j
‘ — r

Shbstituting Vcl by equation 3.48a it can be shown ‘that

r~
. “

d v od_ T d

im,, COp atVeo * leEC atver * €0 at et

i . ~n

’

¢

This can be simplified since a NCLIC circult by definition has no
, :

derivatives of thé 1npﬁt' sourcé. Therefore

' d d 3
' Ve ~ dtVm = ©

and _ _



v

Substituting equation 3.50 and equation 3.32 into equation 3.49,

» 59

1cl Cthc at et

> ¢

result can be shown to be

Lo = Qe chc 3_ -Q olR - Q R Qcavt:t
+Q RQRQi+QR'Q’RQi -Q 1 -Q
RRtRL Lt RR tRS S EoL Lt
or
J
_ "1 d *
Lo © Qeact % dt Vce
1.1 1[v
* [QEORR Qs L R QRRRtQRL EoL | iCt
"
. Q ,
1.7 -1,.1 ’ v
+ |- -
° [ QEoRR QER QsoaB QRRRtQR.I QEoJ_ E
"
Similarly, equation 3.48d is rewritten as
LT VT( T T 7
Vio = Ceoso’eo * E145 e *iover * Quovre * WuoVe
" h
or & ;
1 | T
Vie = Qe QEJo e * QRJovRt,+ QsoVie
@ ' .
N ' ol ° \. h

(3.50)

the

(3.51)

-

g‘
1.
R4 v o

-
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¥
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The- task now lssto eliminate the*variables th and vm. From equation

3,22‘ ' : N

n
r
s

v —
Lt t dt Lt
d

Iy
.
* 2

<@

By rep&acinq variable 1 wlth equation 3. 47e it can be shown that /

L]
-G . . = . 3

d . d d
Vie = L a7 U att o LtgLJ1 atta x )
- 2 i

F

Thi& can be simplified, since a NCLIC circuit;l{yide_finition“can‘have no
' . S L

derivatives of the input sources, that is

- d _d _ - ¢

atl, = ariy=© b !

“ » ') ¢
" Therefore ‘ o -
: t « -
- R -d . . y B M
2 ' Vie © Ltq‘ﬁiu , (3.58)
k) I b i Vg i ¥ . ‘.

Subst‘itgting .equation' 3.853 'an.d;équationp&lll into ea?u'at:ﬁan 3.82, éhe

y
2 . -
o

final result is |, .
N T . . ’ ° . * ! VP

- “d T | T
o\ Qj.Jo tQLL -dt’ Ll QQ QCJ vc: » Q o QRRGIQERVE :

o
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i
b
S -q 6 6alv. - o
' : o RR L CR Ct RJo
’ ° -
or
: Vo = QLJo S dt Lt
e o
a ° )
; T 1
£l + -
\ . [QCJo Q i QnaGchn

~

T T a1 T
* [QEJO T Gt L%

From the NCLIC circuit «definition, efuation 3.44 becomes

61

RL Lt

T .- v
’ Cauo® QRL]

o' ¢

-QGQi

Rlo

i

-

(3,54) ° B

. . -
Finally, equatlolig\!i.Sl and equation 3.54 can be combined a5 wl '
. {\ 4 Y '
v . .
= N "
Eo| _v QF'OCCLQ.RC 9 ) _g_ 3
Vie .0 QLJoLtQLL dti,
<¢ : LT
. . _QEORR Q QEORR QRRRtQRL Qeor] |Ver
A S 2L S IR T, “19 11y
v o _QCJP T Quot el O QNOGD Ll M :
_ . v
3 [ =17 ‘ 1T
'Q R Q. Q "R Q Q v
. I (3.55)
QEJo - QRJoG QRR IQER TN | .
> 0' * F=d - <
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erlQ
N
k
+
3
o

th
1l.l
v,
* _.d_[ t'] =
dt |1
ti

o>

[
without’ derivatives, that. is

- . . T .
“ LI - “QeocC(Qce TO 4 Vet N
' ~ Ve 0 B I
-Q_ C.Q 0 v
. EoC "L CC : g | c
0 Qb ]
L )
A .
i -1.T -1 .1
. W QeoizR Q. Qea}‘z QéaRthL ;pEoL‘
1 T - T T -1
_QCJo Quao® a8 iU el “QRL_
. * ¢ . 4
o - y ' s ¥
ol P § ol P §
, . Qoa® < O Qo® el ™ ey
T - AT - T T
. LQEJo Quuc® Ll s Qi Wy
. dgr
\ ) >
e ca - 0
Eo| _ EoC L CC 1 14
" Jo 1 .0 Qb
& LU

4

W

Substituting .equation 3.56 into equation 3.55 will

BEAY

(3.56) :
give an expression
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I -1, -1 ) )
R %R Uy Qo® Lete% ™ Qeor|| [Ver
T
Qc.lo - QRJoG QRRGIQCR . Qi %)) | \
2
r T © " .
. "GerC Qe 0 g .
G o ‘.
L 0 QL.!ol't:QLL _ '
I 1T :
+ QEORR QER Q R QRRRtQRJ QEoJ v . ; °
T T 1 T R Y
LQE o Qruot Ul Qe it %)) [N

This can be written more cohpéctly as

. y
1.1 o o 2., w0l . |, :
v, [7l]o w2ty w 10 1e 2l 2 Y (3.57n :

Where C R
A - . ¢
EoC L CC
“ N¥=-Q" LQ
. Ldo t LL

_ -1 .
0 = JQEORR Cx

=-1.7 ’ _
EoR QRRRtQRL- Qo

(s . -

B -‘f’=Q "Q GQGQ

! ?:—_Q

RR L CR ,
’ . B
= o0 e
U= -0 ¢ Q- .
. . . . ’
T ‘ —1 T N N @ * » M
' L VR st' = '

- o W= Q R QRRR tQRJ  Qeoy .
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T T -1 T
_,,,x = Qe.uo Quo QRRGIQER (
T 1
. > Qao Qu .
N ‘ ” Ty
mIn the general form equation 3.57 can be written asg
, w=6x + De / -
where .
]
e Vet Ve
[ w = . x = ) , e =
' % 1 : 1
‘ 0 o 7?1 N
€ = L P 9 (3.58)
and
, 0 v :
. D= 'y ?814+' x, z|f . (3.59)

-

In the next section the discretized solution of these state equations

o

are consi&er.'ed also, & NCLIéS cir‘éult. example is wor}lied out ’\éo summarize
. - e ' “ 7 L - , s

-

the procedure~autlined in this section. _ .

-

-
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- 3

. 4.0 SOLUTION dF THE CIRCUIT EQUATIONS

et

9y

* ~,
’ . "

- «

4 The state eqqafion is solved through the'discretization of«linear;

-

time-inva?&ant, continuqusitime system technique described in reference

(13], which is summarized here. .

4 ‘ - 3 '

4

Assuming that over'a sampling'tiﬁé (7), all components of the input

vector e are constant, the discretized expression for equation 3.8 and ™

equation 3.10 is N ’ } . .
“ .y b"\ ,
i
x[(k + 1)7] = eAyx(kV) + { eﬂtﬁ dr e(k7)
' ¢
)
L} O
Fy .
or

 x[es De] = wDxen + s@aten) (a1
where .
v - l?“‘. u?
k=01, 2, 3, | )
oo ) ’ ¥ = sampling time (seconds) | ;
— ” ’ -, ’ .. P My - .
’ - Wy = e ot . (4.2)°
dnd i
l. g e ’ -
| 5(9) = J e#'g L ¢ %
- ' * 1 o l 'I
\. A @
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5

Therefore, the 4 and 3 matrices of the cont i nuous=time systems expressed

by equation.3.8' and equdtion 3.10 can be discretized for a certailn
.sampling time J, -giving the discretized matrices %(J) and 3(7)
respectively. The output equation for the corresponding d'isc’r'ete-time

systep for both. ths CLICS and NCLICS systems is

5
v

w(kT) = Bx(kT) + De(k9) (4.4)

#

.o . - b g
¢ - ¢ S

The solutlion c\f ‘equation 4.4, which represents the discrete “time
. ] Fome
solution of the CLICS and NCLICS system, can be achieved if equation 4.1

»

is solved using equation 4.2 and equation 4.3. The method of solution

selected for this program. does not depend on the order of the matrices

(f and B) or -on their eigenval-ﬁés.- The fuhdamental power series lis

= K

- 47 _ (A7) -
e = —E!— ’ ‘ o . (4.5)
‘ k=0 '

and
¢
"oy g -
[ -] k o0 v
[ ] T
. - - (k+1)kl
0 o 0 k 0 © k—o
. ) N %
. Therefore . - : f v

) 'a ’ ’ N
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* .
. . . A
N : ' ' . . . \ ‘ .
) ! - . ’ . to ! .
. 4 ; . e ’ N . . "
M ’ L4 . . N . R

g . ‘ v

: w ‘
' [ e“ dr = Z (JkﬂkW (4.6) s

. . .

Reference [14] emphasized that the difficulty in the calculated error 1is
tyfxe. 56 called ‘“catastrophic qan:::ellation" in the floating point
érithmetic and the truncatiol of arithmetic roundoff of the comp}:t?f_ and
not the truncation of the series. However, the HPS836 computer’rr:as a ‘
floating point card 'which uses a 64 bit’ floating number to represent a
real number. One bit is uéed for the sign, T} bits for the exponent, and
52 bits for the mantissa giving appr?ximately 15 significant digits- of
accuracy. For moét circuits the roundoff errors are not a problenm.
N
Furthermore, the number of terms used in the series (k) is 6. -This
numb;.r of terms gave good results in'most., examples tested and some of
these. are presented in chapter '6. Therefore, the U(J) matrix a.nd‘the

. 5
$(7) matrix can be evaluated approximately using equations 4.5 and 4.8

as -’ .
]
: ™
w®) =1+ 94+ @02+ 30° + gt « 908+ (948 (4.7)
2 6 . 24 - 120 720 ,

and ‘

89) = |1+ 94+ 32 + 3% + @t + 30° + 308|938

. 2 6. - 28 120 720 5040

]

&

This'type of algorit.l};n, +which avoids use of the eigenvalues, has =a

problem if matrix 4 is large *(usually due to small reactive element

~-
Bty v omL °
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numbers to be greater than th30
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3

4.

‘values), Takin'él’d to a power will tend to increase its terms causing

8 308

or less than $10 which results in

a real number overflow or a rea} number underflow error during
» , [ 3

execution time. This probletp can be eliminated by selecting more polints

or less points elther automatically through ASPPEC or manually by the

I3

user. As the number of points increases, ¥ decreases. Therefore, . the
0 r\ 4 !
)
multiplication of 4 by T will décrease the element values thus
eliminating the possibiliiy of a real overflow error. However, this

will tend to require considerably more computer time.

4.1 Summarized Procedure in Solving Circuit Equations

\-\

In order to understand the process’ ASPPEC uses to analyse a power

'y »

, ~
electronic circuit, an NCLIC circuit example is presented in this

. J4
section. The example used is a single phase isolated inverter shov@n in

Figure 4.1. It consists of a dc-td-ac converter, an isolation

_ b ., ' .
-~ K K R 3 .
. /

NN R

DC TO AC
CONVERTER

Figure 4.1. Single phase isolated inverter.

- A S
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transformer, and the output filter 'a.nd load selc'fion. This circult is
used often in power electronics equipment such as part of an auxilary
power supplS/ for a critical load' - a load which cannot tolerate a power
supply interruption. A good example of such a load is a computer system.\
Any interruption of the Hg'dr'o power supply, even for a few milliseconds,
may cosf: time and money due to loss of information. Timeq squarewave
scheme is ‘used in this examp.Ie to 111ustra'te the process, but more
advanced schemgs such as the harmonic inJection- PWM technique [15],
could have been used to obtain better output \'spectra.resullts. The
objective'u of this example is to observe. the peak current and voltage .

¢

.waveforms caused by the magnetizing 1inductance .,and the linkage
inductance- of the tr‘a.nsfc;rmer. The waveforms are observed at the primary
slde of the transformer, at the secondary side of the transformer, and

at the filter and load. The user can start the procedure by graphically.

I Ié
1 by ' >
A .
NN 5
. : JR LI
Nde —— Vi

NN T

a bd WL
.DC TO AC ° APPROXIMATE CIRCUIT FILTER &

CONVERTER 'MODEL OF A TRANSFORMER LOAD

Figure 4.2. An inverter with an approximate

circuit model of a transformer. -~
P a \ N

. v L
—y - s
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A

entering the schematic shown 1in Figuj 4.2. The ,transfor;ner. which is \/
repiaced by .its equivalent circuit model, and the gelected O\;.t.put.
;{, voltage/current waveforms are shown in .Figure 4.2. From the procedure
outlined in chapter 3, the first step 'performed by ASPPEC 1s to replace

the dé: voltage source and the switching configuration by an equivéslent

tilme varying 'voltage source placed'between nodes a and b as shown in
N

Figure 4.3. Next, the program constructs an element table identifying -

\

o 1 I Re .l L2 )
| b gp 2 ¢ M g «
\\\ ﬁ ! A
2 B ~ " Ia
S+ Ry Ly, , c T
Vit o 1 |
)C‘ VI% 3 : : %R‘a VZ
\z N ) - '
. ‘a 4 - — TR
. _ . - | APPROXIMATE CIRCUIT | FILTER & '
S MODEL OF A TRANSFORMER LOAD S

o '
3

e
Figure 4.3. Transformed inverter cirduit.

r
£

¢
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all elements in the fietwork, thé element values® and their coordinates.
Then the circuit: tree, which also inclludes ‘the zero valued voltage

sources and zero valued current sources, 1s inserted by the program for

the output. The tree and current directions of each branch created by

ASPPEC are illustrated WW@ 4.4. The primed nodes are created by

¢

~

s -

Figure 4.4. Example inverter circuit tree.
~ N %

. . 1 /

the program for the insertion of the zero valued voltage sources, where

the Eo terms represeént the zero valued vollta.ge sources, and the Jo terms.

represent the zero valued current sources. From the element value table

¢ pr;:duced b& the program for this example, the element values can be

e

g s
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2000 Q

]
[ury
=

n
4]

=
)
<

1]
—
o o]

= 20 pH

“
circult tree information illustrated
<9 : >

and the Q‘ matrix can be cbnstructed

"

taken as
g o

R1

R

J 2

~ : ~
RS
]

,. / c

[ L1

and/ ’

N L

N
By using- this information and the
in Figure 4.4, the element matrices
as
S/

G, - [

) 2

N ©

wr e
.

“ ‘rf“
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Therefofe one can construct ‘ "y ,
‘ 5
‘ 8" 01f-y " 2x10° 0 O .2 0 1
d=1q g'le -g|=| 0 0 o0 0. 0 -0
’ 0 0 50000} |-1 o -1
(‘ ,‘
- ° N _
) -40000 0 2x10° ‘ - .
4 = o 0 o0 ; i (4.9) -
q -50000 0 -50000 '
A J
S g:-“ 0 ‘_fyll Ty ‘ . 2X105 0 0" 0 o -.2 ;\0 0 -11"
B = [ 0 2—1][ e _9,] =|0 1 0 -1 0 0 - 0 0
: 0 o 50000]{-1 -1 -1 -1 O 0 i
(4 and i
0 0 -4x10° 0 .0 0 -axio .
B8=T-1 o 0 0 -1 .0 4 (4.10) -
~|-5%10* 0 -5x10-5x10%85x10* 0 0 '
’ The - subma.trices -of the output equation 3.57 are necessary, to construct
4
and f‘inal ly evaluate the output therefore N ) T
" : ' /
- ) K ) .
: " H=-9 cq =[o] <
e = E toC 1T CC |_ _] I ~
. <

:/=-Qu°1‘.t0u '[0--] SY - -
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- g 1 Olr ooos 01T 0 Y
0= —QEORR QCR = |0 0 = 0
o -1 o .z||1 -.2
° . 1 1 .
P=Q RQRQ -Q =]0o 1 “
EOR  “RR ¢RL Eol.
‘: 0 1 2 > i .
e [ , ?
| i
‘ 0 R
s _al _al e T
¥ = Qo R 4an [ 1 ]
. ;, .
U= -QIT G-1Q .= 0 .. e ', ' ’
, Rdo RL N ot
\' ~ r
' 7 1 0 L0005 01[-1 o0 .0 -1
) V="-0R -b,sn ={0 0 0 ' 2f}0 0 1 o
o -1 o -
or
~.0005 0 O -.0005 T o
V= 0 0. 0O o 1| . '
0 . 0 -.2 0 - . PR .
“: : B3 )' T LY
o , 1 o] .
w=0 RQ"RQ. -0 = [0 of )
EoR RR t RJ EoJ
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-1 0 0 -1
=0 Su RRlER o 0o 1 o]
and

[ -1 =
Z= 0,8 O [0]

The task now is to discretize the State Space equations. Using the

procedure outlined previously in this chapter °

3 ~

7 = 4.16667x107% ' - : .o

W =1+ 944 @02+ (30°+ g0t + 30
' . 2 8Tz 1% TH

J .77051780 0 .&71087841
0 10
-, 167771960 0 .741497388

UeT)

o~
1
-

TR

A

e 8(3)°

/\
_8(33 e 74 + (I)% + (343 < g0? + (945 + g;mB]:m
L. 2 6. Tza 120 720 5040 |
and.
.75084525 - 07560845 ~. 2724948034 -. 075608452 G- 746697908
= |-4.18867x107° . 0 0 .0 . T o,

~. 18288405 - 18289405 -. 167772363 -. 182894054 0 }-‘075808452

] . A P C

- . ] [N
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From equation 3.58 and equation 3.59, we have ‘ - v,
. 7
[0 1 1]
0 1 11 ) ,
\ g=1-.2 0" 1 (4.11)
o o O
"lo o 0] A
. (VI
[V — < e e - -
-.0006 0 ‘0 -.0008 1. o] -
10 o o o 0 0|, '
D=1] 0 0 -.2 0 0o -1 (4.12)
‘ -1 0 o -1 0. 5
[ 0- o o o o .
;o o ‘ - -

» L J
{ ]

P

Finally, after‘constr{xcting the output sfate equation 3.11, where the ¥

and D matrices are given by equations 4.11 and 4.12, the exampl“e'ilas

simulated.by ASPPEC and the output.results- a'greed with the results
presented in this section. The output results were plotted 'and are shown

in Figure 4.5. Using the.features avail‘a.blel in the Blofting routine, -the

current It was observed more closely. The x-axis is expanded and  the

. x-offset function is used -to gbserve the transient curr‘ént I1 (Figure

R/
2 a 1

. . ,
4.6a), the peak positive current of I1 on the second positive pulge
< TR

(Figure 4;éb), and the beak negative current of I1 on the second

negative pulse tFigﬁre 4.6¢). Neither the accuragy of.fhe algorithm‘

" in chapter 3 nor the error assoclated with the solution in this

s . N v . " -,
. . . v . -
. ' - .“'

o
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. chapt.er' has been investigated Thepefore, m order to verify the
validity of the methods consmered pr}eviously, examples are consider-ed R
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Filgure 4.6. Current 11 spikes. are expanded.;
‘ s, }

s

-in chapter 5 and verified in éha.pter 6. Chapter 5 develops a solution

based on the methods of g:hapters 3 and 4, while chapter 6 provides a L

-~

solution based on results obtained from an actual circuit. Comparison of g
. N § ! ' < . )
the: solutions derived 1in these . two chapters demonstratés the

. . 7

effectiveness of the program. ‘ ) \ -

- : . . R
; I .
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5.0 SIMULATED RESULTS AND EVALUATION o

L

I order to further illustrate the us?fulnéss and capablilities of
thg simuiation program, six representative e:ca.mples are ciiscussed in
this section. These examples invdlve two of the most frequently wused
typeé of static convergers rectifie‘r's and inverters. T‘hr-ée examples
using two’ S—phasé rectif‘ier‘. circults conE'rolled by two different swit;:h
conf.iguration schemés 'are considered as”"well as three 3-phase véltage
sourceé Inverters. To begin, two 3-phase rectifier circuits Figure 5.1
and Figure 5.3 are simulkted by ASPPEC. . ’

T

5.1 3-Phase Rectifier

e

Figure 2.1 illustrates the actual format used to enter the circuit

i

of a 3-phase 1line commutated rectifier into the ASPPEC program.
Component values and load conditions have beex}.entered- intéractively.
The resulting output vpltage' and current wavefor:ms obtained from the

simulation of the circult shown in Figure 5.1 are shown in Figure 5.2a,
. . a

a

b, ¢, and d. The output voltage Vl’ dc line current 11, load voltage V2,
™ .
and capacitor current I, are shown in Figure MN2a, b, ¢, and d

respectively for rated load conditions at control angle a« = 0. These
< ' ¢ .

L

-

types of rectifliers are used extensjvely in industry for applicationé

made' to compare the output results of Figure 5.1 using PSpice but one

quickly realizes that PSpice Iis unable to analyze a voltage loop (a

. -

. [ : ! .
capacitor loop made up entirely of ,voltage sources). Therefore,

=3

modiflcgtions of the circuit were first needed to observe the results

13

PR

\kuch as-dc motor drives for 'the pulp and paper industry. An attempt was’

s
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.presented by PSpice. The input data file and ocutput waveforms of the
equivalent 3-phase rectifier shownb in Figure 5.1-as analyzé;l by PSpi,ce
ar;e presented in Appendix 3. The oqtp\.{t results shown in Appendix 3 are
similat‘( to the results given by ASP}?'EC (shown in Figure 5.2) except that
the resolution of the PSplice output w;veforms are poorer.ﬂ";;lmis is s
even though the transien‘. anal.ysls internal step size was selected to be
.Olusec. The time step used' in the input data file may not correspond to

the printer or CRT time steps. These wvalues Eprinter and CRT display

[
time steps) are obtalned by a an order polynomial interpolation [1].

I , . . f ,
Although the waveform resolutions from PSpice for both the pr‘%ntgr and-

CRT otitput is poor, run~time compared to ASPPEC is approximatq’rly the
same. . This PSpice example ig shown to empiuasniz'e the problem‘PSp’.ce has
in simulat‘ing power electronic circults which very often 'contain
degeneracies. The appropriate circuit modifications needed for PSpice

analysis implies that a certain background knnwledge is needed ‘thereby

reducing the desirability of wusing PSpice as a self-teaching,

self-learning tool. To further illustrate the usefulness of the\ASPPEC,

program, Figure 5.3 1lllustrates the circuit of Figure 5.1 with twice the

number of,filter elements. The output voltage V., dc line current I

10
load voltage Vz, and the second capacitor current I2 for this rectifier

are 'shown_ in Figures 65.4a, b, ‘c, and d respectively.‘ Sixch circuit

configurations are frequently used in applications with very strict

volt:age ripple specificat.idns. A different approach, which allows the

reduction of the, ‘rectifier output ripple voltage (Vz) without

. comp'r'omi'sing rectifier circuit size, is 1lllustrated in Figure 5.5. In

this case the line commutated switches (i.e. thyristors used in Figures
| . .

5.1 and 5.3) are replaced by the more advanced gate-commutated type of

f
/
i
i

o
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-switches (such as power transistors). Also, by adopting previously

optimized pulse width modulation harmonic reduction techniques [15] [18]
§

-
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8
the (simulated) output current and voltage waveforms shown in Figures
5.5a, b c and d are obtained. Moreover, Figure 5.5b shows that the

resulting transient peak output cur;egnt with the PWM harmonic control
L 4
(with modulation 1) is smaller than the respective. current obtained with

the phase control technique (Figure 5:4b). In the next section another
type of power amplifier, the inverter, that can be easlly t:reated ith

the proposed simulation package is corﬁsidered.

6.2 3-Phase Voltage Source Inverter ‘ -

(3

The inverter amplifier, shown in Figure 5.6, is used extensively
with ac motors in ac drive applications. These(applications can be as
simple as speed controllcfi fans and pumps or ~as\ Ebprﬁ;i;\i\cﬁted as high
precision ‘mu'lti-axes ac servodrives. It is also used in‘applications
requiring ‘uninterruptible high quality "power sbuppiﬂies (UpPs), stich as
digital computers, life supporting electronic devices: and other types \

)
of critical ®Quipment. Simulation results depicting current and voltage

waveforms generated by this amplifier (inverter) wunder balanced and

® 4 v

unbalanced‘lcad conditions are shown in Fiéur‘es 5.7a and b, and Flgures

-

5.9a, b, c, and d respectively. Additlonal information can be obita.ined
from Figure 5.8 depicting the same circuit under fault conditions (i.e.

output line to-line short circuit) Another inverter amplifier using a .

new’type of PWM PWM scheme me [21] 1 hWWHW

!

waveforms shown in Figure 5.10 and 5.11 respectivelyq’ .The high freqqéﬂcy ’
sharp current ripple of the simulated current waveform of Figure 5.11 is
a difficult waveform to obtain quickly using PSpice since, PSpice uses a

L4 ®

variable time Step size. In the next section@experimental results of the -

» v oe oy -
inverter output voltage and curreni: waveforms from the circult of

2
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) 6.0 EXPERIMENTAL RESLél'_TS

In order to establish the effectiveness of the proposed simulation

.
-

grogram in predicting actuél converterﬂ, voltage/cur-rént' waveforms, a .
‘sample of predicted results were verified experimentally on a labbratory
prototype inverter. The first circuit implemented 1é the 3-phase voltage
source inverter shown in Figure 5.6, using the well know sinusoigial‘ PWM_
techniciye t22]. The second example utilizes the harmonic .injectién PWM

scheme [21] which is a newly optimized fixed pattern switching scheme.

1
A . *

6.1 3-Phase Voltage Source Inverter Using Sinusoidal PWM

Tb;e experimental results of the 3-phase voltage  source Iinverter:
circult illustr'atéd in Figure 5.Ggare shown in Figures 6.(1 and 6.2.
Specifically, ’Figures 6.1a and. ¢ show the actual waveforms of the

1 1

(start-up) conditions. The same wavefor under steady state conditions

inverter output load voltage V, and line current I, under transient

. are showq in Figures 6.2a and b. Com ison between- these experimental
waveforms and t;heir prc-.;di;:ted ::ounterparts. ‘sho‘im in‘ Figures 5.7a and b
which are reshown in Figure 6.1b and d, show that they are In close
agreement. Also, to further illustrate t}'xe flexibllity of the proposed

ot program these experimental waveforms are r‘ea;i into- the com}\:uter: (thr‘bugb

\the use of an ppr‘opr'iate‘data acquisltion device) and their. frequency

spectra ws.re obt?g.ined th;ough further waveform analysis. These spectra

are sho'wngat the bottom of Figures 6.2a and b. This input/output

waveform feature is important since customized PWM waveforms .can be

L4

~ . s . 5 £
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v r

quickly produced by external wavefornm genepatdrs such as the

-

Hewlett—Péckard 8340A signal generator. These hardware implemented

voltage/current waveforms which can be down-loaded into a file and then

1
called by ASPPEC. This facllitates the process of manufacturing complex

[y

source waveforms or switching configuration wav;£orms. To illustrate the
N ‘ N

o

&

power of this feature the customized PWM scheme of reference [21] |is
used in the ne#t example,.

A

6.2 '3-Phuse Voltage Source Inverter Using Harmonic Injection PWM

Utilizing the customized PWM produced by the authors of refere;cg

[21], _the experimental steady state line-to-line voltaée and 1line
current of the circuit illustrated in Figure 5.10 are shown in Figures
6.3a2 and b respectively. These waveforms agree with their respectlive

*

simulated waveforms reshown in Figures 6.3c‘and d. Furthermore,. the

L
. - v

observations deducted ‘from the simulated results such as the voltagé

totél harmonic - distortion and peak iiq? ,currenf agree with the
experimental reéults. This exaﬁple was selected and presgnted {on'its
low line inductance. Because of thié iow indyctance, the output 1ine
cgrreét has’ many sharp current spikes. Such an‘output Qaveform“would
take hours to solve using PSPICE while ASPPEC\took'Just auféw ﬁinu}qsf

¢

’

2>

~
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and their respective simulated nesults.
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7.0, CONCLUSIONS | <,

Y

Existing simylation/analysis programs have "shown to be lacking in

. simplicity and use?*“friendliness vhen: dealing with electronic powé'f‘

Ay

converters - especially when PWM switch control is used. In contrast to

—

these simulation/analysis packageé. however, this thesis has produced a
simplified algorithm that can develop a versatile simulation package

suitable for analysis, ¢esign, and teaching purposes. The strength of
Sté.te:Space analysis comb‘i‘.r‘u'ed with switching fupctions has enabled the

présentation of nonlinear power bﬁdges in a  linearw form. The
discretizatipn of the setate\ ec?.txations allows dire use of pou(lerful
mat,‘i"lx manipulations thereby allowing execution onaP(f‘s. Implementa.tioln
of the ialgox‘i’c,hr_n o?x a desk-top computer and experimental examination of

1ts results have also been presented. » S ' R

-

-

Arguments for the development of a software package dedicated to

« -

the simulation and analysis of. power electrbnic circult.s were presenfed

1n chapter 1. These argumetits arg based on an analysis of the unlque

,tequirements . of the pover electronics. circul designer‘, and the

A

shortcomi'ngs of the existing circuit simulatérs. Moreover, the rdfuired

program was to ‘emeasize three main objectives: user friendliness, low

emory requirements,' and fast execution times. In chapter 2 the program
o . ¢ ,‘ ,

1

~facilitate the interface between the user and computer for both

. ) - . . L
inputting and outputting of data were described.- These features

contribute a great deal to the \(ser friendliness of the package. Many of

M

" structure was presented and the features incoi‘porated in the program to -

3
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the procedures descrfibed in this chapter and (l\n Appendices 1 and 2 may

-

» ald programmers in achiev‘ing similar objectives. © In chapter 3
r ¢ N ’
o - combinations of the switchimy concepts presented in reference [16], and
P

the State Space equa.tions of reference [12] were extended and combined. *

These concepts‘ contribute to the reduction of the amount®of time and RAM

, . ., hmemory necesséry for execution. Circﬁit'representatiqn and ‘systematic
- formulation of circuit equations fg‘ both the CLICS and NCLICS circuits
are reduced to compact output system equations containing only linear

elements.: These (equations were derived step-by-step and presented as
' [ 4

« equations 3.-45 and 3.57 for the CLICS and NCLICS circuits réspectively.

Furthermore, the transformation used for the output ‘CLICS equations,.

£

equatjon 3.7, minimizes the number of extra elements required ?or the
CLICS solutions’ thereby increasing the execution speed and reducing the

learning time required’ by inexperienced circult _ designers. The

— »

discretized solution of these equations according to reference [13] was
8 -

selected and described in thapter 4. This type of solution - a matter of

: r d .

calculating the exponential of a matrix using the power series - avolds

lengthy evaluations thus increasing the overall spe‘ed of the solutlons.

T9§ummarize the algorithm presented in bhapter‘s‘ 89 and 4, an example of

BN »

a single phase inverter was also fully implemented. Though the isolated ‘

- inverter circuit used has 4 transistors and 6 llnear cqmponents the

state equation matrix # (equations 4.9) has dimensions of 3 X 3 . When -

PSPICE is 'used for the same task the dimensions of it’s matrix 4 will be

-/

mgre than 3 times greater since one transistor (BIPOLAR) is modelled by
. ..
8 reactive elements and 7 ﬁassive elements. Moreover, the system \state

matri;:es. are smatler and thus easier and more quickly manipulated.

-
wop *

-
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- Validity of the pr‘ogr'alm and the algorithm pres?(ted in thls thesls were

. , verified throuéh the simulation of the‘z power electronic, clrcults
_presented in chapter 5 &hd througk’; their respective experimental results
presgnted in chapter 6. Finally, a \f‘ully,functional program using the
atgorithm described in this thesis was presented in Appéﬁéfces 1 and 2.

. The final  program can alssist,_ in the development of power glecl:ronlc

. ‘ )

equipment circuits, in 5 ways:
Y
1) It can be used to provide performance insights befBre any.
actual hardware implement?tion is performed. A
©2) It cin be used interactively with data ecquisitden
devices to enter a sophisticated hardware im,plergented'

switching scheme.

. o . ,

’ 3) It can be }Jsed to pr‘ovide relevant circuit design data
- é\uch/ as rms, peak, and average voltage and current
. ’ r;t%lngs for various active and pa§sive circuit
‘ components. < ' . . o P
- ” ,4)‘ It could be employed to per'form nondestr'uc.t'ive circuit
) ’cesting.\ , s =
L,
5) A self—teachir}g, self-vlearrning tool by nonéaxpert members ‘
b , of the circﬁif developm;nt team.
X, o ) o '. '-

Even though this program achieves the objectives stated in the

introduction, further work could be continued in 4 areas: .
. A : . s

N . .

3

Y S
,
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~

‘1) Methods &f op/tiﬁmum :;ampling time pan be investigated to
minimize the PWM waveforms and output waveform
‘construction tim‘ex '

' ~ 2) Further research is needed into speeds of different t:ypes

of solutions and their accuracy based on the PCs em%rging
e
on the market.

A

3) ;Since, very often the program interacts with mass storage
. - Y
e ; peripherals in storing relatively, long waveform files,
4 !

ultra fast RAM storage (such as the virtual disk) and
'Eompact di\!:':k recorders. can be” Investigated ‘to- lower
computer run time during simulation.

4) Program rum times can be shortened through the

develgpment of hardware which can peri;or'm mathematical

operations such as integration and matrix manipulation. )

-

{
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B 1 dekdekidkdddhiokkdoddokohdkdkdodkoddedddokdek ook kideik dek bk dokdkokiekdek
0! * - . ! :

- *
15! * CIRUIT LRAWING PROGREM *
20! * USING BASIC 2.0 CR 3.0 WITH EXTENCED GRAFHICS *
25! * IF USING BASIC 2.0 [ELETE LINE WITH THE "&! *
30! * *
35! ; »
40! PROGRAM CHBCXS WHICH HP BASIC VERSIN IS BEING USED
45 ° IF VAL(SYSTEMS("VERSION:BASIC"))=3 THEN Bas3<1’

50 2;CHRS (255) &"K";

55 2x5(8) (10], Cat1$(50) [80] ,Ab$(80), Labs (2000) [1]
60 DIM Hihi$[19})

65 INIEGER E(70,200) Sczeern(lz480) Ss,Li,Hi

70 INTEGER Iab(2000,4),C11 -

75 S11$=CHRS (255) &GiBS'(BO)&GRS(ZSS)&GM(BB)‘

B0  S22$=CHRS(255) &CHRS (88) 8CHRS (255) &HRS (67)

85 OUTTUT 2;S11$&"SCRATCH KEYM&S22$; | SCRATCH KEYS
°) GINIT - '

95 GRAFHICS CFF

100  AIFHA OFF

v
— ¥

. 105 N ERRR GJIO Extadyg

110 . P&EINGLE0,0

15 GCLEAR
120 'GOIO Startpro
125! IF EXTEINDED GRAPHICS IS NOT ILGATED ’IHE .
130! PROGRAM IS AECRIED
135 ¢GRABICS (N
- 140 6,.3 _ ' -

a

145 MINE 20,70 °

. 150 TABEL VSCRRY, YCIJNEE)DC[ENEE)(PAH{[CS"

155 MWNE 20,60

0 LAFEL, "FCR THIS FROGRAM" - ’
165 ~ MNE 40,10.

Al

170  LABEL "% * * *x PROGRAM ABORTED****"
175 WAIT 5

185 Startyro: | SIART PROGRAM

190 MWE 20,70 @

195  GRAPHICS ON

200 CSIZE 6,.3

205 mzoso . ,

210 "cuwrrmmcmv' o

215  IABEL "ANALYZING FFOGRAM"

220 MNE 20,40 . .

225 -« IABEL "USING BASIC “;VAL(SYSTEMS ("VERSICN: BASICY))

230 (SIZE 8,.2
235  MWE 40,10

240 I.AEL"**”PI'?OGRAM NOW STARTING* #
245 WAIT 3 S N -
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255
260
265

270 -

275
280
285
290!
295!
300
305! ¢

310

315!
320!
325!

330 -
" 335

340
345
3564
355¢
360!
365!
370!

380 Back to amlyze0 '
¥ . LURG4 - :
3902. COFF BRRR- C S
395  Dflag=l ) '
400 MME Px, By
405 RCIANGIE 4,3 , )
410 COFFKEY \
415 . Abggnl ' .
" 420 '
- 425! mnmmssmmmmmmmmm :
430 ONROB .030QXOXy - N
435! IF THE KNOB IS NOT TOUCHED THE USER HAS GENTROL :
440! OF CRAWING FUNCTIONS THROUGH ACTIVE KEYS ON THE KEY EORRD
445! 'nm"s"msmsmmaosmmmmmam
450! AND MNES THE CURCR THERE
455! "THE "R" KEY RETRAWS THE CIRCUIT
460! THE "M" KEY CALSES THE FROGRAM TO JUMP TO THE MAIN MENU
465! mm'w'mmmmmmmw
470! ' HELP ROUTINE
475! ‘THE SPECIAL UP, DOWN, m,mmammm
480! Ammzmmmmmmmmmm
485! SE:wcm:mmxs oum)rmvmmsrsnmmm
490! .
495)@! )
55%, CFF ERRR
N KD 510
510 - phsﬂm?m , - . ‘ . A
IF Ab$=HS" THEN' Scan - . . e

515

- . 107 ' _ -
VIERRCRT 0,131,0,100 :
WINDOW 0,800,0,611
| NERRR @SB Bl ,
s 5] S .
CSIZE 3
I0RG 4
SIZE OF USABLE GRID WINDOW FCR [CRAWING IS 8 TO 792
(HORIZONTAL) BY 8 TO 600 (VERTICAL) '
CLIP 8,792, 8,600
CIRUTT EIEVENT STARTING STZE e
#.8- -
A4mm4mm$mmmmﬂc
QRR
mmacamsmmmmxsmaa
P8
=8
MVE Bx,Py
RECTANGLE 4,4 ' ‘ C
*A USEFUL CCMRUTER AID IS THE ROTATING KNOB* |,
*  WHICH IS IOCATED ON THE KEY BOARD | +

‘% IT IS.USED HERE TO SELECT THE FOINIS = *
" dekdckdeiiekddiciick ook ookt e dedede ek dede kdeded b dede ek

375 Beg: | BEGINNINS OF ‘THE, DRAWING RUTINE

»

&t



B - - - i - - o . *
™ B V4 - A
. . . . - © M
- ' ! * N PN F3
- /
N -

[y

' \' ‘108

520 IF ARS="RM THEN GOSUB-Redraw
525 gﬁbsﬂ'M" THEN Main meru o ' L
530 AbS="EY THEY Beg ‘ L : )
535 /IF AbS="H" THEN QOSUB Help ] T
540 / IF AbS=CHRS(255)&"" THEN QOTO Up dir v
545, IF AbS=<CHRS (255)&"V" THEN GOTO Down dir ;
IF AbS=CHRS(255)&"<" THEN QUID Left dir ' ' : )
IF AbS=CHRS (255) &'">" THEN QOO qun: ' -
/560 IF Mod=CHRS (255)&"K" THEN wee - S e
/ 565  MAT E= (0) : S .
570 = MAT lab= (0) -
575  MAT lab$= (")
580 GINIT . : -
585 "*  VIEWRRT 0,131,0,100 .
590  WINDOW 0,800,0,611 . :
595  FRAME e N
600  CLIP 8,792,8,600 - : C
605 10 By N \ )
610 BD IF - ‘

615  IF AS=CHRS$(255)&"E" THEN. '
620! A SOUND FULSE gaooommmmvcsnxsm'm
625! mmmsmmmwmmsrmm

630  EEEP 3000, .02 T N
‘635  IF Flag=0 THEN ‘

640 BEEP 81, .02

645  PHl=Px

1630 Pyl=Py

655 Flacsl .

665 BD IF " -

670 IF Flag=1 THEN ,
675! A SOND (800 HZ FREQUENCY) IS USED TO

680! INDICATE SEIPCTICN OF sm:mponm ‘ ’ ‘ y

685 meoo,.oz A .

690 . P=Px : .

695 Py2=py : , ) )

700 Flag=2 i , o -
. 705 Analyzedra,FQ - , . . )

710 '

715! msnmmmormsmmpomrm -
720! mmwmmimamizsmmmmmn . ' ' .
725 ‘QOI0 Main et . o

. ¢
730 ° BEND IF . ' B | -
'735 E\D IF . 3 *

740! STAIUS OF THE "SHIFT® KEY IS SENSED

7451 m"sm'mxsmrtsenwrm'nmnwmmmm
750! DIRECTICN IS SELECTED

755! Em"sm'mtsmmwrmmmmmm )
760! DIRECTICN IS SELECTED | ‘ -
765 ' STHIUS 2,10:Xy :

770  IF Xy=0 THEN Px . B S
715 TFX=LTHEN By - ’ ) ' e L
780 QU0 By ’ . -
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, . ‘109
785 Px:! VERTICAL GRID.MVE'
, - 790 X=H0BX*4
N 795 IF =0 THEN . , s
- 800 - FEN -1
805 MWVE'Bx,Fy .
810 RECTANGLE 4,4 .
815  PeRMX p -
820 MNE Px, Py
825! RIGHT GRID LIMIT
830 ¥ IF Px>788 THEN Px=788
b 835 PEN1
| 840  RECIANGIE 4,4 . '
! ’ ) . 845 EISE ‘ ’ w :
850 PN
855  MWE Px,Py
860 RECTANGLE 4,4
" 865 FEN 1 " i
870 Pr=PrX
875 MNWE Px,Py
880! IEFT GRID LIMIT ‘
885  IF Px<8 THEN Px=8
890 JFPEN 1
895 RECTANGLE 4,4 .
® 900 BD IF
905 QoI B )
) - 910 PBy:! X »
915 AT - C g ‘ .
920! ' ARE USING BASIC 2 LEIETE NEXT LINE*khkkk
J 925" | THE LINE WITH THE '"&" e
930 ’ .
. 935 ,
‘ 940 BDIF ‘
3 945 IF Yo=0 THEN .
950 .+ PEN -] ° ' . )
955  MOVE Px,By -
960 RECTANGLE 4,4 .
965 ' Py=pPMY ! -
970  MOVE Px,By .
~ 975! TOP GRID LIMIT . -
, «~980 IF Py>596 THEN Py=596
985 - PFEN1,
990  RECIANGIE 4,4 ]
9%  GOIO Beg
1000 EISE
- 1005 PEN -1
1010  MMNE Bx,By ‘ .
1015  RECIANGIE 4,4 '
1020 FEN) ' -
1025 Py=Py+Y
* 1030 MNE PX, “




[

o

3
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1095 IRGS o ‘
1100 OW1=0 . ‘

1105 u=0" ,
41110 Flagdir=0 - .

1115 ! CHARACTER SIZE

1120 ‘GEF RWOB . p I

1125 GFF KD ‘ g

1130! CORIENIATION OF THE GHARACTERS ARE SELECTED HERE v .
' 1135! ETTHER HORIZONIAT, GR VERTICAL SELECTION
1140! CHARACTFR SEACING (R GRID FOINT SPACING ‘
1145 N KEY 0 IABEL "NCRYAL/WITEWIDDH" GQOTO N ¢
1150 ON KEY 5 IAREL "HOR/VER' QOTO Hflag :
1155 QN KEY 1 IABEL "SIZE 1/2%GOI0 Q1

1160 N KEY 2 IABEL "SIZE 3/4" QOTO C3 ‘ !

1165 CN KEY 3 IABEL, "SIZE 5/6" GOIO C5 ¢ .

1170 ON KEY 4 IABEL “SIZE 7/8" GOTO C7 . )

1175 N KEY 8 IABET, "SIZE 9/10" GOTO (9 . Co .
. 1180 N KEY 6 IAEEL, "CGHAR.JUWMP/NOT" QOTO Cj . .~ ‘ - .
1185.- ON KEY 16 LABEL "NO GRR.JIMP' QOTO Ncj ] y
1190 ON KEY 11 GOTO 2 . . A
1195 ON KEY 12 GOIO C4 * s
1200 ON KEY 13 QOTO C6 : .

1205 . AN.KEY 14 QOIO CB

1210 QN KEY 18.GOTO C10 -

1215 ON KEY 10 GOTO Ww

1220 ON KEY 15 QOTO ‘
1225 mmgm'm'maﬁhbel

1230 QIO label3

1235 2: ! :

1240 ' =8

1245 Ff£=1

1250 @QOTO Startl ' A

1255 2: ! ) ’ -7

L1260 =2 . _

1265 Ffl=1 i - % 'S ) N Al N
1270 @QJIO Startl ' '

. Z}Zscsz 1 ' o -
=16 .

1285 @QOIO Startl . - C % ' PR
1290 C4: ! N ' ' ~
1205 (h=20 ~ - » e
1300 GUTO Startl ) .
1305 5 ! L , "
1310 w24 . - ‘ B v o

’ A .

' . . ¥

v ) ’
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1318  GOID Startl
1320886 | !
1325 28 : ,
1330 {070 Startl .
1335 C7: - |
1340 Q¥32 . ‘ : o9
1345 , QOTO Startl - -
1350 c8: ! ‘
1355 Q36
.. 1360 @QOTO Startl
. 1365 09: !
1370 44
. 1375 GOTO Startl -
1380 Q0: ! : . ¢ .
1385 Q60 T .
1390 GOTO ‘Startl
1395 Nz | NORRL
1400 .
1405 GOIO Start.
1410 Wo: | WIE .
45 Iflagsl 4
- 1420 GOUTO Startl
- 1425 Hflag: ! .
' 1430 - Flagdir=0 .
‘ 1435 GOTO Startl
1440 Vflag: !
1445 ' Flagiir=l .
1450 QOTO Startl

*1485 CGo=-,743+.243%h : Q
1490 PN O .
1495 CSIZECc

1500 Flag3

1505 MOE Px,By -

1510! A RECIANGLE cnmsmmssmmmaaxmm:
mﬁ!mmmmm&mmmmmmw
1520! THE GRRACTER

, 1525 mm;mm,cu )

1530 MOE Pk,Fy | 5 ‘
1535 '}&mm;m , 2
1540 Iabell:

ms,mcw

1550 Cwl=Ox BN

1555 Chl=Ch

15608 AbSeh . , . ‘ "
1565 - Aaml - - . c . -
."1570 QN KED QUIO 1575
1575 = AbS=KES d
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1580 Chh=4 . .

. 1585 Owe4

1590! UP ARROW KEY WILL CAKE THE OURXR (NOW GW X CH SIZE) TO
1595! JUMP CNE SPACE (ETTHER A CHARACTER SPACE CR 4 GRID FOINT
1600! SPACE) UP '

1605 IF AbS=CHRS(255)&"" THEN: * \ .

1610  CFF KD - (
1615 MNE Px,Py ‘ -
1620  RECIANGIE Qw,Ch .

1625  IF Ffl=1 THEN Qiech L6

1630  IF Py+h<=580 THEN Py=Py+(hh

1635 MNE Px,By . '

oy o et
1640  RECIANGIE Gv,Ch o
1645 QOTO labell .
1650 N KED QOTO 1575 g
1655 BEND IF

1660! THE DOWN ARROW KEY WIIL CALSE THE OURSCR TO JUMP ONE
1665! SPACE DOWN

1670 IF AbS=CHRS (255) &V THEN .

1675 OFF KD

1680  MWE'Px,By

1685 RECTANGIE Qw,Ch

1690  IF Ffl=1 THEN Chh=th

1695 IF Py~thh>=8 THEN Py=Py-Chh .

1700 MNE Px,By ° .

1705 RECIANGIE Qw,Ch

1710 QOTO labell .-
1715 QN KBD GJI0 1575
1720 END IF

'1725! THE IEFT ARROW KEY WIIL CALSE THE ARXR TO JUMP ONE
1730! SPACE TO THE IEFT

1735 IF AbS=CHR$(255)&"<" THEN

1740  OFF’KED

1745 MNE Px,By

1750 RECTANGIE Ow,Ch !

1755  IF Ffl=1 THEN Ow=C4

1760  IF Px-Omb=8 THEN P=Px-Ow

1765 MNE Px, By . "

1770  RECIANGIE Gw,Ch
1775 . GOTO Iabell

1780 N KED QOTO 1575
1785 BD IF _
1790! THE RICGHT ARROW KEY WILL CALSE THE CURCR TO
1795! JUMP CNE SPACE TO THE RIGHT

1800 IF ALS=CHRS(255)&">" THEN

1805 . OFF KD '
1810 MNE Bx, By o
1815 RECTANGIE Ov,Ch ~  #

1820 IF Ffl=1 THEN Ow=CW
1825 IF PHOW<=780 THEN Px=Px+OW -

1830 MWE-Px, By . b
1835 RECIANGE Ov,Ch .
1840 GOTO Labell N

4 .
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‘2000 QN KHED GOTO Iabell .

113

1845 N KED QOIO 1575 * :
1850 END IF ~

1855! mmmmmmmmmmm ,
~1860! ALIGNED WITH THE FIRST GARACTER OF THE FREVIOS LINE
1865 mw(zss)&"s"

1870

1875 IF ir=0 THEN

1880 - _

1885  FR Il TO Lab(0,0) .
1890 IF Lab(I,3)<Mirx AND Lab(T,4)=Fy THEN Mirpe=Tab(T, 3).

1895  NEXT I

1900 MVE Px, Py

1905 RECTANGIE Cw,Ch

1910 tih=th

1915 © IF Py<Chhy=8 THEN Py=Py-Chh

1920 MVE Mir, Py e

1925 RECTANGLE Qw,Ch ' . >
1930 PreMirne

1935  EISE
1940  Mirepy
1945 - FRR I=1 TO Lab(0,0)

-1950,  IF Lab(T,4)<Minx. AND Lab(I,3)=Px THEN Miroe-lab(X,4) |

1955  NEXT I

1960  MNE Px, By

1965  RECTANGIE QW,Ch

1970 OO

1975 IF PeOm<=780 THEN Px=Px+COw
1980 MWVE Px Mirnx >
1985  RECTANGIE Ov,Ch

1995 BD IF N .

2005 QIO Labell

2010 BN IF

2015! CHARACTER IS PRINTED ON THE SCREEN

2020! CHARACTER IS TEMECRARILY STCRED IN ABS

2025 IF ALSo"™ AND Ab$[1,1]<>c-lR$(255) THEN

2030 CFF KD .

2035 ° IF AbS=" " THEN' : .

2040  AREA PEN -1

2045 FCR I=1 TO Iab(0,0)

2050 IF Lab(I,3)<Px+Qd AND Lab(I,3)>=Px AND 1ab(I,4)>=Fy AYD Lab(I, 4)<nym
THEN 12k(I,2)=0

2055 ((NEXT I ) i

2060 BEEP 1500, .01 ) -
2065  MNE P2, P2 - | . ;

2070  RECIANGIE Gw-4,Ch~4,FIIL
2075 QN KED QUIO Sta::tl

,

2085 BD IF
2090! CHARACTER IS STCRED IN THE ARRAY IABS
2095  In¥0,0)=12b(0,0)+1 “

2100  Jj=Lab(0,0) , »

- ¢

" “ . A i .
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Labg (73)=AbS(1,1)

2110! SIZE, CRIENTATTICN AND IOCATION OF THE QHARACTER
2115! IS STCRED IN THE ARRAY IAB

2120 lab(Jj,0)=Iflag
2125 - Iab(Jj,1)=Flagir
2130 Iab(Jj,2)=c . -
2135  Iab(J3j,3)=Px NS
2140 Iab{Jj,4)=py
2145, . FPEN 1 9
2150! FOSITION ON THE SCREEN
2155  IF Flagdir=0 THEN ,
2160  MNE Px+(Qo+.743)/(2%(.243) ), Py+(Cor. 743) /(2% (+.243) )
2165 IOIR O
2170 EISE
2175 IR 5
2180 IOIR 90 .
2185 MNE P+ (Qc+.743) /(2% (.243) ) , Py+(Co+. 743) /(2% (. 243))
2190 BD IF
21965! PRINT THE CHARACTFR ON THE SCREEN
200  IAREL AMS .
2205 FEN O
2210 MWNE Px, Py
2215 RECTANGIE Qw,Ch
2220 IF Ff1=0 THEN
2225 IF Flagdir=0 THEN A
2230 . IF PxH<=780 THEN Px=PxH
2235 EISE . .
2240 IF Py+4<=580 THEN Py=PyH4 .
2245 ¢ BND IF
2250 EISE
2255 IF Flagdir=0 THEN
2260 IF POw<=780 THEN P=PCw
2265 EISE -
2270 IF Py+Ch<=580 THEN Py=Py+Ch
2275 BD IF .
2280 BND IF N
2285  MNE Px,Py ‘
\ 2200 . RECIANGIE Cw,

2295! SOUND' (4500 HZ
2300! WAS SUCCESFULLY
2305! INTERRUPTICN

2310
2315
2320

72325
2330

INDICATING THAT THE CHARACTER
IN THE ARRAY EEIURE ¥N

EEEP 4500, . .
(N KED QIO ‘

QIO Iabell s
BD IF »

GOTO Iabell

2335 Endlabel: ‘| END OF IABEL ROUTINE

2340
- 2345
2350
2355
2360

IDIR O : S
PEN 0
MVE Px, By °

. RECINGIE Ow,Ch _ , | \

Flag=0 N
2365! @ BACK TO BEG o "
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2370 GOTO By ) N
2375! -
2380 Turm ¢ ! TURV CIRCUTT AROLND
2385 REIURV ' o
23900 .
2395 Mofe c: ! MIVE CIRQUIT ON PAGE ROUTTNE
2400 COFF RUB
2405 Smallx=800

o 2410 Smally=800

T 2415 Yargese0
2420 Largey=0
2 2425! FIND SIZE OF CIROUIT
230 FR I TO 70
2435  IF E(I,0)=0 THEN 2490
2440  FOR J=4 TO E(T,0)%4 SIEP 4 ‘
2445 - IF E(I,J-3)<Smallx THEN Smallx=E(I,J-3)
2450 IF E(I,J-1)<Smallx THEN Smallx=E(T,J-1)
2455  IF E(I,J-3)>largex THEN largex=E(I,J-3)
2460 IF E(I,J-1)>Largex THRIT largess=E(I,J-1)
2465, IF E(I,J-2)<Smally THEN Smally=E(I,J-2)
2470 °  IF E(I,J)<Smlly THEN Smally=E(I,J)
2475 . IF E(I,J-2)>largey THEN largey=E(I,J-2)
© 2480 IF E(I,J)>largey THEN Largey=E(I,J)

2485 NEXT J
2490 NEXT I

2495! AID 20 (R SUBIRACT 20 GRID FOINIS FRCM THE
‘ 2500! Dnmmma-‘mcrmmrm

2505 I.argasl.argaﬁ-zo
2510 ﬁﬁzo

) . 2515 20
2520 Smally=Smlly-20 - t

A , 2526 IF Iargeno792 THEN largex=792
. 2530 IF Yargey>600 THEN Largey=600 .
2535 IF Smllx<8 THEN Smallx=8 B
- 2540 IF Smally<g JHEN Smally=8
2545 Sx=Smllx «
2550 . Sy=Gmlly
2555 GINOT ¥
. 2560 VIBARCRT 0,131,0,100
2565 WINDOW 0,800,0, 611
2570! CIRCUIT IS FROM SCREEN TEMECRARILY
2575 GCIERR
2580  GRAPHICS N : .

2585 ALFHA CFF

# FRAME
2595 Y CLIP 8,792,8,600 .
2600 Smwe=0

¥ 2605 Smy=0 -

" 2610 Move sq: ! MVE RECIENGLE

2615 CFF KEY
2620 PEN 1.

2625! Amzlsmmmmcmm ('IHE
2630! CIRCUIT WHICH WAS CLEARED) TO SPEED UP FOSITIONING
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2635! OF THE CIRCUIT
2640 PIOT Smllx,largey,l- -

2645 PIOT largex,largey

2650 PIOT largex,Smally

" 2655 PFIOT Smally,Smally

. 2660 PILOT Smallx,largey,2 R

2665~ Flag=0

L2670 ARS=M™ '

2675 QN KED QOTO 2690

2680! USING THE KNOB CR ARROW KEYS THE RECTANGEE CAN EE

2685! FOSTTIONED ANYWHERE ON THE SCREEN QUICKLY

2690 ALS=KEDS'

2695 IF AbS=CHRS(255)&"?" THEN QOTO Iabel2 v

2700 IF W(zss)&u.«n 'IHEN . ,

2705 Sny=&ny+2

2710 QOO Drsq - - - o

2715 BN IF

2720 IF AoS=CHRS(255)&"V" THEN .

2725 - Sy=Sw-2 K

2730 - QOIO Drsq «

2735 BD IF

2740 -IF AoS=CHRS(255)&"<" “THEN

2745  Sm=Smx-2 ~N t

2750 GQOTO Drsq S

2755 BN IF : \,

2760 IF AbS=CHRS(255)&">" THEN

2765  Sme=Sme2 )

2770 QOIO Drsg \ : ‘

. 27715 BDIF .

2780! mmmmxssmmmmmmmm

2785 IF AbS=CHRS(255)&"E" THEN Flag=l

2790  IF ARS=CHRS(255)&MC" THEN

" 2795  OFF KBD -
2800'mwcnmrrmmm:scmmmns '

2805! NEW FOSTTICN

2810 GOSUB Redraws -

2815 QOIO By

2820 END IF

2825 Drsqy: .- . 3

2830 PEN -1 \ _ ,

2835 PIOT Smllx,largey,l , :

2840 - PIOT largex,largey ) .
.2845  PIOT largex,Smlly ' ' ,

2850 PIOT Smllx,Swmlly - L
« 2855 PIOT Smallx,largey,2 - ‘
2860 +‘IF Iargey+Smy<=600 AND sm1y+axy>=8 THEN ‘

2865  Smally=Smally+Smy PR
2870 mwmw&y ‘

2875

2880 IF Snpo THEN Sty=600-1argay

2885  IF Smy<O.THEN Smy=8-Smally . ]

2890  Smally=SmllySmy \ . A

— ¢

(]



117

~2905
2910
2915
2920
2925
2930
2935
2940
2945
2950
12055
2960
2955
2970
2975

IF ILargex+Smx<=792 AND Smallx+Sme=8 THEN
Smallx=amllx+am
Iargese=T argenstQme

EISE
IF S0 THEN Sme=792~Largex

v IF Sm¢<0 THEN Smoe=8-Gmallx

*

2080

2985
2990
2995
3000
3005
3010
3015

Smal 1x=Smlbx+&m
Largesc=Targen+Smx
BD IF e

IF Flag=1 THEN 2965 :
GOIO Move sq1 :
CFF KBD o
RR I=1 TO 70
IF E(I,0)=0 “THEN 3005
FR J=4 TO E(I,0)*4 SIEP 4
E(X,J-3)=E(I,J-3)+(Smallx-5x)”
E(E,J-2)=E(1,J-2)+(Smally-5y)—\
E(I,J-1)=E(I,J-1)+(Smallx-5X)
E(I,J)=E(%,J)+(Smlly-Sy)
NEXT J
NEXT. I
GOSUB Redraw
GUTO Beg

3020 Scan: | SCAN ROUTINE '
3025! THE SCAN ROUTINE IS USED TO IOCATE AND MOVE THE QURIR
3030! TO THE CICSEST ENIERED FOINT ARCUND THE FRESENT CURSR |
3035! FOSITICN FCR QUICK CCRNECTICN OF: ELEMENTS

3040 .

3045
3050

3055

3060
3065
.3070

FEN -1-

MNE Bx,By .

RECIANGIE 4,4

PEN 1 _
mm , - . i
BBy ‘
D=1.E+6

3075! acs&srmmrrsmmmcmmcmzsmmn
3080! mmmwrmmsmzsrmmssgm

3085 KR I=1 TO 70 )

3090 IF E(I,0)=0 THEN Iocpl

FCR J=4 TO E(I,0)*4 STEP 4 ' ' ®

3005
. -3100 m-(m-z(x,J-a))w(M(x J-2))A2
. 3105 ° IF Do<D THEN .
3110 DD '
3115 2a=E(T,J-3)
3120 Bo=E(I,J~2) P
3125 BN IF ,
3130 Di=(Px-E(X,J-1)) "2+(Fy-E{,J) ) "2
3135  IF DI<D THEN
3140  2a=E(I,J-1)
3145 = Bo=E(I,
3150 BOIF ‘ ’ : :
. 3155 NEXTJ ) , N
'3160 Ioopl: o : e
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3165 - NEXT I
3170 Pe=ha

3175 PR '

3180! END OF THE SCAN RUTINE .
3185! @ BACK TO BEG

. 3190 &UI0 Bxg

3195!

3200 Up dir: ! UP ARROW KEY SEIBCTTCN ROUTINE
3205 © Tes=800 :

3210° PN -1 S
3215 MNE Px,Fy - ' ®
3220 RECIANGIE 4,4

325 PN1

3230 Ax=Px *
3235 APy

' 3240 RR I<1 T0 70

3245~ IF E(I,0)=0 THEN 3300

3250 FOR J=4 TO E(I,0)*4 SIEP 4, ‘
3255 IF E(1,J-2)>Ay AND E(1,J-2)<Tes THEN
3260 = Py=E(I,J-2)

"3265 Tes=Py

3270 . BND'TF - _
3275  IF E(I,J)>Ay AND E(I,J)<Ies THEN

3280 . Py=E(IJ)
3285 Tes=Py

. 3290 ENDTF
. 3295 NEXT.J '

3300, NEXT I

' 3305 GOTO Beg

3310!

3315 Down dirs | DORN ARROH KEY SELECTICN KIJI‘]NE
3320° Tes=0

3325 PN -1

3330 MOVE Px, By

3335 -RECIANGIE 4,4

3340 PN 1’ .

3345 Aw=Px

3350 Ay=Py

3355 KR I=1 T0-70

3360 IF E(T,0)=0 THEN 3415
3365 FR J=; T0 E(I,0)*4 STEP 4

3370 IF E(1,0-2)<dy AD E(I, J-Z)#Is THEN

3375 PyE(1,J-2)
3380 : Tes<Py

3385 BND IF

3390  IF E(I,J)<dy AD E(I;J)>Tes m‘N

. 3335 Py=E(I1,J) w

3400 Tes=Fy : :

3 BD IF . -
34100 NEXT T o . .
3415 NEXT I S
3420 QOIO Beg :

3425!

e
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3430 Ieft dir: ! LEFT ARROW KEY SELECTION ROUTINE
Tes=0 . —_— ’
PEN -1

MNE Px, Py

RECTANGIE 4,4

PEN 1 . -
APy -

Ay=Fy

FR I=1 TO 70 -

3435

3440
3445

450
3455
3460
3465
3470

© 3475

3480,

3485 |

3490
3495
3500

“

3505

- 3510
“3515

3520
3525
3530
3535
3540!

IF E(I,0)=0 THEN 3530
FCR J=4 TO E(I,0)*4 SIEP 4
IF E(I,J-3)<Ax AD E(I, J-3)>qs THEN
Pe=E(I,J-3)
Tes=Px -
IND IF
IF E(I,J-1)<Ax AND E(I,J-1)>Tes THEN-
Pe=E(I,J-1)
BD IF
NEXT J

NEXT I
GOIO Beg

3545Ri(j'ﬁ:d.1r ! RIGHT ARROW KEY SEIECTION ROUTINE

3550
3555 -
3560
3565
3570
3575
3580
3585

3600

. 3605
“ 3610

3615

3620 °

3625

3630.

3635.

- 3840

H'-N -1 5

MNE PX, Py 4\? :

RECIANGLE 4,4 -

PEN 1 . ‘
=P d

Ay=Py .

FRI=1TO70 -~
3590  IF E(I,0)=0 THEN 3645 .
3595 .

FOR J=4 TO E(I,0)*4 SIEP 4.
IF E(I,J-3)>Ax AND E(I J=3)<Tes THEN
P=E(I,J-3)
Tes=Px-- _
END IF- T~ .
IF E(1,J-1)>Ax AND E(I J-1)<Ie THEN
¢ PE(1,J-1) . ,
_ Tes=Px’
BRD IF
NEXT &

3645 ' NEXT I
3650 GOTO Begy

3655!

3660/

3665!

- 3670!

36751 *

. 3680!

36851
3690!

*

H
. " : ‘
*AFIER THE SELECTICN OF THE SECCND FOINT'
AFUNCTION KEYS  ARE

WWO‘IECF‘!IHESERE!S
WAILL PERFORM A FUCTICN =

AT THE BOTTQM

AR}

0 « ’ v,

* % % % % * »
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3695'* ME}\I.BW]ILI.CDP'DE‘IJL'IVIPE\CX'IDEG *
3700! mmm**m***mnn**mm
3705 Main mena: !

3710 Flag=0 - , LT o
3715 OFF KEY : L -
3720 FR I=1 TO 500 ¥ ’

3725 mmzor.m"sams"wmsdmes

3730  ON KEY 1 IABEL "LINEAR EIEMENI" GOUIO Linear element -
3735  ON KEY 2 IARFL "NCN-LINEAR' GUIO Nn linear |
3740  ON KEY 3 TAEEL "IGIC EIRMENT" QOO Iogic elament
3745 N KEY 4 IAFFL "[EIEIE" QOIO Undraw -

3750 ©  CN KEY 5 LABEL."LINE/DOT" QOO Li- -

3755 N KEY 6 LAREL “CONFIGIRATTONS" GOTO Configuraticnis
3760 ON'KEY 7 IAREL VIABED' GOTO Iabel2 « -

3765 . mmarm'mm'mmmpmum
.3770 mmgm'mmm'eomnotl

3775 WNKY15@O Do * -

:3780 QN KED,15 RECOVER 3790 ° . \ -
3785 .QOIO 3835 o .-
3790  AS=KEDS Nl

3795! AT ANY TIME mmm'lmsmw) PRESSING 'IHE E KEY, °

3800! R KEY'CR THE CLEAR SCREEN KEY WILL INTERRUFT AND EXIT
3805! RETRAW CR CIFAR THE SCREEN RESPECITVELY -
3810 IF AS="E" THEN Beq

3815  IF AS="R" THEN QOoSUB Redraw

3820  IF AS=CHRS$(255)&"4" THEN En °

3825 NEXT'T

3830 CFF KEY o

3835 GJIOBeg 5o

3840 ’

3845Ltﬂ:a4 umwmm:

3850.” cn*mm ,
wss'mmsmmmwmmmmmmnmawm
.nw'mmmmmwmmmmmm
3865 A1 .

3870 FRI=1TO70 T '

3875  IF E(I,0)=0 THEN 3935

3880 FOR J=4 TO E(I,0)*4 STEP. 4

o

v

3885 IF E(I,J-3)=0 TEN 3§30 )
I . - :
3805  Ti=l -

3900  IF E(I,J-3)=Px AD E(I,J-Z)=Fy1 THEN ‘
3905 IF E(I,J-1)=Px2-AND E(I,J)=Py2 THEN 3950
3910 BD.IF \ Ce . ‘
3915  IF E(I,J-3)=Px2 AND E(I,J-2)=Py2 THEN

T 3920 IF E(I J—1)=P.~a AND E(I,J)=1=y1 THEN 3950

3925 BDIF -
3930 NBTJ e
3935 NEXT I ~ -

3945 Q@OIO 4095

3955 PA=E(I,J-3) . e

~

’



L ) . / 121
3960 Py1=E(I,J-2) ’
3965 Px2=E£(I,J-1) \
3970 " Fy2=E(L, %)
3975 Flag=0
3980 SELRCT Be ‘ g
. 3985 CASE =1
3990 QOSUB Ro
_ : 3995 CASE =2
‘ 4005 CASE EISE- A
4010 Flag=l C -
4015 GOSUB Rirawl
4020 END SEIECT -

4025! THE IEIETED ELEMENT IS REMOVED ,

g 4030! IMMEDIATELY FROM THE 2 DIMENSIONAL © T o

© 4035! ARRAY E AND THEN THE ARRAY IS REPACKED .
.. 4040f SO THAN LOGPING THROUGH THE EIEMENTS '
' 4045! IS NOT SLOKED DOWN -
P 4050 . 1 REPACK ARRAY
* 4055 FOR KJ TO E(I,0)%4 SIEP 4
4060  E(I,K-3)=E(I, (K+4)-3)
4065  E(I,K-2)=E(I, (KH)=-2)
4070  E(T,K-1)=E(T, (k4)-1) \
4075  E(I,X=E(I, (x+4))
4080 N K -
4085 E(I,0)=E(I,0)-1 - .
. 4090 ! .

[

4095 Flag0 - N\ L
4100 . Aol e
4105 OBy |, - -
. 4110-- - | , .
> S 4115 Manipulation: | MANIFULATION [ON KEY MENU :
4120 COFF KXY . .
4125 Dflagsl . :
4130, .FRRI=1TOS0 , . e
4135 AR OFF .
4140 QN KEY 0 IABEL "STORE" QOTO Storel’
4145 . ON KEY 5 IAEEL "PIOTTER" QUIO Flotl
415) QN KEY 4 IABEL "MAIN MENU™ QIO Main mem
4155 , ON KEY 1 IAEEL "ELEVENT BIGGER' GOSUB S bigger
4160 ‘b«:gsmm'mnmsmm'mswer
Y © 4165 . ON KEY 9 IABEL "END" QUIO En .
. AWO0  ON KEY 2 IABEL"MOVE CIRQUIT" GOTO Move C©
- 41751mmzznmmmxsmmmm‘
. 4180! MANTFUTATTON FUNCTICN KEY MENU ‘
4185  ON KEY 8 IAREL "ANALYZE" GOTO Aralyze' - -
4190 OV KEY 7 IABEL “IURN CIRCUTT" GOTO Tumn ©
N 4195 ~ ON KEY 3 IABEL "RECALL' GOIO Recall -
© . 4200 CGFFRED A
4205 N KED,15 RECOVER 4235
. .4210 'GOI0.4255 -
+4215!" AT ANY GIVEN TRE (IN THE MENU MXE) EXIT O HE,
4$220! RECRAW CR QO 'TO MAIN INTERRUPTIONS ARE ‘FCSSTHLE BY

<

-~

<

¢
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4225! PRESSING THE E KEY, R KEY, (R THE M KEY RESPECTIVELY -
4230! THESE ARE ACTIVE IN ALL MENGS

4235  AS[1)=KEDS :

4240  IF AS$="E" THEN Bag. .

4245  IF A$="R{ THEN GOSUB Reciraw

4250 IF AS="M" THEN GUIU Main meru

4255 NEXT I

4260 CFFKEY ¢ .

4265 QOIO Bey \

¢t

< 4270 !

4275 Sources: ! LINEAR ELEMENT FUNCTION KEY MENU
4280 COFF KEY -

4285 FCR I=1 TO 500 °

4290 QN Y O IABEL "BATTERY" QOIO Ea

4295  ON KEY 1 IABEL "CURRENT SOURCE" QOTO CS
4300 QN KEY 2 LABEL "AC VOLIAGEs+" QUIO AC
4305 QN KEY 3 IAREL "ARROW QOIO Ar

4310 QN KEY 4 IABEL "DIRECTICN" QIO Di

4315 QN KeY 5 IABEL "DC SOURCE' GOTO Do

4320 QN KEY 6 IABEL umgmm
4325 QN KEY 7 IABEL "AC ' QIO A

4330 QN KEY 8 IAEEL "IOOP' QWO Io
4335 N KEY 9 IAFFL “"GROWND' QOIO Gr : .
4340 ON KED,15 RECOVER 4350 )
4345 @O 4370 ’ . .
4350  ASKED «

4355 IF AS="E" THEN Beg

4360 ' IF AS="R" THEN GOSUB Rediraw

4365 IF AS="MVY THEN GOTO Main meru

4370 NBEXT I

4375 COFF KEY

4380 Flag=0 -
4385 Gomﬁeg

4390 - \ p

4305 Lmeare.leret !

4400 OFF KEY

4405 KR I=1 TO 500

" 4410 ON KEY O IAREL "RESISTER" QOIO Rel

4415  ON KEY 1 {ABEL "CAPACTICR" GOTO Ca

4420 QN KEY 2 IABFL "INDUCTCR! QOTO Inl .

4425  CN KEY 3 IAREL "“IMPEDANCE" QUTO Im :

4430 N KEY 6 IAREL "EIRCTROLYTICY &OTO El )
4435 - N KEY 8 IAEEL "AIMITANCE" GOIO Ad C
L4440 N KEY 7 IAEEL "OHKE" QOIO Ch
4445 ; QN KED,15 REQVER 4455 :
4450 _ QOIO 4475

4455 . ASKEDS

44600  IF AS"EM THEN

4465 IF AS="R" THEN GOSUB Redraw ¥
4470  IF AS="M" mwmm::eu
4475 NEXT I —

4480 CFF KEY

4485 . QOTO Bey
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. 490 | )
. ' 4495 Non linear: 1m~7—mmmmmmmm
. 4500 CFF KEY .
4505 KR I=1"TO 500 ‘
4510 QN KEY 0 IABFL "DICCE" GOIO Dil
4515 QN KEY 1 IARFL "IHYRISICR' GOTO Th ~
4520 * ON KEY 2 IABEL "BIFOLAR' GOIO Ei . W
4525 QN KEY 3 LABEL "“OSFEI" QU0 Mo ' L .
4530 QN KEY 4 IAEEL "SWITCH" QUIO Sw ) -
4536 QN KEY 5 IABEL "ZENER" QOIO Ze A .
4540 N KEY 6 IABEL "IHYRISICR D' QOIO T4 ’ , ’ R
4545  ON KEY 7 IABFL VBIFOLAR DIOCE" QOO A1 ° '
4550 N KEY 8 IABEL "MOSFET DIOCE" GOIO Mi : :
4555 N KEY 9 ILABEL "NEXI" GOTO Nen linear2
4560 QN KED,15 RECOVER 4570
4565  GOTO 4590 '
4570 W . a . "N e,
-\ 4575 IFAS"E“THEN Bsy .
> ' 4580 IF AS="R! THEN QOSUB Redraw
. 4585  IF AS="M" THEN GOIO Mjin meru
4590 NEXT X \ .
‘ 4585 QOO Beg ~, -
) 4600 ! . : )
,, 4605 Non linear2: ! SEOOND NON-LINEAR EIEMENT FUNCTION KEY MENU
4610 COFF KEY . ’ ’ ‘
4615 KR I=1 T 500 , —
. 4620 N KEY 0 IAEEL “IRIAC" GOIO Tr
4625 (N KEY 1 IABEL "T SUPRESSR" GOIO Si )
4630 QN KEY 2 IAEEL "HALF-ERID.INV." QUTO Irmverl . i
‘4635 N KEY 3 IABFL "FULL~ERID.INV." QUIO Irmver2 .
4640 N KEY 4 IABEL "FULL-B.3-0-INV." GOTO Inver3
. 4645 N KEY 7 IAEEL "1-0 RECTIFIER" QIO Rectifiera
4650 QN KEY 8 LAEEL "3-0 [EITA-RECT" QUIO Rectifier?
4655 QN KEY 9 IABEL "3-0 Y-m'coronectlfm
: 4660 (N KED,15 RECVER 4670
. 4665  QOTO 4690 )
© ) 4670 AsHER ,
4675 IF AS="E" THEN Beg . 7
4680  IF A$="R" THEN GOSUB Rediraw : S )
4685  IF AS="M' THEN GUIO Main mem .
460 NEXT I
4695 OFF KEY .
4700 mm Beg ‘ o
s 4705 ‘ s , ) ;)
4710 O:nflg\n'atia's: DIFFERENT OONFIGRATTON FUNCTTCN KEY MENU - :
4715 CFF KEY ' ° o

4720 FR I=1 TO 500 -

4725. N KEY 0 IABEL "SINGIE 0 T." GOIO St

4730 N KEY 1 IAEEL "3 0 T. D-Y" GOIO Tt- .
* 4735 N KEY 2 IABFL "IEITA" QUIO De BN v/

4740 /ON KEY 3 LABEL "WYE" GOTO Wy ‘

QWWWW - ' '

4750 (N KEY 6 LABEL "4 DICCE BRIDGE" QOTO b -

-
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4755 QN KEY 9 IABEL “SHAPES" GOTO Shapes -

4760  ON KEY 7 IAEEL “ARROW" QOTO Ar

4765 (N KEY 8 IABEL "DIRECTIONY GOTO Bi

4770 . QN KEY 4 IABEL "ILOOP"'QOIO Io -

4775 N KED,15 RECOVER 4785 ’
4780 QIO 4805 .

4785  AS=KEDS :

4790  IF AS="E" THEN Bey. ° - .
.4795  IF AS="R" THEN GOSUB Redrew
4800 E‘As-ﬁw-mmmmmm
4805 NEXT I _

4810 CFF KEY

4815 ccmaag

4820

48251::91ce1em1t “! mcmmrnmmmmu
4830 CFF KEY

4835 FR I=1 TO'S00
4840 mmom"mcam'wmpg
4845 (N KEY 1 IAREL "CR GATE" QUTO g
4850 QN KEY 2 IAEEL "INVERTER' GQUIO In2
4855 N KEY 3 IABFL “EXCISIVE CR" GOTO Er
4860 QN KEY 5 IAEEL "NaND GATE" QUID Ng
4865 (N KEY 6 IAFFL "NR GATE" QUIO Nr .
4870 QN KEY 7 IAEEL "D-FLIP FIOP" GOTO Df
4875 QN KEY 8 IABFL "JK-FLIP FIOP" GUIO JK

a8

, 4880 QN KED,15 RECOVER 4890 s
4885 . QOTO 4910 / ,
4890  ASKHES - N S
4895  IF AS="E" THEN Beg \

4900 IF AS='R" THEN GOSUB Redraw
4905 IF A$='M' THEN GOTO Main meru
- 4910 NEXT I

4915 OFF KEY ' ‘
4920 QUIO By .,
4925 1 '

4930 Shapes: smnmmmmw

4935 crr'm )

4340 TR I=1 0 500

4945 (N KEY 0 IABEL "CIRCIE LINES" QUTO i .
4950 (N KEY.2 IARFL "SQJURRE LINES" GUTO Ig
4955 (N KEY 7 IABEL “"SQBRRE" QIO 8  ~°
4960 N KEY 5 IABEL "CIRCIE" GOIO Cl
4965 (N KEY 1 IABEEL “"SIMVER! GOTO Sumn
;4970 N KEY 8 IABEL "WOICR" GOTO Mot
-4975 N KEY 4 IABEL "BIRD" GOTO Br-
4980 (N KEY 3 IABEL "RECIANGLE" QUTO Re2
4985 (N KEY 9 LABEL "CHIPS" GUIO Chips
4990 QN KED,15 RECOVER 5000

4995 ® QOTO 5020

5005 . IFAS="E" THEN Beg

5010 " mww'mmm .
5015 IF AS$="M" THEN GOIO Main mem -

.
-

»

/

A




Mo

5020
5025
5030
5035

soaocups {" CHIP PACKAGE FUNCTION KEY MENU

5045
5050
5055
5060
5065
5070
5075

‘5080
5085
5090
5005
5100
5105
5110
5115
5120

= 125

NEXT I
CFF KEY
GODD Beg

CFF KEY

FR T=1 TO 500
ON KEY 0 IABEL ™4-PIN" GOTO Chipl4
N KEY 1 LAREL "16-PIN* QOTO Chipl6
QN KEY 2 LAFEL "24-PIN" GUIO Chip24.
ON Ki,15 RECOVER 5080
GOTO 5100 *

AS=KEDS
IF AS="E" THEN Beg
IF-AS="R" THEN QOSUB Recraw
IF AS="M' THEN GQUTO Main metu
NEXT I
OFF KEY
Flagr0
GOTO Beqy

: .
-1 ) y

5125 dkikiedickicioiok b oh ok koo ook
5130! * FAST AOCESS TO THE TREE-LINK FROGRAM  *
5135! * DIRECTLY FRM THE MANIFULATICN MENU  *
5140! *ddcicdckkiokickiciiick ook kiokiodokkk koo koo ook

5145 Amlyze: |

5150

5155 ammcmsmmmcxmmwssmm
" 5160! COING TO THE ANALYZE FROGRAM

8210

Back to amalyzerl

5165 IF Analyze raw<0 THEN
5170  GCLEAR , '
5175  CSIZE 4 .
- 5180 MWE 300,400
5185  LABEL "PLEASE SICRE YOUR CIRCUIT mr'
5190' IABEL "CR IT WILL EE FURGED"
5195 ELSE
5200 GCIEAR
6205  CSIZE 4 ) , .
m 300,400 :
5215  IABEL "PIEASE SELECT" N
' 5220 BND IF,
5225! ANOTHER CHANCE TO CONFIRM THE [ECISION
5230! TO THE CIRCUIT BY CALLING -
5235! THE TREE-LINK PROGRAM
5240 CFF ,
5245 FR I=1 TO 700
5250 QN KEY O IAEEL "STORE" GOIO Starel

" 6255  ON KEY 5 IABEL "REIURV" GOTO 5315 .-

5260 N KEY 2 IAEEL " ' QUTO Call tree

5265 IF Analyze draw=0 THEN ON KEY 2 LABEL " QOIO Call tree
5270 QN KED,15 RECOVER 5285

5275 GOS0




L 5285
ol 5290
5295
5300
5305
5310
5315
5320
5325
5330
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AS=KEDS

IF AS="R" THEN G0SUB Rediraw
IF AS="M" THEN GOIO Main meru
NEXTI -

CFF KEY

5335 Call tree: !
5340! IOADING THE TREE-LINK FROGRAM

5345

I0AD "IREE"

5350! END OF THE CTRCUTT DRAWING PROGRAM

. 5355

5360! HH*W*#**H*H*MMW*M
5365! % CIRCUIT ELEMENTS ARE GIVEN A OXE
5370! * REPRESENTED BY VARTAHLE EE

5375! Fokdekkkkkkhhikkhkkkhkkkkkhkkkkihhkihkikihkikikk
5380 Ac:Ee=3

5385

QOTO Drawl

5390 A :Be=d

5395

GOTO Drawl

5400 CS:B&<5

5405

QOO Drad e ce

5410 Qu:Be=6 ’

15

GOIO Drawl

20 Ba:Be=7

5425

GOTO Drawl

5430 Do:Be=8

5435

GOIO Drawl

5440 Ar:Be=9

. 5445

GOTO Drawl

T 5450 Lot Be=10

5455

GOTO Drawl ’

' 5460 DisBe=11

5465

QOTO Drawl

5470 Gr:Be=12

5475

QOTO Drawl

© 5480 Rel:Be=13

5485

. GOTO Drawl

5490 Ca:Be=14

5495

QIO Drawl

5500 El:Be=15

5505

5515

5520 Ci:Be=17

5525

Al ( 5,
5510 Inl:Be=16

‘QOTO Drawl

5530 Im:BEe=18

5535

GOIO Brawl

5540 Ad:Be=19 oo

5545

GOTO Drawl

s

~

%
*




5550 Dil:Be=20
- 5555 QOTO Drawl
. 5560 Th:Be=21

5565 QUIO Drawl
5570 Ze:Ber22

- 5575 GOTO Dxawl

5580 Td:Be=23
5585 @QOTO Drawl
5590 Bi:Be=24
5595 QOTO Drawl
5600 Bd:Pe=25
5605 GOTO Drawl
5610 Mo:Be=26
5615 GOTO Drawl
5620 Mi:Pe=27
5625 @QOTO Drawl
5630 Sw:Be=28
5635 GOTO Drawl
5640 Tr:Pe=29
5645 GOTO ‘Dramil
5650 Si:Be=30
5655 GOTO Drawl
5660 St:Be=31
5665 GOTO Drawl
5670 Tt:Bo=32
5675 QOTO Drawl
5680 De:Ba=33
5685 GOTO Drawl
5690 W:Bo=34
5695 GOTO Dresl
5700 Ct:Be=35

5705 GOIO Drawl’

5710 1H:Pe=36
5715 QUTO-Drawl
5720 Ag:Be=37
5725 GOIO Drawl
5730 Og:Be=38
5735 GOTO Drawl
5740 In2:Bo=39
5745 QOTO Drawl
5750 Ng:Bo=40
5755 GOTO Drawl
5760 Nr:Be=41

. 5765 QGOTO Drawl

5770 Er:Be=42
5780 Df:Ba=43
5785 GOTO Qrawl
5790 Jk:Bemi4
5795 QOUTO Drewl

‘5800 Re2:Ba=d5
5805~ GOTO hrawl

5810 Ci:Bewd6
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5815 QIO Drawl
5820 Cl:Be=47
5825 @QOTO Drawl
5830 1q:Be=48
5835 @OIO Drawl
5840 Sq:Pe=49
5845  QOTO-Dxawl
+ $850 Br:Be=50
5855 QOTO Drawl
5860 Mot:Be=52

5865 GOIO Drawl »

5870 Summ:Pe=53

5875 QUIO Drawl .
5880 Chipl4:Bs=54 '
5885 GOTO Drawl

5890 Chipl6:Be<55

5895 QIO Drawl

5900 Chip24 :Be=56

5905 ' GOTO Drawl

5910 Inverl:Pe=60

5915 GUIO Drawl

5920 Inver2:Be=6l

5025 QOUTO Drawl

5930 Irver3:Be=62

5935 GOTO Drawl

5940 Rectifierl:Be=63

5045 @QOTO Drawl

5950 Rectifier2:Fe=64

5955 GOTO Drawl

5060 Rectifier3:Fe=65

5065 QUTO Drawl R
5970 !

5975 Dot ! DOT ROUTINE
5980 E(1,0)=E(1,0)+1

5985 E(1,E(1,0)*4-3)=P1
5990 E(1,E(1,0)*4~2)=Py1
5995 E(1,E(1,0)*4-1)=Px2 -
6000 E(1,E(1,0)*4)=Fy2 |
‘6005 PEN Aa

6010 ~MWNE Pxi2,Pyl+2
6015 FOLYQN 3.5,30

6020 FCOLYQN 3,30 ' .
6025 FOLYGN 2,30

6030 FOLYGIN 1,30

6035 FOLYGN .5,30 °

6040 - COFF KEY

6045 GOTO By

6050 L

6055 Dot 1: | DOTTED LINE ROUTINE
6060 E(51,0)=E(51,0)+1 .

. 6065 E(51,E(51,0)*4-3)=P
6070 E(51,E(51,0)*4-2)=Pyl
6075 E(51,E(51,0) *4~1)=Px2
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LS

6080 E(51,E(51,0)*4)=Py2 —
6085 FEN Pa

6090 LINE TYFE 4

6095 MNE Pxa+2,Pyl+2 .
6100 [RAW Px2+2,Py2+2

6105 LINE TYFE 1

6110 COFF KEY

6115 GOTO Beg

6120 Ii: ! SIRATGHT LINE ROUTINE
6125 E(2,0)=E(2,0)+1

6130 E(2,E(2,0)*4r3)=Pxd
6135 E(2,E(2,0)*4-2)=Pyl

. 6140 E(2,E(2,0)*4-1)=P2

6145 E(2,E(2,0)*4)=Py2
6150 FPEN Aa -

6155 ‘MOVE Pxa+2,Py1+2
6160 [RAW Px2+2,Py2+2

. 6165 OFF KEY

6170 GOIO Beg

* ‘ - 129

6175 Drawl: ! CTIROUTT EIEMENT [RAWING ROUTINE

.6180 GOSUB Errar cantrol

6185 CFF KEY

6190! ONLY FCR EE(INVER 3). IF FHASE B DOES NOT FALL

6195! (N GRID, GIANGE PHASE A SO THAT
6200!, ON A GRID FOINT

B DCES FAIL

&OS'ﬂﬂSISDWPSM'IHEGRlIHWH.L}RVE _ 4

6210! CONTINUITY FCR ANY EIEMENTS CCNNECTED ON FHASE B OF
6215! THE THREE RASE INVERIER (A THREE TERMINAL [EVICE)

6220 IF Be=62 THEN
6225 - Ass=(Fy2-Pyl)/2/4

. 6230  Ass1=INT((Py2-Pyl)/2/4)+.1

6235 IF AssoAssl THEN Py2=Py2+4
6240 BND IF

6245 E(Be,0)=E(Ee,0)+1 )
6350 E(Be,E(Be,0)*4-3)=Px1 N
6255 E(Be,E(Ee,0)*4-2)=Pyl

6260 E(Be,E(Ee,0)*4-1)=Px2

' 6265 . E(Be,E(Ee,0)*4)=Py2
FEN 22 . o

6270

6275' Agle=0° -

6280 QN ERRCR GUIO Arglel

6285! FINDING THE ANGLE CF THE ETEMENT
6290 Argle=AIN((Py2-Fyl)/(P2-Px))
6295 GOTO Startl

~ 6300 Anglel:Angle=90

6305 Startl: - . !
6310! FINDING THE MIIX{E FOINI"

6315 Ml=(PA+PR)/2 S
on, =@

IF Py2-Py1=0 AND P2<Px1 THEN Angle=180 = : -

6330 IF By2<Pyl AD B2-P=0 THIN Agle=270 - \

6335 IF Py2-Fyl<0 AND PX1-Px2<0 THEN

6340 IF PA>PR AD FyDPy2 THEN Agle=Argle+iso = - =

Pt
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e

A\

re

6345
6350
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mwmmmmmwmo
BD IF

6355! THE END FOINT OF THE ELEMENT IS. CALCUIATED
6360! AND STCRED IN A VARIARLE FZ

6365

© 6370

6375
6380
6385,
6390
6395
6400
6405
6410
6415
6420
6425
6430
6435
6440
6445!
6450!
6455!
6460
6465
6470
6475
6480
6485
6490
6495

" 6500

6505
6510
6515
6520
6525
6530
6535
6540
6545
6550
6555

Pz=S(R((Px2-Pxa) "2+ (Py2-Py1)*2) /2
SELECT .Be S

(SE'=6 = - . Ve

Ff-=20

_.10

FE=16/ (S+1.E-39)
CASE EISE

F£=16 : -
'END SELECT 7
AaeFI*(P2-Px1)/((Px2-Pxl)~2+(Fy2-Pyl) ~2)~.
Boo=Ff* (PYZ-Py'l)/ ((P2-Pq)~2+(Fy2-Fyl)"2) .

\Aaa=Aaa*S

W((M-M)AH(M-M)‘ZW

MWVE Mi+2,M2+2

PIVOT Argle-90 - °
'D{E'IYEOFELH'JB\II‘ISCAILEDUPM'B{EHB@\IP
&IBXIJI‘DIESIMIIDAI"I}E}NDOF’IHISBIIRM
'DEYAREIAEIH)CRCAIIEDBYM

SEIECT Be -

(ASE =3

GSUB Ac volt

CASE =4 - '

GOSUB A volt - T
CASE =5 : ~ .
G’:ﬂlBam'fts:ur

CASE =6 -
SR Qurrent
CASE =7 '
(GOSUB Battery
CASE =8 .
GOSUB Dc source
CASE =9

GOBUB Arrow ?
CASE =10 ., ’
GSUB Locped

CASE =11 ‘

" (08UB Direc ' ’
CASE =12 . .

G0SUB Grouardl

CASE =13

© CASE =14 Y

=15 R . . ‘
CASE =16 ’
. GO8UB Imixctar
CASE =17"

Ny

e



6610
6615
6620

6630
~ 6635
6640
6645

6655

6670
6675
6680
6685
6690
6695
‘6700
6705

o

6720,

6725
. 6730

6735 .

6740
6745

' 6750

v 6755
6760
6765
6770
6775

6780 .

6785
6790
6795

6800
6805
6810
6815
€620

6825

6830
* 6835
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GOSUB Dicde brid
CASE =37

CASE =38
GOSUB Or g

CASE =39

GOSUB Irvér

CASE =40

GOsUB Nard

bhsE =1,
GEBNrg
CASE =42 "
GOSUB Ex ar

CASE =43
GsUB D flip



N

. 132

6875 CASE =44

6880  QBUB Jk flip

6885 (CASE =45

'6895 CASE =46

6900  (USUB Circle 1

6905 - CASE =47

6910 QXUB Circlel

6915 . CASE =48

6920 QBUB Square 1

6925 (ASE =49

6930 -G0SUB-Square

6935 CASE =50

6940  GSUB Bird

$945 CASE =52

€950  GSUB Motor

6955 OSE =53

6960  GOSUB Sumer

6965 ASE =54

'6970  GOSUB Cl14_pin

6975 CBSE =55 3
6980  GOSUB C16 pin

6985 CASE =56 :

6990  GSUB C24 pin R

6995 CASE =60 -

7000 GXSUB Half bridee in

7085, CASE =61

7010  QSUB Full hridgee lin

7015 CASE =62

7020 \GSUB Rull bridge 3in

7025 CASE =63 N

7030 GXSUB Fhasel yect

7035 CASE =64

7040 - GOSUB Fhase3 rect d -
7045 CSE

7050 B  rect y

7055 BD SEIECT -~ v

7060 PIWT O D

7065 COFF ERRR .

7070 N ERRCR GOSUB Exrl

7075 Flag0 .

7080 GUIO Bey

7085 .

7090 Storel ! FIOPPY DISK STCRAGE ROUTINE
7095! FIND WHICH [RIVE HAS THE DATA DISK
7100 Hihi$=SYSTEMS("MSI")&"
7105 IF Hihi$[15,15]="1" THEN -
7110 MASS STCRAGE IS ":INTERWL,4,0"
7115 = ESE : ‘
7120 MASS STORACE IS ":INIERWAL,4,1"
7125 BRDIF

7130 OFFKED |

7135 CFF ROB

£



71400 PEN1 - o
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7145 Nnl1=0 '

7150 -CFF BRRR ° . : ~
7155 CFF KEY )

7160 | ICKG 4 N

7165 GIBR . e

7170 ~ CSIZE 6, .4

7175. MNE 300,500 .

7180 TABEL “OHECKING FCR CIRCUTT FILES"

7185 RRI=0TO8

7190 M(I)""“ ‘,: R

7195. NEXT I ‘

7200 CLIP CFF

7205 CSIZE 3,.5 :

7210} mmmmmmmmm

© 7215 QT'IOChtJ$(*)SEI£CI’""CI1NI‘M’11\DHENIR v

(1]

. 715 mvn 150,180 ) -
7320 TAREL "RTEASE ENIER FIIE NAVE" .

7220 GCIEAR o )

7225 ° MVE 160,550 .

7230 IABEL "* AIRFADY EXISTING CIRCUIT FIIES *"
7235! PRINT ALL FIIE NAMES CN SCREEN

7240 FR I=0 TO Mn LN

7245  IF Catd$(I)="" THEN 7270

7250 \  Nnl=hnl+l

7255  IABEL Catl$(I)[2,9]

7260  IF Nnl=17 THEN MOVE 300;530

7265  IF Nnl=34 THEN MVE 420,530 ..
770 NEXTI I |
7275 MOE 240,210 ' :

7280! usrwmqsmnmrsmsmsomm

7285! USER DCES NOT COPY AN-EXISTING FIIE NAME

7290 1ABEL "NOTE: USAGE OF THESE FIIE NAMES WITL FURGE QID FIIE"
7205 CSIZES5,.3 ~ _

7300! A SPALL FRAMED RECIANGIE IS [RANAN ON THE SCREEN SO ...
7305! THAT THE USER CAN ENIER A FIIE NAME WITH THE .
7310! RIGHT NMEER F QHARACTERS QUICKLY

s

7325 AREA INIENSITY 1,1,1

7330 MJE 176,80 : -

7335 RECIANGLE 330,72, FITL e '

7340 CSIZES

7345 AREA INIENSTIY 0,0,0 , -

7350 MXE 196,100 . o .
7355 RECIANGLE 286,32,FIIL -
7360 CLIP 196,484, o 2oo

7365 Pe=196

7370  Ppy=100

7375 MOE Ppx,Poy

7380 RECIANGLE 32,32 ‘

7385 Becfl: ! , _ -
7390 PN 1 -

7395 AIBRA OFF

| 7400 Dflagsl ~ - )
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7405 MNE Pt FBoy
7410 RECIANGLE 32,32 )
® 2415 A1 - ‘
7420! mmwmmmmmmm
7425! EDOTING A CHARACTER
- - 7430!
74351, cmcmmmmm PLACING THE QRSCR 3
7440' MMMWMAWGM
7445 QN ROB .030'QOTO Xxy
. 7450 Xy !
* . 7455 N KBD QUIO 7460 .
' 7460 AbS= ' . ' \ )

7465 AOSKEDS y .
7470 He=2
7475! Wmmmmmmm

/’ 7480! TO EE USED
7485 IF AbS=" " (R AbS="!" (R AbS$="@" (R AbS="§" R AbS="S$" THEN Begl
7490 IF ABS="%" (R ALS=""" (R ALS="&" CR AbLS="'* ALS="' (" THEN Begl
749'5 IF Atﬁ=")" xR Ab$="—" R AS="%" (R wu_._.u Ab$="(" THEN M
7500 IF AbS=")" CR ALS="[" (R ALS="]" CR Ab$='<" (R =" THEN Begl
7505 IF AS=U2" (R ABS="'/" (R ALS="." (R ALS="," (R ARS%=";" THEN Begl
7510 IF AbS=M:" CR AbS="1" (R AbS=M""" THEN Begl .
7515 . IF Ab$=" " THEN Hh=-5 )
7520! PRESSING THE CONTTNUE KEY WILL FORCE THE PROGRAM TO ,
7525! IGURE THIS RUIINE, RETRAN THE CIRCUIT, AD ¥
7530! G BAKTO B . V :
7535 1IF N£=G-IR$(255) &"C" THEN \
7540 CFF RCB
7545 CFF KD
7550 GOTO 8400 . -

7555 END IF ' : SN
75601 mmmmammmwusomtsm
7565! USED KR EDITING »

7510 IF AbS=CHRS(255) &"<" THEN GOIO L dir - :
7575 IF AbS=CHRS(255) &">" THEN GOUI0 R dir
7580! FRESSING THE CLEAR LINE KEY WIIL DEIETE
: . 7585! THE WOLE NAME
- ' 7590 IF AbS=CHRS(255)&"#" THEN GOIO Clr In
o 7595! mmmmmmm
L 7600! THE CHARACTFR
vy, 7605 EM(ZSS)&"J'WGEIBM dr ’
"T 7 7 7610! THE ENTER KEY WILL ENTER THE NAME

LT 7615 IF AbS$=CHRS(255) &"EM THEN - ! -
‘ .. 7620° CFF KB .o .
to. 7625 (ee)io) Fj.n A
7630 END IF

7635 IF AbS[1,1]}=CHRS(255) 'IHEN (¢9)10] aegl
7640 AMS=ADS[1,1]
7645 IF ASo™' THEN

7650 « IF ZxS((Pm-196)/32)O"™ THEN.GOSUB Del dr . 4
7655 2o ({B-196)/32) =A% ‘
7660 PN 1 o

7665 MMNE RneHl7,Byth |




* 135"
7670  LABEL M - -~
7675 WAIT .2
7680  X=32
7685  GOTO Okl
7690 END IF
7605 Px:!
7700  NeSROBX*32 2"
7705 Qo1 | .
7710 IF X>=0.THEN
7715 PN -1 ‘ : &
7720 MNE B, Foy -
7725 - RECIANGLE, 32,32

7730 Boe=PoetX : ' ’

' 7735  MVE B, Foy
7740 IF Foo452 THEN P45 .
7745 PEN1 ° _
7750  RECIANGIE 32,32
7755 ELSE
7760 -PEN -1 o

7765 , MVE B, Boy
7770  RECTANGIE 32,32
“TT5 PN 1
7780  Brme=PoeX
7785 MNE B, Py
7790  IF Be<196 THEN Bo=196
795 PEN 1 \ )
7800 RECIANGIE 32,32
7805 BD IF : o,
7810 QOTO Begl
7815 L dir: :mmucamamsmmmmm
7820 ¥=-32 ‘ . \
7825 @QOIO Ol

— 7830 R dir: 1mmwammmwmmam

. 7835 %32

-

7840 QOTO OQotl ‘
7845 Clr 1n: | CLEAR WHOLE LINE ROUTINE
7850 MNE 196,100
7855 - RECIANGIE 288,32,FIIL
7860 : Pe=196 . )
7865 GOTO Bel -
7870 Del chr: - | CEIETE GHARACTER ROUTTNE

s, 1875 B ((Ppe-196)/32)=""

N 7880 MNE Bpx,Ppy

' 7885 RECTANGIE 32,32,FIIL
7890 FEN 1
7895 RECIANGIE 32,32

. M!mwmmmmmmmm

] 7905 RETURN
7910 Fin: ! FIIE NAME
7915 Hi=0

~ 7920 CFF KD
7925 PEN 1 .
7930 CSIZE 5,.3




, 8165 NEXTJ . S ' e .
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7935 MNE 430,50 ' '
7940'mmmmmmmmm : , A
7945, IABET, “IHANK-YOU"

7950! mmnmmmmxsmm
7955! IS THE FIRST-GHARACTER OF THE FILE NAME

-

- 7960! USED FCR FAST REIRIEVING

;?0)55 2~TRIMS (" "&Zx$(0)&2x$(1)&2x$(2)&2x$(3)&2x$(4)&Zx$(5)&2x$(6)&2x$(7)&m$(
7970! TOTAL NOMEER OF ELEMENIS IN FIIE (m)

7975 KR I=1 TO 70

7980 IF E(I,0)=0 THEN 7990 -

7985  Hi=Hi+E(I,0)

7990 NEXT I .

7995 Q=0 *

8000! TUTAL NIMEER OF IABEL CHARACTERS INFIIE (ci)

8005 KR I=1 TO Lab(0,0)

8010 IF Lab(I,2)=0 THEN 8020

8015 Cll=Cll¥1 -

8020 NEXT I

8025 IF Hi=0 THEN : : '

8030 AIIOCATE INTEGER EL(0) g

8035 GOIO 8065

8040 yND IF . -

8045! Auo@maAnmmymummfmmmmrm
8050! EIAB ARRAY FCR THE IABEL CHARACTER IOCATION ARRAY
8055! AND EIABS ARRAY FCR THE IAEFL CHARACTER ARRAY -
8060 ALLOCATE INIEGER El (Hi*S+1) &
8065. ALLOCATE INTEGER Elab(Cl1%5),

8070 ALIOCATE Elab$(C11)[1]

8075 Ii=1 , |

8080! THE NEXT TWO MINIMIZE THE FLOPFY

8085! DISK SPACE THE FILE WILL OCCUPY ‘ S
8090! - :

8095! THIS IS DINE BY REPACKING THE. INFCRATION
8100! FRM THE THO DIMENSICNAL ARRAYS .E AND IAB
8105! INTO THE ONE DIMENSIONAL ARRAYS EL AND EIAB
8110! RESPECTIVELY

8115 IF Hi=0 THEN 8180 "

8120 ' FR I=1'T0 70 ‘ !
8125 “IF E(I,0)=0 THEN 8170 “

8130 KR J=4 TO E(I;0)*4 SIEP, 4 : N
8135  'Ii=Ti+s _ ’
8140 El (Ti~4)=I

8145 E1(Ii-3)=E(I,J-3) ‘ )
8150  E1(Ii-2)=E(I,J-2) =
8155 E1(Ii-1)=E(I,3-1) ‘. :
8160 El(Ii)=E(1,J) ‘

T

“/

8170 NEXT I -

8175 IF C11=0 THEN 8265
8180 J=0 - .
8185 Elab(0)=c1l _
8190 RR I=l TO 1ab(0,0)

"/l"
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: 8195  IF Lab(I,2)=0 THEN 8235
’ 8200 J=J+]
' 8205  Elab(J*5~4)=Iab(I,0)
8210 Elab(J*5-3)=Iab(I,1) ) .
- 8215  Elab(J*5-2)=Lab(I,2)*1000
8220  Elab(J*5-1)=lab(I,3)
8225 Elab(J*5)=ILab(I,4)
y g?g ElabS(J)‘Flab$(I) :
3
8240! mcmc INFCRATION INTO sm:u: unmmmm
8245! ROUTINE IS FINISHED
8250!
8255! mwcmmmmxssmmmmm
8260! ELEMENT OF THE ARRAY EL. - .
8265 E1(0)=Ii
8270!'nmsrzsc&“'n-mcnn1rrnm15(5)rs IN THE
8275! SECOND ELEMENT CF THE’ ARRAY EL, AISO TO THE SIZE
8280! AN INTHGER NIMEER IT IS MULTTPLIFD BY 100
- 8285 IF Hi<0 THEN E1(1)=5*100
’ 8290 IF Hi=0 THEN E1(0)=0
8295 N ERRR QJTO 8305 a -
83m m Zs ’ A
8305 CFF ERRR
8310! mismmmwrmmmsms .
8315 CREATE EDAT Z$,1, (Li*5) *2+(c11*5) *2+(C11) *8
8320 ASSIN @rath TO Z$
8325 CQUTHUT @Path;E1(*);
8330 CUTHIT €Rath;Elab(*);
8335 QUIEUT €Path;ElabS(*)
. 8340 ASSIGN @Rath TO *
- 8345 [EALIOCATE E1(*) . -
8350 [EALIOCATE Elab(*),Elabs$(*)
8355! MASS SICRAGE CEVICE IS mrm@mmmmm
8360 Hihi$=SYSTEMS("MSIV)&* *
8365 IF Hihi$[15,15])="1" THEN
‘ 8370 MASS STCRAGE IS ":INTERWL,4,0"
8375 EISE
8380 MASS STCRAGEIS "-mm 4,1 ‘
838 ENDIF
" . 78390 Amalyze draw=l . N
' 8395 IF Back to_amalyze=1 THEN Aralyze
“ 8400 GCIEAR ' :
8405 GOSUB Redraw o
8410 @OIO Bey , : _
8415 R - .
8420 ! "
8425 Recall: ! RECALL RUTINE TO I0AD A CIROUIT INIO MEMRY
8430 HihiS=SYSTEMS("MSIM)&" v
8435! DATA DISK IRTVE IS FOUOND
. 8440 IF Hihi$[15,15)="1" THEN
: 8445 . 'MASS-SIURAGE IS ":INTERWQL,4,0"
g . 8450 EISE
| ‘ 8455 MASS STCRAGE IS ":INTERWAL,4,1"

*
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8460 END IF

8465 LFKG4 -

8470 OFF KEY : .

8475 CFF BRRR : v '

8480 GCIEAR ’ - . '

8485 PFEN 1

8490 PO’ ~

8495 ' CSIZE 5,.4 PR .

8500 MNE 400,400 |

8505! (NLY CTROUIT FIIES WITH THE SPECTAL T

8510! IDENTIFICATICN CHARACTER ARE CHECKED

8515 TABEL "CHESKING FCR CIRCUIT FIIES"

8520 CAT TO Catl$(*);SELECT " ",COUNT Nn,NO HEALER

8525 IF Nne0 THEN

8530  IABFL "SCRRY, NO CIRCUIT FILES FOUND! |

8535 WAIT 3 . s

8540 GUIO Qutl

8545 BN IF ‘ ,

8550 Amlyze draw=l - - N
8560 CSIZE 4,.4 ,

8565 MNE 500,100 ‘
'8570 1ABEL "PLEASE ENIER FIIE NAME"

8575 CSIZE 2.6,.8

8580 MWE 145,565

8585 IAEEL "NO. FIIE NAME™

8590 -MNE 154,545 - .
8505! LIST OF CIRQUIT FILES STCRED ON THE FIOPPY DISK ARE - .

8600! DISPIAYED ON THE SCREEN

8605 FCR I=0 TO'Nn

8610 - IF Catl$(I)="" THEN 8625 )

8615 Nnl=Nnl+l , >

8620  IABEL I+l;%...";CatI3(I)[2,10] N ' -

8625 NEXT I : _ .

8630 ALLOCATE Arr(7,2) 4 :

8635 READ Arr(*) , , >

8640 DATA -32,8,1, 0,8,1, 0,16,1, 32,0,1, 0,-16,1,

8645 DATA 0,-8,1, -32,-8,1, =-32,8,2

8650 RESIKCRE o
865 GBI N o | | \
8670 CLIP 8,792,16,586 . : ‘

8675 Pos5%4 0 ¢ L
8680 mo ‘ * . .- : .
8685 Bexp: ! : :

8690 CSIZE 3,.5'- :
8695 AREAPN1 - ° . 3
8700 MWVE B, Fpy ‘

8705! A IAKGE ARFOW IS DRAWN ESIIE THE COLIMN _ : '

§710! COF THE FIIE NAMES .. = S
‘8715  SYMEOL Arr(*) ,FIIL
8720! mmmmwmmmmm

» N
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8725! TO FOINT AT ANY FILE NAME
8730 QN KB .04 GOTO ¥y2
8735 Xy2:4 .
8740 ALFHA OFF oy
8745 Fpy2=Rpy
8750 P=Px
8755 CFF ERRR
8760 N KED QUTO 8765 . ’
8765 M " CoaN
8770} mmmmmmwmmmm
8775! IN JUMPS FCR QUICK SELECTICN CF FIIES (1 TO 10) )
8780 IF AbS="1" (R AbS="2" (R AbS="3" (R AbS$="4" (R AbS="5" (R AbS="'6" (R AS=
wm CR ngu R ngn R Aw="0" THEN
8785  PBoy=554-((VAL(AbLS)-1)*16) -
8790  IF AbS="0O" THEN Pgy=410
8795 CFF KBD
. 8800  QOID 9195
8805 BD IF -
8810! THE NUMERICAL KEYS USING THE SHIFT KEY ARE
8815! KR FIIES 11 TO 20
8820 IF AbS="" (R AbS="@" CR ALS="#" (R AbS="$" (R Ab$— %" R A" (R Abs-
" (R W‘"*" R W (n R Mﬁ=")“ THEN
8825  IF Ab9='1" THEN Ppy=394
8830  IF AbS="@" THEN Fpy=378
8835  IF Ab$="#" THEN Bpy=362
8840  IF Ab$="$" THEN Ppy=346 L
8845  IF AbS="§" THEN Ppy=330 B -
8850 - IF Absli"‘" THEN Poy=314
8855  IF AbS=IgM THEN Ppy=298
8860  IF AbS="#" THEN Fpy=282
. 8865  IF Aog="(" THEN Ppy=266
8870  IF AbS=")" THEN Fpy=250

8875  CFF KD \ .
8880  GUIO 9195 ’ .
8885 BND IF

8890! m'nmmqrmmmmmmm
8895! TO IQXRE THIS ROUTINE, RELRAW THE PREVIOUS CIRCUIT
£900! AND GO BAX TO BEG , N

8905 IF AbS=CHRS(255)4&"C" THEN Qu |

8910! ERESSING THE SHIFT AND UP ARROW KEYS WILL MVE THE.

8915! ARROW TO THE TOP OF THE SCREEN .
8320 IF Aoi=CHRS(255) 6" THEN CLL
8925 Ppp38 - : ‘ Y
8930 CFF.KED o L

© 8935° - QIO 9195 . .
8940 BODIF - ‘

MS!H&EDG'H‘!ES{[FTNDEUJNM!EYSWKLM'D‘IE !
8950! ARROW TO THE BOTTCM OF THE SCREEN

8955 EM(ZSS)!&'W' _ ‘ O

8965  CFF KED : L .
8970  GOTO 915 : /

8975 BD]F ) © N ' 4 '
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8980! THE UP ARROW KEY IS ALSO USED TO MWE THE ARROW
8985! UP ONE FIIE NAME AT A TIME

8990 IF AbS=CHRS(255)&"" THEN

8995 - CFF KED

9000  Y=Y+16

9005  IF Ppy2+Y<38 (R Poy2+Y>554 THEN Beg

9010  COFF KED

9015 GO0 9195

9020 BEND IF

9h25! mmmmxsmsommmmmm
9030! DOAN ONE FIIE NAME AT A TIME

9035~ IF Bb$=CHRS(255) 6"V THEN

9040  Y=¥-16

9045  IF Ry2+Y<38 (R Bpy2+Y>554 THEN Becp -
9050  COFF KED

9055  QOTO 9195 , :

9060 END IF AN

9065! PRESSING THE ENIFR KEY WILL IOAD THE CIRQUIT FIIE
9070! INDICATED GRAPHICAILY BY THE IARGE o

9075! ARROW DISPLAYED CN THE SCREEN
+9080 IF AbS=CHRS(255)&"E" THEN
9085  CSIZE 4,.4
9090  IF (570-Ffy)/16>Nn THEN

9095 IF F=1, THEN Qu -

100 PN -1

9105 MNE 500,100

9110 IAFEL "PLEASE ENTER FIIE NAME"

9115 PN 1 °

9120 MNE 500,100

2125 IAHEL "SELECT A FIIE CR PRESS CONTINUE"
© 9130 =1

9135 Q0 B2

9140 END IF “

9145  Z$=Catl$((554-Pyy) /1@ (1,10]

9150 MME 510,80

9155  LABEL ™IHANK-
9160 WAIT .5

9165 . QU Rey ‘ :

9170 mIF <o o ‘
9175 Py2: : L -
9180 Y=m:ax*(-16) .

9185 ~ IF ¥=0 THEN Be2 . -
9190 IF Ppy2+Y¥<38 (R Fpy2+Y>554 THEN Begz

9195 IF Y>=0 THEN

9200  ARFA PEN -1

9206 PN -1

9210 MVE P2, Fpy2

9215  SWEOL Arr(*),FIIL

29220 PPy : &

9225 MOE Bx,Foy * ’
,9230 ARAPEN 1
9235 - PEN1

9240  SYMBOL Arr(*),FIIL



LA
¥ -
&

A
e, o

9245
9250
9255
9260
9265
9270
9275
9280
9285
9290
9295
9300
9305
9310
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GOIO By

EISE

ARFA PN -1

FEN -1

MNVE Bpe, Py
SYMEOL, Arr (*) ,FIIL
AREA FEN 1

PEN 1

Poy=Ppy+Y

MVE Bx,Foy .
PEN 1

SYMBOL Arr(*) FILL
BD IF

QOTO Be2

9315 Rec: !

9320
9325
9330
9335

9340

9345
9350
9355
9360 -
9365 ~
9370
9375
9380
9385
9390
9395
9400
9405
9410

MAT BE= (0)
OFF RIB
GCILEAR
MVE 400,400
IABEL, "IOADING CIRCUIT FIIE “:25(2,9]
ASSIQN @Path TO.2$
ENTER @Path;1i

IF Li<0 THEN

ALIOCATE INTEGER El (Li-1)

ELSE .

ALIOCATE INTEGER E1L(Li)

BD IF’ ’

IF 1i<>0 THEN ENIER @Pa’ch,El(*)
ENTER @path;C11

IF C11<0 THEN

ALIOCATE INTEGER Elab(C.'Ll*S-l)
ELSE .

mm INTHGER Elab(C11%5)

9415! FI[EISLQKCEDADD'D!EMISM\SPB@NIO'I}E
9420! WO DIMENSIONAL ARRAYS E AND IAB

9425

. 9430

9435
9440
9445
9450
9455
9460
9465
8470
9475

9485
9430
9495

" 9500

9505

ALLOCATE Flab$(cll) (1] |
IF €110 THEN ENTER @Fath;Elab() ;Elab(+)
ASSIGN @Path TO #
S=£1(0),/100 |

K0

KR I=1 0 Li~1 SIEP 5

IF K=El(I) THEN
FTHE .
FISE
T
BD IF
KEL(T) .
'E(EL(I) ,0)=E(EL(I), 0)+1
E(E1 (T) ,J-3)=E1 (T+1)
E(E1(T) J-2)=E1(1+2) - i
E(EL () ,J-1)=E1 (1+3)
( BT (1+4)



9510 NEXT I )
9515 | )
‘' 9520 MAT Iab= (0)
9525 MAT Lab$= (")
9530 Iab(0,0)=Cll
9535 KR I=1 'O iab(0,0)
5540  1ab(I,0)=Elab(I*5-5) -
9545  Iab(I,1)=Elab{I*5~4)
9550  Iab(I,2)=Elab(I*5-3),/1000
9555  Iab(I,3)=Elab(I*5-2)
9560  Iab(I,4)=Elab(I*5-1) |
9565 . LabS(T)=Elab$(I)
9570 NEXT I
9575 DEALLOCATE EI(*)
9580 TDEALLOCATE Elab(*),ElabS(*)
9585 Ou:[DEAITOCATE Ary(*)
9590 Out1:GO6UB Redraw
0595 ‘Hihig=
9600 Hihi$=SYSTEMS(MEIM)&" "
9605 IF Hihi$[15,15]="1" THEN

142

9610 MSIU?PGEIS"DIIER\IALIIO"

9615 EIEE ~

9620 . MASS: STCRAGE IS ":INTERWAL,4, 1"

9625 ENDJIF

9630! END OF THE RECAIL ROUTINE
9635 GUIO Beg

9640 GOTO En

9645 .

9650 Plotl: ! ROUTINE TO SEND CIROUIT TO A HP FIOTTER

9655 Dflag=0

9660 !N TIMECUT 7,.1 GUTO 8420
9665 PIOTTER IS 705,"HRGL
9670 QOTO 9690

9675 DISP “"SCRRY, ncmxsmrm«mmm'n&m'

~ 9680 WAIT 3.
9685 GOIO Manipalation
9690 QOSUB Redraw
9695 QUIO Beg
9700 Redraw:
9705 CFF
9710 COFF KD
9715 ' IF Dflag=1 THEN
§720 GINIT
9725  VIEWKCRT 0,131,0,100 .
9730  WINDOW 0,800,0,611
9735 GCIEAR
9740  GRAFPHICS (N
9745. ALPHA OFF .

¥

b

9750 FRAME '
9755 CQIP 8,792,8,600
9760 BD IF¥

. 9765 KRRI=1T0 70
9770 % IF E(I,0)=0 THEN 9885

s
Q/ | i



9775  FCOR J=4 TO E(I,0)*4 STEP 4

9780  IF E(I,J-3)=0 THEN 9880 -

‘9785  Pe=l

97%0 PA=E(1,J-3) . ‘
9795  Py1=E(I,J-2)

9800 - Px2=E(I,J-1)

9805 Py2=E(1,J)

9810 : !

9815  Flag=0

9820  SEIRCT Be

9825 (ASE=1

9830 GOSUB Ribo

9835 _ ‘CASE =2

9840 GSUB Pli

. 9845  QASE =51

9850 -  GOSUB Rkt 1 R
9855  CASE ELSE :

9860 GOSUB Rirawl

9865  END SELECT .

9870 ‘ . ! ~

0875 !

9880 + NEXT J

9885 NEXT

9890 5

9895 ;—fkl TO 1ab(0,0)

9900 IF Iab(I,3gd THEN 9945

9905  Qo=lab(I,2) - - r
9910  Ps=lab(I,3) . . “
9915  Py6=lab(I,4)

9920 IDIRO

9925  IF lab(I,1)=1 THEN IDIR 90

9930  MWE Px6+(Qc+.743)/(2%(.243) ) ,Py6+(Cot. 743)/(2*( 243))
9935 CSIZE Cc

19940 IABEL Lab$(I)-

9945 NEXT'I \

9950 Kikkkk: ! .

9955 PENUp .~ °

9960 IDIR O : .

9965 Flag=0

9970 PIOTTER IS 3,"INTERI

9975 REIURN .

9980 ! : .
9985 !
9990 . ,

9995 Rict: 1: PN

10000 FEN Aa . T : .
10005 LINE TYFE 4,.5

10010 MNE Px1+2,Pyl+2

/10015 DRAN Px2+2,Py2+2

10020 LINE TWFE 1 -

10025 RETURN LA e ‘
10030 ! ' .

10035 Rdo: | DRAW OIS

vyt
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10040
10045
10050
10055
10060
10065
10070
10075

10080 Pli

10085
10090
10095
10100
10105

144

PEN Aa

MVE m+2,1>;.f1+2

FOLYQN 2,30

FOLYaN 1,30

FOLYQN .5,30 y ‘
CFF KEY

RETURN
\

: | [RAW LINE
PEN 2a ¢

MVE Pxi+2, Pyl+2
IRAW PC+2, Py2+2
CEF XEY

RETURN

10110 Rirawl: !

10115
10120
10125
10130
10135
10140

10145

€XUB Errar_amtrol

PEN Aa

Agle=0 :

QN ERRCR GO Farglel

Arglle=AIN( (Py2-Pyl)/ (BQ'M))
GOIO Pstartl

10150 Parglel:Amgle=90

10160
10165
10170
10175
10180

10185
1 f
1@195

10200
10205

10210 -

10215
10220

110225

10230
10235
10240
10245
10250
10255
10260
10265
10270
10275
10280
10285

'10290

10295
10300

.10155 Pstarti: !

MI=(PA+P2) /2
M2=(Pyl+by2) /2 ‘
IF. Py2-Pyl=0 AND Px2<Pxi THEN Angle<180
IF Py2<Fyl AND P2-Pxd=0 THEN Angle=270
IF Py2-Fyl<>0 AND Pxi-Pe<>0 THEN
IF PSP AD Pyl>Py2 THEN Argle=Argle+180

IF PXI>PX2 AND PyI<Py2 THEN Arglle=Argler180.
BD IF

SEIBCT Ee

CASE =6 ° _ °
Ff=20

CASE =10 ' "
F£=16/(S+1.E-39)

CASE EISE -
F£=16

.JND SELECT

Aaa=Ff* (BQ-RCL)_ / (P2-Pd) “2+(Py2-FPyl)"2)*.5
Bao=Ff*(Py2-Pyl}/ ((P2-Px1) ~2+ (Py2-Py1)*2)*.5
Bao=RA4S
A3a22a%S’
Pz=SR((P2-Px1) "2+(M-PYl) *2)/2 N
MNE Ml+2,M2+2
PINCT Angle-9Q
SEIECT Be , :
CASE =3 .
.GOSUB Ac volt )
CASE =4

GOSUB A volt .
CASE =5

»



10305 GOSUB Qurert sar

10505 GOSUB Bipalar d

10515 GOSUB Mosfet
10520 CASE =27

10525 QOSUB Mosfet d

10540 CASE =29 \
10545 :GOSUB Triac N
10550 CASE =30 .

1 GOEUB T supressar
b CASE =31 /

%

A



10570
Y0575
10580
10585
10590
10595
10600
10605
10610
10615
10620
10625
10630
10635

© 10640

. 10645
10650
10655
10660
10665

10670°

10675
10680
10685
10690
10695
10700
10705
10710
10715
10720
10725

' 10730

10735
10740

110745

10750
10755
10760
10765

. 10770

10775
10780
10785
10790
10795
10800
10805

10810 .

10815
-10820
10825
10830

QASE =32
GSUB Three t
QASE =33
GOsUB Delta
CASE =34
GEUB We .
(ASE =35 o,
GOSUB Center t
GSE =36
GOSUB Dicde hrid
CASE =37
GsUB Ad g
CASE =38
GOSUB Cr g
SE =39
Q0sUB Inver
CASE =40
GSUB Nard g
CASE =41
GOSUB Nor: g
CASE =42
G0sUB Ex ar
CASE =43 .
GBUB D flip
CASE =44
G08UB Jk _flip
-CASE =45
GOSUB Rectl ~—
CASE 46
GOSUB Circle 1
CASE =47
CASE =48
GC8UB Square 1
CASE =49 .

@ASE =50 -,
GOSUB Bird
CASE =52

GOSUB Motar

CASE =53 -
OSUB Sumer \

GOSUB C14 pin
SE =55
GO8UB C16 pin

CASE =56

CASE =61

GOUB Full kridee 14n

CASE =62

GOSUB Half bridge in

148
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10835 GOSUB Full hridge 3in
10840 CASE =63
10845 GOSUB Fhasel rect
10850 CASE =64
10855 “GOSUB Fhase3 rect d ’
. 10860 CASE =65 .
A - 10865 QXSUB Fhase3 Yect y # -
10870 END SEIECT °
‘ 10875 PIVOT O
10880 RETURN : :
1osasmqmtm1 R | o
10890 RETURN ‘
10895! END GF PIOTTER ROUTTNE
10900 . ! T
, 10905 S bigger:! m SIZE OF ELEMENT, ROUTINE
, 10910 Dflag=1
. 10915 S=5+.1
10920 GOSUB Reciraw
N 10925 RETURN ‘
10930 S smaller:! msssxzzorfm’mrmm
'10035 Dflag=l .
10940 S=5-.1
10945 GOSUB Ridraw _
. 10960 RETURN L .
10955 Help: - | ON LINE HELP ROUTINE
10960 ALPHA CFF i
10965 CFF:-RIB - .*
10970 .CFF KBD .
10975 GSTCRE Screenl(*)
Y 10580 GCIEAR. , .
10985 ! ;
10990 ! *i********* HELP SCREEN  dokkkdekdkidk
10995 Atmcm: INTEGER Eee(60,200),22(13) ,21(11)
11000 KR I=1 TO 70 ) .
11005 IF E(I,0)=0 THEN 11045
11010 FR J=4 TO E(I;0)*4 STEP 4
11015  Bee(I,0)=E(I,0) ~
11020  Bee(I,J-3)=E(I,J-3)
. 11025  Bee(I,J-2)=E(I,J-2)
» . 11030  Bee(I,J-1)=E(I,J-1).
11035 EEe(I,J)=E(I,J;)
11040 NEXT J
11045 NEXT I
11050 !
. 11055 !
. 11060 ! .
11065 FCR I=1 TO 24 < ,
11070 ‘ .
11075 I - ‘ ‘
Nooo 4mD Z2(H) >
11085 READ EZ1(*) : -
! . 11090 E(1,0)=4 e -
' ' 11095 RRJ=1T0 12 ‘




11100
11110

11120

11135
11140
11145

11160
11165 *
11170
11175

11195
11200
11205
-11210

2.

11230
41235
11240
11245

11260
11265
11270
1275

11295
- 11300
11305
1310

11320
1325

" 11330
11335,
11345

1355

;;;;;

st 148
E(l,J)=-Z1(J-1) -
NEXT J

DATA 28,86, 142,200,258, 316,374,432,490, 548, 606, 664
DATA 722 780,28 485, 28,485, 28,523,28,523,28,561,28, 561
RESTCRE,

RR I=2 TO 14
E(I,0)=1
E(I,1)=22(I-1) R
E(I,2)=485
E(I,3)=22(I~1)
E(I,4)=561
NEXT I
_FR =15 0 28
IF I=25 CR I=27 THEN mss
E(I,0)=1
E(I,1)=22(I-15)
E(I,2)=371
E(I,3)=22(I-15)
E(I,4)=447
NEXT I
R I=29 TO 42
IF I= CR F=32 (R I=33 (R I=34 (R I=35 THEN 11235
E(I,
E(I, 1)=zz(1—29)
E(I,2)=257 . ~

L8

. E(T,3)=22(1-29)

. E(T,4)=333 5
NEXT: I ‘ a
FCR T=43 TO 56 ¢
IF I=43 (R I=44 (R D52 THEN 11275 _
E(I,0)=1
“E(I,1)=22(1-43) ,
E(I,2)=143 4 v ‘ ,
E(X,3)=22(I-43) :
E(T,4)=219 ° :
NEXT I
KR I=56 TO 60
m1=56cax=57a21—58m1=59aa1=60m11315
E(I1,0)=1
E(T,1)=22(I-56) . : . ‘
E(I,2)=29 . )
E(I,3)=22(1-56)
E(1,4)=105
NEXT I
QOSUB Rediraw
MT E= (0)° “\

~ . v

[

KR I=1 TO 60 : °
IF Bee(I,0)=0 THEN 11395
KR J=4 TO Bee(I,0)*4 STEF 4
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11365 E(I,0)=Pee(I,0)
© 11370 E(I,J-3)=Eee(I,J-3)
11375  E(I,J-2)=Bes(I,J-2)
11380  E(I,J-1)=Bee(I,J-1)
11385  E(I,J)=Bee(I,J) . -
‘11390 NEXT J ‘
11395 NEXT I
11400 [EALIOCATE Bee(*),22(%),21(*)
. 11405 GOIEAR
., 11410 GIOAD Screeni(*)
11415 GRAPHICS ON
11420 RETURN .
. 11425 ! END OF HELP ROUTINE ,
¥ 24301 , )
11435 | ALL THE CIROUIT ELEMENTS AND GRAPHICAL EIEMENIS
11440 ! USED IN THIS CIRUIT DRAWING FROGRAM ARE PLACED
, 11445 | HERE AL THE GRAFHICAL ELEMENTS ARE INIENCED TO
r 11450 ! HELP DESCRIEE THE CIRQUIT AND ARE IGWRED IN THE
11455 | TREE-LINK BROGRAM AlL THESE CIROUIT EIEMENT ROUTTNES
- 11460 ! CONTAIN QNIY FUNDAMENTAL STATEMENTS -
11465 { ALL EIEMENIS ARE PRODUCED WITH SIMFIE GEOMEIRIC
N u4701mmmsmsmma>mcsmasmsm
11475 RPIOT 0,-Pz,1
11480 RPIOT O,Pz
11485 FR Ko=0 TO 3 SIEP .5
11490 RPIOT 0, (Pz-X0)
11495 RPIOT (~4+K9) , (P2~12+X0) .
11500 RPICT 0, (Pz-6+K0) ‘
11505 RPIOT (4-1@) (Pz-12+10)
11510 NEXT X9
11515 RPIOT O, (Pz-¥9),2 .«
11520 RETURN
11525 Sammer; ! :
. 11530 RPIOT -Pz,0,1 .
11535 KR Pz TO Pz STEP .5
11540 ((Pz) ~2-%¢"2) T : C
11545 RPIOT Xx, Yy &
11550 NEXT ¥x . :
11555 KR Xx=Pz TO Pz STEP =.5
~ 11560 W(wé-»rz) ’
11565 _ RPIOT Xx,Yy
11570 NEXT XX
11575 RFIOT -Pz,0,2
11580 IF Pz<20 THEN Pz=20
-11585 RPIOT -(Pz/1.59),Pz/1.5-11,1
11590 RPIOT -(Pz/1.5-8) ,Pz/1.5-12
11595 RPLOT -(Pz/1.5-8) ,~(Pz/1.5-8)
} 11600 RFIOT 0,0
' 11605 ' RPIOT (PI/I 5-8),-(92/1 5-8)
11610 RPIOT (Pz/1.5-8),Pz/1.5-12
11615 RPIOT- (Pz/1.59),Pz/1.5-11,2-
11620 RETURN ] . -
'11625 Moter: ! R

v - ‘ »
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* 11630 RPIOT O,Pz,1
" 11635 RPICT 0,20%S,2
11640 RPIOT ~4*S,SCR(25642)%S,1
11645 RPIOT —4%S,20%S
11650 RPIOT 4%S,20%S - ol
11655 RPLOT 4%S,S(R(256~4"2) 5,2
11660 RPIOT -16%S,0,1 - o
11665 RR ¥¢=-16 TO 16 SIEP .5 ' "
11670  Yy=SR(256-%¢"2)
11675 RPIOT" Xx*S,Yy*S
11680 NEXT XX
11685 FCR X¢=16 TO -16 SIEP -.5
11690  Yy=-80R(256-Xx"2) '
11695 RPIOT X05S,Yy*S
11700 NEXT XX n "5
11705 RPIOT ~16%S,0,2 T
11710 RPLOT ~4%S -sm(25&4'~2)*s 1 ‘
11715 * RPLOT —4%S,-20%S
11720 RPIOT 445,-20%S .
11725 RPLOT 4+S,-S0R(256-472) %S, 2
11730 RPIOT 0,-20%S,1 °
11735 RPLOT o,-Pz,z :
\ 11740 REIURN
11745 Qoret: !
11750 RPIOT 0,Pz,1
11755 RPIOT 0,20%S5,2
11760 RPLOT -12%S,8%S,1 -
11765 FR %¢=12 TO 12 STEP .5 , )
11770 Yy=SQR(144-3x"2)+8 ' :
11775 _RPIAT %08, Yy*S
11780 NEXT Xx
11785 FR Xx¢=12 TO -12 SIEP -
11790  YWy=-SR(144-%¢"2)48 .
11795 RPIOT XS, YW*S ’ -
11800 NEXT X , : .
11805 RPIOT -15%S, 845, 2 o ) o .
11810 RPLOT -12#S,-8%S,1 :
11815 KR %¢=-12 TO 12 SIE¥P .5 ) ‘
11820 YW=SCR(144-%¢"2)-8 | \ . oo
Y 11825 RPLOT XS, VWS N ‘
11830 NEXT Xx
11835 KR X=12 O -12 S'IEP .
11840  Yy=-SQR(144-Xx*2)-8 ! ™
11845 RPILOT XS, WS : oo
11850 NEXT Xx ©
11855 RPIOT —12+45,-84S,2 ‘
11860 RPIOT —20%S,12*S,1 / . ] S
11865 RPIOT ~244S,84S,2 = ~
' 11870 RPLOT —20%S,124S,1
11875 "RPIOT -16%S,84S,2 , o
11880 RPIOT--20%S,12%S,1 T )
11885 RPIOT ~20%S,~124S,2 ; e '
11890 RPIOT 0,-204S,1

t
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11895 RPLOT O,-Pz,2

11900 REIURN

11905 Qurent san: !

11910 RPIOT O,Pz,1 -
11915 . RPIOT 0,16*S,2

- 11920 * RPIOT -16%S,0,1

11925 RR ¥e=-16 TO 16 SIEP .5
11930  Yy=SQR(256-%x"2)

11935 RPIOT Xx*S,Yy*S

11940 NEXT Xx

11945 FCR ¥%=16 TO -16 SIEP -.5
11950 Yy=-SgR(256-%x2)
11955  RPIOT. XS, Yy*S

11960 NEXT Xx .
11965 RPIOT =16%S,Yy*S,2
11970 REICT 0,-16%S,1

11975 RPICT O,-Fz;2

11980 RPICT -16%S,0,2

11985 RPIOT 0,12%S,1

11990 RPIOT 0,-124S,2

11995 RFICT 0,12%S,1

12000 RPIOT =44S,8%S,2

12005 RFICT 0,12%S,1 :
12010 ' RPIOT 4%S,8%S,2 " -
12015 . !

12020 !

12025 RETRN  ° |

12030 D sorce: !

12035 RFLOT 0,Pz,1

12040 RPIOT 0,3.5%S,2

12045 RPIOT -12%5,3.5%S,1 - . -
12050 RPIOT 124S,3.5%S,2
12055 RPIOT —6#S,~3.545,1
12060 RPIOT 64S,-3.5%S,2
12065 RPIOT 0,=3.5%S,1

12070 RPIOT 0,-Pz,2

12075 RPIOT -84S,10%S;1

12080 RPIOT =4%S,10%S,2 RN
12085 RPIOT.-64S,124S,1

12090 RPIOT —6%S,8%S,2 \
12095 RPIOT =84S,=10%S,1 \
12100 RPIOT ~4#5,-10%S,2
12105 RETUEN -

12110 Battery: e

12115 RPIOT O,Fz,1

12120 RPIOT 0,12%S,2

12125 RPIOT -124S,12%5

12130 RPIOT 124S,12%S,2
12135 RPIOT -6%S,44S,1

12140 RPIOT 6%S,4%S,2

12145 RPLOT ~1245,~4%5,1
12150 RPIOT 1245,-44S,2’

12155 RPIOT ~6%,-1245, 1 \

o
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" 12160 RPIOT 6%S,-12+%S,2
12165 RFIOT 0,-124S,1 .
12170 RPIOT 0,-Pz,2 : s
s 12175 RETURN
12180 Awalt: |
12185 RFIOT 0,Pz,]
12190 RPIOT 0,16%S,2
. 12195 RPIOT -16%5,0,1
12200 KR X¢=-16 TO 16 STEP .5
12205 YW=SCR(256-X¢2) /
12210 RPLOT X0k, Yy*S :
12215 NEXT Xx
12220 FR X%¢=16 TO <16 STEP ~.5 \ . J
12225 Yy=-S(R(256-%¢"2) - “
- ' 12330 RPLOT XS, Yy*S , - .
12235 NEXT Xx ‘
12240 RPLOT -1645,0,2 ,
- 12245 MNVE Ml+2,M2+2
12250 FR %%=9 TO -9 SIEP ~.5 -
12255 Yy=-SIN(Xx*20) .
12260 RPLOT Xx*S, (Yy*5)*S
12265 NEXT XX
12270 RPLOT ~9%S,Yy*S,2 - “ .
§ 12275 RPLOT 0,-16%S,1°
A 12280 RPIOT 0,-Pz,2 -
12285 RETURN ' .
12290 ! ' ,
12205 ! _ 7
12300 Ac volt: ! :
12305 RPLOT 0,Pz,1 ‘ . )
12310 RPIOT 0,164S,2 : \ .
12315 RPICT -16*S,0,1 * > > o :
12320 KR X¢=-16 TO 16 SIEP .5 . .
12325  Yy=S(R(256-Xx"2) ’ . L
© 12330 RPLOT Xx*S,Yy*S ‘
12335 NEXT Xx
12340 KR Xx=16 TO <16 STEP ~-.5 '
o 12345 Yy=-SR(256-X1"2) -
12350 RPLOT XS, YyiS
/12355 NEXT Xx “ . ?
12360 RPIOT -16%S,0,2
12365 MNE Ml+2,M2+2 .
12370 RR Xx=9 TO -9 SIEP -.5 , IR
12375  Yy=-SIN(X0*20) . - , /
112380 RPLOT XS, (Yy*5) +S
* 12390 RPIOT -94S,Wy*S,2 3 )
12395 RPIOT 0,-16%S,1 , |
12400 RHLOT 0,-Pz,2 3 : 0 AN
12405 gg;-ws,zo*s,l o . T | -
A 12410 =16%S,124S,2 , o "
: 12415 RPIOT -20%S,16%S,1 .
12420 RPIOT -124S,16%S,2

g
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12425 RETURN

12430 !
12435 . §-
2440 ! ¢

12445 Resistor: .
12450 RPLOT 0,Pz,1
12455 RPIOT 0,16+%S

° 12460 RPIOT -8%S,14*S

12465 RPLOT 8+%S,10%S
12470 RPICT -8%S,6*S
12475 RPIOT 8%S,2%5
12480 RPIOT -8*S,-2*S
12485 RPIOT 8%S,-64S
12490 RPIOT -8%S,~10%S
12495 RPIOT 8*S,-14*S
12500 RPIOT 0,=16%S
12505 RPLOT 0,-Pz,2
12510 RETURN

© 12515 Dicde! |

12520 RPIOT O,Pz,1
12525 RPIOT 0,6%*S,2 -~
12530 RPIOT -104S,6%S,1
12535 RPIOT 10%S,6%S,2
12540 RPIOT 0,6%5,1
12545 RPIOT -10%S,-6*S
12550 RPIOT 10%S,-6*S
12555 RPICOT 0,6%S,2
12560 RPLOT 0,~6%S,1 |
12565 RFPIOT O,-Pz,2
12570 RETURN

12575 !
12580 Zerer: < 1
12585 ‘RPIOT 0,Pz,1
12590 RPICT0,6%S,2
12595 RPIOT -10%S,6%S,1
12600 RPIOT 10%S,6%S,2
12605 RPIOT 0,6%S,1
12610 RFIODB =10%S,-6*S
12615 RPIOT 10%S,-6%S -
12620 RPIOT 0,6%S,2
12625 RPIOT 0,-6%S,1
12630 -RPLOT 0,-Pz,2

- 12635 RPIOT =10%S,6%S,1
12640 RPIOT ~144S,2%S,2
12645 RPIOT 10%S,6%S,1
12650 RPIOT 14%S,10%S,2
12655, REIURN f
12660 !

12665 Myristors ¢« !
12670 RFIOT O,Pz,1
12675 RFIOT-0,6%S,2
12680 RPIOT 0,6%S,1

- 12685 RPIOT 7%S,13%S,2
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12690
12695
12700
12705
12710
12715
12720
12725
12730
12735

N
RPLOT -10%S, 64S,1
RELOT 10%S,64S,2
RPLOT 0,6%S,1
RELOT -10%S,=-6*S
RPLOT 10%S,=64S
RPIOT 0,6%S,2
RPIOT 0,-6%S,1
RPLCT 0,-Pz,2
‘RETURN

!

12740 Trductor: !

12745
12750
12755
12760
12765
12770
12775
12780
12785
12790
12795
12800
12805
12810
12815

- 12820

12825
12830
12835
12840
12845
12850
12855
12860
12865
12870

12875,

12880
12885

RPLOT 0,Pz,1

RPLCE 0,16*S

RPLOT ~4%S,16%S

KR Yy=16 TO 8 SIEP -.5
X=-SR(16~-(Yy-12) ~2) 4
RPLOT XS, WHS

NEXT Yy

"RPIOT 0,8%S,2

RPIOT ~4%S,84%S,1 \
FR Wy=8 TO 0 STEP -.5
Xe=-S0R(16~(Yy~4)~2) ~4
RPICT X4S,Yy*S
NEXT Yy

RPIOT 0,0,2

RPLOT -43S,0,1

FCR Yy=0 TO -8 SIEP ~.5
- Xe=-SR(16~(Yy+d) ~2) ~4
RPLOT %c*S, Yy*S

NEXT Yy .

RPLOT 0,-8%5,2

RPIOT -4%S,~8%S,1

KR Yy=-8 TO -16 SIEP -.5
- Xoe-SR (16~ (YyH12) ~2) ~4
RPLOT XX*S, Yy*S

NEXT Yy )
RPIOT 0,-164S

RPIOT 0,-Pz,2

REILRN -

!

12890 (heke: !

12885
12900
12905
12910
12915
12920
12925
12930
12935
12940

i

12945

12950

RPLOT 0,Pz)1
RPLOT 0,16%S
=4%5,16%5

FR Yy=16 TO 8 SIEP -.5
We-SR(16-(Yy-12) ~2) ~4
RELOT X%, WS
NEXTYY |

RPIOT 0,8%S,2 -

RPLOT 443,843, 1

KR Yy=8 TO O STEP -.5
Xe=-SR(16-(Yy4) ~2) 4
RPLOT XS, YyiS
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12955 NEXT Yy
12960 RPIOT 0,0,2
12965 RPIOT -4%S,0,1
12970 FCR Yy=0 TO -8 SIEP ~.5
12975  Xe=-SOR(16~(Yy+4) ~2) ~4
12080 RPIOT %0k, WS
12985 NEXT Yy -
12990 RPIOT 0,-8%S,2
© 12995 RPLOT —4%S,-84S,1 .
13000 KR Yy=-8 TO -16 SIEP -.5
13005 Xe-SR(16~(Yy+12)"2)~4
13010  RFIOT 2cS, WS
13015 NEXT &
13020 RPIOT 0,-16S
13025 RPIOT 0,-Pz,2
13030 ReLopd-104S, 1645, 1
{ 13035 RPLOT -10%S,-164S,2
13040 RPIOT -14*S,164S,1
13045 RPLOT ~14%,~1645, 2
13050 RETURN - _
13056 ° :
13060 mpedame }
13065 RFIOT 0,Pz,1 -
4 13070 RPIOF 0,16%S,2
(513075 RPLOT -12%5,16%S,1
13080 RPIOTI24S, 1645
13085 RPIOT 12%S,-16%S
13000 RPIOT ~12%5,-16#S
13095 RPIOT -12%S,16%S,2
13100 RPIOT 124G, 1645, 1
13105 RPIOT -124G,-16%5,2
13110 RPIOT 0;-16%S,1
13115 RPIOT 0,-Pz,2
13120 RETURN.
13125 Admitance: . !
13130 RPIOT0,Fz,1
13135 RPIOT 0,16%S, 2
13140 RPIOT <12%S,16%S,1
13345 RPLOT 124S,164S
13150 RPIOT 12%G,-16%S
13155 RPIOT =124S,-164S
13160 RPIOT =12%S,16%S,2
13165 RPIOT 0,16%S,1
13170 RPIOT 0,0
13175 RPIOT -12%S,-16%S,2
13180 RPIOT 0,0,1 . .
13185 RPIOT 124S,-164S,2
13190 RPIOT 0,16%S,1
13195 RPIOT 0,-PZ,2
13200 RETURN
13205 Cpaciter: !
13210 RPIOT 0,Fz,1
13215 RPIOT 0,3.24S,2
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. 13220 RPIOT -84S,3.2#S5,1
‘ - 13225 RPIOT 8%S,3.2%S,2
13230 RPIOT -8%5,-3.2%S,1 i
13235 RPIOT 8%S,-3.2#5,2
13240 RPIOT 0,-3.2%S,1 ‘ .
13245 RPLOT 0,-Fz,2
13250 RETURN
13255 Electralytic: ! .
13260 RPIOT 0,Pz, . J
o 13265 RPIOT 0,3.2%S,2
‘ 13270 RPLOT -8%5,3.245,1 >
13275 RPLOT 8%S,3.245,2 .
13280 Xe=8 =
13285 Yy=SCR(256-%%*2)-19.2
13290 RPIOT XS, Yy*S :
. — 13295 KR Xx=-7.6 TO 7.6 STEP .4
13300  Yy=SQR(256-Xx"2)-19.2 :
13305 RPLOT XS, Yy*S -
. 13310 NEXT Xx
13315 X8 . .
13320 Yy=SOR(256-%%*2)-19.2
13325 RPLOT XS, WS, 2
13330 RPIOT 0,-3.2%S,1 °
) ) 13335 RPLOT 0,-Fz,2
13340 REIURN
13345 Iooped: !
13350 RPLOT 0,Pz,1
13355 RPLOT 0,7
13360 RPLOT ~4,7 .
13365 FR X¢=4 TO -8 SIEP -.5 .
13370  Yy=SOR(49-(%tH)~2) , i ‘.
13375 RPLOT Xx,Yy . :
13380 NEXT Xx .
13385 KR Xx=-8 TO =4 SIEP .5
| 13390  Yy=-S(R(49~(Xx+4)"2)
13395 RPIOT X, Yy
13400 NEXT Xx
13405 RPLOT =4,-7,1
_ 13410 RPIOT 0,-7
13415 RPIOT 0,-Pz,2
13420 REIURN \
13425 Direc: ! V4 " .
13430 KR Oc=0 TO°4 STEP .5 ’
13435 RPIOT 0,6-C¢,1 - & ‘
. . 13440 RPIOT ~440x,-6F0% A
-7, 13445 ~ RPIOT 0,-2+CX -
. 13450, RPIOT 4-C%,-64CX -
13455 RPIOT 0,6-C,2
13460 NEXT Cx . » _
"13465 . REIURN . . : -
13470 Groall; ! - L
13475 RPIOT 0,-Pz,1 & q ;
. . © 13480 RPIOT 0,Pz-9.6%S,2 ‘ , - ' o.




<~ .
13485 RPILOT -10*S,Pz-9.6%S,1
13490 RPIOT 10*S,Pz-9.6%S,2
13495 RPLOT =7.5%S,Pz~7.,2%S,1
13500 RPLOT 7.5%S,P2~7.2%5,2
. +13505 RPLOT —4+S,P2~4.8%8,1
13510 RPLOT 4%5,Pz~4.8%S,2
13515 ~2.4%S,Pz-2.4*5,1

13520 T 2.4%5,P2-2.4%5,2

- 13525 -1#5,Pz,1
. 13530 RH.OI‘ 14S,Pz,2
13535
13540 'Ihyristor d: . !
13545 RPIOT O,Pz,1
13550 RPLOT 0,16*S 2
13555 RPLIOT =16%5,16%S,1
13560 RPLIOT 16%S5,16*S,2
13565 RPIOT ~16%S,16*S,1
1357Q "'RPLOT -16%S, 64S,2
13575 RPIOT ~26%S,6%S,1
13580 RPLOT -6%S, 6*S
" 13585 « RPLOT ~16*S,-6*S
213590 RPIOT -26%S,6%S,2
13595 RPICOT =26%S,-6*5,1
13600 RPIOT -6*S,—6*S, 2
13605 RPLOT <16%S,-6%S,1
13610 RPIOT -16*S,-16*S
13615 RPIOT 16%S,~16%S .

13620 RPIOT 16%5,-6*S,2 e

13625, RPIOT 6%S,-6*S,1
13630 RPIOT 26%S,-6%S
13635 RPIOT 16%S,6%S
13640 RPLOT 6%S,-6%S,2
13645 _RPIOT 6%S,6%S,1
13650 "REIOT 26%S,6%S,2
13655 RPIOT 23%5,13%S,1
13660 RPIOT 16%S,6%S ‘
13665 RPIOT, 16%S,16%S,2
'13670 RPIOT 0,-16%S,1
13675 RPIOT 0,-Pz,2

13680 REILRY -, .

113685 Switch: !

13690. RPICT 0,Fz,1

/13695 -RPICT 0,13%S,2 .
13700 _RPIOT -14S,12%S,1

13705 SRR %=1 TO 1 SIEP .2

13710 Yy=SQR(1-3¢"2)+12"
13715  REIOT XS, YykS

13720 NEXT X R

13725 KR %=1.T0 -1 STEP -.2
13730 Yy=-SQR(1-X¢*2)+12 -
13735 RPLOT XS, 3y ¢
13740 NEXT %%  -°

137245 RPIOT -1#S ws,

»
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13750
13755
13760
13765
13770
13775
13780

/ 13785

13790

. 13795

13800
13805°
.13810
13815
13820
13825
13830
13835
13840
13845
113850
13855
13860
13865
13870
13875
13880

. 13885 Bipolar: ._\! ) ‘.

13890
13895

13900°

13905

¢ 158

RELOT 0,-12%5,1

RPLOT -14.3%5,5.3%5,2

RPICT G,-12%S,1 -— ¢ - -

RPLOT 0,-Pz,2 '

REIOT -164S,6%S,1 .

FR %16 TO ~14 ST¥P .
SYY=SQR(1- (X+15) 22)46
RFIOT X¢*S, Yy*S -

NEXT XX

FOR Y¢=-14 TO ~16 'STEP ~
Yy=-SR (1~ (Xx+15) "2)+6 b
RELOT XS, Yy*S -

NEXT Xx

RPLOT -16%S,6%S,2

.RPIOT -154G,-6.6%S,1
_FR X%¢=-15 TO0 -4 STEP .5

YY=SOR(256-%02) =12
RPIOT XS, Yy*S
NEXT Xx
FCR K=0 TO 1'STEP .25
 RPLOT (~4.2+K) %S, (Yy+2-K) %S
Rpmr (~2-K) *S, S* (SR (256~ (-2-K) ~2) -12)
RPLOT (=3.84K-.2)%S, (Yy—-2+K+.37) %S
'RPLOT (~4+K)*S, s*(saa(zsa-(-«x) ~2)=12)
NEXTK -
RPIOT ~3%S; s*{saa(zse-(-—a)ﬂz) -12),2
RETURN )

DS

18=.8 ~

0,Fz,1
0,16*S

"2 13910 RPIOT ~12%8;6%S,2 -

o

r

13915
13920

13925,

- 13930
13935
13940
1395
13950

+13955
13960
13965
13970
13975-

- 13980
13985
13990

mm'-iz*s Jd2%s,1 -

. RPLOT -12*s,—12*s,"2

RPIOT ~241S,0,1

RPIOT -124S,0,2

RPIOP -124S,-6%S,1

RPIOT 0, -164S .

RPLOT 0,-Pz,2

!  CPTIN .

FOR K=0 TO 2 STEP .5
RPIOT (~8+K¥1.1)#S, (-14+K*1.1)*S
RPIOT (-2.26-K*1.1)%S, (<14.2tK*.9) S
RPLOT™ (=3.6-K*.9) #S, (~8.8-K*1,1) #S
RPLOT (~84K*1.1)#S, (~14+K*1.1)*S

, NEXT K

R :

13995 T supressor: . !

14000
14005
- 14010

*RPIOT -10*S,20%S,1

REI0T.0,Pz,1
RPIOT 0,20%5,2° ;



“' 14060

-

RFLOT 10%G,204S °
RPLOT 10%S,~2045
RPIOT ~1045,~20%S . .
RFLOT ~104S, 2045, 2
RPIGT 26%S,30%S,1

_RPIOT 18%S,204S

,' RPIOT =184S,~20%S

. RELOT ~26%5,-20%S,2 .
" RPLOT 0,-20%S,1 »

REIOT 0,-Pz,2

RPIOT 0,6+

RPIOT -124S, 64S,2
RPIOT =1245,12%S,1
RPLOT =124S,~1245,2
RPIOT -24%S,0,1
RPIOT =1245,9,2
RPLOT ~124S,-6+S,1°
RPIOT 0,-6%S

"RPLOT O,-Pz.,Z

RPIOT =5%S,~10%*S,1
! GPTIN

- 159

14135 RR K=0 0 1.4 ST¥P .2 # .
: RPIDI‘ (=5+K) *S, (=10+K¥1. 4)*s
RPLOT (-2-K) *S,~6%S
RPIOT (-5+K)%S, (=2-K*1.4)*S

RPLOT (-5+K) %S, (~10+K*1.4)*S
14160 NEXT K
14165 RPIOT (-54)+1, (~10%G)+1,2
14170 REIURN
M5 simle t: L0
14180 .T=S
14185 IF T>3 THEN T=3

) 14145

4

N

14190

14195

14200

_ ~ 14205
e 14210
14215

14220

14225

. 14230

14235

* 14240
. 14245
: 14250

14255 °

14260

14265
14270
14275

RPLOT -56,-Fz, 1

RPLOT' ~56,~14*T

RPLOT —16#T,~14*T
RPLOT -16#T,=10T

«FR X=-16 TO -8 STEP .5
Yy=+SR (16~ (0¢+12) ~2) =10

RPLOT XX*T, Yy*T

NEXT XX

RPLOT -8%T,=14%T,2

RPLOT -8%T,=10%T, 1

RR =8 TO 0 STEP .5
YY=SCR(16- (X¢H4) 2) -10
RELOT Xx*T, Yy *T

NEXT' 2% T

RFIOT Q,~14*T,2
RPIOT 0,-10%T,1
KR X3¢0 TO 8 STEP .5

Yy=SGR(16-(%~4) 42) =10

+
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4 . .

14280 RPLOT Xo0¢T, YW*T : o
14285 NEXT Xx ' Lo : (
14290 RPIOT 8#T,-144T,2 -

14295 RPIOT 8*T,~10+T,1 i

" 14300 KR Xx=8 TO 16 STEP .5 : .
14305 YW=SOR(16-(Xx-12)72)-10

14310 RPLOT Xa*T, YW*T

14315 NEXT Xx :

14320 RFIOT 16*T,=14*T : e e
14325 RPIOT 56,-14*T .

14330 RPIOT 56,-Pz,2

14335 ¥ _

14340 RPIOT =16*T,-2%T,1 , 4

14345 RPLOT 16#T,=2#T,2

14350 RPIOT =16#T,2+T,1

14355 RPIOT 16%T,2*T,2 2

.14360 RPIOT -56,Pz,1 o A

14365 RPIOT -56,14*T ‘ .
14370 RPIOT =16*T,14*T . P
14375 RPIOT =16#T,10%T » '
14380 FR X¢&=-16 TO -8 SIE¥P .5 , . . ‘
14385 Yy=-S(R(16~(30¢+12)~2)+10 - )
14390 RPLOT Xo¢T, Yy T

14395 NEXT Xx N .

14400 RPIOT -8+T,10%T,2 .

14405 RPIOT -8*T,14*%T,1 - , _ -

14410 KR X¢x=8 T0 O SIEP .5 . v '

14415  Yy=-SR(16- (Xct4)~2)+10 ' k : '

14420 RPIOT Xoo*T, Yy*T

14425 NEXT Xx )

14430 RPIOT.0,10%T,2 , ) ‘
14435 RPIOT 0,14*T,1 , . , o
14440 FR X¢0 TO 8 STEP .5

14445 Yy=-*sm(16-(xx-4)'~2)+1o _ )
14450 mor }bc*T,Yy*I‘ . o . . .
14455 h . . * o . CON
14460 RPLOI‘ 8#T,10%T, 2

14465 RPLOT 8#T,14%T,1

14470 KR X8 TO 16 STEP .5

14475 Yy=-SCR(16-(Xx-12)~2)+10

14480 RPIOT Xx*T,Y\*T

14485 NEXT Xx

14490 RPIOT 16#T,14%T

14495 RPIOT 56,14*T SR |

' 14500 RELOT 56,FPz,2 : - . _ : o

14505 ! ' : o L ,
14510 RETURN v - . . o , o

14515 Dicde krid: ! °

14520 P=0

14525 Pz=32 2 : i _
114530 Ss=2 - . o ,
14535 RPIOT O,Fz,1 ’ , . L
14540 RPLOT (~6+F) %Ss, (10+£')*Ss, ) \ . ‘ .




s

v
1

“U545 REIOT (~8-F)%Ss, (12+F) %8s, 1

14550 RPIOT (—4-F)*Ss, (8+F)*Ss
14555 RPIOT (~10-F)*Ss, (6+F)*Ss
14560 RPLOT' (~8-F)#Ss, (124F) *Ss, 2--
14565 RPIOT (-12-F)*Ss, (8+F)*Ss,1
14570 RPIOT (-8~F)*Ss, (4+F)*Ss,2
14575 RPLOT' (-10-F)%Sg, (6+F) *Ss, 1
14580 RPLOT -Pz,0 )
14585 RPIOT (—10-F)*S6, (—6-F) *Ss, 2
14590 RPIOT (-12-F)*Ss, (~8-F)*Ss,1
14595 RPIOT (~8-F)*Ss, (~4-F)#Ss,2
14600 RFIOT (~10-F)*Ss, (-6-F)*Ss,1
14605 RPIOT (-8-F)*Ss, (~12-F)#Ss
14610 RPIOT (~4-F)*Ss, (-8-F)*Ss
14615 RPLOT (~10-F)*Ss, (~6-F) *Ss,2
14620 RPIOT (~6-F)*Ss, (-10-F) *Ss, 1
14625 RPIGT 0,~Fz

14630 RPIOT (6+F)*Ss, (-10-F)#*Ss,2
14635 RPIOT (4+4F)*Ss, (-6-F)*Ss,1
14640 RPLOT (8+F)*Ss, (-12-F)*Ss,2
14645 RPLOT- (6+F) ¥Ss, (-10-F)*Ss, 1
14650 RPIOT (8+F)#*Ss, (~4-F)*Ss
14655 RPLOT (12+4F)*Ss, (-8-F)*Ss

. 14660 RPIOT (6+F)*Ss, (~10-F)*Ss,2

14665 RPIOT (10+F)#Ss, (-6-F)*Ss,1

" 14670 RPIOT PZ,0

14675 RPIOT (10+F)*Ss, (6+F)*Ss,2
14680 RPLOT (8+F)*Ss, (4+F)*Ss,1
14685 RPIOT (6+F)#Ss, (10+F)*Ss

14690 RPLOT (12+F)#Ss, (8+F)*Ss

14695 RPLOT (8+F)#Ss, (4+F)¥Ss,2
14700 RPIOT (44F)#Ss, (8+F)*Ss,1
14705 RPIOT (8+F)*Ss, (124F)*Ss,2
14710 RPIOT (6+F)*Ss, (10+F)#Ss,1
14715 _ RPIOT O, Pz, 2 :

14720 REIURN S

14725 Circlel: !

14730 RFALOT ~P2,0,1

14735 FR Xe=-Pz TO Pz SI¥P .5
14740  Yy=SOR((Pz)*2-Xx*2)
14745 RPIOT XX, Yy

14750 NEXT Xx

14755 FR %e=Pz TO Pz SIEP -.5
14760" YW=-SR(PzA2-Xx*2)
14765 REIOT X¢, Yy .
14770 NEXT X .

14775 RFIOT -Pz,0,2

14780 RETURN - _

‘14785 Square 1x !
14790 RPLOT O,FPz,1

14795 RFLOT0,16%S,2

14800 RPIOT -16%S,16*S

s

14805 RPIOT 16%S,164S

161




14810
14815
14820

' 14825°

14830
14835

14840 Square:
--14845~m-Pz,=~Pz,¢ o

14850
14855 °
14860
14865
*14870

14875 Qr gt

14880
14885
14890
14895
14900
14905
14910
14915
14920
14925
14930

14935 -

14940
14945
14950
14955

14960

14965
14970
14975
14980
14985
14990
14995

15000 Amd g

15005
. 15010
15015
15020
15025
~15030
15035
15040
15045
15050
15055
15060
15065

15070

162

RPLOT 16%S,~16%S

RPIOT ~164S,-16%S

RPLOT ~164S,164S, 2 .
RPIOT 0,-16%S,1

RPIOT 0,-Pz,2 -
» RETURN

RPIOT -le
RPIOT Pz, Pz
RPIOT Pg,-Pz
RPIOT =-Pz,~Pz,2
RETURN

Py

RPIOT O,Pz,1

RPLOT 0,18%S,2

RPLOT -14%S,-18.5064*S, 1

RPIOT -14*S,-6.24874S

FOR X¢=~14 TO' 0 STEP .5 ° .
Yy=SOR (—1* (Xx-14) ~2+784) —6.2487 -
RELOT Xx*S,YW*S

NEXT X%

FR 30 TO 14 SIEP .5
Y=SR (-1% (0eH14) A2+784) ~6. 2487
RPLOT 304, Yy*S

NEXT Xx ,

RPLOT 14%S,-18.5064*S

"FR Xx=14 70 <14 STXP ~-.5

Yy=S(R(576-X%x*2) =38 |, ).
RPLET XA, W*S 4

NEXT ¥x

RM THE INRUIS

RPLOT ~14%S,-18.5064%S,2

RPLOT -8, (SR(576~(8/5)~2)=38)%S,1
RPLOT -8,-Pz,2

RPIOT 8, (SCR(576~(8/S) *2)-33)*5,1

RELCT 8,-Pz,2

RETURV

RPLCT 0,P2,1

RPLOT 0,18%S,2

RPLOT -14%S,4%S, 1

FR X¥¢=-14 TO 14 STEP .5
Yy=SCR(196-3¢"2)+4
RPLOT X0, Yy*S

NEXT X .

‘RPIOT 144S,~18%S

RPIOT -14%S,~18%S,

RPIOT =144S,4%S, 2

RPLOT -8,-18%5,1

RPIOT--8,-Fz,2 :
RELOT 8,-18%5,1 'y o
RPLICT 8,-Pz,2 . '

H . R ' . i
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15105 w(m—»rz)uz
15110 RPLIOT Xx*S,Yy*S

15115 NEMT Xx

15120 KR Xx=4 TO =4 ST¥P -.5
15125  Yy=-SR(16-Xx"2)+12
15130 = RPIOT XX*S,Yy’S

15135 NEXT XX

15140 RPLOT =4*S,Yy*S,2

15145 - RPLOT 0,8%S,1

15150 .RPIOT -14#S,-10%*S . .
.15155 RPIOT 14%S,-10%*S

15160. RPIOT 0,8%S,2

15165 RPLOT 0,-10%S,1

15170 RPLOT 0,-Pz,2 ° '
15175 RETURN '

15180 Nard g: !

15185 RPIOT 0,Pz,1

15190 RPIOT 0,18%S,2 . "
15195 RPIOT -14%S,4%S,1 ' 2 Y. |
15200 FOR Y¢=-14 TO 14 SIEP .5

© 15205 Yy=SOR(196-X%02)+H

. 15210 RPIOT X068, WS .

15215 NEXT %X

15220 RPLOT 14%S,-18% = -

15225 RPLOT =14%S,-18%S

15230 RPLOT <14%S,4%S,2

15235 RPLOT -8,~18%S,1

15240 RPLOT -8,-Pz,2 .

45_ RPLOT 8,-18%S,1 :

50 RPIOT 8,-Pz,2 | o
15260 Nor g: ! .
15265 RPLIOT 0,Pz,1 . , ,

. 15270  RPIOT 0,18%S,2 ‘

15275 RPLOT =144S,~18.5064*S,1

15280 RPIOT =14%S,-6.24874S

15285 FCOR X¢=-14 TOO SIEP .5 . . '

15290 W(-l*()b{-l4)"2+784)-6 2487 ‘ -

15295 RPIOT Xx*S, YyiS - )

15300 NEXT Xx ' ) o
15305 FCR X0 TO 14 STEP .5. . . -
15310  Yy=SQR(-1* (¢+14) ~2+784) —6.2487 :

15315 RPLOT X)c'S,Yy*S s

15320 NEXT' Xx

15325 RPIOT- 14%S,-18. 5064*8

15330 FCR X¢=14 TO =14 STEP -.5 )

15335 W=SCR(576-%x*2)-38 N

RV : Lo L s ey S % L
N . - 0 - s - . n -



', 15420 RPIOT -12%S,20%5,2 - ©o

*

- 15365 RPLOT -8,-Pz,2

15575 RPIOT Xx*D,Yy*D .

” 184

15340 RPIOT Xx¢*S,Yy*S

15345 NEXT Xx

15350 KM = TE DWIS

15356 RPLOT -14%S,-18.5064%S,2

15360 RFIOI\-8, (sm(m&(a/s;*z)—as)*s 1

15370 RPICT 8, (sga(576-e(e/sy2)-38)*s,1 . »

15375 RPLOT 8,-Pz,2 e e
15380  REIGRN oo

15385 Rectl: ! : '

15390 RPIOT O,Pz,1 ) ‘

15395 RPIOT 0,204, 2 . .

15400 RPIOT ~1248,204S, 1

15405 RPLOT 12%5,20%S

15410 RPIOT 12%S,=20%S

15415 RPIOT -12%S,~20*S

15425 RPIOT 0,-20%S,1

15430 RPIOT 0,~Pz,2 . .
15435 RETURN .
15440 !

15445 Circle 1: ! -

15450 RPIOT 0,Pz,1 .
15455 RPIOT 0,164%G,2

15460 RPLOT -16%5,0,1

15465 KR Xx=16 TO 16 STEP .5

- 15470 YYy=SQR(256-%¢2)

15475 RPIOT 3¢S, YyiS

15480 NEXT Xx ‘

15485 KR X¢=16 TO =16 STEP -.5 :

15490 Yy=-S(R(256-X¢"2) . | .
15495 RPIOT 0S, Yy*S . oo

15500 NEXT Xx , e

15505 RPLOT =16%#S,0,2

15510 RPICT 0,-16S,1 ~ )

15515 RPIOT 0,-Pz,2 _ . X - \

15520 RETURN : . : :

15525 Bird: !

15530 CFF ERRR )
15535 D=Pz/40 _ . ) . )
15540 RPIOT -8+D,18%D,1 , ’ g

15545 FCR X%¢=8 TO 0 STEP .5 \

15550 Yy=SCR(16~(XxH)72)+18 )

15555 RPLOT Xo+DYy*D . . ]

15565 rm»@o'm-asmp -5

15570 Yy=-SQR(16~(0eH4)~2)+18

15580 NEXT Xx N
15585 RPLOT -84D,WW*D,2

15590 RPIOT.0,18%D,1 -

15595 KR %&=0 TO 8 SIEP .5 - .

15600 Yy=SCR(16-(04)"2)+18

.+




15610 '
15615
15620

15630
15635

15695
15700
15705

15710,

15715
© 15720
15725
15730
15735
15740
15745
15750
15785
15760
15765

15770

15775
15780
15785
15790
15795
15800
15805
15810
15815
15820

15830
15835
15840
15845

- 15860

- - 165
RP1O0T )bc*f),Yy*D

NEXT Xx

FOR Xx=8 TO 0 SIEP -.5 .

Yy=-S(R(16~(Xx~4) ~2)+18
RPIOT Xo'D, Yy*D

NEXT ¥
RPIOT 0, Yy*D,2

FR D3=0 TO 1.6 SIEP .2

RPIOT (.68629+D) D, 16.34314*D, 1

FOR ¥¢=,68629+Dd TO 4-Dd SIEP .5
Yy=SOR( (1. 65686-D) A2~ (¥x-2.3431) A2)+16.3431457
RPIOT X5¢AD, YyAD .

NEXT Xx R

FCR Yx¢=4-Dd TO .68629+Dd SIEP -.5
Y-SR ( (1. 65686-D33) A2- (X¢-2.3432) ~2)+16. 3431457
RPLOT Xk, YD (

NEXT X% ¢

RPLOT' (-68629+D3) *D, (sm((1.6569—m) "2-((4-Dd)-2. 3432)"2)+16 3431457)#D,

NEXT D3

FOR D30 TO 1.6 STEP .2
RPIOT (—.68629-Dd) *D, 16.34314%D, 1
FR X¢=-.63620-Dd TO ~4+Dd SIEP -.5
Y=SQR( (1. 65686-Dx) ~2- (¥5¢+2.3430) A2) +16.3431457
RPIOT XD, Yy*D
NEXT ¥ S
FR X441 TO -.68629-Dd STEP .5
Yy=-SOR ( (1.65686-Dd) *2-(»&2 3432)"2)+16 3431457
RPLOT 35D, WD * ,
NEXT Xx
RPLOT (~.68629-D) *D, 16.3414574D, 2
NEXT D4

RPLOT -7.4641%D,20*D, 1

RELOT -144D,28%D .

FR X¢=-14 TO -14.4721 SIER -.5 - \
Yy=-80R (20~ (0¢+10) ~2)+30 ,
RELOT Xo¢*D, Yy*D

NEXT Xx

FR X¢>-14.4721 TO 6 SIEP .5
Yy=SQR(20- (%¢+10) ~2) 30

“RPLOT300kD, Yy*D

.NEXT Xx¢

RPLOT ~4*D, 224D, 2 -
RPLOT —104D,27+D,1

"RPLOT -8#D, 24*D '

RPLOT ~8+D, 284D, 2

RPIOT 7.4641%D,20+D,1

RPIOT 14*D,28*D )

KR X¢=14 TO 14.4721 SI¥P .5
Wy=-S0R (20~ (X%-10) ~2)+30
RPIOT X0xD, Yy*D :

NEXT Xx

KR X&=14. 4721'10 GSIEP .5

S

;!3’ “
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15865  Yy=S(R(20~(%=10)"2)430
15870 RPIOT XckD, YyAD )
15875 NEXT Xx

15880 RPIOT 4*D, 224D, 2

15885 RPLOT 10*D, 274D, 1

15890 RPLOT 84D, 24*D .

15895 RPLOT 84D, 284D,2

15900 RPLOT 84D, 184D,1

15905 RPLOT 6*D, 10*D

15010 RPIOT -6*D, 10*D

15915 RPIOT -8%D, 184D,2

15920 . RPLOT 3D, 10%D,1

15925 RPICT ~3*D, 7D -

15930 RPLOT =.5,7*D

15935 RPLOT -.5,10%D,2

15940 RPICT .5,104D,1

15945 RPLOT .5,7#D

15950 RPIOT 3#D, 74D

15955 RPLOT 3+D,10%D,2 . )
15060 RPICT 6*D,10*D ; i
15965 FCR %6 TO 4 STEP ~.5 ,
15970  Yy=S(R(240.25-(X¢-19.5)2)+2.3842

15975  RPLOT XxAD, Yy*D

15680 NEXT-Xx

15085 FCR ¥¢=4 TO 10 STEP .5 '

15990  Yy=-SCR(240.25-(Xx~19.5)"2)+2.3842

15995 RPIOT XD, YD

16000 NEXT ¥x *

16005 'FOR %¢=10 TO 18 SIEP .5

16010 . W(lM*(l—)bc‘Z/:!Z«l))-]S 8410

16015 RPIOT XD, YD

16020 NEXT XX .

16025 KR ¥=18 TO -18 STEP ~.5 °

16030  Yy=-SCR(144*(1-Xx"2/324))-19.8410 .
16035  RPIOT XD, Yy*D ~
16040 NEXT Xx -

16045 FR ¥¢=-18 T0 -10 STEP .5,

16050  Yy=S(R(144*(1-Xx"2/324))-19. 8410

16055 RPIOT Xoo*D, Yy*D '
16060 NEXT Xx*

16065 FCR ¥¢=-10 TO =4 STEP .5

16070  Yy=SR(240.25~(Xx+19.5)~2)42.3842

16075 RPIOT X¢4D,Yy*D

16080 NEXT Xx . S .
16085 KR X4 TO -6 STEP =.5 ’ :
16090  Yy=S(R(240.25[%¢+19.5)42)+2.3842

16095 RPLOT XockD, Yy*D

16100 NEXT Xx +

16105 RPIOT -6*D, 10*0,2 .

16110 RPIOT -1*D,-26*D, 1 '

16115 KR =1 TO 1 SIEP .5.

16120 YWSR(1-Xx*2)=26 -

16125 FRPIOT X¢AD,¥y*D

. .
~ - *
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' 3
16130 NEXT Xx -
16135 FR Xx¢=1 TO -1 STEP -.5
, 16140  Yy=-SCQR(1-30¢*2) =26
16145 RPIOT XootD, Yy*D
16150 NEXT Xx
16155 RPLOT -1*D,-26%D, 2
16160 -1
16165 RPIOT 0,~404D,1 .
16170 FCR =0 TO 6 SIFP .5 '
16175  Yy=SQR(78.2392* (1-(XX-6) Az/as) )40
T 16180 RPIOT XD, YD,
: 16185 NEXT Xx ,
16190 FCR X¢=6 TO 9.5 STEP .5
16195  W=SR(3.4051-( (%%-6)*2) /4)-33
16200  RPIOT X¢*D, Yy*D
16205 NEXT Xx
16210 . RPIOT 9.69504D,~33*D
16215 KR X¢=9.5 T0 6 SIEP -.5
~ 26220 Yy-SQR(3.4051-( (Xx-6)"2)/4)-33
16225  RPLOT X¢HD, Yy*D
016230 NEXT X |
‘ 16235 FCR ¥¢=6 TO 8 SIEP .2 .
- : 16240  Yy=SR(1~(Xx=6)"2/4)-35.8452
* 16245  RPLOT X¢*D,W#D
16250 NEXT Xx ‘
16255 FR %=8 TO 6 SIEP -.2
16268  Yy=-SR(1-(Xx~6)"2/4)~35.8452
16265 RPIOT Xx*D,Yy*D
16270 NEXT XX
16275 FOR ¥¢=6 TO 8 SIEP .2
16280  Yy=SR(1-(Xx-6)"2/4)-37.8452
-.16285 RPIOT ¥oD,Yy*D -
15290 NEXT Xx
FR X8 TO 4 SIEP -.2
X Yy=-R(1~(ix-6) ~2/4)=37. 8452
16305 \ RPLOT Xxc*D, Yy*D
16310 NEXT Xx ’
16315 RPIOT 2. 5*D,-36*D
16320 RPIOT 0,~40*D,2
16325 . !
16330 RPLOT 0,-40*D,1
16335 FCR X0 TO =6 SIEP -.5
16340  Yy=SR(78. 2392*(1—()6:4-6) "2/36))-40

-

o~ . 16355 FCR %=-6 TO 9,5 SIEP -.5 -

L 16360  Yy=SQR(3.4051-((Xx+6)*2)/4)-33

16365 RPIOT X¢*D, Yy*D

| 16370 NEXT XX
.o 16375 RPLOT -9.6950*D,=33*D

e 16380 KR ¥¢=9.5 TO -6 SIEP .5 - -
16385  Yy=S(R(3.4051~((x+6) "2)/4)-33,

16390 * RELOT 20D, Yy*D

¢




* 16395
16400
16405
16410
16415
16420
16425
16430
16435
16440
16445
16450
16455
16460
16465
16470
16475
16480
16485
16490
16495
16500
- 16505
» ¢ 16510
16515
16520
16525
16530
16535
16540
16545
16550
16555
16560

. 16570

~ 16575
16580

16585

16590

16595

16600

16605

16610

16615

16620

16625

16630

16635
——16640
16645

16650

16655

’ 168

NEXT Xx¢ -

KR X¢=6 TO -8 STEP -.2
Yy=SR(1- )~2/4)=35.8452
RPLOT Xx*D, Yy*D .

NEXT Xx .

FCR X=-8 70 -6 SIFP .2
Yy=8R{1~ (3+6) *2/4) ~35.8452
RPLOT X0kD, Yy*D

NEXT Xx

FCR X¢=-6 TO -8 SIXP -.2
YW=SCR(1-(00c46) ~2/4) ~37. 8452
RPLOT Xx*D, Yy*D

NEXT Xx

FCR X8 TO -4 SIEP, .
Yy=-SR(1~(Xx+6) Aﬁ?.msz
RPLOT 304D, Yy*D
NEXT Xx
RPICT =2.5%D,=36*D
RPICT 0,-40*D,2
U .
RPIOT 4.4*D, 6D, 1 >
RPIOT 84D, 2*D -~
RPLOT 20%D,22%D,2
RPICT 174D,22*D,1
RPIOT 28*D),~20*D
RPIOT 184D, =2*D
RPIOT 16#D,=8*D
RPIOT 12%D,~4*D
RPICT 124D, -8*D
RPIOT 4.25%D,0,2
RPLOT 15+D,10%D,1
RPIOT 13#D,4*D
RPLOT 14*D,~2#D,2
RPIOT 18+D,10%D,1
RPIOT 20*D,4*D
RPLOT 19*D,~2*D,2 -
RPLOT 10*D, 1*D,1
RPIOT 12#D,1*D,2
RPIOT 10%D,-1*D,1
RPIOT 124D,-1*D,2
RRIOT 16%D,5%D,1
RPIOT 18*D,5%D,2
RPLOT 16*D,3%D,1
RPIOT 18%D,3%D,2 ¢
RPIOT 21#D,~3*D,1
RPLOT 23%D,=34D, 2
RPLOT 21#D,~5+D,1
RPLOT 23*D,-5%D,2
‘ ! ‘ .
RPLOT =4.4*D,6*D,1
RPLOT. ~8*D, 2*D ,
RPLOT -20*D, 22#D,2 L
RPLOT =174D,22%D,1 :




-116900 RPIOT -16*D, 164D, 1

16660 RPIOT ~28%D,~20%D
16665 RPIOT =18%D,~2#%D
16670 RPLOT -16%D,-8*D
16675 RPIOT ~12*D,~4*D
16680 RPIOT =124D,-8*D
16685 RPIOT ~4.25%D,0,2
16690 RPIOT =15*D,10*D,1
16695 RPLOT -13#D,4%D  °
16700 RPIOT ~14*D,=2*D,2
16705 RPLOT =18+D,104D,1
16710 RPIOT =20*D,4*D
16715 RPIOT «19%D,~2+#D,2
16720 RFIOT =10%D,1*D,1
16725 RPIOT =12%D,1#D,2
16730 RPIOT =10*D,~1#D,1
16735 RPLOT ~123D,~1#*D,2.
416740 RPIOT -16*D,5*D,1
16745 RPIOT =18%D,54D,2
16750 RPIOT =16%D,3*D,1

16755 ~18%D, 3*D, 2
16760 ~21#D,=3*D, 1
16765 =234D,=3#D, 2

16770 RPIOT =21#D,-54D,1
16775 RPIOT ~23*D,-54D,2

80 REIURN

85 C14 pin: | 14-PIN CGHIP
16790 D=1 ‘
16795 RPIOT =164D,28+D,1
16800 RPIOT' 16*Q,28*D
16805 RPIOT 16#D,-28*D -
16810 'RPIOT ~16#D,~28+D
16815 ° RPIOT =16#D, 284D, 2
16820, RPIOT 16#D,24*D,1
16825 RPIOT 20+D,24*D,2
16830 RPIOT 16*D,164D,1 |
16835 RPLOT 20#D,16*D,2 .
16840 RFIOT' 164D,8*D,1
16845 . RPIOT 20+D,8+D,2
16850 RPIOT 16*D,0,1
16855 RPIOT 20+D,0,2
16860 RPIOT 16#D,-84D,1

16865 RPIOT 20*D,-8*D,2

16870 RPIOT 164D,~16+D,1
16875 RPLOT 20*D,-16#D,2
116880 RPIOT 164+D,=244D,1
16885 RPIOT 20%D,~24*D,2
16890 RPLOT =16%D,244D,1
16895 RPIOT -204D,24*D,2

16905 ‘RPIOT 204
16910 RPIOT-~1§%D,8+D, 1
16915 RPIOT =
16920 RPLOT =)

AN
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B “

16925
16930
16935
16940
16945
16950
16955

16960

16965 C16 pin:

16970
16975
16980
16985
16990
16995

17000

17005
17010
17015
17020
17025
17030

17035

17040
1704
17
055
/17060
17065
17070
17075
17080
17085
17090
17095
17100

RPLOT -20+D, 0,2
RPIOT -16%D,-84D,1 .
RPLOT ~20+*D,-8+D, 2
RPIOT =16+D,~16+D, 1

~204D,-164D, 2
RPLOT =16+D,-24+D, 1
RPLOT =20+D,-24+D, 2
RETURN

D=1
RPIOT -16%D,324D, 1
RPIOT 16*D,32%D
RPIOT 16%D,-324D
RPIOT ~16*D,=32*D
THIOT ~16%D,324D, 2
RPIOT 16%D, 284D, 1
RPLOT 204D, 28%D, 2
RPIOT 164D, 204D, 1
RPIOT 20%D, 20%D, 2
RPLOT 164D, 124D, 1
RELOT 20*D, 124D, 2
RPIOT 164D, 4*D,1
RPIOT 20*D,4*D,2
RPIOT 16%D,~4#D,1
RELOT 20*D,=4#D, 2
RPLOT 164D,-12+D, 1
RPLOT 204D, -12+D, 2
IQOT 16%D,~20%D, 1
RPIOT 20%D,-20*D, 2
RPLOT 16+D,-28*D, 1
RPLOT 20+D,-28*D, 2
RPLOT -16%D,28*D,1
RPLOT ~20%D,28+D, 2
RPIOT ~16*D,20*D, 1 *
RPICT -20%D, 20D, 2
RPLOT =16*D, 124D, 1

17105 { RPIOT -20*D,12+D, 2

17110
17115
17120
17125
17130
17135
17140
17145

17150 °

17155
17160

17170
17175

17180
17185 °

RPLOT -16*D,4*D, 1.
RPIOT -20%*D,4*D, 2
RPIOT -16%D,~4#D, 1
RPIOT ~20*D,~4*D, 2
RPIOT -16*D,-12%D, 1
RPIOT ~204D,-12%D, 2
REIGT -16*D,-20*D;1

RPLOT ~20%D,-20%D,2 -
" RPLOT' =16%D,~28*D, 1

RPIOT ~20%D,=28*D, 2

RETURN ,
17165 C24 pin: ! 24-PIN: GHIIP

D=1 .
RPLOT--16%D, 48D, 1
RPLOT 164D, 484D
RPLOT 16%D,~48+D

Yo

116-PIN GiIP

9
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17190
17395

¢
RPLOT ~16+D, ~48*D

. RPLOT ~16%D,48%D, 2’

17200 RPLOT 16#D,44*D, 1.
. 17205* RPLOT- 204D, 444D, 2
\17210

17420

17425 .
- 17430

RPIOT 164D,36%D, 1
" RPIOT 20%D,36*D, 2
RPIOT 16*3,28*0, .
RPLOT 20%D,28%D, 2
RPLOT 164D, 204D, 1
. RPIOT 20+D, 204D, 2
RPIOT 16%D, 124D, 1
RPLOT 20%D,124D,2
RPIOT 164D,4%D,1
FPLOT 204D;4*D, 2
RPIOT 16*D,=4#D, 1
—~4*D, 2

! ’
.RPLOT 1 =12*D, 3-

) RPIOT 16*D,-20*D,1

REIOT 204D, ~=20%D,2
RPLOT: 16¥D, ~28#D, 1
RPLOT 204D, ~28%D, 2
* 'RPIOT 16#D,-36%D, 1

RPIOT 20*D,=364D,2 -

RPIOT 164D, <44%D, 1

_ RPIOT 20%D,-44

(]
RPLOT =16#D, 44%D, 1
RELOT -20%D, 44+D, 2
RPLOT =164D, 364D, 1

'RPLOT =20%D, 36*D, 2

RPLOT —16+D,28%D, 1
RPIOT =20+D, 284D, 2
RPLOT =16%D,20+D, 1 -

RPLOT ~204D, 204D, 2 *

RPLOT-=16+D, 124D, 1
RPLOT 204D, 124D, 2

_ RPLOT =164D, 44D, 1

=20*%D, 4*D,2

/RPLOT —16*D,‘54*D,

RPLOT -2Q¥D,~4#D, 2
RPLOT =16%D, =124D, 1
RPLOT -2040,~124D, 2

RPLOT -16%D;-20%D, 1-

RFIOT 204D, =20%Dy2
RPEOT ~16%D,~284D, 1

' RPLOT 204D, ~28*D,2.§

RPIOT" -16*D, -36%D; 1
RPIOT =20%D, =36*D,2
RPLOT =16*D, —44*Di1

174358 RPLOT 204D, -'44*1),

17440

REIURY |
17445 Half heidge in:! |

-17450

on.-*mﬁ,,

-

- v
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17455 !
17460 Sh—96
17465 RPIOT Sh'S,Fz,1
17470 RPIOT Sh#S,3.545,2

17475 RPIOT (-12+ch)*S,3.5%5,1

17480 RPLOT (12+Sh)*S,3.5%S,2
. 17485 RPIOT (-6+Sh)*S,—3.5%S,1
17490 m ‘(%’&,-3-5*8,? !

17495 RPLOT Sh*S,~-3.5%S,1
17500 RPIOT Shi*S,~Fz,2

17505 RPIOT (~B+8h)*S,10%5,1
17510 RPIOT (~4+5h)*S,10%S,2
17515 RPIOT (-6+Sh)*S,12%S,1

17520 RPIOT (~6+Sh)*S,8+S,2

17525 RPIOT (-8+5h)*S,-104S,1
17530 RPIOT (~4+5h)*S,-10%S,2

17535 Sh64

17540 sShy=(Pz/2)/S .
17545 Top=Pz

17550 Bottan=0
17555 | -

17565 REIOT Sh*S,Top,1

AN

17570 RPIOT ShiS;(3.2+8hy)*S,2 ,

17585 Xx=(-8)
17590, Yy=SOR(256-%x"2)~19.2

172«

Sk IC SOrGe  obickokilol

!\‘ ¢

-

Skl Electrolytic sk
. 17560 Elel=Flel+1

" N * <

17575 RPIOD (-8+Sh)#S, (3. HShy)*S,1 . .
17580, RPIOT (8+5h) S, ( (3. 2+ﬂ'!y)*S) 2

17505 RPIOT (Xe+Gh)ss, (YyShy)*s -, :
17600 FCR Xx=-7.6 TO 7.6 SIEP .4 . -

17605 Yy=SQR(256-%¢*2)-19.2 -
17610 RPIOT (Xx#Sh)*S, (ywmy)*s .

17615 NEXT Xx
17620 X8 .

17630 RPLOT

17645 " IF Elel=2 THN
17650 Elel=0
17655 GOTO 17695 -
17660 END IF
17665 !
17670 Sre64

- 17675 Shy=(-Pz/2)/5

17680 “Top=0
17685 Bpttam>Pz
17690 GOIO 17555
17695 !

17700 She-32

17705 Shy=(Pz/2)/5

17710 Tep=Pz
17715 Bottan=0

Y 17625 Yy=SOR(256-3¢2)-19.2
Qoerch)ss, (weshy)#s,2 -
/17635 RULOT SS, (-3.2+480y) 5, 1

| 17640 _RFIOT Sh#S, Bottam, 2

A}

13

******k************;****************
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17720 | teicddedciciok SWITCH ek
17725 Elel=Flel+l -
17730 RPIOT Sh*S,Top,1
17735 .RPIOT Sh¥S, (Shy+13)#S - .
17740 RPIOT (+14.3+5h)*S, (~4+5hy)*S, 2
17745+ RPIOT (-1+5h)¥S, (-11+Shy)*S,1
17750 FCR %=1 TO 1 SIEP .2
17755 Yy=S(R(1-Xx*2)-11
17760 RPLOT (Xx¢tSh)#*S, (Yy+Shy)*S
17765 NEXT Xx
17770 KR Xx¢=1 TO -1 STEP -.2
17775 YW=SR(1-X%x*2)-11 -
17780 RPIOT (Xx+Sh)*S, (Yy+Shy)*S
17785 NEXT Xx
17790 RPIOT (=1+Sh)*S, (~11+8hy)*S,2
17795 RPIOT Sh*S, (~1248hy)*S,1
_.17800 RPIOT Sh*S,Bottam,2
17805 (16+5h)*$ (~5+5hy)*S,1
17810 X2+16 TO +14 STEP -.2
17815  Yy=SR(1-(%¢-15)"2) -5
17820 RPLOT (¥x+Sh)+S, (Yy+shy)*S
17825 . NEXT %x | N
;' 17830" FOR ¥¢=+14 TO +16 STEP .2 :
.~ 17835 . Yy=-SR(1-(R¢-15)A2)-5 - -~ "
.}7840 Rpmr om)fs;(yy&y)*s
17845
17850 msmr (16\‘51)*5 (-5+shy) %S, 2
17855 IF Elel=2 THEN
17860 Elel=0 -
17865 GOTO 17900 4
.17870 BND TF o
17875 Sh=-32 - :
17880 Shy=(~Fz/2)/S N
17885 Top=0 o
17890 Bottom=-Pz -
17895 GOTO 17720 . -
1'79&’) | ededededokdedeickkd DOT CON THE RIGHD *Fkkkkkkkkick
17905, RPIOT -32%S,845,1 )
17910 FR %¢=-33 TO #3]1 ST¥P <2 °
17915 W(l—()b&32)"2)+8 ‘
17920 RPIOT Xx*S,Yy*S ’ /
17925 NEXT Xx. .
17930 FOR ¥x=-31.TO ~33 STEP -.2 o
17935  Yy=—SR(1-(%e32) ~2)+8

—17940— -RPLOT %6, YyS e
17945 NEXT Xx ' K
17950 _RPIOT. =324S, 84S, 2

17960 RPIOT -64%S,-8%S,1
" 17965 mzpe—es'm-ezsmz .
17970 Yy=SQR(1-(06464)72)-8
¢ 17975, RPIOT oS, WS "
maonm'm : .
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17985 KR Xx=-63 TO -65 STEP ~.2 . v

17990 Yy=—S(R(1-(X+64)"2) -8
17995 RPIOT Xx*S, Yy*S

18000 NEXT Xx

18005 RPIOT —64%S,-845,2

"18010 ! . dekddckdaokdicook kdodoik ok ek dokkokok
18015 !

' 18020 RPIOT -9645,Pz,1 ! TOP LINE

18025 RPLOT -32%S,Pz,2 :

18030 RPIOT -964S,-Pz,1 ! BOTTCM LINE

18035 RPLOT -32%S,-Pz,2 .
18040 ! : :
.18645 RPLOT -324S,8%S,1 ! TOP TERMINAL LINE

18050 RPLOT 0,8*S ‘

18055 RPIOT 0,FPz,2 : -

18060 RPIOT -64%S,-845,1 ! EOTIM TERVINAL LINE .
18065 RPLOT 0,-8*S : :
18070 RPIOT 0,-Pz,2 -

18075 REIURN -

18080 ! - v

18085 !

18090 Full kridee lin: !

18095 CFF ERRR £

18100 !, Fikkdkkik DC soaroe  wkkikkiokokkdk
18105 Sh=-96 : ‘
18110. RPIOT Sh*S,Pz,1 .

18115 RPLOT sh*S,3.5%S,2

18120 RPICT (-12+Sh)#S,3.5%S,1 .

18125 RPIOT (12+5h)*S,3.5%S,2 P

18130 RPLOT - (=6+5h)#S,-3.5%S,1 ‘ .

18135 RPLOT (6t5h)*S,=3.5%S,2

18140 RPLIOT sh*S,-3.5%5,1

18145 RPIOT ShiS,~Pz,2

. 18150 RPICT (-8+h)#S,10%S,1 . -

18155 RPIOT (~4+ShJ*S,10%S,2
18160 RPIOT (-6+5h)*S,12%S,1
18165 RPIOT (~6+5h)*S,8%S,2
18170 RPIOT (-8+Sh)#*S,-10*S,1 ’ L
18175 RPIOT (~4+5h)*S,-10%S,2
18180 ! ‘
18185 Sh—64'
18190 Shy=(Pz/2)/S
' 18195 Top=Pz
18200 mFO

183051 X _dekdckkkicok SHTTCH koo

18210 " Elel=Elel+l
18215 RPIOT Sh*S,Tep,l - = :
18220 RPIOT ShiS, (sm-nws ) : .

.
fy

18225 RPIOT (+14.3+50)%S, (~4+Sy)*S,2 . /

18230 RPIOT (~1tSh)#*S,(-11+Shy)*S,1 2
18235 RR X=-1TO 1 SIEP .2 =~ Coe, L
18240 YyESR(1-Xx2)~11 ) .

18245 RPIOT ()bH-Sh)*S,(YyIﬂy)*s

>

Iy

%
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18250 NEXI Xx
18255 FR %=1 TO -1 STEP -.2
18260  Yy=-SQR(1-Xx*2)-11
18265 RPIOT (%0uSh)#S, (Yy+shy)*S _
18270 NEXT Xx . -
18275 RPIOT (=1+5h)#S, (-11+5hy)*S,2
18280 RPLOT Sh*S, (-12+5hy)*S,1 o
18285 ' RPIOT Sh*S,Bottam,2 . '
18290 RPIOT (16+5h)*S, (-8+5hy)#S,1 ’
18205 FCOR X¢=+16 TO +14 STEP -.2 ‘
18300  Yy=SCR(1-(Xx=15)"2)~5
18305 RPLOT (¢tSh)+S, (Yy+Shy)*S
18310 NEXT Xx
18315 RR Xx=+14 TO +16 STEP .2
18320 . Yy=-S(R(1=(Xx~15)"2)-5
. 18325 RPLOT (X¢+Sh)#S, (Yy+Shy)*S | , )
18330 X%
18335 RPIOT (16+5h)*S, (-5t5hy)*S,2
18340 IF Elel=1 THEN 18375 ' .
18345 IF Flel=2 THEN 18400 - : C
18350 IF Elel=3 THEN 18425 : :
18355 IF Elel=4 THEN
18360 Elel=0 ( ]
18365 QUTO 18455 -
18370 BD IF ,
18375 She-64 o L
18380 Sry=(-PZ/2)/S S -
18385 . 1
18390 aottmp—Pz : .
18395 GOTO 18205
18400 S-32° |, . '
18405 Shy=(Pz/2)/S . ‘. N ¢ _
18410 TPz o R
18415 PBottar0 | , C- g
18420 GQUTO 18205! . ‘
18425 SP-32 - . i . .
18430 Shy=(-Pz/2)/S
18435 Tp=0
18440. Bottamw—Pz o
18445 GOTO 18205! - - : \
13450 1 dekdekkkkkk DOT ON THE RIGHT ********** ,
18455 RPIOT -324S,845,1
18460 KR Xe=-33 TO -31 STEP .2 »
18465  YY=SCR(1-(3%¢+32)42)+8 o

- 18475 NEXT XX

. 18480 KR X¢=-31 TO =33 SIEP -.2

I'IA_MAL‘}’)\A’!\.LD
JD‘IBS !P %\L \nTroc o)

18490  RPIOT XS, YyS o :

18500 RPIOI--32%5,8%S,2 | ' & 3
18505 | sekicdnkiciickicokookokok ok ook ok ook i~




, f
18515 RPIOT -64%S,-8%S,1 (
18520 FOR Xe=65 TO -63 STEP .2 - : _
S18525  Yy=SCR(1-(30e+64)~2)-6 ' : '
18530  RPLOT Xx*S,Yy*S . ,
18535 NEXT XX . ‘
18540 FR X¢=-63 TO —65 STEP -.2 .
18545  Yy=-S(R(1-(0e+64)~2)-8 : . _ .
18550 RPIOT X¢*S,Yy*S ‘ o
18555 NEXI‘XX T . s
18560 RFI.OI‘ —64%G,-8%S,2
18570 !, . _ o
18575 RPLOT —-96*%S,Pz,1 | TOP LINE ) . Lo
18580 RPIOT =324S5,Pz,2 - | ' N
18585 RPIOT -96%S,-Pz,1 ! BOTTCM LINE
18590 RPLOT ~32%S,-PZ,2 ‘ , . T
. 18595 ! | . '
. 18600 RPIOT =324S,84S,1 | TOP TERVINAL LINE .
18605 RPLOT 0,8*S ’
18610 RPIOT 0,Pz,2 .
18615 mm-a*s—ats?'mmmmm. =
18620 RPIOT 0,-8%S
18625 RPIOT o,-m 2 , , - _
18630 REIURN < N S ~ .
18635 Full kridge 3in: !
18640 CFF ERRCR -
" : 18645 | Jokckiobork DC_ source ********** ‘ F
: 18650 Sh=-128 _ o -
18655 RPLOT Sh*S,Pz,1 : ' ‘
18660 RPIOT Sh*S,3.54S,2 : C
) 18665 RPIOT (~12+5h)*S,3.5%S,1 . ) Lo
74 18670 RPIOT (12+5h)*S,3.5%S,2 g
. 18675 RPIOT (-6+ch)*S,-3.545,1 - , -
18680 RPICT (6+5h)*S,~3.54S,2 . _
18685 RPIOT Sh*S,-3.5%S,1 . ‘-
18690 RPIOT Sh*S,-Pz,2 : . .
18695 RPIOT (~8+5h)*S,10%S,1 ' . , .
™y, 18700 RPIOT (—4+5h)*S,10%S,2 :
. ) ‘18705 RPICT (-6+5h)*S,124S,1 -
- 18710 RFICOT (-6+Sh)*S,8%S,2 : '
i 18715 RPLOT (-8+Sh)*S,-10%S,1 : : , ,
18720 RPIOT (-4+5h)*S,=10%S,2 :
18725 | " ; .
18730 Shr-96 , . RN
18735 Sty=(Pz/2)/S ’ .t : SR
— 18740 Tcp=Pz — . S -
' 18745 Bottan=0 g ‘ : ‘
SR . 172 W S dedededckdodedddekk s,m Fedcedededededcdchedcde '
18755 Elel=Elel+1 :
18760 RPIOT Sh*S,Top,1 g .
18765 RPIOT-Sh*S, (Shy+13)*S : aty,
18770 RPIOT (+14.3+5h)*s, (~4+5hy)*s,2 v ' -
. 18775 RPIOT (-1+5h)*S, (-11+5hy) *S,1 .. -

4
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18780
18785

18790

18795

18800

18805

18810

18815

18820

18825

18830

18835

18840

18845

18850

18355

18860

18865

: 18870
u 118875
18880

19010

4

\

FR X¢=-1 TO 1 STEP .2
B=SR(1-Xx¢2)-11 .
RPLOT (0stch) S, (Yytehy) *S

NEXT Xx :

FCR X1 TO -1 STEP -:2
- Yy=SR(1-%¢'2) -11

RPLOT (X¢45h) *S, (YytShy) *S
REXT Xx

RPIOT (~148h)#S, (~11+5hy)*S,2

RPLOT gh*S, (-12+5hy) *S,1

RPLOT sh*S, Bottaom, 2

RPIOT (1645h)*S, (~5+5hy) #S,1

FR X¢=+16 TO +14 STEP -.2
Yy=8(R (1~ (%x~15) “2)~5
EPLOT (X0etSh) %5, (Yy+Shy) 45

NEXT X% |

FCR Y14 TO +16 STEP .2
Yy=-SR(1-(X%-15) ~2) =5
RPLOT (Xx+5h)*S, (Yy+Shy)*S

NEXT Xx "

RPIOT (16+Sh)*S, (-5+ay)*S,2
IF Elel=1 THEN 18930

18885
- 18896 IF Elel=2'THEN 18955

IF Elel=3 THEN 18980

IF Flel=4 THEN 19005 - —
IF Elel=5 THEN 19030 '
IF Elel=6 THEN

Elel=0

QJI0 19060

BD IF

sh=-96

Shy=(-Pz/2)/S *

Tap=0

. Bottawe=-Pz .

G0TO 18750 -

S=—64 -

- Shy=(Pz/2)/S
Top=Pz o

. Bottarr0 |
GOI0 18750
Sh=64

Shy=(-Fz/2)/s

Top=0 |

Bottmp-Pz\, : .
GOIO 18750 .

177
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19045 Bottaw=-Pz

19050 GOTO 18750!

19055 b dekkddciikdck DOT ON THE LEFT sokkdickkiickickk
19060 RPIAT -96%S,10%5,1

19065 FR %¢=-97 TO -05 STEP .2 4 \
19070 Yy=SCR(1-(%xt06)A2)+10

19075 RPLOT X¢*S, Yy*S

. 19080 NEXT Xx

19085 FCR X=-95 TO -97 STEP -.2

19090  Yy=-SR(1-(%¢t96)~2)+10

19095 RPLOT XX*S, Yy*S

19100 NEXT ¥x

19105 RPLOT -96+%S,10%S,2

19]_10 1 *************************************
10115 |- dkkdkdckddkkx DOT IN THE MITOIE  %dkkhkkiik
19120 RPIOT -64%S,0,1 v
19125 KRR X¢=-65 TO -63 SIEP .2
19130  Yy=SCR(1-(%0e+64)~2)

19135 * RPIOT Xx*S,Yy*S

19140 NEXT Xx - :
19145 FR X%¢=-63-TO ~65 SIEP -.2
10150  Yy=-SCR(1-(Xx+64)"2)

19155 -RPIOT Xx*S,YW*S

3

) 19160 NEXT Xx

119165 . RPLOT. =644S,0,2

19170 ! . dekkdokdekdokdckdodkdkdodeddkkiodddkkkickk
19175 | | :

19185 RPIOT -32%S,~-10,1

19190 KR X¢=-33 TO -31 SIEP .2

19195  Yy=SCR(1-(%¢+32)~2)-10 .-
19200 RPIOT XS, Yy*S , —
19205 NEXT Xx , '

19210° R X%=-31 T0 =33 STEP -.2

19215  Yy=S0R(1-(%2+32)42)-10

19220 RPIOT X¢*S,Wy*S -

19225 NEXT Xx

19230 RPIOT -324S,~10,2 .
19235 ! dekckkkdookok koo ek
19240 !

19245 RPIOT -1284S,Pz,1 | TOP LINE

19250 RPLOT ~32%S,Pz,2 .

19255 RPIOT -128%S,-Pz,1 ! EOTTCM LINE X
19260 RPLIOT -32%S,-Pz,2

19265 !

As

19270 RFEOP-—9645;10%5,1- --TOP-TERMINAL-LINE -
19275 RPIOT 0,10%S
19280 RPICT 0,Pz,2

PP r c 13 - -
19285 RPIOT —64*S,0;1 SMEEOEE-TERENAL-LINE

19290 RPICT 0,0,2 |
19205 RPIOT--32%S,-10+S,1 ! BOITCM TERMDNAL LINE
19300 RPIOT 0,=10%S

19305 ' RPIOT 0,-PZ,2

Y

v

e owe
o .
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19310 REIURN
19315 Phasel rect: !
19320 CFF ERRR - ° o
19325 ! dekdckiciickk AC Soaroe  dkkikokodedikok , oL
19330 Sh=-102 , s
19335 Shy=0 , ' gt
19340 Top=Pz ' o :
19345 Bottaw-Pz . S et
19350 RPIOT sh*S,Top/2,1 - S :
19355 RPIOT Sh#S, (16+8hy)*S,2 . : . -
* 19360 RPIOT (=16+5h)*S,Sny*sS,1 . '
19365 FR Xx=-16 TO 16 SIEP .5 ‘
19370  *Yy=SCR(256-X%"2)
19375 Rpmr m)*s,(yws}y)*s
19380
19385 FCR xx-16 T0 =16 SIEP ~.5 . , :
19390  Yy=-SR(256-X%"2) ) v v
19395 RPIOT (Xx+5h)+S, (Yy+Shy)*S ' ‘ ¢
19400 NEXT Xx - , ' R :
19405 RPIOT (~16+5h)*S, (Shy*S),2
19410 RPIOT (Sh*S), (-16+58hy)*S,1 \
19415 RPIOT sh*S,Bottan/2,2 2
19420 RPIOT (-16+5h)*S, (20+Shy)*S,1
.7 . 19425 RPIOT (=16+Sh)*S, ( )4S,2
. 19430 RPIOT (-2045h)*S, (16+8hy)*S,1 L ’
. 19435 RPIOT (-12+5h)*S, (16+shy)*S,2 . . T T

19440 ! ' Yok dedededkkdekAdedcdekddekdododedededodekddolok dok dok dok
1450 Shy=(Pz/2)/S , e ' . :
19455 Top=Pz ¢ °
“- 19460 Bottan=0 * ‘
19465 | Fededdkedededekdedededodok ] dekddiohdokkkdkkk

15470 Elel=flel+l
19475 -RPLOT sh*S,Top, 1

“ 19480 RPI.OI‘ ShtS, (Sy+13) *S , ' v .
19485 RPIOT (+14.3+5h)+S, (~4+hy)*S,2 ‘
19490 RPIOT (-1+Eh)*S, (-11+Shy)*S,1

19495 KR %=1 T0 1 SIEP .2 . ' i
19500  Wy=SCR(1-0¢%2)-11 - .
19505 RPIOT (RMetSh)*S, (MyH+Sy)*S -
19510 NEXT Xx
19515 FR %e=1 TO -1 SIEP -.2 :
19520 Yy=-SR(1-Xx*2)-11 . N
. 19525 RPIOT (0eSh)#S, (Yy+Sy)*s : . | |
\ 19530 NEXT X \ * v
. 19535 'RFIOT (<14Sh)AS,(-)14Shy)*S,2 S S
' 19540 RPIOT ShiS, (-125hy)*S,1 . . ' Lo |
+ 19545 RPLOT Sh*S,Bottom,2: \ : , ' . -
19550 RPIOT- (16+5h)*S, (-5+5hy)*S,1 :
19555 KR XX=F16 TO +14 STEP~:2
19560 YWy=SIR(1~(%%-15)~2)~5
19565 . RPIOT m)s,w)*s
19570 NEXT Xx

+

[ I
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19575 KR %=+14 TO +16 SIEP .2
19580  Yy=-SR(1~(¥-15)2)5. .
19585 RPIOT (Xx+Gh)*S, (Yy+Shy)*S -
19590 NEXT Xx
19595 RPIOT (16+5h)*S, (=5+Shy)*S,2
+ . 19600 IF Elel=1 THEN 19635
‘ 19605 IF Elel=2 THEN 19660 A
-19610 IF Elel=3 THEN 19685 M N
19615 IF Elel=4 THEN
19620 Flel=0
19625 QIO 19715
19630 END IF
19635 Shr-64 .
v 19640 Shy=(-Pz/2)/sS ‘ ]
19645 Top=0
19650 Bottan=Fz
19655 @OTO 19465
19660 She=-32 '
19665 Shy=(Pz/2)/S ' .
19670 Top=Pz
- * 19675 Bottan0
: 19680 GOTO 15465!
19685 Sh=-32
19690 Shy=(-Pz/2)/S
19695 Top=0 -
19700 Bottaw-Pz -
19705 GOTO 19465!
19710 ! dekde Rt tctedede itk DOT AN THE mc;ﬂ‘ khkkkkkikkik
19715 REIOT =324S,-10%S,1 -
19720 FR X¢=-33 TO =31 SIEP .2
19725  Yy=SQR(1-(308+32)~2) =10
19730 RPIOT XS, Yy*S'
L 19735 NEXT Xx
. 19740 FR ¥%=-31 TO =33 STEP -.2
> 19745 Yy=-SOR(1-(¢+32)42)-10 |
19750  RPLOT XotS, Yy*S
19755 NEXT Xx
19760" RPLOT -324S,-104S,2
19765 ! *k*********************************** .
' 19770 | fekkkkkikkikkkik DOT ON THE ]’_EETk*************
19775 RPIOT -64*S,10%S,1 .
19780 FR X¢=65 TO -63 STEP .2
19785 Yy=SCR(1-(¢+64)~2)+10
19790 RPLOT X0+S,Yy*S
19795 NEXT XX . -
19800 FR ¥¢=-63 TO =65 STEP -.2
19805 Yy=-SCR(1-(Xx¢+64)~2)+10 o
19810 RPIOT XS, Yy*S

"

19815 NEXT.Xx

-18820—RELOP —64%5;1045; 2

1_9825 ! - i**k****************************
19830 ! . _

19835 RPIOT -102%S, (Pz/2),1 { ToP LINE -




19840
19845
19850
19855
19860

19865

19870
19875
19880

I 181
RPLOT -78*S, (Pz/2) ‘

' RPIOT -78%S,10%S

RPIOT -64%S,10%S,2

RPIOT -102%S,-Pz/2,1 «! BOTTCM LINE
RPIOT -784%S,-Pz/2

RPLOT ~7845,~1045

RPIOT ~324S,=10%S,2

RPIOT -64%S,Pz,1 | TOP TERVINAL LINE
RPIOT 0,Pz,2 o

19885 RPIOT ~64*S,-Pz,1 ! BOTIM TERMINAL LINE

19890 RPIOT 0,-Pz,2

19895 RETURN ’

19500 Fhase3 rect d: oo

19905 OFF ERRR ,

19910 1 . kdededededdehedededededed ke ik deddekkkdokddode ik kdkkodk bk kk
19915 Xd1=-3*Pz/2+(-152+16/SR(2) ) *S

19920
19925
19930
19935
19940
19945
19950
19955
19960

19965

19970
19975
19980
19985
19990
19995
20000
20005 “RPLOT
20010
20015
20020
20025
20030
20035
20040
20045
20050

- 20055

20060
20065
20070

20075 .

20080
20085

20095
. 20100

X32=-3#Pz/2+ (~152-16/SCR(2) ) #S
! Yekededededededk dekde PHASE C ’ISC m Sekkdedekdekk
RPIOT (-152#S)-Fz,Pz,1
RPIOT Xd1,Pz/2+16/SR(2)*S,2
RPLOT- =3%Pz/2-(152+16) *S5,Pz/2, 1
FR X¢=16 TO 16 STEP .5
YW=SR(256-3¢*2)
RPLOT -3*%Pz/2+(Xx-152) #S, Yy*S+Pz/2
NEXT' ¥x
RR X¢=16 TO ~16 STEP ~.5
Y=-5R(256-%¢2)
RPLOT -3%Pz/2+(Xx-152) %S, WiS+Pz/2 °
NEXT X
RPIOT ~3%Pz/2~-(152+16) *S,P2/2,2
RPLOT %2, Pz/2-16/SR(2)*S, 1
RPIOT -2#Pz=152%S,0,2

RPI_DI' (~3*Pz/2-152%5)~4 /SR(2) *S PZ/2-($R(2) *16+4/SR(2))
(~3%Pz/2-152%5) +4 /SR (2) %5, Pz/2-(SR(2) *16~4/SR(2) )
RPIOT (-3*Pz/2-152%5)~4/SR(2) #S, Pz/2-(S(R(2) *16~4/SR(2))
RPLOT' (-3*P2/2-152*5)+H4/S(R(2) *S, Pz/2- (SIR(2) *16+4/S(R(2) )
1 Kkdkddokkkkkdkkdokkkkkkikkkkkkkiokkkkkkkkkkik
! dkkiockiobiokiork FHRSE B, AC SOURCE #kinkinkiiokicick

RPIOT (-1524S~2+4Fz) 0,1’ “
RPIOT ((~152-16)%5-Pz),0,2
RPLOT ((~152-16)*S-Pz) ,0,1
RR ¥x¢=-16 TO 16 SIEP .5
Yy=SCR (256-30¢*2)
RPLOT ~Pz+ (¥%-152) %S, Yy*s
NEXT X
FR ¥%¢=16 TO -16 SIEP -.5
Yy=-SGR(256~%x"2) .
RPLOT -Pz+ (¥%-152) 45, WS S
NEXT' XX -
RRLOT ((-152-26)45-P2),0,2.
o

RPIOP -152¢_s,o’,2
RPLOT ~15265+Pz412%5,16%S, 1

\

&

5,1
%3,2
*3,1
*S,2

e

>0 -
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20105 RPIOT -1524S-Pz+20%S,16%S, 2
20110 RPIOT -152*S-Pz+16%S,20%S,1
20115 RPLOT =-152*%S-Pz+16%S,12%S, 2 .
20120¢ - dedededededdededededododedededoddekdedodekededok ke ke ddkdedededededededek

20125 Xdl=-Pz/2+(-152-16/SCR(2))*S

20130 Xd2=-Pz/2+(=152+16/SR(2))*S -~ 7
20135 -1 *****m*****mz;,mmmmm ¢

20140 RPIOT (-152%S)-Pz,Pz,1 .

20145 RPIOT Xdl Pz/2+16/S;R(2)*S,2

20150 RPLOT =Pz/2-(152+16)*S,Pz/2,1

20155 FCR X¢=-16 TO 16 STEP .5

20160 Yy=SR(256-Xx"2) :

20165 RPIOT ~Pz/2+(Xe-152) %S, Y*S+Pz/2
20170 NEXT Xx

20175 FCR X¢=16 TO =16 SI¥P =.5
20180 Yy=-—sm(256-»rz)

20185 RPIOT -Pz/2+(X¢-152)*S, YY*S+P&/2
20190 NEXT Xx
20195 RELOT -Pz/2-(152+16)*S,Pz/2,2 ’ : N

20200 RPIOT X32,Pz/2-16/SR(2)*S,1
20205 RPIOT -1524S,0,2
20210 RPIOT (-Pz/2+(-152-(SQR(2) *16-4/SR(2))) *S)—4/SR(2) *S, Pz/2+4/SR(2) 5,1
20215. RPIOT (~Pz/2+(~152-(80R(2) *16+4/SQR(2) ) ) ¥S)~4/SR(2) *S, Pz/2-4/S(R(2) *S, 2
20220 RPIOT (=Pz/2+(-152-(SAR(2) *16~4/SCR(2)) ) *S)~4/SR(2) *S,Pz/2-4/5R(2) %S,1
' 20225 RPIOT (-Pz/2+(-152-(SKR(2) *16H4/SR(2) ) ) ¥5) ~4/SR(2) #S,P2/2H/SR(2) *S, 2
20230 ! *WW**M*M**M*M
20235 Sh=-96
20240 Shy=(Pz/2)/S
20245 Top=Pz
20250 Bottamr0 i
20255 ! ! ************** m kdedkdk heddekkdkddk
20260 Elel=Flel+l * .,
20265 RPIOT Sh*S,Tep,1
20270 RPIOT ShiS, (Shy+13)+S
20275 RPIOT (+14.3+6h)*S, (~4+5hy)*S,2
., 20280 RPIOT (-1+5h)*S, (-11+Shy)*S,1
20285 FCR %=1 TO 1 SIEP .2 oot
20290 YySSR(1-Xx*2)-11 ) .
20295 RPIOT* (X+8h) *S, (Yy+Shy) *S .
20300 NEXT Xx )
20305 FOR X¢=1 TO -1 SIEP -.2 7
20310 ' Yy=-3R(1-X¥x¢"2)-11
20315 RPIOT (Xx+Sh)*S, (ma:y)*s
20320 NEXT Xx E , ¢
20325 RPIOT (~145h)*S, (-11+sny)*s 2
20330 RPIOT sh*S, (-12+Shy)*S,1 -
20335 RPIOT Sh*S,Bottam,2
20340 RPIOT (16+Sh)*s, (-5+5hy)*S,1
T 20345 FCR Y=+16 TO +14 STEP -.2

20350 Yy=SR(1=(0¢=15)22) =5

20355 RPIOT (e4Sh)#s, (Ywehy)*s
20360 NEXT ¥x \

20365 KR Xx=t14 TO. +16 STEP .

. ey



oo\

20370  Yy=-S(R(1-(Xx-15)"2)-5
20375 RPIOT (¥¢+5h)sS, (Yy+ahy)*s
20380 NEXT X

20385 RPIOT (16+h)*S, (-5+3y)*S,2
20390 IF Elel=] THEN 20435

20395 IF Elel=2 THEN 20460

20400 IF Elel=3 THEN 20485

20405 IF Elel=4 THEN 20510

183

. 20410 TIF Elel=5 THEN 20535

20415 TIF Elel=6 THEN
20420 Elel=0

. 20425 QOTO 20565
20430 END IF

20435, Sh96 )
20440  Sty=(-Pz/2)/5 :
20445 Top=0

20450 Bottome-Pz

20455 GOTO 20255

20460 Sh=64

20465 Shy#(Pz/2)/S

20470 Top=Pz

20475 Bottan=0

20480 QIO 20255

20485 She-64

20490 Shy=(~Pz/2)/S
Top=0 -

20495
“20500 Bottome-Pz

20505 QOO 20255
20510 She=-32 N
20515 Shy=(Pz/2)/S
20520 Top=Pz ]
20525 Bottan=0

. 20530 GQITO 20255!

20535 Sh=32

20500 Shy=(-pe/2)/3

20545

20550 Etth-Pz R
20555 GOIO 20255!

20560 ! m*mmrmmmmw*m'

20565 ° RPLOT ~964S,1045,1 "

20570 KR X=97 TO -85 SIEP .2

20575  Yy=SOR(1-(30496)42)+10

20580 RELOT Y0'S, WS

20585 NEXT XX :

20500 RR Xx>-95 TO =97 SIEP - )
20505  Yy=-SCR(1-(%+96)42)+10 f
20600 RPIOT XS, Yy*S

20605 NEAT XX

20610 _RPLOT —063S,10%6,2 . - - -

20615 ! dekdcickdeiciekodekdokdedeioiciokdodeedoioededocdoccdeicelok

20620 ! ******ﬂ*ﬂ**wrmmmzmmm

20625 RPIOT ~64%S,0,1
20630 KR X&=65 TO -63 STEP .2



184 s

20635  Yy=SOR(1-(0:+64) ~2)
20640 RPIOT Xx*S,Yy*S

% NEXT Xx¢

2 FCR X=63 TO -65 SIXP ~.2 0

‘ Yy=-SR(1- (30e+64) A2)

20660 RPIOT XS, Yy*S .
20665 NEXT Xx ,

20670 RPIOT -64%5,0,2
20675 ! : ' MWW

20680 ! -

20685 | dkddkkikkkik DOT ON THE BOTTOM  Fokiokdoieiokok

20690 RFLOT -32%S,-10,1

20695 KR X¢&=-33 TO =31 SIEP .2

20700  Yy=SCR(1-(Xx+32)42)-10 - '
20705 RPLOT XS, Yy*S

20710 NEXT Xx '

20715 KR Xx=-31 TO =33 STEP -.2

20720 Yy=-SR(1-(3%e+32)~2j~-10

20725 RPLOT 20048 Yy*S

20730 NEXT Xx . o
20735 RPLOT =32%S,-10,2

20740 ) deddekokdoddkdekodekdkdkdok ke dokkkkkdkdkidk

20745 .

20750 RAILOT -96%S,Pz,1 ! TCOP LINE

20755 RPIOT 0,Pz,2 (

’ 20760 RPIOT -96%S,~Pz,1 ! BOTTOM LINE
20765 RPLOT 0,-Pz,2 .

20770 ! - ~- \,/\)
20775 RPIOT (-152%S)-Fz,Pz,1 ! TOP TERVINAL EINE ~
20780 RPIOT ~128%S,Pz . -
20785 RFLOT -128%5,104S

- 20790 RPLOT -96%S,10%S,2 . ' ‘
20795 RPLOT -152%S,0,1 ! MIDOLE TERMINAL LINE C, .
20800 RPIOT -64%S,0,2 - . N
20805 RPIOT (-152*S)-2%Pz,0,1 ! BOITQM TERMINAL LINE "'q
20810 RPIOT (-& )-2*Pz,~Pz . -~ . A

20815 RPIOT ~138%S,~Pz :
20820 RPIOT -128%S,-10*S ~
20825 RPIOT =324S,=104S,2 , . .
20830 RETURN < -~ , -
20835 Fhase3 rect y: S . )
20840 - OFF ERRR
20845 !,
20850 Xdl=(~152-32)*S-Pz-16*5/SR(2) | : °
20855 . Xd2=(~152~32) *5-Pz+16+S/SCR(2) ‘ :
,20860 ! - Hickdkkkkickk PHASE A, mm*********** :
30865 RPIOT -Pz+(-152-64)%S,64%5,1 ~© o

~ —-20870 ~RPIOT Xdl, (32+16/S(R(2))*S,2
20875 RPIOT (-152-48)%S-Fz,32%S,1 , |
20880 FCR %=-16 TO 16-STEP .5_ .. . :
20885 Yy=SCR(256-%x"2) - , @
208%0 RPIOT -Pz+(0-152-32)%S, (yy+32)*s -

o 20895 NEXT Xx S L




+ 21040 RPIOT X2, (32-16/33(2))*8, T

5. 21155 RPLOT =152%G-Pz+(16+4)*S,-(32

185
20300 FRR X¢=16 TO -16 STEP -.5 ° :
20005 W=-SR(256-¥%x%2) - '
20910 RPIQT ~Pzt+(Xx=152-32) *S, (Yy'+32)*s
20915 NEXT xx
20920 RPLOT-(-152-48)*S-Pz,324S,2
20925 RPIOT X322, (32-16/&3(2))*8,1 )
20930 RPIOT -152#%S-Pz,0,2
20935 RPIOT (—152~32—32/sm(2)-4)*s-m (32H)s,1
20940 RPIOT (-152-32-32/SCR(2)+4)*S-Pz, (32-4)*S,2
20945 RPIOT (~152-32-32/SCR(2)~4)%5-Pz, (32-4)*S,1

" 20050 RPIOT (-152-32-32/S(R(2)H)*5-Pz, (32+4)%S5,2

20955 !
20960 XAl=(~152+32) %5~Pz+16%S/SR(2) -
20965 Xd2=(-152+32) *S-Pz-16*S/SR(2) (
20070 |
20975 RPLOT =Pz+(-152+64) %S, 64%S,1
20980 - RPIOT Xd1, (32+16/S(R(2) ) %S, 2
20985 RPIOT (-152+32-16)%5-Pz,32%S,1
20990 FR X¢=-16 TO 16 STEP .5

20995  Yy=SOR(256-X%"2) —

21000 RPIOT (-152+32+Xx) %S-Fz, (32+Yy)*s

21005 NEXT Xx - 0

21010 FR X%¢=16 TO -16 SIEP -,5

21015 yy=-SR(256-%%*2) .,

21020 RPLOT (-152+32430) 4Pz, (32+Yy)*S

21025 NEXT ¥X. ’
21030 RPIOT (=152+32-16)#%S-Pz,324S,2

"21035 RPIOT (~152+16)*%S-Pz,324S,2 ’
21045 RPIOT (~152%5)-Pz,0,2

21050 RPLOT (-152+32-4)*S—Pz (3z+32/saz(2)+4)*s 1

+ 21055 RPLOT (-152+32+4)*S-Pz, (32+32/S(R(2)-4)*S, 2

21060 RPIOT '(-152+32-4)*S-Pz, (32+32/SR(2)~4)*S,1
21065 RPLOT (-L52t32+4)%5-Pz, (32432/SR(2)+4)4S, 2

-

~

eedekede e dedok Akdk ok dedokdk dekok e dede dek e dedededededededete

A\

2107 dedehdeokddhkdokddoded ek ko kdokdeldekhkdekdekdek e dekdedok

21075 1
21080 RPIOT -152%5-Fz,0,1

21085 RPLIOT =152%G-Pz -(32*902(2)-1§) 43,2

21090 RPIOT -Pz-(152+16)%3,~(32+53R(2))*S,1
21095 FCR %x=-16 TO 16 SIEP .5

21100 ' Yy=SOR(256-%¢"2)

21105 RPIOT —Pz-(152-XX) %S, - (324SQR (2)-Yy) 45 -

721110 NEXT X%
21115 KR Xx=16 TO =16 SIEP -.5

21120  Yy=-SQR(256-%¢°2) - -
21125 RPIOT -Pz-(lSZ-)b()*S ~(32+R(2)-W)*S,
21130 NEXT Xx

21135 RPIOT -Pz-(152+16)%S, -(32*9:12(2))*3,
21140 RPIOT -Pz-(152) *s,-(32*saz(2)+16)*s 1
21145 RPIOT -Pz-(152)#S,~Pz,2
21150 RPLOT. ~15245-Pz+(16-4) %S, (32

21160 RPLOT ~15245-Pz+164S, - (3245QR (2)+16~4) #5, 1

4

R(2)+16)%S,1
(2)+16)%S,2

v

A

AR

%&’su‘u"x <
Py & - 3 L



- 4186 -
21165 RP[DI‘ -152“S—Pz+16*8 (32*&}2(2)+16+4)*S,
21170 ! mﬁﬁfmmmmﬁmmnéﬁm
21175 Bo: ! i -
21180 - Sh=96 '
21185 Shye=(Pz/2)/S
21190 Top=fz .
21195 BPottar0

. 212m ! dedededekdcdekdokdodohok SWITCH #okdkkdokdekdokkhk
21205 Elel=Flel+l : -
21210 RPLOT Sh*S,Tep,1 .

21215 RPIOT Sh*sS, (Sy+13)*S -

21220 RPIOT (+14.3+5h)#S, (~4+Shy)4S,2

21225 RPIOT (~34Sh)*S, (<11+5hy)*S,1

21230 RR X¢=-1 TO 1 STEP .2

21235 Yy=SR(1-Xx"2)-11

.21240 RPIOT (Xe+Sh)#s, (YyHshy)*S

21245 NEXT ¥x

21250 KR ¥¢=1 TO =1 ‘STEP = - ..

21255  Yye-SOR(1=Xx*2)-11 ] :

21260 RPLOT (Xe+Sh)*S, (Yy+Shy) *S ‘

,23765 NEXT Xx

2 KPLOT (~145h)*S, (=1148y)*S,2
21275 RPLOT ShiS, (=12+5hy)*S,1 ~

21280 morwsmttmz )

21285 RPIOT (16+Sh)*S, (~5+chy)*S,1 )
21290~"FCR ¥e=+16 TO +14 STEP -2

21295 YW=SR(1~-(%=15)*2)-5 n
21300 RPIOT (XetSh)+#S, (WHshy)+S

21305 NEXT X¢ A
21310 Ye=t14 “TO +16 STEP .2

i

< 21315 ¥ Yy SOR(1- (¥%-15) *2) -5 {

21320 RPIOT (Xx+5Sh)*S, Wﬂwy)*s
21325 NEXT ¥x

21330 RPLOT (16+ch)+s, (—5+§!y)*s 2
21335 IF Elel=1 THEN 21380

21340 IF Elel=2 THEN 21405 .
21345 IF Flel=3 THEN 21430

21350 IF Elel=4 THEN 21455

21355 IF Elel=5 THEN 21480

< - 21360 IF Elel=6 THEN —-

21365. Elel=0 ‘ -
. 21370 . GOID 21510

21375 END IF

21380 Sh=-96 T

21385 91&-(-?4/2)/5 . . =
2133, Top~0 - .

21395 B:ttatP-Pz

" 21400 GOTO 21200

21405 sh=64
21410 Shy=(Pz/2)/S
T 21415 TopePz
21420° BottamQ
21425 GOTO 21200 .

. o
Rl



‘ . e 187 : |
21430 Sh=64 ST o ' \ -
21435 ﬂw—Pz/z)/s L
21440 \ ~
. 21445 B:JttcnP-Pz / B -
21450 GOIO 21200 : .
21455 She-32 - , "
21460 Shy=(Pz/2)/8 S :
121465 Top=rz . o
21470 Bottar=0 > :
21475 GQOIO 21200} )
21480 | Sh=32 . .

21485 " Shy=(-Pz/2)/5 .

21490 Top=0 - L . i ~ .
21495 Bottaw=Pz T : o - .
. 21500 QOTO 212001 ‘ ' -

21505 ! sk DOT CN THE m Aededcdededcleideiok

.21510 RPIOT.<96%S,10%5,1' | -

21515 mg)oca-eno-essmp 2 > o .
21520 - YY=SQR(1-(Mx+96) 2)+10 , : .
21525 RPIOT Xx*S,Yy*S , : : -

21530 NEXT ¥t ¢ S - -

21535' FCR X&=-55 TO ~97 STEP ~ . o
21540  “Yy=-SCR(1-(X696) Az)+1o ' ’
21545 RPLOT XokS, WS ‘ -~
21550 NEXT Xx . < .
21555 REIOT -964S,10%S,2 X

21560 ! mmm*******m*m**ﬂww

-Hrk*********** DOT IN THE MI_mI_E dokkedekddedohk Rk de

21570 RFLOT -64%S,0,1 - : -
21575 FR %65 TO ~63 SIEP .2 - . ;o ‘ .
21580  Vy=SOR(1-(%e+64)72) e - y

21585  RPIOT XX*S,Yy*S

21595 KR Xx¢=>63 TO.-65 SITEP

—.2

.

’ 21685 ! . id
k216%! . ) . ,_."’1', .\.AU

. 21590 NEXT Xx ’ Q}ﬁé

- 21600  Yy=-SCR(1-(X¢e+64)2) ’ - ..
21605 RPIOT X08S,Yy*S v ) ‘ .
21610 NEXT Xx ' . ) -
21615 RPIOT -64%S,0,2 , . :
21620 ! Fekkddehkdeddokdedokdok dedededok Rk kdok dedodokedede -
21625 | - v . , .
21630 | dkkhddicikihdok [;orqq THE BOI'TCM  deddehohdohdedok bk - . ‘
21635 RPIOT -32%5,~10,1 y N A
21640 FR X¢=-33 TO =31 SIEP .2 : e ‘ -
21645 W(l-()b&.’.%?.) A2)-10 ' ) , . ’ . '
21655 NEXI‘»(
21660 RRXx=-31 TO =33 STEP - 2 . : o - o
21665 ’YP-SJR(l-(}b&32)"2)-1O ) JE ) o ‘ -
21670. RPIOT )bt*S,Yy'S .. ‘ - t ‘ ‘
21675 NEXI' »*x : o cow T

. 21680 RPI.DI‘_-32*S,—10 2 . ‘. ' .

N . v . 3



. h — - - ]
¢ ¥ _ .
S 188 o
C - o~
X .7 21695 RPIOT -06%S,Pz,1 ! TOP LINE . '
21700 RPIOT O,Fz,2
; 21705 RPIOT -96*S,-Pz,1 | BOTIKM LINE - : .
: 21710 RFIOT 0,-Pz,2 . > _ L ‘
' 21715t - ‘ ,
21720 RPIOT- (—m-a)*s-m 64*S,1 ! TOP TERMINAL LINE : ) .
21725 RPIOT. (-152-64)*S-Pz,Pz '
21730 RPIOT -128%5,Pz ’
21735 mor-m*s,m*s L )
’ 21740 RPIOT -964S,104S,2 - S ‘ - _
21745 RPIOT (-152+64)*S-Pz,64*%S,1 ! MIDDLE TERMINAL LINE =~ - . C ~
- 21750 RPLOT =1524S,64%3 B : : *
21755 RPLOT <1524S,0 - ’ ST .
21760 - RPIOT' -64%S, o,2 T o L ]
g 21765 RPLOT (-152%S)-Pz,-Pz,1 1 BOTTOM TERMINAL LINE -
21770 RPLOT (-128%5) ,-Pz -
21775 RPLOT ~128%S,~-10*S T T . co
21 RPI.DI'-32*S- ~10%S,2 . .
cast e . 21785 - RETURN - e . IR ‘
21790 ! ) - o , : .
21795 Exx1l:ALFHA CFF o oo )
21800 BEEP ) L ' « - ‘
21805 RETURN, . : . . ;
21810 En: ! ' = :
21815 GINIT, S . -
- . 21820 DEG . : . ) ¥ ‘ #

: L—
L \

-~ - -

21825 CFF KEY S . .
. 21830 CFFKED ~ ‘ R - ,
' 21835 WINDOW 0,131,0,100 o . e - -
/21840 MNE 60,50 “ . L
~ 21845 FR I=30 TO 0 STEP -1 K ‘ : ) .
21850° Fb=I*2 - ‘ : _ - o
21855 PIVCT Bb : a ‘ - o
2186Q PN 1 ot SR ) ‘
21865 FOLYGIN I+2,8 ' :
21870° FEN -1
21§75 FIMT B : -
21880 FOIYGN I+2,8 - . :
21885 NEXT I / ‘ - | : .
21890 PIWT 0 ..t ' - )
- 21895 MME 0,0 - ] : . .
Cos , 21909 mzm,mom .
' 21905 MOE 55,50 ' .
21910 ' CSIZE 10,.2
- . 21915 PN=~1 . ° R '
21920 IABEL "GXD-BYE" g
21925 FOR I=81.38 TO 5126.94 STEP 81.38 o
21930 EeEP I,.007 R g -
21935 me o A ‘ N
- 21940 Enl:GCIEAR ' -
T, 21945 wmmz:snsa'm KEY"6822$ 1 L ‘ o
21950 lanwcmmrmmmm . o v -
2195 BD : - - 3




A} N ' - . r M *
’ . . - oy '
1] * » - B
- e N . . n . X .
. . . R - P
- . . .
. . N . v -
. . - L] v
‘..T’ 3 N . - . *
: ~ . 1189 ‘ ' —
N i * - :
. .
. ' B ) ‘
~ ~
- .“ . - ‘ f
. *
~ - .
; .
) -
R . .
- © 7
- W£Y * [} - -
4 . = -~ B
- N - '
: A | © APP ‘ |
. 4 -
L .
. . ' - ' T Y
. . N i
-
.
—— - - . ’ - -
. .
s . . «
. - - €- -
-~ N :
N . -
' -
. ) . ¢ -, - ’
a : S
.
~ . . '
. . : i ’
‘ . LA ! k . '
] ) ' ‘
. hd '
— - R
[4 ' ’
. ' i
“ = o~ ’ : )
. . P
<
”~ ! b e
h e
~ . - . J . A
-
- , . =g - -
K - b ° s
] - '
- . :
P PEEEN * ' [y A ’
. . s . * ~
. . . ; - S -
- ‘ * ‘ )
-—
) ~ -
. . . . =
- ¢
L3 * h
.
v ' T '
“ N ’ h ‘ '
. - 3 - . '
- N v N
- - e ' i
. . h .
~ . .
~ ! '
- - * - - .
. N % ’
. » ' TREE-LINK PROGRAM ' '
v M . . ) , T T e -
. A -
' L )
i, N - ! ' A
’ = ' -
4 * . ‘ . L .
) - ) '
‘ 0 . - - ’ '
- f . . ' c '
-~ - . . . . .
» N .
- . )
. ' - .
, . ’ u
- N ‘
. . Lo . . v / CoT -
e ‘ . L]
! ! :
- » !
- ~ . " “ ' - )
R - L4 . ! -
- ~ ‘ al
F . L,
. £ - A R . [
« ° * ‘
~ . . . - : . .
/ ~ - ' :
. o P - -
| . . N - " s
L3 ~ . = -
. - - N . . .
L [ .
- . M ’ ! - . i
v .
‘ . . o - -
. N .
. ! N . . ’
’ . ~ i - . .
= - -~ - -
. ¥ h - ‘ - '
- - “ ’ “
. . , . » — id ' S
. - -
) ' ’ .
N R . - - - .
. . . . .
. . : f ' © . : ‘
N . . . . .
- N ” . N N N a * -y '
. 4o e . . PO [t
. . ‘
ra - 0 . - * ~ = cT ’ '
N . . s
v - - 0 . . , v L]
' - . - ' 4 ’ * . ' ' .
. . = - - ..
- N - ' ! ”
P ! B
. . - b - -, [
. Y ) [ ¢ [ 4 - . o .
- . - - ' -
N -~ M B , . '_\'1 . ‘ N A .
[ . . ) ‘ ’ . N ‘ ' *
, N . . / B >
. . . . “ v o . ‘
\ s . i [ - . R N
- i . . ) o . ' - ¢ N -~ : ‘- ’ '
. - X . . R ‘ . )
N ’ N - . ’ i
. R . - . ’ ‘ * ’ ) -
. , Ca - ’ ‘ | . ) e ‘. ‘.
N - v - “




- 180
5 1 tehddoiohkihickkik ok 1
0! * *
. 15 * * TREE-LINK @ #FROGRAM:- — - = %
- 20! ’QEDG BASIC 2.0 (R 3.0 WI’H{ EXTENCED | GRARHICS *
25! * *

-

35! FROGRAM CHECKS WHICH HP BASIC VERSION IS BEING USED
- 40 IF VAL(SYSTEMS ("WERSICN:BASICY) )=3 'IHEN Bas3=1 .

45 . QUTEUT 2;CHRS(255)&"K";. .

50 DIM Zx$(8) [10] ,Cat1$(50) [80],Pb$[80] l-mu$[3°]

55 mmn E(70,200) ,Ss,Li,Hi,Xx1 (40) , Yy1(40)

60 (1000) 1-:2(70 200)

65- mmzx (12480) , Screen2 (12480)

70 INIBGFR Screens (12480) , Screend (12480)

75 S11$=CHRS (255)&G{R$(80)&GR$(255)&GW(88)

80 S22%$=CHRS (255) &CHRS (88) &CHRS (255) 5CHRS (67)

-85 OUTEUT 2~su$&"samm m'agzﬁs, ! samm KEYS
"90 GOI0 100

95 Starq:mgmnl I

-~

lm Tz

105 V01t333=1

110 »ax=1 - —
. 115 IEG

120 WINDOW 0,800,0,611 L
125. GRAFHICS OFF . - —-
130  AIPR CFF e
135 N ERRR QUTO Bxtendy -
140  RECTANGIE 0,0
135 COFF BRR
150 °~ GCIEAR
155 .GOIO Startpro '

-~ 160! TIF EXTENDED GRAFHICS IS NOT ICATED
"165! THE PROGRMM IS ARCRIYD ’
170 Exterdiy:GRAFHICS (N .

175 CSIZE 6,.3 )

;180  MNE 20,70
185 mm"m mn&nmmcs" - .
190 MME 20,60
195  IAFEL "RCR THIS BFROGRAMM
200 MWE 40,10
205 I.AE!L"****PROGRAM ABORTED****"

1

210 WAIT15 . -

215" , GOIO Bl .

220 Startpro: ! SIART PROGRAM ~ ©

225 4

230  GFF KEY .

25 GIAER : : - S :
© 240 GRAMISON : °
. 7 245 mn ' ,

255 cmsa)-'"'

mmwmm



v {, # .‘v ° , v > ~
. 191 S o
265! ommmmmmmmm e
_ 270!" 'THE DATA IRJVE , . .
275 QT TO Cat1$(%) - SR AN
" HihiS=SYSTEMS('MSIM)&" "~ ’

‘ 285 IF Cati$(1).[9, 13])="FPROR" mguﬂdﬂ:s 15]-P'1" THEN
290 .- MASS SIORAGE IS ":INIERNAL,4, 1" )
205 * EHAEE, Ny
.T308 TF Cat1$ (1) [9, 13]=""FROGR! AND nﬂds.“us 15]<>"1" 'mm 313
, 305  GOTO 35Q
310. PDIF - -

315 Hihig=m : A R .
320 HihiS-SySTEMS(MEIM)E" " . S
S 325  IF Hihi$(15,15)="1" THEN ,
. « 330 . MSS SIORAE IS ":INIEREL,4, o 2
335~ ELSE P >
340 . MASS SKORME IS "INERGLAL ,
35 RO IF '
: 350 (SIZE 5,.4 | .
' 355 MOVE 400,400 e T
e “ 360 _ IAREL "HBCKING KR CIRQUIT FIIES" - ' |
. - 365! OF CIRCUTT FIIES STORED ON THE DRIA
- 370! DISK ARE DISPLAYED N THE SCREEN

375  MAT Catl$="("") '

« 380  CAF TO Catl$(*) ;SELECT V! "m.m'mmlm

385 IF Nn=O THEN ~

. 390  ME 400,350

. 395  IAREL "SORRY, NO CIROUIT FIIES FOUND"
. "© 400 . WAIT 10

405 @oOEBE @ .

5 oIER ~ =z
- 420 CSIZE 4,.4 X i
v 425 MNE 500,100 : i 0
. _ .430 IAEFL “PLFASE ENIER FIIE NAME" - -
.- 435  CSIZE 2.6,.8
{ 440 MVNE 145,565 -
SN . - 445  IABEL "NO. FIIE NAME" -
_ 450 . ME 154,545 4 “
. ~ 455 FRIOTOM - ' / . -
: 460  IF Catl$(I)="" THEN 475 A
N . 465 ©  Nnl=Nnl+l . ' .
| ' € 470 IABEL T+1;"...";Cati$(I) (2, 10] : ) )
- : 475 NBT I
’ 480° ALIOCATE Arr(7,2) o
485  READ Arr(*) , -
490 DMIA -32,8,1, -0,8,1, . 0,161/ - .
- 495 DAIA 0,-16,1 0,-8,1, =-32,~8,%, ~-32,8,2 ) . )
T 500 RESICRE - - ' '
. 510 . OFF FRRR o '
, 515 GRAPHIGS ON . .
. 520  CLIP 8,792;16,586 ; s,
o« K




g C— . 192
530! _m****mumm*ﬁ*m**
535! *mmmmmmm*v’ : : .
540! * _INOMDMRY .. % oo — e
. 545) ***H********************** . R
550 B0 . ' ; ’ s
55555& ! ‘ ' . . v .
560 * CSIZE 3,.5 - - L .
565  AREA PEN 1 . ,
570! A IARGE ARROW- IS [RAWN BESHE THE . -
575! (DHI’NG"FIIE'NAMES
580 MNE BBy
) 585! .'I!-IEMISIBED’IDMNE'I}EM - .
7 5901 VERTTCALLY FOINTING AT FILE ‘NAMES .

/ 505  SYMBOL Arr(*),FIIL -
600’ mm.moomxyz
[ ¢ * GOSM . i . L
. 610 mmm—* , . . ) N "o
615  Ppy>=Rpy - ’ o
, ¢ 60 TFooAw . : oo ‘ 1 ,

6307 N KED GOTO 650 o
635! THE NIMERICAL KEYS ARE USED TO MVE THE

640! ARROW IN JUMES FROM FIIE NOMEER 1 TO 10 KR

645! QUICK SELECTICN CF FITES

650  AoS=KEDS .
655 IF erl R WQH m lev m W%n m Wusu R Atﬁ="6" m ’
R Rﬁ="8“ R Ab$=l|9n R Ab$="0" THEN - .

- 660 Ppy=554-( (VAL(ALS) =1) *16) , , - .
665  IF AbS="0" THEN Fpy=410 : .
< .. 60 CFKD ,
-, 675  QOIO 1080 S
680 END IF . -
685! mmummwrmmsmmmmmcmm . .
‘ . 690! mmmmmmmmmmmnmzam S

695! QUICK SELECTICN OF FILES
700  IF AbS="IM CR AbS="@" (R AbS="§" (R AbS= ss.mAbse'%" R Mgt R A=
© g (R ABSHRY CR ADS= " R Abg=in) 'IHEN '
705 - IF AbS="I" THEN Ppy=3%4 ‘ ' T
710 ~  IF AbS="@" THEN Ppy=378 ' :
715 IF AbS="#" THEN Ppy=362 . : -
720 IF ABS="$" THEN Poy=346 -
- 725  IF AbS="3" THEN PB=330. : "
* 730 IF AbS="" THEN Ppy=314 ’
735  IF AbS="&" THEN By=298 .. . '
740 IF AbS="#""THEN Ppy=282 e
745~ IF AbS="(" THEN Ppy=266, :
) . 750 H‘Abs-")"mw .
e . 755 . CFF KD v -~ . iy
S, 760  GOTO 1080 . - T
e - 765 BOIF ~ g
.~ . 7 =70l PRESSING THE CONTINUE KEY WILL FORCE .
‘ 775! THE FROGRAM-TO IGNORE ‘THIS.ROUTTNE S b
. el mmwmmascnwrr : < o

¥,




o

)

e

S . 183 .
785! AND G0 BACK O BEG '
<790 IFAb$=Q-R$(255)&"c"1}E~IB\1 : .
795! mmsmsmmmmmmm 1
‘800! IARGE ARROW TO THE TOP OF THE SCREEN . | -
805 FW(K)&"I"M& . AT
810  Ppy3s oo : .
815.° CFF KBD . ‘ - ‘
820  GOTO 1080 . ' : P
825 BDIF - : . )
830! mwmmw«mm -
-/835! WILL MNE THE ARROW TO ‘THE BOTTCM OF THE SCREEN R
840  IF AS-CHRS(255) &"W!" THEN . A
845  Ppy=554 '
850  OFF KD ‘
855 . ' GOIO 1080 . SR "
860 ENDIF - e ' 4 X o
. 865! UP ARROW KEY IS USED TO MNE THE
" 870! ARROW UP ONE FIIE NAME AT A TDME -
875  IF AbS=CHRS(255) 8" 'n%x .
880 = CFFKED .
885  Y=¥+16 |
890 - mmmsaiwwmaegz .
895 mm‘ * - 5 ‘ [ ‘
900 - @O0 1080 o VA
.~ 905 BDIF : <
* 910! mmwmnﬁmmmm N
915! ARROW DOWN CNE FIIE NAME AT A TIME - ’ : ‘ .
920 | IF AbS=CHRS(255) &'V THEN ' ‘ ‘ -
925  ¥=Y-16 ‘
930  IF Fpy2+Y<38 (R m»ss:s THEN eap
935  OFF KBD ’ <
940 .GOTO 1080 - . - : - N
945 BDIF S
950! - PRESSING THE ENIFR KEY¥ WILL ICAD THE o _ .
955! CIRQUIT FIIE INDICATED GRAPHICAILY ' .
960! BY THE LARGE ARROW ‘ ' : e
965 IFAb$=am$(255)&"e' - , ' o
970  CSIE 4,.4 \ ' Y -
975 IF(5'70-Ppy)/16>M1’IHEN - _— ,
+ IF'P=1 THEN Enl .. ) ) -
PN -1 . A
MXE 500,100 . _ b
. IAEEL "PLEASE ENIFR FILE NAME" :
PEN 1 - o
MWE 500,200 . 7
'Lm"smmrAmEazmmvmm" _
=1 ’ . S T
1020 GO0 By2 . - _ . o
125 BOIF : .
- 1030 z$=cat1$((554-rpy)/16) [1,101 o R
1035 MNE 510,80 . . ) T
, 1040 _ IABEL, "THANK-YOU" .
1045  WAIT .5 . - : T _
-



W o e

SN — -~
_ &
| S Y A o
' w BDF . . R 4 (\ :' - .
1060 By2: 1, o ; :
1065 . Mm(*(-ls) ../ . - - - -
1070 IF Y=O THEN Bac2f - e ' - L
1075 IF Ppy2+Y<38 R Y>554m;NBagz SR '
12080  IF Vo0 THEN L 4
5  AREA PEN =1’ - ‘
PN -1 L ‘ -t S L.
1095 * MNE B, Poy2 . .~ \
1100 SSMDLArr(*) FIIL , , .
105" PopRpp+Y ;o \ I
1110  MVE B, By : S '
1115  AREA FEN 1 o
1120 PN 1 - -t
1125. — SYMECL Arr(*) ,FILL : .
1135 EISE " : " . .
1400 mm«ﬂ . o SR p
, ‘1145 mq 91,‘ oL "~ R . X Nl . M
1155 - SYMBOL Arr(*),FILL C -
1160 " AREA PN 1 - ] - .
1165 BEN1. | e
1170 Foy=pyy C e
175 . MEBRXBY 7 .
1185 - SYBIL Arr(*) FIILL _
1190 BDIF. . G .
1200 Rec: | CHBECK DATA FLOPPY DISK S
1205! THE PROGRAM QIECKS 4 OTHER CIRUIT . —
1210! mssmmmasm - -
1215//1F ANY ‘ . _ : .
1220 GUIEAR R ~ ' S .
1225 MWVE 40Q,400 . _ AV
1230- IARFL, CIRUIT FIIE ";2§(2,9) S / L e
1235 ®Datal=0 | FIIE "IFIIE-NAE": P WAVERRS =~ -
1240 Deta2=0 | FIIE "2FIIEAWME"; FM WAVERR'S ' : A
1245 Data3=0 ! FIIE "3FILE-NAME"; FARAMEIERS ex. EASE FREQ , ST
1250 Detat=0 | FIIE "4FIIE NAVE'; TREE CIRCUIT . ¢
12601 ‘THE 4 DATA FILES HAVE AY IDENTIFICATICN T
1265! CHARACTER APFENCED O THE CIRCUIT FIIE NAME - .
1270 O TO Cat1§(¥) ;SELECT “1"62$(2,9],CONT N0 HEADER - - - . |
1275 IF Ne=l THEN Datals] - o :
1280 AT ‘TO Cati$(*) ;SELECT "2¥62$[2,9); camm,mm g v S
128§ IF Nl THEN Dataz-=1 .
1290 CAT TO Catl$(*) ;SELECT "3"&z$[2 93,cxmrmmm
1295  IF Neel THEN Dartad=l
. 1300 OXTTO Oat1$(*) st-:tm'%"&zs[z 93, cunrmmm . ,
1305  IF Ni=1 THEN Datad=) v *
1310 ~ MAT'B= (0). | , T — -
I . - - ? N &
' ; N / i ¢ e .‘“‘3
! . o~ 5



e o

1315 COFF KUB p C -

1320 GCIEAR ) -~
1325 ASSIGN @rath TO 2$ ¢ ;

1330 ENIER @Rath;Li - >
1335 ALLOCATE INTEGER El(Li-1) . . :
1340 ENIFR €@Rath;EL(*) - - ' .r" Lo
1345 ASSIGN @Féth 1O * SRS -
nso'msmmcmmrrmmmrsm :
1355! BACK TO A REAL NOMBER

"1475 DEALIOCATE El(%)

. 1480 [EALIOCATE Arr(*) _ -
1485 * ALIOCATE Values(Zzc) ,Elem label$(Zzc [9] Waves(ch) (9] . .
1490 AIIOCATE INTBGER Elemert2(Zzc),X1(Zzt),Y1(Zzc) XZ(ch) Y2(ch)
1495 ! -

o 1500! THIS RUTTNE " o

E=Y

1505!- mmmmsmmm
1510! IF IT EXIST )
1515 IF Data3=1 THEN < '~

° ! v

1360  S=F1(0)/100 \ C o :
1365 K=0 : ' . i
1370 ! : ‘ '

1375 Cawverter=0 - <
1380! CREATING THE E ARRAY ; b
1385 Zzo=l ‘ i _

1390 FCR I=1 TO Ii-) STEP 5 - . e
Lrs IF ¥=E1(I) THEN , -
J=FH4 T .
1405 BISE - - A
1410 J= 0, 0 v
"--1415  Ome=Ometl ‘
1420 BD IF —~—

1425 ZzoZzohl !  ESTDAIE # OF "o ' - - "
1430 KEL(I) : : .
1435  E(EL(I),0)=E(EL(I),0)+1 - : : '

1440  E(EL(I),J-3)=F1(I+l) )
1445  E(EL(I),J-2)=E1(I+2)

* 4450  E(El(T),J-1)=E1(I+3) - T '

1455 E(EL(T),J)=EL(I+4) . , -
1460 NEXTI ) : ‘ : -

1465  ZzoTzc%a-

1470 GCIEAR

1520  ASSIGN @Path TO "3"§2$[2,9]

1525  ENIER @Path;0on;Npoints;Limit;Dt;Base freq

1530 ENIER @Path;X1(*);Y1(*) ')Q(*) 1Y2(*); Eleta'ltZ(*) ;Values (*) ;Elem label$(*)
. Waves (*) ,Gating waveS, Carrier wave,Mod | vave

1535 REM QUIHUT @rath; Ctn.bbomts Imit‘Dt'){l(*) TY1(%) X2 (%) 'Y2 (*) ;I.lala'r&(

*) ;Values(*) ;Elem 1abe1$(*) iWaves (%) —

1540 -“ASSIN @Fath TO , .

1545 Gatz&-(htuqyavas : ~ - .

1555 M_VFI‘N_VBVE -

1560 Valtage=l - R L ..

1565  ToyclessDtifase fregiyoints - ) L

: B . » D

N \ B



- -
- LY

‘1570— - IF Valdes(0)<0 THEN Volta;-Valms(O)

1575 BOIF y

1580 !) P ¢ R ~

1565 Bt progem: | -
1500 ! C

1640! *CQUTFUT WAVEFCR'S FCR 1-FHASE (R 3-RIASE RECTTFIER *
51 dedrkdhiiiinkdiddodok ok kokdddokhdokdoodok ook koo ok kedekkedook

1655! ROUTINE TO CREATE QUTRUT VAVERR'S CF -~
1660! A SINGLE AND 3 FHASE RECTIFIER '

1665 Rect wave;. | FCOR FECTIFIERS

1670 eati:q_»avase'sm" :

1675 o
1&0 M m J'.:'Fs) Y

1685 ALIDCATE Wril (Npoints)

1690 IF Coverter type=0 THEN

1695 . KR I=0 TO Npoirts

1700 Az)=ABS (SIN(360*Base_freq*T*Dt) )

"1705 . Wnl(I)=Azl °
1710 NEXI‘ I
1715 BDIF
1720 - IF typ@lmmwerterwm

1725 FR I=0 Tp Noints

“1730  Az1=ABS(KIN(360*Base freq*I*Dt)) -

1735  MeAzl.

1740  Bzl=ABS(SIN(360*Base freqI*Dt-120))
1745  IF Bz1>M THEN MRzl

1750 ~  C21=ABS(SIN(360*Base | freq*I*Dt—-240))
1755  IF Cz1>M THEN Meczl

1760  Wnl(I)=M

‘1765  NEXT I . o
1770 HD IF
1775!

1780! *  STCRE WAVEFORM IN FIIE "IFIIE-NAMEM %
17850 dekdekiikkickdickkikkkkiddkkkikiokkikokidkkihdiik
1790 ¥ ERRCR GUTO 1805 . ¢
1795 HRihi$="1"&25(2,9]

1800 RIRGE Hihi$

1805 CfF _ERRR

1810 CREATE EDAT Hikd$,3, (I\pomts*e-ie)ﬂ
1815 ASSIGN @rath TO Hmis L
1820 CUTRUT @Path;Wnl(*) .
1825 ASSIGN €path TO * ’ o

1830 [EALLOCATE Wnl(*)

-

L3

»?

-
~ O



1835 RETURN -,

mo ! . 4 X

1845! 4 . CL

ﬁssgi *FINISHED WAVEFORMS FOR 1-FHASE CR 3-PHASE RECTIFIER* o

1860 ! - : g

. 1BEGY] ik Rk koo ok dok ol ki dede ok ¢ :

1870% *FM WAVEFCR'S FCR 1-FHASE (R 3~FHASE RECTIFIERS* - Tl

1880 Rect pam: - | RECTIFIER FWM | | : I

1885 ATIOCATE P(300) , Intex(300),V111 (Fericd) _ !

1890  ATICCATE VI12{Reried) ,T11(Pericd¥Icycles)

1895 ALIOCATE Swl(Pericd),Sw3(Pericd) - -

1900 Ammm smweriod) ,Su2 (Period) v \\

1910 mmr ORS(1D) o - . - — |

1915 MAT Inter= (1000) - % ‘ - -

1920 M=1I15 o : N

1925 PRINT “Select medulation scheme . Co g

1930 QN KEY 1 IAREL "SEQY' GOTO Spwml

1935 ON KEY.2 LABEL "GRANI" GOIO Grantl D e ,u

1940 QN KEY 3 IABEL "“JAPP" GUTO Jappl e :

1945 N KEY 4 LABEL “ADV JAPP" GOTO Adv jappl - .

1950 ml@ncomgm"ch;:ANr'mmmv_gmntl

1955 . GOTO,1930 - | .

1960 Spuml Scheme=1 ¥ \ ) .o :

1965  Gating weve$="SPr A

1970  GOIO 2030 o

. 1975 Greint1:Sehane=2’ -~ ‘ -

1980 Gpting waveS="GRANI" ' Coo

. 1985 GOTO 2030 N "! \ , e
1990 Jappl:Schame=3 l N S .

. 1995  Gating wave$="JAPP" - ’
2000 QOTO 2030 ¢ R

- 2005 Adv_grant1:Schemb={ \ Y —
2010 Gating wewve$="ADV GRANI" \ . .o e ‘

1 4

2015 GOTO 2030

2020 Adv jappl:Scheme=5 -

2025 Gating wave$="ADV JAPP"

" 2030 COFF KEY -

2035 FPRINT tHRS(12) '

2040 PRINT "Select carrier frequency." :

- 2045 CNKEY6I.AEL"CamFre=9"
~2050 _ ON KEY 7 LABEL “Carr | > Fre=15"

2055 N KEY 8 IABEL "“Carr Fre=21"
2060 ON KEY 9 IAREL “Carr Fre=27"

- v . » - -

i ,r . .

b RS -

s Ve L e .

%" AL wo . -
R T R A T FER T
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- e e . ) .
' 198
2100 &;rfreZ?:'Ir:iargles#z?
, 2105 OFF KEY - o
~—— 2110 Carrier wave=Triangles B ° <
2115 IF Schemes THEN margles-mmglae ; -
2120 © PRINT CHRS(12)
2125 INAUT "Select the mdﬂat.lm index ", Md
© 2130 PRINT CGHRS(12)
., 2135 Mod wevesMod
2140 [DEG .
2145 1DIR 90 .
2150 CSIZE 2.9
2155 KR Al=0 TO 120 SIEP 20
: 2160  IF Al=0 THEN
- 2165 IFSd)sre=1deBre=2CRSdmete=4'IHENmargls
‘ 2170 IF Schime=3 (R Scheme=5 THEN Unilateral ° . - <
2175 s ) . - - '
21800 BND IF
2185 ki dokdokd ik ok ook koo dook e dedededede bk .
~ 2190  IF A1=20 THEN . (9 B
2195 Factor=1, . .8
.22000 %0 .ot
. 2205. FCR N=0 TO Fericd - -
v 2210 IF N/ (mnnd/360)>1nter()() THEN ’
;2215 . IFSd’Bte=5 'IHm ¢
T 2220 . Ta=0" T
2225 - IF (Irter(X)<60 AND Int:er(x+1)=60) (R (Irter(X) <240 AND Inter(x+1)—2
v 40) m"m=1 ’ _
2230 IF TH1 (R (:I!htec()()<180 mter(x+1)-180) R (Inter(X)<sso AND Int °
+1)=360) THEN ~ .
. % . i #x+2 - B . J ’ N
- - 0: - QOTO 2265 1 . ‘
-'245 ° BDTF o S . ~
2250 BD IF - ' - - A
2255 Factor=-Factor - : v e
.. 2260 . X=X o . AE
- Y .2265-  ENDIF . ' . S
2270 - =Factor - .
2278+ VL2((W(Bericd/3)) MP (Reriod))=Factor . . ' )
2280 NEXT'N . T
R VllZ(Mitﬁ)=I A . . "‘ S . -
. KR N=0 TO Fericd . - '
{// 2295 IF VL11(N)>0 THEN SWv1(N)=1 . ; s
m N ‘ "’ ' \
2305 FCR N=0 TO Feriad . J o ‘ . ,
© 2310 vnz(m=mnan—vm(m)/z .
12315 IF Schame=3 (R Schemg=5 THEN :
2320 - mmm::meomsommm&mmmpo -
2325 %(MWBGG}%BO AND VI12(N)>0 THEN VL12(N)=0 .
2330 , .
j2335 . NETN - . y - .
2340 KRN0 TO Fexiod . . S
2345 &BNM(M“Z)) >MD (Rerwd))
2350 -

A
-
Bl
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0
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2355 LI R e ;
2360 IF Scheme<>5 THEN QOTO 2490 . < S
2365  Factar=l ' g
2370 ¥=0 . = , -
2375  FR N=0 TO Pericd S . F
2380 °  TF N/(Reriocd/360)>Inter(X) THEN i
2385 Factors-Factar S - ~ . . -
2390 =XK1 . : o
23%5 - INDIF o
2400  V111(N)=Factor
gzgg W.]z((N+(Per:Lcd/3)) MjD (Ranod)) =Factor )
. P
2415 VJJ.Z(Péncxi)-l .
2420 FOR N=0 TO RFeriod  ° . -
2425 IF QAL 0V) >0 THEN smm)—l : T )
2430 NEXTN _ : S :
2435~  FOR N=0O TO Fericd ‘
2440 -~ VH2(N)=(VILI(N)-V11R2(N))/2 . : o .~
2445 JF.Schame=3 (R Scheme=5 THEN . ° :
2450 IF N/ (Period/360) <180 AND V.l.12(N)<O 'B-IEN V.ll2(N)=0 -
2455 |, IF N/ (Period/360)>180 AND V112(N)>0 THEN V112 (N)=0 -
2460 BD IF ) ! v
2465 ° NEXT N ‘
2470 FCR N=0 O Pericd .
2475 Svf.’.(N)=Sﬂ((N+(PEnod/3*2)) MD (Pericd)) . -
2480 - NEXTN - , )
2485 BD IF - s -
2490 ! : : z Z T
2495 ! ; ) o
2500  IF Al=100 THEN' < - ) : - N '
2505 FOR I=0 TO Rericd*1/6 - )
2510 IF Scheme=1 (R Schame=2 (R Scheme=4 THEN :
. 2515 »m(1)=sm(I/(Pamd/360))mmM(x/(waso)+(240) )m11(1+( L .
3%2) }4SIN(T/ (Pexicd/360)+(120) ) W11 (T+ (Fericd/3)) w
2520 IF T11(I)<0 THEN m(1)=o
2530 IF Scheme=3 (R Sda:e=5 THEN | .
2535 - T11¢I)=SIN(I/ (Pericd/360) ) #1112 (I)+SIN(I/ (pa-md/360)+(240) )m.lz(1+(
Ranod/s*Z) }4SIN(I/ (Fericd/360)+(120) )*’VllZ(I+(Benq5/3) ) )
2540 IF T11(I)<0 THEN mm=o . , L.
2545 - BDBIF @ - ' ) N
2550 Ill(I)—Ill(I)/Sm(I!)*l"bd : - C
2555 IF Scheme=3 (R Schane=5 mm(x)—m(z)/sm(a)*z ' - o
.2560 NEXT I° : . : ) .
\2565 | VIBARCRT 0,132,0,100 - '
2570 ! WINDOW O FEncd*ijcls
2575 | . o - -
© 2580 FCRI=0'IOR—1nod*1tyc1 e e - A
2585 m(I)—IJ.l(I MD (Rannd/G)) Ce R
2595 !RRI=0'IOPer1ai*’It:y;:1$ Y7 ' s
2609!‘mAw1,m(1) ro. - e . :
2605 ! NEXT I e L - . I
’ " " P o x:'.'ﬁ



4 . ' - 200 | :
' 2610! STORE WAVEFCRM QN FLOBPY DISK " - \
'2615 €N BRRR QOIO 2630

2620 - Hihis="1"825(2,9] -

2625  RRE Hihi§ -

2630  OFF BRRR o

2635 . CREATE HORT Hihi$,3, (Nooints+g+8)/3 ' \ s

,2640  ASSIGN @Path TO Hihis

2645  OUTRUT @Rath;T11(*) -

2650  ASSIGN @Path TO % ’ :
2655! DEALLOCATE ARRAYS NOT BEING USED :

2660  DEALIOCATE P(*)7Trter{#), VI11 (%) ,V112(*)

2665  DEALIOCATE Swl(*),Sw3(*),Swd (%) ,Su2(*)

2670 ° DEALIOCATE T11(*) -

2675  RETURN . :
2680 . BND IF ’

2685 ! .

2690 NEXT'Al

2695 L, 2

2700

2705 'Iriargls | ——— . ‘ -
2710 MME 0,0 - . —

2715 Folarity=1 - T

. 2720 FOR N=0 TO Triargles*2

2725 - MeRolarity*Iriangles+4/360 ) ' .
2730  Bo=-Mk(360/2/Trianyles) ™ o , :
2735  IF N<=INT(Triangles/2) THEN Intersections .
© 2740 ' IF Triangles*2=N THEN S
2745 ~ IF Flag=1 THEN GOTO-2750 N
. 2750 QOIO 2770 . -
2755 END IF t ‘
2760 - IF Flag=1 THEN QUIO 2765 : U .
2765 mlmty»mladty ' . . \ I
2770 NEXT.N | ’ ~
2775 . IF Flag=1 THEN QUTO 24164 ' . .
2780 @QUIO 2175 - . ~
2785 Intersections: ! ) ..
2790 P(0)=0 1SIEP O
2795 P(1)=180
2800 I=2 7 ISIEP 1 ¢ . ’
2805 SELECT Scheme - .
2810 GASEt+—— . . -
2815 nﬂm*(s:mw(x-l))) (MHP(I-1)+Bb)
2820  F2=Modx (SIN(P(I-2)) )=~ (M*P(I-Z)-tﬁ)) ~ ’
2825 CASE 2 - '
2830  F2=Mod*l. ]5*(SN(P(I-Z))+1/6*Sm(P(I—2)*3)-O *sm(p(x—z)*g)) (M*P(I-Z)-l-B
. b) .
2835 nqédﬂ. 15% (SIN(P(I-1) )+1,/s*sm (P(I-1) *3)=0. *SIN(P(I~1) *Q) )-(M*,!P(I-1)+B ‘
b) : o :
- 2840 OASE 3 ' ] -
2845  Fl=Mod+lw (sm(p(1-1))) MHP(I-1)+Bd) :
2850 '\ mm*l*(mN(P(I-z))) MP(I-2)+H) I
2855 ' CASE 4
zeso l-‘l-md*l 1545*(S]N(P(I-1))+.24*S]N(P(I—l)*3) ozs*sm(P(I—l) *9) )~ (M*P(I-

- 7 - ¢
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1)+k)

2?61533 ) oMo 1545*(5114(?(1—2))+.24*SIN(P(I—2)*3) ozs*sm(P(x-z)*g)) wpa-
-+

2870
2875
2880
2885
2890
2895

2900.

2905
2910
2915
© 2920
2925
2930
2935
2940

2045

2050
2955 |

. Irter(N)=P(I)

QSE 5 -
Fl=Mod 1% (SIN(P(T-1) ) ) - P (10 +55)
F2=Nbd*1* (SIN(P(1-2)) ) - QrP(1-2)+E)

BND SELECT

P(I)=P(I-1)~(F1*(P(I-1)-P(I-2))/ (Fl"FZ) )
_IF ABS(P(I)-P(I-1))<.00001 THEN GITO 2930
IF°T>100 THEN .
ERINT "THERE IS A FROELEM K

" m L - ~ b
BD IF . -
I=I+1 .
QIO 2805

IF Schame=3 (R THEN GOTO ‘3060
Inter(N+Triargles)=P(I)+180

Inter (Triangles-N)=180-P(I) .
I:ter(zﬂn'largles-N)-BGO-P(I)

GJIO 2740

2960 Unilateral:: {JAPEANESE ,

2965
2970
2975
2980
2985
2990

2995 -

3000
3005

3010

3015

3020
3025

Of fset=0,

Factop=l -

MNE 0,0 " S ’
FCR N=1 TO 3%2
IFnag=1fmmeoro2990
IF NeTriangles/3 THEN

Of fset=Of foett60

IF Flag=1 TN GOTO 3005
BD IF - S
NEXT N -

IF Offset=240 THEN GOTO 3035
Factor=-1 .

Offset=180 -

3030~_GOTO- 2980 , ‘ e

3035

3040

3045

3050
3055
3060
3065
3070

075 -

3080
3085
3090
- 3095
3100
3105

3110 .
3115

Factdr-l
fmrhlmm‘argls*lﬁ SIEPI .

M=Factar¥Iriarngles/
aw(mrm/zf*sso/maxglgs)*(ﬂ
QIO Intersettions

Pactc:z=-l=actar
Inter(N-l) ==Inter(N)

"NEXTN w

Inter('mmles/:%)%o B )
In'cer('lnargls/:i-rl)ﬁzo S ‘ :
) Inter(':[nargles*Z)=360 . - .

mrmmmmlsﬂ
IF N=1 “THEN GQUIO 3110

CIF (1) MO (2)=0 THEN 2242 - -
_ Inter (Triangles—2-Z-N)=180-Inter(N) -

W

'\)‘




m L - - .
’ - -

© 3120 ‘ ’ , "
3125 . . _
3130 ymmee%%w(mmo :
3135 . ‘ L
3140 IF Flag=l THEN QOTO 24164 . - . . .
; 3145 @QOIO 2175 - ‘ S , S
3150 * RETURN - ’
3155 ! ‘ I .
3160!,
3165! *FMS-E)HMMVEWB KR RECITFIERS *
31701 s ‘ o , :
3175 | ) ] ' )
3180 ‘Irvert wave: ! ; : N
T ‘3185 ! '
2 3190 ! '
R | o . e
3200 RETURN , -
32051 dokdkdekdekdohdddkdkkikkikhkkkkickidkik - !
3210¢ *INVERIER FM WAVEFCR'S RR =~ * N
3215! * 1-PHASE AND 3-FHASE INVERIERS * , . . o '
3220] ekt kAR RT AR I AR ek~ , ) . ~ .
3225 ! . . A P
, 3230 Irnvert pam: | ¢
3235 ALICCATE P(300) ,Inter(300) Vlll(Penodﬂrwdes) , _
3240 ALLOCATE V112( . . P
3245 ALIOCATE Swl(Pericd), M(Penui) - . - .
3250 ALLOCATE Swé (Pericd) ,Sw2 (Pericd) -
. 3255 . IEG ‘
) 3260 PRINT CGHRS(12) : . -
3265 MAT Inmter= (1000) . , .
. 3270 M=‘l-15 ‘ S
. 3275  FRINT "“Select modulation schare"
o -+ 3280 QN KEY 1 IABEL MSPAM" GOTO Spwm - '
3285 QN'KEY 2 IAEEL “"GRANI"' GOTO Grant T )
3200 N KEY 3 IABEL "OAP' QOO Japp . = ° .
3295. ON KEY 4 LABEL "ADV JAPF" GOTO Adv japp .t
3300 . ON KEY O LAEEL "ADV GRANT" GOTO ARV grarnt
3305 GOTO 3280 . o
- . 3310 Spwm:Scheme=1 . < - .
-3315 . Gating weveS="'SPRM" . . ' ,
3320 GOTO 3380 , T y
3325 Grant:Schane2 . - o . o
3330 Gating waveS="GRANT" : : ( Co -
3335 QOTO 3380 - . , ‘ | -
! 3340 Jyp:Schae3 4’ . y : . o -
3345 eati:q_mve&.mw o ) ‘
| 3350 @O0 3380 - o S S s
- - ' 3355 Niv grent:Schams= ' . . '
© . 3360 Gating waveS="ADV GRANT" -~ ' St
3365 . GOTO 3380 -
3370 Av JapiSchaes - ~ - R
s . . 3375 Gating weveS="ADV JAPP" - . - :

el
]
4
¥




3385
3390
3395

UA ] \.%m
) 3405

3410
3415

FRINT GRS(12)° . 203

FRINT “'Select carrier freguercy."

N KEY 6 IABEL "Carr Fre=0" GOIO Carrfr9
Q\II'CEY7IAE!I.."GarrHe=15“GJIOCarrfr15
QJIGYBLABEL"(En‘Ml"CDIOGIr&Ql

0»1KEY9LAE.’L"@ITFIE=27“®IDGII‘&27 N ) T
QoTO 3395

3420 Carrfro:Trianglel=d . - .

3425

3430 Carrfri5:Trianglel=15 ) -

3435

QOTO 3455 o <

QU0 3455 |

/;440 Carrfr2l:Trianglel=21

“3445 -

GOTO 3455°

3450 Carrfr27:Trianglel=27 - . ’

3455
3460
3465
3470
3475
3480
3485
3490
=~ 7 3495
3500
3505
3510
3515
3520
3525
3530
3535
3540
3545
3550
3555
3560
3565
« 3570
3575
3580

~-3585

3590
3595
3600
3605
3610
3615
3620
3625
3630
3635

CFF KEY
,G:rnervaveﬁlnarglel - ,
IFSdme=5'IHEN'margle.1-’Inargle1+6 . .
FRINT OR$(12) -
"Selectthemdllatlmirrbcfarmedmmsdﬂre",md
mmrcms(lz)
Md wavesdod
IGRAFHICS (N .
EG * . ' -
IDIR 90 :
CSIZE 2.9 o D '
FR A1=0 TO 40 SIXP 20 \ ; '
' IF Al=0 THEN . .
IF Schame=1 (R Scheme=2 (R Schame=4 THEN Trianglel
E‘SdmsB@SdBmsmmﬂatezan.
}NDIF - ,
!******************************************* .
IF A1=20 THEN, ~ 2
Factor=1 i . : .
*=0
FCRN=O'IOPEnJ:d --
IF N/ (Pericd/360)>Inter(X) 'IHEN
IF Schame=5 THEN
Tt1=0 )

-

IF (Inter(X)<60 AND Inter(x+1)=60) <R-(Inter(X)<240 AND Inteir (%+1)=2
40) THEN Tti=1
) IF Tt1=1 CR-(Inter(X)<180 AND ;[nter(X+1)=180) R (Inter(X) <360 AD I
rter (X+1)=360) THEN .

X=X42 o
GOTO 3620 -
. BD E ’ ]
D IF .
Factar=-Factar
X=x41
BD IF : .
V111 (N)=Factor .
. &2}8%(%@3)) M:D (Penod))=m<:—tm‘

N



e

E;—.. -
R
35

Lo

V112 (Rericd)=1 204 A

3640
> 3645 KR N=0 10 Pericd .
3650  IF VI11(N)>0 THEN Swi(N)=1 ]
3655 = NEXT N S
3660 KRR N0 TO Fericd )
3665 V112 (N)=(V111(N)-V112/(N)) /2 }
3670 IF Schames3 (R-Schane=5 THEN
© 3675 IF N/ (Pericd/360)<180 AND V112 (N)<0 THEN VA12 (N)=0
3680 IF N/(Rericd/360)>180 AND VI12(N)>0 THEN V112 (N)=0
. 3685 END IF . / ,
3690 NBTN- : .
3695 KR N=0 TO Fericd \
3700 —— w3 (N)=5wL( (W (Periad/3%2)) MD (Rericd)) -
3705  NEXT N .
3720 MUILEILENLITEENQEEIN BN ENNE LTI
3715 . IF Schemeo5 THEN QIO 3845 - -
3720 - Factor=l
3725 %0
30  FR N=0 TO Pericd . ‘
L3735 ¢ IF N/ (Pericd/360)>Inter(X) THEN .
3740 Factor=Factor :
3745 %=1
- 37%  BDIF
3755  VI11QN)=Factar
360 VLL2((W(Feria/3)) 100 (Fericd))=Factar
3765  NEXT N
o 3770  Vl12(Rericd)=l
3775 FOR N=0 'O Fericd
. IO IF VL0 THN S (=1
3785  NBXT N . - -
- j 3790 KR N0 TO Fericd _
: Y305 VI2N=(VILI)VII2(N))/2 S
3800  TF Schemes3 OR Schame=5 THEN
3805 TF N/ (Rericcd/360) <180 AD VI12(N)<0 THEN VI12(N)=0
3810 IF N/ (Rericd/360)>180 Ammz(mw THEN V112 (N)=0
385 BDT, -
3820 NEXTN T
3825  FR N0 T Fericd
. 3830 SBM)SA(((Rericd/3%2)) MD (Period))
- 3835  NBXT N
3840 RO IF
. 351 - - -
. 48501  WAVERRS 1 AND 2
: 385 1 . « ]
._ 3860 IF Al=40 THEN
3865 KR I=0 TO Feriad
3870 . VI11((I+(Rericd/3)) MD, (paiod)3=xn12(1)
3875 NBT I ‘
3880 V111 (Reriod)=V111(Rericd-1) B
3885 KR IRricd TO Rriod*Toycles 7.
. 3890 - VL2(I)=112(I-Pericd) -
3895  VI11(I)=V111(I-Pericd)
3900

NEXT I . $

Pl

~
-
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3905 ‘
" 3910! mmmmsv : . . \ ~
3915! . . | N
3920 /me 0,132,50,100. ’
' s 3925.:/'wmopenod*rcyc1es,-zz : '
o « 3930 | AXES ,‘ - - -
393 ! MNE 0,0 C . : N
3940 ! R I=0 T0 Pericd*Tgycles - - ' . -
. 3845 | DRAW I,V112(Y) N ’ :
50 | NBXTI > -
3955 | VIBARCRT 0,132,0,50 ‘ . .
/3960 ! WINDOW 0 knrﬂ*n:ycles,_-z 2 ' -
* 3965 . | MXE 0,V111(0) ) . - )
- / 3970 ! KR I=0 TO Pericd¥tycles , ' SRR
Y 3975 ! DRAW I,V111() ) i ‘ e s C
/ 39080 I NEXTI. a ' .
; 3985 ! T : : - -,
- /e 3000! drkikirkiiiokiikbbiciokk i ook L .
/ 3995! * SICRE WAVERCR'S (IFIIE-NAME) , (2FIIE-NAME) * .
/ 4000!  Fkkdekikdddkdtddhddkdkkdekkiekidokidokkdokktdodkkdiik
/ ' 4005 N ERRCR QOTO 4020
/. .. 4010  Hihi$="1"s2$[2, 9]
/ .- 4015  FURGE Hihi$ .
4020 CFF BRRR - \ ,
4025 CREATE HOAT Hihi$,3, ((M::omts)*a-l-s)/:!
4030 ~ ASSIGN @Fath TO Hihi$
4035  CUTHUT €Rath;V112(%) X
4040  ASSIGN @path TO * . i
- 4045  ON ERRCR GOTO 4080 o -
4050 Hihi$="2"&Z$[2,9] :
4055  FURGE Hihi$ g
4060  CFF ERRR o ‘
. 4065  CREATE HDAT Hihi$,3, (epoints)*&e)/s
. 4070  ASSIGN €Path TO Hinis .
. Y (6 743 OUTHUT @Path;V111(*)
N, . 4080  ASSIN @Path TO * -
< :4085  DEALIOCATE Swl(*),Sw3(*),Swd(*),Sw2(*) <L
4000 TTEALIOCATE P(*),Irtter (%) ,VI11(*) V112 (%) - —
~-4095 ! : -
v . 4100  REIURN ! RETURN BACK TO MAIN PROGRAM (FINISHED STCRING WAVEFCR'S)
4105 BDIF o < L .
4110 NEXT Al o
4115! SUBROUTINE TRIANGIEL
4120 ! ' .
4125 Trianglel:! - ;
.. 4130 MNEO0,0 . ' R
\ « - 4135 Tolarity=l ,
: , 4140 KR N=0 T0 Trianglel*2 —
& . - 4145 MRolarity*Iriarglel*4/360 ° )
. . 4150  Bo=M*(360/2/Trianglel) M . T
4155 IF N<=INT'(Triarnglel/2) THEN Intersad'.iml - ’ .
4160  IF Tianglel#2=N THEN - - .
1 4165 IF Flag=1 THEN GOTO 4170
' . \ v
] o7




4170 QOTO 4190

4175 BDIF . , .
. 4180  IF Flag=1 THEN GQIO 4185 . . '

4185  Polarity=-Folarity , ~ - )

4190 NEXT N

'~ 4195 IF Flag=] THEN GUIO 17805 \ ‘ ' -

b4

. 4200 @OTO 3530

4205, Intersectionl: : - ' ! o
4210 P(0)=0 _ . ISTEP O

4215 P(1)=180 LT ' L

4220 I=2 W — . . lsTES 1

4225 SEIECT Schare . <o :

4230 CASE 1 ' X
+ 4235 . Fl=Mod* (SIN(P(I-1)))- (M*P(I-1)+Bo) . T

4240  F2=Mod* (SIN(P(I-2) ) ) - (MAP(I-2) +Bb) o .

4245 CASE 2

4250  F2=Muxi*l.15*(SIN(P(1-2) )+1/6*S]N (P(I-2) *3) -0.*SIN (P(I-2)%9) ) (M*P(1-2)+B

4255  FIAMtl. 15% (SIN(P(I-1) ) +1/64STN(P(I-1) ¥3) 0. *SIN(P(T-1] #9)) - (HP(I-1)+B
" 4260 CASE 3 - "
4265  Fl=Mod*1* (SIN(P(I-1)))- MHP(I-1)+Hb)
F2-Mod#1# (SIN(P(I-2) ) )~ (P (T-2) +Eb) -

(R(T-1))+. 24*SIN(P(I-1)*3) 025*S]N(P(I-1)*9)) (M+P(I-

‘}
Fl=Mod 1% (SIN(R(I=1) ) ) - (M¥P(I-1) +b)
F2=Hiod¥ 1# (SIN(P(I-2) ) )~ (4*P(1-2) +£b)
4305 BD SELECT
4310 P(I)=P(I-1)- (n*(p(x-l)-p(x»z))/(n-rz)) _ .
. 4315, IF ABS(P(I)-P(I~1))<.00001 THEN GOTO 4350 ‘ | ‘
4320 IF D100 THN - , o )
4325  FRINT "IHERE IS A FROELBY" -

__4335 BODIF | .

4345 @QOTO 4225 .
4350  Inter(N)=P(I) ' e
| 4355°  IF Schare=3 (R Scheme=5 THEN GOTO 4490., g
. 4360 Inter(N+Triarglel)=P(I)+i80 , .o e
4365  Inter(Trianglel-N)=180-P(I) . .
4370  Inter(2*Trianglé1-N)=360-P(I) _ L o &
4375 QIO 4160 -
' 4380 1 - . . .o _
- 4385! ROUTINE UNILATERAL . : ‘ .
4390 Unilaterall: | JAPPANESE: ‘ - -
4395 Offseted - ~ ’
4400 Factor=l )
4405 - MDIE 0,0 . ‘ ' .
4410 KR N=1 T0 Trianglel/3*2 . .

L™

(P(I-2))+. 24*sm(1>(1-2)*3) 025*S]N(P(I~2)*9)) (M*P(I-— -

*
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415, TF Flag=1 THEN QOTO 4420
4420  TFM-Triamlel/3 TEN .
4425  Offset=Offet+60

: ' 4430° . Emlmmuas E
435 BDIF - ‘ . ’

| . 440" BN - e 2 .
e .. 4445 IFOffseb=240'IHEN(DIO4465 LS o
v . 4450 Factor=-1 - ) ; ,

4455 Offset=180 o, - -
4460 QUIO 4410 o '
- * 4465~ Factcgwl s
. 4470 FGIN=1‘IU'lharglel*l/39EP1 .
: 4475  MeFactar*Triamglel/ :
4480 Bs=(INI'(1V2)*3609'margle1)t(-M)
-—4485  GOIO Irtersectionl
‘© 49Q  Factar=-Factar . .
. 4495  Inter(N-1)=Bnter(N) -
4500 NEXTN . T .
4505 Inter(Trianglel/3)=60. Coe ‘
4510  Inter(Trianglel/3+1)=120 oL
) 4515 * Inter(Trianglel*2)=360
4520 .2=0 , ° - , P ‘
: 4525 KRR N=1 TO Tri -1 ¢f L .
"8 . 4830 IF N=l THEN 4540 ' .
oo 4535 IF (N~1) MOD (2)=0 THEN Z=242 - '
| ., 4540  Inter(Trianglel-2-Z-N)=180-Inter(N) ‘
S - 4545 - Inter(Trianglel/3+3+Z+N)=120+Irtexr(N) - J
© . 4550 NEXT N
: © 4565 FCR N=0 TO Triamglel
EEE 4560  Inter(Trianglel+N)=Inter(N)+180 .
T " 4565 NEXTN
‘ 4570. IF Flag=l THEN GOTO 17805 :
( 4575 GOTO 3530 . _
. . 4580 FREIRN - ¥ R
- 4585 | ' - 3
45901 mmmwm °s
4595! *FINISHED FWY WAVEFCR'S FOR INVERTESS *
) 4600! Fkkkikikkkkkdkikikkikkkkikkikikiikkkilhk

" 4605 ! ,
4610 starmru;ram ! .
4615 ! ' : ..

4620 GSICRE Screenl(¥)
4625! m*mm***m*****mm**m*m*ﬂm

- 4630! *mmcsmmmmymw*

R 4635 * CONVERTER *
¥ 4645 ! ~ ‘

4650 N ERRCR QUTO 4660
4655 QIO 4680 )
4660, PRINT CHR$(12) — /
, ©, 4665 mm"mmmmmmmm,mmm"
.7 4670 WAIT1
4675 PRDNT OR$(12) - —

e L -
PR -
R

X
O AT,



aes0 1 T | 208 )
4685 ,Cn'mter._typed) ' \ )
460 . | <
" 4695. ¥ mtqaao THEN MAT Values= (0) .
4700  Zz$=m ( L E ;
4705 - MAT-Xa= (0) ~ . ¢ -
4710 MAT Yl='(0) ~ S ~ -
4715 MAT X2o= (0) .
4720 MAT Y2= (0)
4725 MAT Elerent2= (0) N
4730 Q=0 ’
4735 IF Pase=0 THEN Ocde 8=E(8,0)
4740 IF Pdss=0 THEN
4745  Code 81=Code 8 .
4750 END IF .
4755 N o=0
4760. Fess=l - . P o
4765 IF Corwerter—] AD Datas=l THN L
4770  IF E{63,0)50 THEN N o=2 ‘ —
4775 EISE .
4780 N o=l
4785 BD.IF ' ) e
4790 FRI=3T0 18 - ‘
4795 IF I=9 (R I=10 (R I=11 (R I=12 CR I>18 THEN 5080
4800  IF E(I,0)=0 THEN 5080 )
© 74805 . FOR J=4 TO E(I,0)* SIEP 4
4810  IF I=8 AND J>Cooe 8%4 THEN 5080 -
el O
4820\ 34 . ‘e
4825 =£(I,3-3)
4830 =E(I,J~2) .
4835  PO=E(I,J-1) ' .
4840 = PBy2=E(I,J) o ‘ Q
4845 Rl
4850  PRINT GIRS$(12)
4855  QOSUB Draw bax
4860! INFUT ELIEMENT FIIES NAMES CR ELEMENT VAILES
4865 | Q¥ ERRCR QIO 4410 ’
4870  JG=VALS(Values(CanN ©)) .
4875  IF Values(Con#N c)=9999 men_labels (Con¥ _©) -
4880 SETECT I , . '
4885 ° OASE 3,4
4890 IF Values(ConN ¢)=9999 THEN FRINT "[EFAUIT FIIE IS GALLED ";¥x$ .
4895 \IF Values (0 ¢) <9999 THEN FRINT "LEFADLT VALLE IS ";¥¢$;" VOLIS"
4900 INFUT "ENTER RS VOLIAGE IN VOLIS", %5 -
4905 OSE 5 6 ,
4910° IF Values (Con# ¢)=9999 THEN ERINT "TEFAULT FIIE IS CAILED ;3¢
4915 IF Values(CanN C)<>9999 THEN FRINT "DEFAULT VALLE IS "; Do A"
4520 ™ INFUT VENTER CURRENT IN AMFSY, X% - - - i
4925 OSE.7,8 : . — )
4930 IF Values(QonN,c)=9999 THEN FRINT "[EFAULT FIIE IS CALLED ";Xx$
4935 IF Values(ContN ¢)<9999 THEN FRINT "DEFAULT VALLE IS " -»cs;" VorTs"
4940

INFUT “ENTER DC VOLIAGE IN VOLTS", %



Y
' ' s
| 445 GE 209 :
e 4950 IF Values(CGoniN ©)=9999 THEN FRINT "DEFAULT FIIE IS QALIED "; _
K 4955 IF Values(QumN_c) <9999 THEN FRINT "[CEFALIT VALLE IS ";¢:" CHE" g
VA 4960 INFUT "ENIER RESISTANCE IN CH'S", X "
L 4965 CASE 14,15 - Ce N -
Vo 4970° 1F Values(Om#l c)=0999 THEN FRINT "CEFAUIY FIIE IS CALIED "}
: 4975  _ IF Values(ComN c)<9999 THEN PRINT ! VALLE IS ";%x$;* FARADS"
4980 INFUT "ENTER CAPACTIANCE,IN FARADS", XS
, 4985 CASE 16,17 -
/ ) . 4990 IFValus(m [ ¢)=0999 THEN ERINT “[CEFAUIT FIIE IS CALLED -'-xxs
' 4995 - IF Values(OowN_c) <9999+ m FRINT "CEFAULT VAILE IS ";%¢$;" HENRIES" .
5000 INFUT “ENTER INDUCTRNCE ', 08 -
5010  X1(Con)=Px1. . , , '
5015  Y1(Cn)=Pyl < y
5020  X2(Cn) '
- 5025  Y2(0n)=Ry2: .-
5030  Element2(0m)=I Lo : -~
5035 N ERRCR QIO 5045 : .
5040— ° IF VAL(Xx$)=0 THEN ‘ , .
5045 OFF ERRCR . ' -
. 5050 Elem label$ (Con)=3¢ © .
@ 5055 - Xx$=liogoon -
5060 BDIP - ~ . ‘
5065 < Values(Om)=VAL(XS) : : s e .
5070 QSUB Draw bax ' ‘ - LI
5075 NEXT J
- v 5080 ~NEXT I - ) .
5085 | . . ‘
5090 Ch | voltagerioltage , ' o : -
" 5095, ~ LT *
_ 5100 zr Camerter=0 THEN 5620 , , 1
5105 RR I=60 O 65 - - ‘ Y
5110 IF E(I,0)=0 THEN 5610 ~ , ‘ -
5115 FRJ=¢ TO E(I,0)*4 SIEP 4 A o
5120 E(8,0)=E(8,0)+1 g ) -
g 5125 Bl '
5130  PaA=E(I,J-3) ' P
‘ < 5= 5135 -« P=E®,J-2) el ‘ s
5140  PR=E(I,J-1) - - ﬂ -
5145  P2<E(I,J) -~ . o .
5150! mmﬂﬂmmmumw . e
5155! * ICENTTFY CONVERTER TYFE LA
. * 5160! * 1-0 RECTIFIER OOCE<], 3-0 DELTA RECITFIER (ULE=2  *
. . 5165! #*3-0 Y RECTIFIER COCE=3, HALF BRIDGE INVFRIER (OLE =i -
5170! * 1-0 INVERIER QXE =5 $ ' 3-0 IWERIER (QXE6 *
5175! * ENIER EIEMENT VAILES, FASE FREQUENCY, NIMBEROF % .
5180! *FOINIS, NIMEER OF CYCLES,AND CCNVERTER SCHEME IF ANY* -
51850 * . : * . —
5190! + THIS PRRT AISO ENIERS APPROPRIATE SOURCES . ‘
'5195! # TRANSERRENT TO THE USER ) * .
52001 dikkkidehhdickkikikdhdckkhihkdhlhiddchkikkiclkdcddcddkkkichicdeldck
5205 ! -
e | - -
e o ’ - * . it
i)

N .
L L T



5210.
5215

s

- 5230

¢ 5239

5240
5245
. 5250
5255
5260
5265
¢ 5270
5275
5280
5285
5290
5295
5300
5305
5310
8315
5320
5325 -
5330
8335
5340
5345
5350
5355
. 5360
5365
5370
5375
5380
8385
5390
5395
5400

-7 5405

5410
r’ 5415
5420
- 5425
5430
5435
5440
5445
5450
5455
5460,
5465

AT0

> type3 .
Voltage=(Voltage/SQR(2) ) *S(R(3)
“END SELECT

> e -
SELECT T 1210

Cowverter type=5 had

a:rmmrtypa=1 . ’ P
Voltagestial tage/SOR(2)

CASE 64 ° ' T
Camverter type2, - : ~
Voltage=(Veltage/SR(2) ) ¥R (3)

CASE 65

Caverter

17
SEIECT I
CASE 63,64, 65
1
FRINT CHRS (12) :
PRINT "OLTAGE [EFAULT VAILLE IS ",Volta;e"' WIIs" =
mmr "ENTER RS YOLTAGE IN VLTS, Voltage -

' IF Cowverter, type2 THEN Vol tage=(Voltage/SaR(3) ) *SaR (2)

IF Qorverter type=1 THEN Voltage=(Voltage*S(R(2))
E(8,E(8,0)%=3)=Px1

E(8,E(8,0)%4-2)=Py1 ¥

E(8,E(8,0) *4-1)=P2
.E(8,E(8,0) *4)=Py2 v

QOTO 5555 '

CASE 60,61 _
ERINT cm$(12)
FRINT "WOL'TAGE [EFAULT VAIUE IS ",Voltage-" voms"
INFUT “ENTER DC VOITAGE IN VOITS ", Voltage .

IF I=60 THEN Voltage=Voltage/2

E(8,E(8,0)*4-3)=Px1

E(8,E(8,0)*4-2)=Pyl .

E(8,E(8,0)*4-1)=P2 - ) ,
E(8,E(8,0)*4)=Fy2 - . ¥

-~

CASE 62

PRINT CHRS(12)
m'wmmmvmmxs",mme ;" VOIS
INFUT "ENTER DC VOLTAGE IN VOITS ", Voltage

Corverter typeb
KR Ik=0 TO Oar-1 )
Ii=Omn=Ik . ) »

Elanert2(Ii+l)=Elament2(1i) ¢
Elen 1abel$(Li+1)=Elem label$(Ti) r :
i

P .

s



5475
5480

- 5485

-

5490

5495
5500

5505

211
VhlLIES(Ii+1)=Va1\m(Ii)

- NEXT 1k

GOl .

E(8,E(8,0)*4-3)=Pxd i

E(8,E(8,0) *4~2)=Py2~( (M-Pyl)ﬁl

E(8,E(8,0)*4-1)=Px2

E(8,E(8,0) *4)=py2

551Q..-%_.. Element2(1)=8

8515 .

5520
85525
5530
5535
5540

' 5545

5560
5565
5570
5575
5580
5585

° 5590

5595

Elen abel$(1)="2"52$(2,9]
Values(1)=9999
E(8,0)=E(8,0)+1
E(8,E(8,0)%4~3)=Dx1 -
E(8,E(8,0)*4-2)=Fyl
.E(8,E(8,0) *4-1)=Px2
E(8,E(8,0)*4)=Fy2~((Py2-Fy1)/2) -
SELFCT

" BD

FR Ik0 TO Q1
Ti=Con-1k °
Element2(Ii+l)=Elenent2 (Ii) .
Elem label$(Ii+1)=Elem 1abel$(11)
' Values(Ii+l)=Values(Ii) -

NEXT Ik -

QrFOntl

Elanert2(1)=8

Elem 1abel$(1)="1"52$(2,9]

5600  Values(l)=S999
5605 NEXTJ°~ -

5610 NEXT I

5615 OFF ERRR - | -
5620 ERINT CHRS(12)

5625  PRINT "TEFALLT, IS NO

5630 INFUT "WUID YOU mmmw/m ",Zz$[1 1]

5635 IF Zz$="Y" (R Zz$="y" THEN

‘5640

5645

-E(8,0)=Code._B1
Cede 8=Code 81

5650 Pass=1
5655  QOTO Startypwooram )
5660 END IF

5665

5670 IF Valtageoh valt
N0 -
, .

5675 .

- ~5680

5685

5695

‘5700

!

a®

!

—_

P

S

5600 IF Pse_ﬁ:ecro#'mEN Base frec=60

$705 PRINT GHRS(12)

5710 PRINT mmmmrs"~mse freq;" HZ"

-
S

5

mcﬁm&lz-mmxgxom

5715 m'mmnmmmnmm",m

5720 IFN’KOCR (Nn<.01 AND Nn>0) CRMIOOOO'IHEN

5725 ~ EEEP
5730 BRINT GR5(12)
5735 .

B{mr"memmméalﬁeqmywmsele&adis"
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5740 H‘ﬂNI‘"Iheallmablexan;a:s.Ol 10000 hz."
5745 WAIT 1 .
5750 QOUIO 5705 - -
5756 END.IF, '
5760 IF Nnd0. THEN
‘5765  IF Charged=1 THEN
5770 Charged=3
. 57715 EHESE °
5780 Charged=2 -~
. 5185 BDIF . .
' 5790 Base freqein - ' -
: 5795m Ir
m v
5810 IF Npoints=0 THEN !‘po:mt?300
5815 ! .
, 5820 FPRINT GHRS(12)
5825 PRINT "NUMBER CF FOINIS DEFNJEP VALLE IS "'Mnlnt‘s“' FOINIS"

5830 ]NR)I‘ "INFUT NIMEER OF FOINIS "',Nn

5835 IF (Nn<10'CR N>1000Q) AND N0 THEN |,

5840 BEEP ‘

5845 . . PRIM‘GIR$(12)

5850 HﬂNI‘"Dennberofponﬂs ymhaveselectedis"
5855  FRINT "Ihe allowable range is 10 — 10000 pomts "

6860 WAIT1
5865  GOTO 5820° \ g -7
5870 'END IF a ' N
5875 IF NnoO
. 5880 D‘Q\arged=1 )
-’ 5885  Changed=3 t T
s ' 5890, EISE" :
. 8895 - Charge=2 . & |
5900 B IF . k.
- ’5905 > wl 3 "o co
- 5910 BRD IF ‘ LY '
5915 - | -
5920 N0 ¢
t . 5925 IF Toycles=0 THEN Toycles=3 «
5930 |

5935 PRINT GHRS(12) :
. 5540 . PRINT "NUMEER OF CROEES [EFALLT VALLE IS ";Tcycles;" CYCIER
5945 INFUT "INEUT MMEER OF CYCIES ",Nn : ‘
' 5950 IF (Nn<l OR Nib100) AND Mr>0 THEN

5055 - BEEP ) i ™~
é 5960 CHRS (12)- ¢ -
- 5965 "The cycles you have selected is ";Nn
¥ 5970 "meallwablexargezs.‘l. 100 cycles." .
5975 WAIT 1 .
5980 QUIO 5935 ° . . .
5985 BDIF - o pod
. 5995 IF Charged=l THEN ;
6000 Chal'wi-@ ) :
4 ! - h ) .
. / ,
— N

o
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6010 harged=2 )
. - 6015 - BD IF )
. . 6020 Toycles=fin !
6025 RO IF . T
T 6030 ! : )
> 6035 ! ) ,
6040! ek ook dedoiiek p
6045! *PERIOD AND SAMPLING TIME AREX
6050! * CALACUIATED HERE * -
6055)  dickkidcdokdddekdeddekcdodokidek kddchok . -
6060 Parxoddpoirﬁ‘s/nqpls )
6065 Limit=1/Base freg*Itycles -
2772" Dt=1/Base freq¥Tcycles/Npoints ]
6080 IF Coarverter=0 THEN QUIQ 6370 :
6085! **********************k***
6090! * 1-0 RECTIFIER COCE=0, 3—ommm *
6095! “*3-0 Y RECTIFIER GODB=2, FALF BRIDGE INVERTER OOLE =3*
6100! * 1-0 INVERIER CXE =4 _ '3-0 INVERTER QLE:5  *
6105! i '
6110 ! \ ™ .
- 6115 IF mau-ged=2 3 THEN Gating waves=""
6120 *IF Qawerter R Gawverter type<3 THEN
6125  PRINT GHR$(12)
6130 IF (Charged=2 (R Charged=3) "AND Datz3=1@
6135 PRINT *"YOU MST RE-SELECT THE SCHEME!
6140 ®BDIF - - .
6145  IF Data3d=1 THEN
6150 IF Gating wave$="S(R" mm'mmmmmvs sam'
6155 IF Gating wave$SO'SR! AND Gating wave$S<S! THEN
6160 m'mmm"-@drg_m"samwrmAmmmmw'
;Carrier, wave; " TRIANGLES" .
" 6165 PRINT "WITH A MOOULATICN INCEX OF ";Mcd wave
-~ 6170 END IF
6175 BND IF .
. 6180 ! ~ _ -
= 6185  INFUT "SQRRE WAVE [SR] (R FM SCHEME [FWM]™, WS
6190 _ IF Wwo[1,3]="Pf" (R Ww$[1,3)="pan" THEN GOSUB Rect pum
6195 ~ IF WS[1,3]="SOR' (R WwS[1,3)="sqr" THEN QOSUB Rect wave
~ 6200 IF (WWS[1,3]<"'FRM CR WS[1, 31" pwnt” m%[l 3SR azmsn 3)="'sqy
™ R ms[l 3)="N0") AND Giting wave$='" THEN -
6205 FRINT GHRS(12) X ) )
6210 FRINT "PLEASE, ENIER EITHER 'FAM' CR 'sm'" T
6215 GOIO 6185 . - s
6220 BND IF - - t ‘. .
6225 IF o T ' 8
\ ' . 6230 !END -~ '
’ ' 6235 IF Oaverter type=3 R cmmter type=4 (R Oawerter type=5 THEN
6240, FRINT CHR$(12) )
- a 6245 IF(d'xargadr-ﬁa?Garmdﬁ)H\DmtaBﬂ'mm
g 6250 FRINT "YOU MIST RE-SELECT THE SCHEME" "
6255 INDIF

s
PO R Y

Lo
EERA R
%
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6260  XF Data3=1 THEN

6265 - mmww'mm'mmmmmwsam'

6270 IF Gaﬁrq_vawﬁo"a}?' Gating wave$S<o"" THEN
- 6275 'mmmm"mum_m-'saMWMAmmmor“ .

Can:ier wave;" TRIANGIES! .
gmr 'wrmAmm INCEX OF *';Mod wave

6285 . IF -

6290 BDIF ‘ : !

6295 ' : C

6300 INFUT "SQARE WAVE [S(R] CR WM SCHEME [FM)",Ww$ S \ . .
6305  IF WS[1,3)="FWM" (R WS[1,3]="pam" THEN GOSUB Irver} pm _ o .
6310  IF WS[1,3]="SR" (R WS{1,3]="spr THEN GOSUB Irvert wave

6315 IF (WS[1,3]O"FRM (R WS[1,3)O "pan! CR WS[1,3)="SR" cszs[l 3= -"sq

' CR WS[1,3)="N0") AND Gating wave$="" THEN

6320 FRINT GIR$(12) g - ‘ - . -
6325  FRINI "PLEASE, ENIER ETTHER 'Pm' R 'SR . :
6330 ENDIF .

6335 BND IF , &

6340! dedededodekdededokdedekddokdededdedkkdokdckdodedek itk dodekkkkek

6345! *END OF ROUFINE TO ENIER ELEMENT VAILES, *

6350). *BASE FREQUENCY, NUMEER OF FOINIS, NUMBER* . .

6355! *OF CYCLES, AND CONVERIER SCHEME (IF ANY)* >

6360! Fekdkdkdkkkikddokickidddokddoickkdelolokiieickicokiicickiok _ ' \ .
'6365 | ' . o C a -
6370 | SBRT - - < . . v

' 6375 | , : S
6380 hddiikiekkdddekkdokdeddoh dokdekdoledicicioldcickdok iokdek . v
6385! *ROUTINE TO REMVE ALL CCNNECTION LINES + . .

6390!
6395 MAT F2=E . L '
6400 OFF ERRR _ : .
6405 ! THE LINES \ “ .
6410 IF E2(2,0)=0 6600 ' ' , T
6415 FCR Jj=4 TO E2(2,0)*4 STEP 4 S . v
6420  IF E2(2,J3-3)>E2(2,J3-1) 'IHI-N J e o '
6425 R1=E2 (2,73-1) °
6430 Bro=E2 (2,73-3) . '
6435 7 EISE - ®
© 6440 Pox=£2 (2,J-3) , - ) ’
6445 ;pe=Ez(2,Jj-1) ) : K
6450 - ) : -

© 6455 n*r:z(z,aj—z)»:z(z,aj) 'mEN : . ~ s “
6460 Foy1=E2(2,33) CL - B -

6465 Poy2=E2(2,3j-2) 4 . ' By
6470  EISE . \ - : .

. 6475~ ma(z,gjj-z) . L - . ‘ ,
6480 (2,99) . T . -
6490 KR m T0 18 .- .
6495 mx-emx——-mmx—nmx-ummmsws .

6500 IF E2(I,0)=0 THEN 6895 \ » X
6505 . FR J=4 TO E2(I,0)*4 STEP 4 ) ° ;
€510 IF E2(1 J-3)=l=p<2 a0 EZ(I J—2)>-=ppy1 AND E2(I, J—2)<-—-mp 'mm e
»
b ‘, » . s 3
K
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. ¢ "
216 " " o
6515 . E2(I,J-3)=Paa ‘ P ST ‘ .
| 6520 | E2(I,J-2)=Ryl- : A : o0
6525, HRDIF :
6530  IF E2(I,J-1)=Pxe AD E2(I,J)>=Ppyl AD m(I,J)«pm THEN
6535 - E2(1,J-1)=Axa ) ' e
6540 E2(1,0)=Fpyl . . —~
6545 BO IF )
6550 . ..IF E2(I,J-2)=Ppy2 AND E2(1 J-3)>=Fp:1 AD E2(1, J-a)«:pa 'mm
6555 E2(1,J-3)=Fpct , ,
6560 E2(1,J-2)=Ppyl, : : o . o
6565 END IF '
6570 IF E2(I,3)=Ppy2 AND E2(I,J-1)>=Pd AND E2(I,J-1)¢=Ppa THEN . o,
6575 E2(1,J-1)=Fxd
6580 E2(I,J)=fpn e : .
6585 BD IF ° ‘ : -0 . )
6595 'NEXT I : ) - . : ; ,
?'6610 FOR I=3 TO 18 L : R o
6615  IF F2(T,0)=0 THEN-6655 T N :
6620 FCR J=4 TO E2(I,0)*4 SIEP 4
8630 .X1(Con)=E2(1,5-3) , s S 4 R
6635 - Y1(Con)=E2(I,J-2) B - ‘ : ’ .
- 6640 X (0n)=E2(I,J-1) * R ‘ : .
6645 Y2(an)=E2(I,J) = R
6650 NEXT J . "
6655 * NEXT-I : o L o
6665! * END'CF ROUTINE TO REMMVE * . \ . L e L -
6670! * CONNECTING LINES - =~ * o o . ! :
6675! *ﬁ****ﬂ*ﬂ*ﬂ*ﬂm i o [N ' .
6680 ! , ) ) .
6685! Fkddrikididobdokhd Rk kdokddbiokddkkkkibk ik . i o .
6690! * ROUTINE TO DEIFRMINE IF THE CIROUIT * . oL .
6695! -* HAS ANY CAPACTIVR LOOPS CR INDUCICR * '
6700! * QUI-SEIS: - *
6705! *kkickkiddickidckkdoiciokkikiikickihikdokdidoid “
6710. ! _ IREE LIBIGN cmrx . - .
6715: .} ; o ) -
6720 ALLCCATE mﬁdc(om) ,xp(O:n) ,Yp(a:n) P y PP .
6725 FR I=1 TO O . ‘
6730 IF Elemert2(I)=5 (R Elamert2(I)=6 THEN Linkk(I)=1 .S .
6735  IF Element2(I)=16 (R Elament2 (I)-l? ‘IHEN Linkk(I)=1 R
6740 NEXTI . . " -
6745 FR I=l T0 Gn - ' ¢ B}
6750 - IF Elament2(I)<13 THIN QIO 6965 e o
. 6755  IF Linkk(I)=1 THEN QOIO 6965 » .
6760 KRJ=1 TO Gn - N
6765 ¥p()=0 o S
6770 ¥p(J)=0 . _ o
6775 NETJ | . . :
- e T T .
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6780 ' QroeXA(I). -
’ \ 6785  Quym¥1(I) . - - .
6190  Yp(1)=R(I) . . - ; .
" 6795 Ypu)-»vz(x) - ‘
6300 \
6805 KR mcsl 0 cn
X 6810 Pa_criteda
6815 KR K=1 TO Aa crit-1 o .
6820 KR Tesbe=l TO Gm . : “ .
gggg IF. maast)m AND Yp('I\est)=0'y o . k ‘ .
. €835 I.:lridc(I)-=1 _ . . _ .o
" 6840 QIO ‘6965 '
6845 BOD IF
6850 NEXT Test . ,
€355 R J=1 TO On
1 6860 IF Yp(K)=X1(J) AND Yp(K)=Y1(J) AND'Linkk(J)=0 ANDJ<>I THEN , -
P 6865 _FR Lll=]1 TO Gn :
- 6870 IF )Q)(I.JJ)=}Q(J) AD Yp(Ll1)=¥2(J) THEN GOTO 6950
' €875 NEXT L1l A | ‘
- 6880 }@'(M)")Q(J) ’ v ..
| . 6885 Yp(Aa)=¥2(J) . _ . : -
v e 6890 Aadatl ,
d 6895 QIO 6950
) 6900 BD IF s
| 6905 IF ¥p(K)=X2(J) vpaq=y2(:n AD Linkk(J)=0 AD Jol THEN
16910 R Lll=]l TO Gn
: 6915 IF Xp(Ll1)=X1(J) AD vp(m)snm THEN GOTO 6950
, 6920 NEXT L11
6925 Xp(Ra)=X1(J) ' e
X 6930 Yp(ha)=Y1(J) , . .
: €935 Aaparl
- .y 6940 GUIO 6950 .
: 6945 BD IF .
/ . 6950 -NEXTJ -
6955  NEXT K ’ / . o
6965 NEXT I —_ ; T
- 6970 ! FINDING CAPACTICR, LOCPS . -
6975 FR I=1T0 Con - ' ’ s
- 6980 IF Elemert2(I)<14 AND Elens':t'z(I)olS THEN GOTO 7205 : K
B 6985 IF Linkk(Ip=l THEN GOTO 7205 R .
6990 - KR J=1 TO Om ~ . - S . s i
6995  Xp(J)=0 . : \ .
.7000  Yp(I)=0 c, o : e
| 7005 NEXT J , . s, . :
- 7010  QueXi(I) . ! . . 3 ‘
> 7015 . Qum¥1(1) ’ PN ST .=
7020 Xp(1l)=2(E) - A : R
- 7025  Yp(l)=¥2(I) - NL RN ~ :
) . 7035 KR Kel T0 Om . . - - L
7040  Aa crita A R ,
e ° S -
A . N *
, Vo | ;
L e - ) <
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7045° / FOR K1 'O Aa crit-1 |

7050 FCR Test=1 TO Con

7055 IF xpcmst)m AD Yp('nest)ncry 'mm _

7060

7065 Man‘ B= B2 R

7070 GO0 No cutputs
. ~T075 END IF '

7080 NEXT Test - .
7085 " KR J=1 TO Cn
7090 IF Element2(J)=14 (R Elare'xtz(J)=15 R Elament2 (7)=7 ® Elamet2{J7)=8 .

. 7095 IF ¥p(K)=X1(J) AND Yp(K)r-Yl(J) AD Lirkk (7)=0 AD JoI THEN '
7100 KR I11=1 TO &n
705 IF xp(u_1)=>a(a) AND Yp(LL1)=¥2(7) THEN QOTO 7190
7110 NEXT 111 . - -
. 715 Xp(Aa)=X2(J) )
7120 Yp(Aa)=¥2(J) . - >
. 7125 haedarl R P )
7130 GOTO 7190 , . T .
7135 BD IF ,
+ 7140 IF Xp(K)=X2(J) AND Yp(K)=Y2(J) AND mkk(a)=o AND J<>I THEN ‘ :
7145 RR Li11=1 TO Gn ' '
. 7150 . IF ¥p(L11)=X1(J)* AND yp(m)zn(a) 'mm Goro 7190 L —
7155 NEXT 111, ] ‘ o ~
7160 Xp(Aa)=x1(J) . ‘ : —_—
. 765 Yp(Aa)=Y1(J) " o
7170 Aahatl .
775, QOTO 7190 ~ . . . ! )
- 7180 BD IF S L ] ‘
7185 BD IF
7190 . NEXTJ : . ) o
7195 NEXTK -° S . ' o '
' 7200  NEXT Kk ‘ , L. o
- J205 NEXT I .- 4 . o
7210 | FINDING INDUCICR QUT SEIS . . .
7215 KR Il TO Om ) ,
7220  IF Element2(I)<16 AND Elemert2(I)<17 THEN cmo 7465 .
7225  IF Linkk(I)=0 THEN GOTO 7465
7230 FRJ=1T0 Gn
7235 Xp(@)=0 .
7240  Yp(J)=0 E ' ) -
7245 NETJ ' & @
: 725) 'GDC:)Q(I) - " [ - h
h . 7255 Qy=Y1(I) o _ o, e ’ -
7260 . Xp(1)=X2(I) : .
7265 Yp(l)=¥2(1) o o -
- :7270 . .
7275 RR K&l TO O, - e
7280 - Aa crjt=pa B N L
7285 KR K=1 O Aa crit-1 , * :
7290 KR J=1 TO Gn {5
7295 STF Xp(R=X1(J) AD Yp(lQéYl(J) m) Liﬂdc(.n-o Am Jol THEN |
7300 KR Ll1=1 ToO'an’ B 5
* \ -
v 0\ ’- .
. ' A | g
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' 7305 . IF Xp(L11)=2(J) AND vp(m)ayz(J) THEN GQUTO 7385
7310 NexT L1 o v
7315 Xp(Aa)=X2(J) o
7320 Yp(Aa)=2(%) , , :
7325 | Radadl . : -
SN 7330 QOTO 7385 , -
7335  BODIF .
730 ' IF %p(K=(J) AD YpK2(T) AD Linkk(3)<0 AD JoI THEN
7345 FRLI=1 TOCn . L
7350 IF ¥p(Lll)=X1(J) AND Yp(Ll1)=Y1¢J) THEN GOIO 7385
e 7355 NEXT L1 ¥ ‘
7360 ¥p(Aa)=K() e
. S, weam@ ., . - . o
. 7370 . a=panl o SN ‘
7375 QOTO 7385 o - |
7380 ©° BOD IF : M . : )
. 7385 . NBTJ . A S
' 730 NEXT K , ’ ‘
3 . 7395 NEXT Kk S

7400 KR Tést=1 TO Gn

7405 m:ba'st)mmifp(’mst)ﬂv
c— 7410 . QOTO 7460

\ 4 7415 BDIF
) 7420  NEXT Test : L , I
| 7425 - BEEP o ' ~ .

7430 MAT Ex E2
7435! mmrsmmcw:mmrmm
7440! CR INDUCICR CUT-SET THE PROGRAM JUMES |
¢ 7445! OVER THE QUTFUT SELECTICN ROUTTNES
7450:"  GOTO No autpats - ,
TT 7455 Linkk(I)=0
s 7460 - - | ' IAEEL TO LEAVE A LOOP
: 7465 NEXTI - . Ve
7470! END OF ROUTINE
7475 .1 '
7480 | ko amm' ssmcrxcn ROUTINES ik
. 7485 | <A
74901 ***************************** '
‘7495!@9&@1'1}&'10&1}1:1* -
7500! *CUTFUT QURRENT WAVERIR'S ~ * : e
' . 7505! ************************H*** ) oo .
7510 ! :
7515 Aal(Q)=0 g
7520 FOR I=1 TO 18
" . 7525 m:=9cn1=10m1—nm1=1zmz>mm7eso
s 7530 - IF E(I,0)=0 THEN 7660. .

’

— 7535 - KR J=4 TO E(I,0)*4 STEP 4
: .. 7540 . Flag=0 ° .
7845 -E2(I,0)=E(I,0)
. 7550  E2(I,J-3)=E(I,J-3)

7585 E2(I,J-2)=E(I,J-2) g : o
7560  E2(I,J-1)=E(I,J-1) S
. . PSS R(1LJ)=E(1J)

A
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AT T
gty
L2 e
. T . .
3
< .
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N
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. 7570 FR¥=2 TO Aal(0) SIEP 2 g
7575 IF Flaggs3’ 7655 - - )
7580 IF E2(I,J-1)=hal (K-1) AND E2(I,J)-%al(10 AD Flag=0 THEN Flag=l
7585 IF E2(I,J-1)=Aal(K-1) AND E2(I,J)=3al(K) AD Flag=2 THEN Flage3
7590 IF E2(I,J-3)=Aal(K~1) AND E2(I,J-2)=Aal(K) AND Flag=0 THEN Flag=2
7595 IF E2(1,J-3)=hal (K-1) RO E2(I,J-2)=hal(K) AND Flag=l THEN Flaged =
7600  NEXT K . )
7605  TF Flago3 AND nagoz THEN
7610. Aal(0)=Aal(0)+2 _
7615 A2l (Aal(0)=1)=E(I,J-3) , —
7620 Aal(Aa1(0))=E(I,J-2)
7625, - BD IF
7630 IF Flag<ol AND Flago3 THEN
7635  Aal(0)=Aal(0)+2 \ S -~
‘7640 Aal (Aal(0)-1)=E(I,J-1) o ‘ ’ T
7645 Aal(Aal(0))=E(I,J)
7650 BD IF T ‘
7655 NEXT J . o ‘ ‘ - -
. 7660 NEXT I ‘ e ' .
7665 Flag=0 o . >
7670 ° ! L . . '
" 7675 ° PRINT CHRS(12) - .7 )
7680 WINDOW 0,800,0,611 . o .
7685 IDIR O «
7690 -1 .. . *
7695 CFF ERRR RS : ' :
7700  Zidel oo T s
7705 PEN 1 - .
77110 CSIZE 3.2,.5 , ‘ - . :
7715 MXE 400,570 o —
7720  IABEL VPTEASE SELECT YOUR merqma»rr mvzrcms"
7125 WawCde 8
7730! ARROW KEYS AND KNOB ARE USED . '
7735! TO SELECT THE BRANCH L )
740"} - ’ .
7745 KR I=3.T0 18
7150 IF E2(I,0)<0 THEN -
7755 IF I=8 AND Ocde 80 &HEN 7800 ' : )
7760  Pxa=F2(I,1) . ; '
7765 Pyi=E2(1,2) ’ - . '
7770 P2=E2(L,3). - ' ' ‘ .
S TS Py2=E2(I4) "’ LT e
7780 ©  QXSUB Draw b : g - ' _
7785 I b : o ‘ - ‘
7790 GOTO Keyy . < ) ' e
77% 'BDIF v ' .
7800 NETI : ’ o
7805 Keyy: ! ' .
"7810 . N KED.QOTO Keyl - —_
© 7815 P - T : .
7820 % e LT
7825 IF M(ZSS) E-THEN | - ' < e
783p OEF KED' ’ - . PR
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r~ \‘:" " :
- 220
— - 7835  GOSUB Dres box ) ’ ‘ ' .ot
- 7840  J=J+4 : - .t
7845  IF-I=8 AND J>(cde 8 THEN 7855 .
7850 . IF DET,0)04 THEN ~ .o .
7855 I=T4] ‘ Ty -—;% ® ” °
7860 IF D18 THEN 7745 . o

7865  IF E2(I,0)=0 THEN 7855 . -
Jad ' '

L , 787 BODIF < _
3 PQa=E2(I,J-3) " : «
7885 ‘ Pyl=E2(I,J-2) - i ‘ ° ' °
7800 Po=E2(I,J-1) * ; - . i -
- 7895  Py2=E2(1,J) ' - '
7900  GOSUB-Draw box - ) '

: 7905 NKDQDO Ky - , LT

—— 7910 BDIF 7 g

- 7915 IF AbS=CHRS(255)&"<" THEN '

7920 ¥ CFF KD
oo 7925 GOSUB Draw box . -
’ ‘ 7930  J=J-4 : ‘
= 7935 IF J=0 THEN .
7940  IsI-1 .- .. : I
7945  IF I=3 THEN I=1B o :
7950  IF E2(1,0)=0 THEN 7940
7955  IF I=8 AND Code 8=0 THEN 7940 :
- 7960  J=E2(I,0)%4 ‘ : . :
7965,  IF I=8 THEN J=0cde | 8*4 - ST
.~ 7970 BUDIF : _

7975  PA=E2(I,J-3) . o . ~ -

7980 Py1=E2(I,0-2) . - : -

7985 Px=E2(I,J-1) . ' o .
© ' 7990 - Py2=R2(1,J) - ‘ ‘ 4 <7
-~ - 7995  GOSUB Draw bax * o o :

4. 8005. BND IF o - ,
- 8010! PRESSING THE CONTINUE KEY
- " 8015! WILL EXIT THIS RUTINE -
: ". 8020] AND CONTINUE TO THE NEXT ~ R o
IF NoS=CHRS (255) &"C" THEN : .
8030 GOSUB Draw box . : S
- 8035 GOTO Outt o - : o0 :
—_ 8040 BN IF ' SR T D A
o ’ 8045! PRESSING THE ENTER KEY WILL o . N
8050! SELECT THE BRANCH AS AN €UTEUT ' - . .o
8055 IF AbQ=CHRS(255)&"E" THEN S ' -8

i

8065 - CFF ERRR - ' . - ‘

8070 CFF KD : , o

« 8075  Coo=Oootl - L T ‘
L 8080 . Wenve$(0Ox) [1,1]-"1" : co )

. 8085 -~ Wave$(axc) (2, 3]-mt$(a:c) o o "
. 8030 KR KeG TO 18 o Ly
8095 IF E(Kk,0)=0 THEN 8150 - i S ~ ) o
L e . - s ‘ e T L A ‘ i
e G ‘ i
e :‘!“L o ~ ‘%3




w
-1/‘/

- 221

8100  FRLl=4 TO E(Kk,0)* STEP 4 .~ - N

8105 - IF E(Kk,L1-3)=PA AD E(IG(,Il-l)=BQ AO £(k, LI-2) =Ry AD E(lOc,u)-P
y2 THN

8110~ Fflagl .
8115 Q00 8155 u . ..

-

8120 ED IF

8125 . IF E(Kk,L1-3)<pe AD E(Kk,m-l)=Bd AD anc,nlz)cm D E(¥, L)=P

- yLTHN . —-
8130 -  Fflag= g : g

8135 GOTO 8155 : : - ) -
8140 BD IF © :
8145 NEXT L1

8150m<l1;§< ' . — o .
8155- IF Pd=Px2 THEN - : -

P
8160 E(8,E(8,0)*4+1)=PA K -
8165  E(8,E(8,0)*4+3)=P , i
8170 = Aax30" . -
8175  IF PyDPy2 THEN Aaa=-30 - . .
8180 IF Fflag=1 THEN o - ' .
8185 E(IQ(,Il-2)=E(‘lO<,Il-2)+Aaa" ’
8190 EISE : o
8195 E(mc,m)=E(I«,m)+Aaa : _ . *. -
8200 BD IF o Coe T n_
8205 . E(8,E(8,0)%+2)=Pyl , LN -
8210 E(ﬁ,E(B,O)*ZM)=Ey1+Aaa o - .- .
8215 EISE e S - )}
S .
8220  Aax30 - . :
8225 ' IF PSP THEN Paa=30 ‘ , S
8230 .E(8,E(8,0)*4+2)=Pyl
8235 E(8,E(8,0)*4+4)=Py2 e
' 8240 IF Fflag=1 THEN ’ ' P
8245 E(Kk, L1-3)=E(KK, L1-3)+Aza , o
8255 E(Kk, L1-1)=E(KK, L1~1)+Aaa L s
8260 .BDIF - ‘ > ' ~ .
8265 E(8,E(8,0)*4+1)=Px1 - > . : Ny
8270 E(8,E(8,0) *4+3)=Pxl+haa . .
8275 BDIF o ' o
8280 E(8,0)=E(8,0)+1 . ‘ g ) .
8285  BEEP 3000,.01 : - _
8290 Wm . . ' ) .
8295 QIO 7835 . . , '
8300 END IF . . R ,
T8305! dkkkdkdkidickiokkkkikkkickikiokkickkhickikickiokick c :
8310! * END OF CUTFUT CURRENT WAVEFCRM RUTINE *
8315! WM
. 8320 ! s , S
8325 , GOTO Reyy . . . v o
8330 Qutt: ! . . . , ' - :
833" ol ‘ - ' 'S
“.3345! Rk kdckkdkikkickickkkikkikikikikikk , . < : ’ - -
8350! * GRAPHICAL ROUTINE TO SELECT * N L
Y P . .
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8355! * CUNIUT VWILTAGE WAVERR'S * ) .
m;*ummm

8365 ! ! . ‘/‘
¥ 8370 , mmmw)-l ! IF ELEMENT2(0)=1 THEN QUIFUTS WERE SEIECTED
| . 8375 ! ) FISE EIFMENI2(0)=0 NO CUTFUTS WERE SELECTED
o s 8380 EN "'1 . h @ )
. 8385 CSIZE 3.2,.5- .
L 8390 MWE 400,570
, 8395 m'mmm wmmamr WAVEFCRVS"
8400 PN 1 —

8405 MNE 400,570
8410° IABEL "PLEASE SEIECT YOUR CUTFUT WIIAGE WAVERCRS" .
, 8415 WwwE(6;0) ’ _
- ../8420 ! v .
Co -8425 Flag=0 ) -
8430 1‘7'2 1 R ' N
8435 PENO o
8440 ~ Flag=0 . '
8445 Kkeyy‘ - 1 : .
8450 " N 1@ GOTO Keeyl ’
8455 Kieyl:-
8460 Ab$=l<B$
8465! THE ARRMW KEYS AND KNOB.ARE
«7 ' 8470! USED TO SELECT THE NOES ‘ )
8475 SET BID Aal(K-1),Ral(K) o
8480 IF AbS=CHRS(255)&™" THEN . \ ©. \
, ~~ 8485  CFF KD ;
' 8490  SET BID 2al(K-1) Aal(K) - . , 4
8495  Ke=k2 e

.

8500  IF Kpal(0) THEN K=2 :
- 8505 QN KED GOIO Kkeyl '
. 8510 mnfn | -
'y . 8515 bs , »
8520 IF AbS=CHRS(255)&"<" THEN : .
8525  CFF KED o v
8530  SET BID Aal(K-1) ,Aal(K). -
: - 8535  KK-2 ' . - ¥
3 " 8540 IF K=0 THEN K=Aal(0) - ,
' 8545 N KED QUIO Kkeyl - -
. 8550 END IF
— 8555! PRESSING THE CONITNGE KEY WJIL
85604 EXIT THIS ROUTINE
8565'7 IF ALS=CQHR$(255) &"'C" THEN N
GOTO Cautt -
8575 BD IF '

8580! THE ENTER KEY MET EE FRESSED THICE
8585! TO SELECT THE TWO NOTES TO SELECT THE -
8590! CUIFUT VOLINGE WAVERRS N

~~ 8555 IF ADOeCHRS(255)&"E" THEN T
8605  IF Flag=0 THEN ‘ C .
8610 . EEEP 2000,.01 . N :
8615 . Xomhal(K-1) :

|

o
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8620  Yyy=hal(K)
8625 FEN 1 ) .
8630 © MNE 200,100
8635  IAFFL “PLEASE, SELECT SEOND TERMINAL'
8640 - Flag=l
8645 PN O = -
8650  ON KED QUTO Kyl
8655 - QOIO Kayl:
8660 END IF
8665 IF Flag=l THN  ~  ° = )
8670 , EFEP 4000,.01 °
. 8675 PN -1 )
8680  MNE 200,100 . ”
- 8685  IABEL PIEASE, SELECT SECOND TERMINALY
8690  (Ooxi=QoclHl :
8695  WaveS(CooHocl)([1,1]="V".
8700 | Wave$(Cootaexl) [2,4)=VAIS(Oocl)
8705  E(6,0)=E(6,0)+1
. 8710  E(6,E(6,0)*4-3)=pal(K-1)
. 8715 E{EE(&O) *-2)=pal(K) . .
. 8720  E(6,E(6,0)*4-1)=X¢
- . 8725 E(6,E(6,0)%4)=Yyy
- 8730 FNO ‘ )
: 8735  Flag0
~= 8740  ON KED QUTO Kkeyl
8745  GOIO Kkeyl
o 8750 BN IF
. 8755 B IF
8760 !
8765 QUIO Kkeyy
8770 ! ) '
3 87751 dekkddedodeddeiok okt il dicdokiedodok dedededed e dedededededede
~ . §780! * END CF QUIFUT VOLTAGE WAVEFCRM ROUTINE *
' 8785!  dekdkdkdciddickikddkickdcki ki dok ko dokde
8790 v o L e
- 8795) dkickkk END CF CUIEUT ROUTINES ek
8800 !
o 8805! ARRANGING THE ARRAYS
: 8810 Ooutt: !
8815 OFF KED
8820 [EG
8825 IDIR O
8830 CSIZE 4.2 o
8835 PN1 o
e 8840 MVE 200,100
= ] 8845 IABEL “SOLVING YOUR CUTFUT WAVEFCRS"
8850 ! '
. 8855 1= /
- 8860 PB1=0 ( * -
8870 Pyl=0
. 8875 PFpy2=0 .
v _ 8880 IF E(2,0JS0 THEN 9070 @ A
. -

N L eI ™
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8910
¢ 8920

8930
8935
- 8940
8945
8950
8955

8970
8975
8980
8985

- 8995

9010
9015
9020

5030
9035

9100
9105
o119
9115
9120
9125
9130
9135
. 9140

9145

'. | “ )
— TN .
224 - ] ‘ °

RR Jj=4 TO E(2,0)*4 SIEP 4

IF E(2,39~3)>E(Z,J5-1) THEN - _ .
. Fod=E(2,33-1) ‘ T
FpoE(2,73-3) . -
EISE .

Bxi=E(2,J3-3) T —
- Ppe=£(2,35-1) ~
END IF

-

 IF E(2,J5-2)>E(2,J3) THEN — -

PpyI=E(2,75) )
For-E(2,932) ,

@2 | ) R
PovE2,%))

HR I=2 TO 18
IFI-emlsloaaI-anz’leemgoss .
IF E(I,0)=Q THEN 9065
FOR J=4 TO E(I,0)*4 STEP 4

IF E(I,J-3)=Ppe AND E(I,J-2)>=Ppyl AND E(I, J-2)<=py2 THEN
E(I,J-3)=Ppa.

“E(T,J-2)=Fpy |

BD IF _ :

IF E(£,3-1)=8p@ AD E(L,3)>=pyl AD B(I,3)<=5py2 THN -
E(I,J-1)=Rm1 _ N =
E(LJ)=fyl . _ -

END IF

IF E(I,J-2)=Ppy2 AND E(I, J—3)%ppa AND E(I,J-3)<=Px2 THEN
E(I,J-3)=Fpd

. E(I,J-2)=Fpy1 _ : ~

BD IF ’ .

IF E(I,J)=Ppy2 AND E(I,J-1)>=Pm1 AND E(I,J~1)<=Ip<2 THEN
E(I,J-1)=Pxd
EI =Ryl . - , ™ ‘ =

BD IF . :

NEXT J -

NEXT I , . .
NEXT T3 . : : 1
E(8,0)=E(8,0)-Cc=" :
E(6,0)=E(6,0)-0xt1 ,

(00 )) T . ==
KR I=3 TO 18 '

IF E(I,0)=0 THEN 9135 - o7

R J=¢ TO E(I',O)*4 STEP 4 -
=l . h <
X1 (Con)=E(L,J=3)  _ '
Y1(0on)=E(T,J-2) _—

X2 (Con)=E(T,3-1) : ' ‘ , .
¥2(0n)=E(L,3) : -~ :

NETJI - e ' «

NEXT I ‘ - S
IF Cox=0 THEN 9190 . @ ' . .
KR J=(E(8,0)+1)% TO (E(8, 0)+0ac)*4 STEP 4 : 'ﬁ'

- -

-
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9150 CuarGntl '
9155  Element2(Cor)=8 ‘ ) , |
9160  Values(Qen)=0 _ L. .
9165  X1(Cn)=E(8,J-3) |

9170  Y1(Om)=E(8,J-2) ' - '

9175  X2(Ccn)=E(8,J-1) . ]

9180 Y2(G?n)=E(8,J) , _
9185 NEXTJ - : .
9190 IF Qoxl=0 THEN 9240 o

9195 FOR J=(E(6,0)¥1)*4 TO (E(G 0)+0cc1)*4 SIEP 4

9200  CoreCotl . .

9205 Elemert2(Cn)=6

9210  Values(Om)=0 2 ) :

9215  X1(Om)=E(6,J-3) . : .
9220  Y1(Con)=E(6,7-2) : S

9225  X2(Cr)=E(6,J-1) ‘

", 9230 - . 'Y2(0n)=E(6,7) : - ' S 3

9235 NEXT J o R o
9240 E(2,0)=0 ; )

9245 Axl .

9250 Dflag=0 .

9255 | ‘ ' : )
9260 No artputs: 0 ! NO QUTRUT - -

9265 CFF KED o .
9270 CSIZE 4.2 . ’
9275~ IDIR O .

9280, PEN1 - ‘ . -
9285 MNE 400,100 N

9290 "samm: YOR am‘ur WAVEFCRVE" - -
9295 f - Lo ‘

9300 IF Charged=0 AD Data3=1 THEN _ ’

9305 QUIO 9370 _ - ‘ *

9310 EISE . .

9315 N ERRCR QUTO 9325 ' ‘

9320 , RIRGE "3"&2$(2,9) . )

9325  CFF ERRR ! .

330! SICRING DATA IN FIIE 3 : : ?

~9335  Values(0)=iltage

934D  CREATE HDAT "3"&25(2,9),1, (6*{Cont1) 468+(S%10% (Qonl) ) +{8+548) ) A

<‘1’

9345 = ASSIAN @Path TO "3“&23[2 9]

9350  QUIFUT @Path;0on;iNooints;Limit;Dt;Base freqg; XJ.(*) JY1(*) ;X2 (*) ,YZ(*) sElem
ent2(*) ;Values(*) ;Elem label$(*) ;WaveS(*j; » . .
9355  CUTFUT €Path;Gating wave$; Carrier wave;McdavE S
9360  ASSIGN @Path TO * | -

CQ

1

9365 ENDIF - =& -

9370 ! . . - C

9375 Contimed: °! . . : \ ) :

9380— RR I=1 TO Gn “ e : -

9385  PRINT I,Elenent2(I),Values(I),X1(I) .n(n X2(1) yzcx) ,

9390 NEXTI - oLt

9395- ! o , ) -

9400 ! SO PR mmyswmssm , EIBENI2(%) ,X1(%), S CoL

9405 ! X2(%) , YI(*) AND Y2(*) WERE- GENERATED ~ ST
B P - i il ' ‘ ' L .

e




~ . .
= - ; 5 — 3 ) R .
. - - ) S 226 ; . .
9410 ! REAL ;: - VAILES(%) . . .
- _ 9415 ! © INIBER: Euzmm(*) XL(*) xz(*) ,Y1{%) ANDYZ(*)
PR 9420! : .
| - 9425! CALL TIME DOMAIN-RVUTINE
.‘§ 94301 QSUB Timedarain ! (Con,Values(*) x1(*) ,xz(*) (YL(%), Y2 (*) Elerrem(*) ,Ele
. m hbelS(*) MaveS(h)) ~
. 9435 . )
9440 gurorm . 0
9445 Draw boxx: | DRAWING EOX ROUTINE
- ., 9450 CFF KEY g . - )

o 9455 FEN Aa v p
. 9460 Agle=0 - ~ ' <
.. T 9465 ' N ERRCR QUIO Fargle?
N x’;g Angle=PIN( (Pﬂ-l?yl)/ (P2-Px1))
‘ .*msomrglezzmgleso ' T -
" 9485 - (FF BRRR - J.
" 9490 Pstart2s ' ' :
9495 Ml=(PXIFPxR2)/2 ' © -
9500 M=(Pyl+Fy2)/2 o - o

en
-

“ 9505 IF Fy2-Pyl=0 AND P2<Pxl THEN Argle=180 .
' 9510 IF Py2<Pyl AND P2-Pxd=0 THEN Angle=270 " ‘ , e
. 9515 IF Py2~Fy1<c0 AND PA-P2<0 THEN - Vo :
9520 IF Px>Px2 AND Pyl>Py2 THEN Angl 0 . | . -
Co 9525‘mm>mammmmmg1e=kg1 0 . '
‘e 9530 END IF , '
9535 SELECT Ee ' :
. 9540 CASE =6 . -
.4 9545 Ff=20
) 9550 CASE =10 ° )
_ 9555  Ff=16/(S+1.E~39) . o ‘
9560 -CASE EISE . , ) ' .1
9565’  Ff=16 ' , - :

9570 END SEIECT - -
"9575 Aaa=F*(P-Px1)/ ((RQ-M)"%"(M'M)"Z)‘ ;

/;V_ ., 9580 B=*J==F‘f’*(I‘Y-’-‘l’ifl)/((PbQ-R'ﬂ)‘24'(1’:?2"13'1?1)"2)"»5
.\ 9585 PhbeFkAS . T
' 9550 Aax=Aaars. - e \
¥ 19595 | PzeSCR((PR-Px1)"2+(Py2-Pyl)*2)/2 - - .
* . 9600 MNE MM2,M+2 3 S o ..

9605 FIVOT Argle-90
9610 QOSUB Device bew .
.+ 9615 PIVOT 0

» o »
9620 FRETURN ' ; ) v
mzmmm g .
9630 Recrew: ! - N
9635 IF Dflag=l THEN . - . Yon o
9640 GINIT . ‘ . . . . .
9645  VIBARCKT 0,131,0,100 . ‘
9650 WINDOW 0,800,0,611 .

A °  9655. GIEAR : o Co S .

y .. 9660 GRAFHICS (N .

y t r"{




%

"o

9840 RETURN . _

i <
| 9670  CLIP 8,792,8 ‘ : "
975 BDIF L
9680 KR I=1.TO 70 : R :
9685  IF E(I,0)=0 THEN 9785 :
9690 ° KR J=4 TO E(I,0)%4 STYRP 4 -~ - - - s
9695  IF E(I,J-3)=0 THIN 9780

9700  IF T>59 AND I<66 THEN Corverter=l ! A CONVERTER O: NO , 1: YES
9705  Be=I :

9710 _ PA=E(1,J-3) i . : ~
9715 Py1=E(I,J-2) ) i ) ' -

9720 P2=E(1,J-1) A v ) -
9725 Py2=E(I,J) . ‘

9730 Flag<0 ~ .

9735 SEIECT Be - ;

9740 QSE =1

9745 GOSUB R -

9750 CASE =2 -' :

9755 GSUB Pli ) °

9760 CASE EISE T

9765  GOSUB Rirewl
9770  BND SEIECT
9775 t. .
9780. NEXT J | _

9785 NEBXI . ‘ ¥ , C
9790 Flag=0 , : , - ) <
9795 PIOITER IS 3,"INIERNAL! - -
9800 REIURN : :

9805 Rp: | [RWDOIS .

9810 FEN Aa : -

. 9815 MNE Pxi+2,Byl+2

9820 FOLYGON 2,30 : ‘ ' -
9825, FOLYGN 1,30 '
9830 FOLVN .5,30
9835 CFF KEY

9845 ! o v

9850 Pli: | TRAW.IINE .
9855 FEN Aa - i ¢
9860 MNE Pxi+2,Pylt+2 . '
0865 [RAW P2+2 Pyz-l-L . ,

‘9870 GFF KEY ‘ &

9875 REIURN , o
9880 Rirawl: ! . L )
9885 GOSUB Exror contiol . '
9895 PEN Aa N © E
9900 Angle=0 .- : . R
2905 (N ERRCR GOTO Farglel P o
9910 N’QJEMN ((Py2-Py1)/ (M-Bﬂ) )

- 9915

]

9920 Far'gle.l.mg].e=90 | :
9930 m—(nmmvz . - o

!
1

5

,,
j u"'«'
.
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-
S
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-

it

9935
9940

10070
10075
10080
10085
* 10090
10095
10100

* . 10105

10110

10115

10120
10125
10130
10135

" 10140

10145
10150
I 10155
10160
. 10165
10170
10175
10180
10185
10190
10195

228
M2=(Py1+By2) /2

IFM-MFOMDBQ@CI.'D{ENAI‘QIFIBO, e

IF F2<byl AD PR2-Pxd=0 THEN Argle=270
IF P2-Py1<0 AND PXI-PR<0 THEN
IF PASPX2 AD Fy1>Fy2 THEN Angle=Arglet180

nwmmm@mmﬂglmso .

BN IF

. SEIBTT Be

PaecFE+ (B2-Pl) / ( (B2-Bil) "2+ (P2-PY1) 2) .5
BH‘E*(M-M)/( (M-Bd) ~2+(Py2-Fy1)"2)".5
Bb=Hbrs

AaadaasS v, |

PZ=ER( (M-M) K (M-Fyl) "2)/2

MNE Ml+2,M2+2

PIVDI‘Argle-QO -
SEIECT Be -
CASE =3 ' -
GOSUB Ac volt

CASE=4

QOSUB A volt ‘
CASE =5 _ .
QOB Qirrent soxr .

CASE =6 : ?

G8UB Qnrent

CASE =7 -

QXUB Battery !
CASE =8 . . 8
GSB Dc sarce )
CASE =9

QSUB Arrow

QASE =13 .

CASE =14 _ .
GOSUB Capacitar

CASE =15

QSUB Electrolytic

QASE =16

t KN




10200
10205
10210
10215
10220
10225
10230
10235
10240

10245 Exrrcr catrol: “ !

10250

@ASE =63
GOSUB Fhasel rect
CASE =64
GHJ!;.HaseB_rect_d

GBJBmase3rect_y
END SELECT

PIVOT 0

RETURN

RETURN

10255 <. .

10260! CIRQUIT E[EMENIS
10265 !

10270 Device boxs |

- 10275
10280
10285

.10290
10295
10300
10305
10310
10315

. 10320

10325
10330
10335
-10340

PN O

RPLOT 0,Pz,1
RELOT -24#5,20%S
RPLOT -24+5,-20%5
RELOT 0,~Pz
RELOT 24%S,=20%S
RPIOT 24%S,20%S

RPIOT 0,Pz,2 -+ e

IF A=l THEN
RPLOT =324S,20%,1
RPIOT =324S,~20%S
RPLOT -284S,-164S; 2

- RPLOT -324G,-20%S, 1
RHOT -36%S,~16%S, 2

10345~ BD IF - *

10350
10355

RETURN -
!

10360 Arrow: !

10365
10370
10375

10380
10385

10390.

10395
10400
10405

RPLOT 0,-Pz,1

RPIOT 0,Pz

KR K0 O 2 SEP .5
RPLOT -3+#K,Pz-54K -
RPIOT 3-K,P2-5+K -

RPLOT 0,Pz~K

NEXT K

RETURN

!

4.

10410 Currelt !

10415
10420
10425

Q430
10435
10440
10445
10450
10455

10460 .

RPLOT 0,Pz,1

RFLOT 0,204S,2

RPLOT -124S,8%S,1°

FR %¢=-12 0 12 STEP .5
Yy=5CR(144-X¢2) +8

. RPLOT XS, Yy*S

NEST X .

KR ¥¢=12 TO =12 SIEP -.5
Yy=-80R(144-%x"2) 48
RFIOT X0S, WS -

‘ .229 —

Vsl




10465
10470
10475
10480
10485,
10490
10495
10500
10505

10510°

10515
10520
10525
10530
10535
10540

10545

10550

10555.

- 10560
10565

«

o

NEXT %

RPLOT =126, 84S, 2

RPLOT 1245, -85, 1

RR =12 TO 12 STEP .5
Yy60R (144-3%"2) -8
RPLOT XS, Y\ .

“NEXT Xx

FR X»=12 TO =12 STEP ~
Yy=-SR(144-200°2) 8
RPLOT X04S, Yyr*S

NEXT Xx

RPLOT ~1245,-8%5,2 “

RPLof -20%5,12%5,1

RPLOT =20%S,~12%S

RPLOT -24%S,-84S "

RPLOT =20%S,~12+%S ‘

RPLOT ~16%S,%8%S,2

RPIOT 0,-20*S,1

RPLOT 0,-Pz,2

RETURN

1.

1057001:ra1tsa1r !

10575
10580
10585
10550

10585

10600
10605
10610
10615
10620
10625
" 10630
10635
10640
10645
10650
10655
16660

 10665.

10670
10675
10680
10685

RPLOT 0,Pz,1
RPIOT 0,16S,2
RFIOT -16%S,0,1
FCR %16 TO 16 SIEP .5
Yy=60R (256-X%"2)
RPLOT %045, Yy*S
NEXT 3
KR =16 TO ~16 STEP -
Yy=-S(R(256~X¢"2)
RPLOT %S, Yy*S-
NEXT Xx
RPLOT -16%S, Yy*S, 2
RPIOT 0,-16%S,1
RPIOT 0,-Fz,2
RPLOT -16%8,0,2
RELOT 0,12%S,1
RPIOT 0,=124S,2
RPLOT 0,124S,1
RPIOT ~4%S,8%S,2
RPLOT 0,12%S,1
RPLOT 46,848, 2
RETURN .
!

10690 I samoe:  !] -

© 10695
10700
10705
10710
. 1075

20720

10725

FIOT 0,P2,1 . -
RELOT 0,3.545,2
RPLOT ~1245,3.545,1
RELOT 12¢5,3.546,2
RPIOT.-6%5,-3.545,1
RELOT 645,-3.5%S,2
RPIOT 0,-3.5%S,1

bl )
. . ‘,
“
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107% -RPLOT 0,-Pz,2
10735 RPIOT -B%S5,10%S,1
10740 RPLOT ~4%S,1045,2 |
10745 RPLOT -6%S,12%5,1
10750 * RPIGT -6*S,8%5,2 =,
10755 RPIOT -8%S5,-10%S,1
10760 RPIOT —44S,-104S,2
- 10765 RERN
10770 |
10775 Battery: !
10780 - RPLOT 0,Pz,1
10785 RPICT 0,124S,2
10790 RPLOT ~12%S,1245 .
10795 RPLOT 124S,124S,2 '
10800 RPIOT -64S,4%S,1 : -
10805 RPIOT 6+S,4%S,2 = -
10810 RPIOT -1248,-4%S,1
10815 RPLOT 124S,7445,2.
10820 RPIOT -6%S,-124S,1°
10825 RPLOT 6%S,=12+S,2
10830 RPIOT 0,-12%5,1° .
10835 RPLOT 0,~Pz,2
10840 RETURN
0845 4 | ¥
10850 Awolt: ! ¢
10855 RPLOT O,Pz,1
10860 RPLOT 0,16%S,2
10865 RPLOT -16#S,0,1
10870 KR ¥¢==16 TO 16 SIEP .5
10875  Yy=SCR(256-Xx2)
10480 RPLOT Xx*S,Yy*S
10885 NEXT Xx
10890 FOR %16 TO =16 SIEP =.5 K
10895  Yy=-SQR(256-Xx"2) :
'10900- RPIOT XS, WS
- 10905 NEXT, Xx . )
10910 RPIOT ~16%S,0,2" - -

» ~ 10915 MNE MI+2,M2+2 S

* » 10920 KR %=9 TO -9 SI¥P -.5

U .10925 _Yy=-SIN(Xc*20)
’ 710930 RPLOT XX*S, (Yy*5)#S
. ‘10935 NEXT Xx . ,
--10040 RPIOT =93, Yy*S, 2 .
, 10345 RPIOT 0,-16%S,1
10050 RPICT 0,-Pz,2
10955 REIURN
10960 -
* 10065 Ac wolt: [
10970 RPIOT 0,Pz,1
10975 RFIOT 0,16%S,2 _ -
10980 KPIOT.-16%S,0,1 S

_ 10985 KR Ye=-16 TO 16 SIEP .5 .

T 10000 YyESQR(256-30¢%2)

‘o - -~

- N




.

" 10995 .

11000
11005
11010
11015
11020

11025

11030
11035

11040 -

11045

11050

11055
11060
11065
11070
11075
11080
11085
11090
11095

11105
110
nns
11120
11125
11130
11135
11140
11145
11150
11155
11160
11165
1170

RELOT X¢*S, Yy*S
NEXT 3x
FOR X326 'TO =16 “STEP -.5
W=SR(256-%°2)
RPIOT X048, S ;
NEXT 3¢ .
RPLOT =16%S,0,2
MVE Ml+2,M2+2
FR %0 TO =9 STEP ~.5
YW=SINOOO20)
RPLOT XX*S, (W*5) S
NEXT ¥x
RELOT -5%S, Yy4S, 2
RPLOT 0,-1645,1
RPLOT 0,-Pz,2
RELOT -16%G,20%S,1
RPLOT ~16%5,124S,2
RPLOT ~20%S,16%S,1
RPLOT -124S, 16%S, 2
RETURN.
!

~ 11100 Resistor: !

RPLOT- 0, Pz, 1
RPLOT 0,16%S
RPIOT -8%5,14% -
RPLOT 8%S,10%S__
RPLOT -84, 645
RPLOT 845,245
RPLOT =B#S,=24S
RPLOT 84S, ~6%S
RPLOT ~84S,-104S
RPLOT 8%S,-14%S
RPLOT 0,-16%5
RELOT 0,-Pz,2
“!;E[LRN

11175 Imduxctary - b

11180

~11185

RPLOT 0,Pz,T
RPLAT 0,16%5

11190 RPIOT =4+#S,16%S

11195
11200
13205

KR Yy=16 TO 8 STEP =.5
e R(16-(Yy-12) 42) ~4
RPLOT X045, WS

11210 -NEXT Yy

11215
-11220
1225
11230
11235
11240
11245
11250
11255

~

RELOT 0,845, 2

RFIOT ~44S, 845, 1

FCR Y8 'O 0 STEP -
Wo-SR (16~ (Yy=4) *2)-4
REIOT %06, Yy*S

NEXT Yy

RFLOT 0,0,2

RPLOT =4%S,0,1

R Yy=0 TO -8 SIEP -.5,

232




.

111435 FR Yy
11440  Xe=-S(R(16~(Yy+12)A2) 4 -

11260, Xx=-S0R(16~(YyH) *2)~4
11265 RPLOT XX*G, YyiS - '
11270 NEXT Yy

11275 RPIOT 0,-8%S,2

11280 RPIOT ~44S,-8%S,1

11285 KRR YWy=-8 TO -16 SIEP -
11200  Xe=-SR(16-(Yy+12) A2)-4
11295 - RPLOT 3¢S, WS

11300 NEXT Yy

-11305 RPIOT 0,-16%S
11310 RPIOT 0,-Pz,2
11315 RETURV

11320 ! -
11325 (hoke: !
11330 RPIOT 0,Pz,1
11335 RPIOT 0,16%S
Eﬁo RPIOT -4*s 16%5

FCR Yy=16 10 8 SIEP ~.5

Xe=-SR(16-(Yy-12)22) ~4

11355 RPIQT %06, Yy*S
11360~ NEXT Yy -
11365 RPIOT 0,8%S,2 *
11370 RPLOT -4%S,8%S,1
11375 FR Yy=8 TO 0 SIEP -.5
11380 Xe=-SR(16-(Yy—4)~2) =4
11385 RPIOT XS, YW*S :
11390 NEXT Yy
11395 RPIOT 0,0,2
11400 RELOT —4%S,0,1
11405 KR Yy=0TO -8 SIEP -.5
11410, Xx=-SQR(16~(Yy+d)*2)—4
11415 RPIOT %S, Yy -

- 11420 NEXT Yy

11425 RPIOT 0,-8*S, 2
11430 RPIOT =4*S,-8%*S,1
TO ~16 STEP =.5

11445  RPIOT X¢4S,Yy*S
11450 NEXT Yy

11455 RPICT 0,-16%S
11460 RPIOT 0,-Pz,2
11465 RPIOT -10%S,164S,1

-'11470 RPIOT =1Q*S,-16%S,2

11475 RPIOT ~14%S,16%S,1

'11480 RPLIOT =14%S,~16%S,2

11485, RETURN )
11490 ! b
11495 Capacitar: - !

11500 0,Pz,1

11505 | 0,3.2%5,2
11510 "8&,3.2&'1"

11515 RPIOT 8%S,3.245,2
11520 RPIOT ~8%S,-3.2%S,1-

233,
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11525 RPIOT 8%S,-3.2%S,2 )
11530 RFIOT 0,~3.2%S,1 C -
1535 RFIOT O,~Pz,2 ) [ Cot
11540 REITURN . . .
11545 | : o
11550 Electxolytic:! )
11555 RPIOT O,Pz,1 ) ‘Y
11560 RPIOT 0,3.2%S,2 ¥ L e ,
11565 RPIOT -8%S,3:2%S,1 . X - -
11570 RPIOT 8%S,3.2%S,2 o7
- 11580 WW=S(R(256-Xx*2)=19.2 , — .
11585 . RPIOT X*S,Yy*S
11590 RR Xw=7.6 TO 7.6 STEP .4 \'
11595  Y=EQR(256-3%"2)~19.2 -
11600 RPIOT Xx*S,Yy»S - ' ) ‘ :
1.16(5 NEXI' m A N R -
11610 X8 : - )
11615 Yy=S(R(256-Xx"2)~19.2 .
11620 RPIOT )bc*S,Yy*s, . -
11625 RFIOT 0,-3.2%S,1 .
11630 RPIOT O,-Fz,2
11635 RETURN : : . ~.
11640 Exrl:ALFHA CFF w7 .
11645 EEEP v ‘ . ' -
11650 REITURN ' .
11655 ! ' ‘
11660 Half hrvidge in:! .
11665 OFF ERRR
. 11670 | mt***** DC_SOurce . *kkikdickkickdokiok
11675 Sh96 ' ;
11680 RPIOT Sh#S,Pz,1 . - . ] C
11685 RPIOT Sh#S,3.5%S,2 - ' .
116950 RPIOT (~12+6h)*S,3,5%5,1 . ‘ ‘
11695 _RPIOT (1246h)%S,3.5%5,2
11700 RPIOT (~6+8h)*S,-3.5%S,1
11705 RPIOT (6+6h)*S,-3.5%S,2 . _
— 11710 RPICT S1S,-3.5%5,1 '/' o ’ ,
- 11715 RPIOI‘ s, =Pz, 2 ’ '
11720 RIOT (=6+6h) *S,10%S, 1
11725 RPIOT (—4+6h)*S,10%S,2
- 11730 RPIOT (~645h)%S,124S,1 -
11735 RPIOP (-6i5h)%S,845,2 -
1.174Q REIOT (~846h)*S,-10%S,1 -n
11745 RPIOT (~44Eh)*S,-10%*S,2 -
1750 S=64 ‘
11755 Shy=(Pz/2)/S
. 41760 Top=Pz
- 11765 thnulo )
117707 tmm*m*m*t Electzolytic dokdededededokok i dockokok
1775 melﬂa]:l-l

Ay

11780 RPIOT ShiS,Top, 1 e

© 1785 mans,(s msm*s,

-

-
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1¥790 RPIOT, (-8+5h)*S, (3.2+5hy)*S,1
11795 RPIOT (8+5h)*S, ((3.2+8)*S) ,2
11800 Ye=(-8)

11805 W(zse—mz)-m 2

11810 RPIOT (X¢#h)*8, (Yy+Shy)+*S
11815 KR X%=-7.6 TO 7.6 STEP .4
11820  Yy=SCR(256-%¢"2)-19.2 '
11825 RPIOT (Xx¢tSh)*S, (Yy+shy)*S
11830 NEXT XX

. 11835° X=8 .

o

11840 Yy=SOR(256-Xx*2)=19.2 .

11845 - RFIOT (%45h) S, (Yy+Shy)*S,2
11850 RPIAT &h*S, (-3.2+&y)*S,1
11855 RPIOT &h*S,Bottam,2

11860 IF Elel=2 THEN

11865 Elel=0

11870 GJTO 11910

11875 BEND IF
11880, !
11885 Sh64
11890 SF(’PZﬂ)/S
11895

11900 B:'Jtth-H
11905 . GOTO 11770
11910 !

11915 Sh=-32

11920 sw=(Pz/z)/s
11925

11930 bt:tanO

11935 | | dekdaoioonckiokok SHITCH btk

. 11940 Elel=flel+] »,

11945 RPIOT Sh*S,Top, 1

- 11950 RPIOT Sh#*S, (Shy+13)%S

11955 RPIOT (+14.3+6h)*S, (~4+8y)*S,2.
11960 RPIOT (=1+5h)*S, (<11+Shy)*S,1 -
11965 KR X¢&=-1 TO 1 STEP .2

11970 Yy=SCR(1-Xx*2)~11

11975 RPIOT (X#Sh)*S, (Yy+Shy)*S
11980 NEXT X«

11985 FCR Xx¢=1 TO -1 STEP =.2

11990 Yy=-8(R(1-Xx*2)-11 -

11995 RPLOT (Xésh)4S, (Yy+Shy)*S
12000 NEXT Xx : .

12005 RPIOT (=145h)*S, (-114Shy)+*S,2
12010 RPIOT Sh#S, (-12+2y)*S,1
12015 RPIOT 'sh*S,Bottam,2

12020 RPIOT (I6+5h)*S, (~5+shy)*S,1
-12025 FCR X¢=+16 TO +14 SIEP -.2
12030  Yy=SR(1-(%%-15)"2)-5

12035 RPIOT..(Xx4Sh) %S, (YW+shy)+S

. 12040 NEXT ¥x

12045 KR Xeot14 TO +16 SIEP .2

12050  Yy=-SR(1-(0c-15)"2)-5

2l

’
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12055 RPLOT (Xe+sh)s, (Yy+shy)+S " .. @
12060 NEXT Xx R
12065 . RPIOT (16+5h)#S, (—5+&y)*S,2
12070 IF Elel=2 THEN -
12075 Elel=0 ' '
12080 @UTO 12115 - . ..
12085 ENDIF . - - _ ’
" 12090 She32 . ‘ )
_ 12095 Shy=(-Pz/2)/S
7 12100 Top=0 .
12105 Bottan=—Pz & < \ - , o
12110 GOIO 11935 ‘ - - ,
12115 | dedekdeichdcddikk DOT AN THE RIGHT dedekdekdedkdedkik . el
12120 RPIOT =32%S,84S,1
) 12125 FR X%=33 T0 =31 STEP .2 \
. 12130  Yy=SR(1-(0e+32) ~2)+8
12135 RPLOT XS, Yy*S C
12140 NEXT X% , . . .
12145 KR X¢=-31 TO =33 STEP -.2 .
12150  Yy=-SGR(1=(R32) ~2)+8
12155 RPLOT Xx*S,Yy*S ] -
12160 NEXT Xx ) . : P
12165 - RPIOT ~324S, 845, 2 . ; :
12170 ! Wmmm . o
12175$1 dekdekdidkdokkkkkxdkik DOT ON THE LEFT Jedcicicddcichck ook -
12180 RPIOT -64%S,-6%S,1: ’ ‘ ‘
12185 KR Xx=-65 TO 63 SIEP .2
12190  Yy=SCR(1=(0:+64) ~2)-8
. 12195 RPIOT XS, WS
- 12200 NEXT X%
* 12205 KR X=-63 T0 -65 SI¥P -.2 . + -
12210  Yy=-SCR(1~-(Xx+64) ~2)-8 N
- 12215 RPIOT Xx¢S,Yy*S . ‘
A 12220 NEXT ¥x e
12225 RPIOT -64%S,-8%5,2 - ° e ,
12230 ! Irdcdededededededededdodode dedededek dededeiededededededok Rk e
122350 | :
y 12240 RPIOT -96#S,Pz,1 ! TOP LINE . ﬂ
o 12245 RPIOT =328, Pz,2 Fo C
12250 RPLOT -96%S,-Pz,1 ! EOTTOM LINE
-12255 RPIOT ~324S,-Pz,2 . ‘ )
* 12260 ! R .
12265 RPIOT -32%S,8%S,1 ! TOP TERMINAL LINE ‘ '
T 12270 RPIOL.Q,B%S . T
. 12275 RPIOT O,Pz,2 L B -
12280 RPIOT -64%S,-8%S,1 | BOITCM TERMINAL LINE - : R .

- -

- ., .~ '12285 RPIOT 0,-8%S _ ’
12290 RPICOT 0,-Fz,2 - | L
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12320
12325
12330
12335
12340
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e

(. Fkkiokiek [ SOICR  #nkikiokirikriokiokiokiok

Sh=-96 .

RPLOT sh*sS,Pz,1 ‘

RPIOT Sh#S,3.5%S,2 \

RPIOT (=1246h)45,3.5%S,1 ' o
FRPIOT (1246h)%S,3.5%5,2 ° . ol

12145
12256 FELCT (~6+5h)45,-3.5%, 1 .

12355

RPLOT (6+5h)*S,-3.5%5,2

12360« RPIOT &h*S,-3.5%5,1

12365
#712370
12375

RPLOT &h*S,-Pz,2
RPIOT (-8+45h)*S,10%S,1
RPLOT (—4+5h) %5, 10%S, 2

. 12380 . RPIOT (-615h)*S,1245,1

12385

12390
12395

12400 !

12405
12410
12415
12420
12425
/TN 12430
12435
12440
12445
12450
12455
12460
12465

RPIOT (-6+5h)#S,8%S,2
RPIOT (-8t5h)*S,~10%5,1
RPLOT (~4+5h)*S,-10%5,2

64
Shy=(Pz/2)/5
Top=Pz

Bottam=0 | o

l ik ik m***m***m**

Elel=Flel+1

RELOT ShiS,Tep, 1

RELOT ShiS, (Sy+13)%S

RFLOT (+14.3+5h)*S, (~4+5y)#S,2

RELOT - (~1+6h) %S, (~11+Shy) #5,1 ‘ °
RR %=1 TO 1 STEP .2 '
WSR(1-¥%*2)-11 < .

RPLOT (0ctch) %S, (Yy+1y)*S

12470 NEXT Xx

o 12475
12480

12485

12490

12495

12500

. 12505
12510

12515 -

12520
12525

12530

12535

12540

‘ 12545

. 2550
12555

; 12560
, » 12565
12570

7~ 12575.

12580__

“FR X¢=1 TO -1 STEP -.2 -

Yy=-8R(1-%¢"2)-11

RPLOT (0et5h) 45, (Yy+Sy) *S T

NEXT X% . .
RPIOT (~1+5h)*S, (-11+Shy)*S,2
RPLOT, ShiS, (=1245hy)*S, 1
REIOT ShiS,Bottam,2 .
RPIOT (1645h)*S, (-5+5hy)*S,1
RR X¢=+16 O +14 STEP -2
W=SR(1=(¥-15)*2) 5 .
RPLOT (Xx+Sh)*S, Mw)**s
NET ¢
RR %e=t14 TO +16 snsp
Yy=-S0R(1-(Xx~15) ‘2)-5
RPLOT. (Xx+5h) %S, (Yy+ﬂ1y)*s
NEXT X%
RPIOT (1&51)*3,(-&913()*5,2
IF Elel=1 THEN 12505
IF Elel=2 THEN 12620
IF Elel=3 THEN 12645
IF Elel=d THEN
Flel=0




12585

" 12500

12505
12600
12605
12610
12615
12620
12625
12630
12635
12640
12645
12650
12655
12660
12665
12670
12675
12680
12685
12690
12695
12700
12705
12710
12715
12720
12725
12730
12735
12740
12745

12750

12755
12760

12765*

12770
12775

- 12780

12785
12790
12795

. 12800

12805

12810

12815
12820
12825
12830
12835
12840
12845

T 238
Qoo 12675 !
END IF
Sh~64
Shy=(-Fz/2) /S
Tep=0

. Bottarw=-Pz
QOTO 12425 r
Shy=-32 o ’

Shy=(Pz/2) /S
Top=Pz

Bottan=0

GOTO 12425! ]

Sh=32 o

Shy=(-Pz/2) /S i

Bottar—-pPz

QOI0 12425!

| dekckickdedckdddk  DOT QN THE RIGHT driiciiicoiok

RPIOT ~324S,8%5,1

ER %33 TO =31 STEP .2
YY=SR(1-(Xe+32)22)+8
RPLOT XookS, Yy*S

NEXT Xx

FR X¢=-31 TO.-33 STEP ~.2
Yy=-SR(1-(%xt32) ~2)+8
RPLOT XxX%S, Yy*S

NEXT Xx

RPIOT -32%S,8%5,2

1 dekidokkddodedkdekdicdedkdedokdiokdededok dokkoddedieloek

Yy=SR(1-(20+64) ~2) -8
RPLOT Y0%S, Yy¥S
NEXT Xx -
- FCR X¢=-63 TO -65 STEP -.2
Yye=-SR (1~ (Xe+64) ~2) -8
RPLOT %04S, YyiS
NEXT Xx ~
RPLOT -64%S,-8%S,2
] dedekdedededededededoddddede ke ek kdsddedeodedddok kdodke
!
RPLOT -96%S,Pz,1,
RPIOT -32%S,Pz,2
RPIOT -96%S,-Pz,1

TCOP LINE -

-

BT IINE . -

RPIOT -324S,-Fz,2 . .

! .
RPICT -32%S,8%S,1 | TOP TERMDNAL LINE
RFIOT 0,84S
0,Pz,2 ) :
~64%S,-8%S,1 ! BOTTCM TERMINAL LINE
.RFIOT 0,-8%S .
RPIOT 0,-Pz,2

! kA DOT' ON THE LEFT #ickdcickdokdidikidk
RPIOT <64%S,-8kS, 1 T )
R Y65 TO -63.STEP .2 . .
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12850 RETURN .- .
12855 Rull kridge 3in: 1 v .
GFF ERRCR .
- 12865 y! Seiekkdooiok IC SQUTCR  *irkinkkoikkokirrk ..
. 12875 RPIOT Sh*S,Pz,1 . .
12880 RPIOT Sh'S,3.5%S,2 . ' -
12885 RPIOT (-12+5h)%S,3.5%5,1 ' .
12890 RPIOT (1245h)*S,3.5%S,2
o - 12895 RPIOT (-6+ch)is, 35*9 1
. 12900 RPIQT (e+aa)*s,-3.5*s,z : "
"12905 RPIOT Sh#S,=3.5%S,1 ‘ .
12910 RPIOT Sh*S,-Pz,2 ’ Co-
12915 RPIOT (-8+5h)*S,10%S,1
v 12920 RPIOT (~4+5h)*S,10%S,2 ,
12925 RPIOT (-6+5h)*S,124S,1 ; -
i 12030 RPLOT (-6+5h)*S, 84,2
a 12935 RPIOT (<8+5h)*S,-10%S,1 :
- " 12940 RPIOT (~4+5h)*S,-10%S,2 . ,
: 12945 ! ‘ : -~
- 12950 Sh=96 .
12955 _Shy=(Pz/2)/S . ) ] .
12065 Bottar=0 '
12070 | deciciededededoickicok SWITCH dckdckdedkickoink
12975 Elel=Flel+l
12080 RPIOT Sh*S,Top,1. -
~ 12085 RPIOT ShS, (Sy+13)% . 5 '
12990 RPIOT (+14.3+5h)*S, (~4+Shy)*S,2 ' ) Lo -
12995 RPIOT (~148h)*S,(-11+Shy)*S,1 , : -
13000 FR Xx=-1 TO 1 SIEP .2 . .
- 13005 - W=SOR(1-X%°2)-11 ’
13010 RPLOT (XxtEh)*S, (Yy+Shy)*S
13015 NEXT Xx -
13020 FR X¢=1 TO -1 ST¥P -.2°  ~ ’
13025 Yy=-SR(1-%¢*2)-11 -
13030 RPIOT (Xx+5h)*S, (¥y+Shy)*S
13035 NEXT Xx
13040 RPIOT (-146h)*s, (-11+5hy) %S, 2
‘ 13045 RPIOT Sh*S, (-12+5y)*S,1 . ~ . o ‘
° 13050 RPIOT Sh#S,Pottam,2 ] - .
13055 RPIOT (16+5h)*S; (-asny)*s, . ,
.. 13060 FR Xx=+16 TO +14 STEP ~ ’ - _ -
. . 13065 Yy=SCR(1-(X%=15)"2)-5 T :
13070 RPIOT (Xs#ch)+S, (WiShy)*s .
- . 13075 NEXT Xx ] .
) ' 13080 KR X¢=+14 TO +16 SIEP .2
13085  Yy=SR(1-(%-15)"2)-5 ‘
13(»’*-‘30]3095 "RPLOT (M)’S. (Ywﬂw)*s : .
13100 m (16+31)*S (-5ty) *S,2 L . )
13105 IF Elel=1 THEN 13150 : , '
13110 IF Elel=2 THEN 13175 . ‘ - )

2

%

- , - N N . -
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0 13115 IR Elel=3 THEN 13200 ] " ‘ ‘
. 13120 IF Elel=4 THEN 13225 e ' , : .
13125 IF Flelss THEN 13250 ' . —
. 13130 IF Elel=6 THEN ' :
T - 13135 Elel=0. T .
| 13140 GOTO 13280
. 13145 BD IF ‘
v 13150 &m-96 . .
b 13155 Shy=(-Pz/2)/S - ' C e - A
13160 Tps0 _ _ .- . |
13165 Bottam—bz ‘
- 13170 QUIO 12970 ‘ “
| : 13178 Sh-64 i -
g 13180 Shy=(Pz/2)/5 , \
.. 13185 Tp=Pz . /e
13190 Bottaw0 - - O |
13195 GQUIO 12970 — =. ,
N ¢ - 13200 S64 | . “~ o "
~'. 13205 shy=(-Pz/2)/S . -
"13210 Top=0 : .
' 13215 Bottaw-Pz : -
13220 QUTO 12976 ~ - -
13225 £h=-32 . . ) , -
13230 Shy=(Pz/2)/5 ' . , . ‘

1345 QIO 12970! . ' o
. 13250 Sh=-32 :
e 13255 Shy=(-Pz/2)/S r «
> 13260 gblFo . - o R ‘
: 13265 Bottaw-Pz , , ;
- . 13270 Q0TO.12970! - \ - . :
) . 13275 1 sckickddiokinkk DO Q¥ THE 1LEFT ************ . ) e T
. 13280 RPIOT -96%S,104S,1 . Do :
13285 KR %¢=-97 TO -95 SIEP .2 ' ﬂ
13290  Yy=SQR(1-(%0¢+96)"2)+10. ' N
13295 RPIOT X05S,YyiS | Co. . -
13300 NEXT Xx ° ' o : oo
13305 FR Xx=95 T0 -97 SIEP ~,2
. ¢, 13310 Yy=-S(R(1-(X496)°2)+10 - . .
g 13315 RPIOT X¢%S, WS . ‘ LA

e %
‘.

" 13320 NEXT Xx ' ' R S -

L, 13325 RPIOT -96%S,10%5,2" - \ - , L i ST

' 13330 |tk koo ' A : :
13335 ! mmmmmm **************- A

o 13340 RPIOT ~64%S,0,1 C L
.. 13345 RR ¥¢=65T0 —63 SIEP . S f . i
S 13350  Yy=SQR(1-(0c+64)~2) » Ea -
13355 . RPLOT 3005, Yy'S ’ \ S . .-
13360 NEXT Xx - L ' o ‘
13365 mmm.ﬁm 2 —_— ’,. 7 g . °
13370 Yy=—-SR(1-(0ct68)%2) - <. S
. - . . - 14375 RPIOT %0, Yy'S - : R

re



L4

3

13380
13385
13390
13395
13400
13405
13410

T fan Sun Bom

NEXT Xx
RPIOT -64%5,0,2

241

**********************_k:k********

/ 7.
Mﬂﬁm—mm

o

RPICT ~324S,~10,1
KR %&=-33 TO =31 SIEP .2

13415, Yy=SQR(1-(%e+32)2)=10

13420
13425
13430
13435
13440
13445
13450
13455
13460
13465

13470

13475
13480
13485
13450

! . .
RPIOT -128%S,Pz,1 | TGP LINE

!

13495

13500
13505
13510

13515,

13520
13525
13530

RPIOT 350G, Yy*S

NEXT Xx

-RR X¢=-31 TO 33 SIEP -.2
Yy=-8(R(1-(%¢+32) ~2)~10
. RPIOT Y00GS, YyiS

NEXT Xx -

RPIOT ~3245,-10,2

RPLOT =32%S,Pz,2.

-

“ dedekdedcdekodokdokkkkdeidokdedek kdokdededek dededek . /

o

RPIOT ~128%5,-Pz,1 | BOTTCM LINE

RPIOT ~32%5,~Pz,2

RPIOT -96%S,10+S,1 ! ‘TOP TERVMINAL LINE

RPLOT 0,105
RPIOT O,Pz,2

RPIOT -64%5,0,1° ! MIDOLE TERMNAL LINE .

RPIOT 0,0,2 s,

RPLOT ~3245,-10%,1 | EOTTCM TERINAL LINE

RPLOT 0,-10%S
RELOT 0,+Pz,2
RETURN

13535 Fhasel rect:

13540
13545
13550
13555
13560
13565
13570
13575
13580
13585
13590

-13595

13600
13605

OFFEHIR

. !

-

S=-102

Shy=0
To=Pz :
Bottanw=—Pz .
RPIOT Sh*S,Topf2,1
RH.DI' &h*s, (16t5hy) S, 2
RPIOT (=1645h) *S,Sy*S, 1
.FOR %¢=-16 TO 16 STEP .5 *
Yy=SOR(256-¢2)
REIOT owsa)*s (Yy-l—S'xy)*S
NEXT X%
FR%%¢=16 TO -16 SIEP -.5

13610 Yy=-S0R(256-X%"2)

13615 RPIOT (XxiSh)’s, ;msny' )4
13620 mcrm

13625
13630
13635
13640

RELOT (-16t5h)*S, (SW*S) 2
RPLOT (ShS), (-l6Hy)*S,1
Rpmr Shvs, Bottany/2, 2

RPIOT (-164h) %S, (204hy)s,1

Y

1 aih




13645 RPIOT (-16+Sh)#S, (1242y)4S,2 . N
13650 RPIOT (-20481)‘6,(16&!)1)*5,1 ' | o
13655 RPICT (=1245h)*S, (16+Shy)*S,2 v
13660 ! Sedokdckdokddedokiokdkdichdkk ki kddkdkickickicklolckiiok
13565 Se-64 d _ ¥ T ’
« 13670 a1.&"'(?5/2)/&7 : oot :
13675 ot . 4 ‘
* 13680 &Jttanr-o
13685 | dedcdedeicdcloleedclook SWITCH fekdedckdeddoidedhik w ‘
13690 Elel=Elel+l ’ . .
13695 RPLOT ShiS, TOp, dremee— , - ‘
13700 RPIOT Sh*S, (Shy+13) %S .
13705 RPIOT (+14.3+8h)*S, (~4+5hy)*S,2
13710 ‘RPIOT (-1-461)*‘5, (=11+48y)*S,1 . .
13715 KR Xe=-1 TO 1 SIEP .2 ' T . Y
13720  Wy=SR(1-X¢2)-11 | * . _
13725 RPLOT (0¢tSh)#S, (Yy+Sy)*S - . T
13730 NEXT Xx L Lo p . :
13735 KR Xx=1 TO =1 SIEP =-.2 - : ‘ .
13740 Yy=-SR(1-X¢"2)-11 - .
. . 13745 RPLOT (X¢tSh)¥S, (Yy+ahy)*S _ :
z 13750 NEXT Xx .
' 13755 RPIOT (-14Gh)#s, (-L14Ehy) 45 2
13760 . RPLOT Sh*S, (~12+y)*S,1
13765 RPLOT Sh*S,Bottam;2
, 13770 RPIOT (16+5h)#S, (-5+Sy)*S,1
. 13775 FR Xes+16 TO +14 STEP -.2
13780  Yy=SQR(1-(%¢=15)42)=5
. ° 13785 RPIOT (0s+Eh)*S, (Yy+Shy)*s
13790 NEXT XX - - '
L 13795 RR)QPFM'ID-HGSIEP.Z e d .
; 13800 Yy=-S(R(1~-(=18)22)~5__ - . » .
. . 13805 - RPLOT (Xx+5h)+S, (Yy+shy)*S . ,
) 13810 NEXT Xx ;
13815 RFICT (16+5h)*S, (-5+&y)*S,2 . ;
. 13820 IF Elel=] THEN 13855 o )
. 13825 IF Elel=2 THEN 13880 ‘ C
; - 13830 IF Elel=3 THEN 13905 ,' -
13835 IF Elel=i THEN :
13840. FElel=0
13845 GOIO 13935
' 13850 'ENDIF
y - 13855 Sh=64 P
‘13860 Shy=(-Pz/2)/S
13870 Bottone-Pz . Lo
.- 13875 ' GUTO 13685 ., - : . ;
13880 Shm-32 . " A . - /
13885 Smp=(Pz/2)/S * '
ks -+ 13900 ' GOTO 13685!
’ ) 13905 Sh=~32

-
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- 13910 Shy=(-Pz/2)/S g }
- 13915 Top=0 : s ' . Ty
13920 Bottar-Pz : . . .
13925 GOTO 13685! . .
13930 ! Fededdeichdedciedodok " Dor (;N ']'_HE’ R[G'!I‘************
13935 RPIOT -32%S,-10%S,1
13940 FCR %¢=-33 TO -31 STEP .2
13945  Yy=SR(1-(%¢+32)~2)-10 ‘ : .
13950 RPLOT X¢*S, Yy*S - .
13955 NEXT ¥x . .
13960 KR %e=-31 T0 =33 SIEP - ‘
13965 be-sm(l-owaz)'\z)-lo s , ‘ J o .
13970 RPIOT Xc4S, WS -
13975 NEXT xx Co-
13980 RPLOT -32%S,<10%S,2 : )
13685 ! *************************m********* . - T .
# ' 13990 |  sninkkikkddkikkdnkik DOT (N THE TEFTTHdckkkiokiookok
‘ 13995 RPIOT -64*S,10%S,1 '
14000 FCR X¢=-65 TO —63 STEP .2
14005  Yy=SCR(1-(0e64)~2)+10
14010 RPLOT Xx*S,Yy*S ‘ o
14015 NEXT Xx v
14020 FCR X¢=-63 TO -65 SIEP -.2 e ' )
14025  Yy=-SQR(1-(%e+64) ~2)+10 }
' , 14030 RPLOT XX*S,YW*S |
. : 14035 NEXT ¥ . .

- 14040 RPLOT —64*S,10%S,2

> 14045 ! dokdcddodedek dededdokdededed ikt dededok dokdekdede
14050 !
14055 RPLOT -102%S, (Pz/2),1 ! TOP LINE

14060 RPICT -78%S, (Pz/2) ’ ‘ cot
14065 RPLOT -78%S,10%5 : .
14070° RPICT -64%S,10%S,2 .
14075 RPIOT -102%S,-Pz/2,1 ! BOIT(M LINE
14080 RPICT -78%S,-Pz/2 o~
s - 14085 RPIOT -78%S,-10% = - . i a
14090, RPIOT -32+S,-10%S,2 -
14005 RPICT —64*S,Pz,1 ! TOP TERMNAL LINE . :
14100 RPICT O,P2,2  ° J ! T Co
14105 RPIOT -64*S,-Pz;1 ! BOTICM , TERVINAL-LINE I :
14110 RPICT 0,~Pz,2 _ : :
14125 REIURN ~ - u
*. 14120 Phase3 rect 4: ! .
14125 CFF ERRR
14130 _ ! Sededekdckkdhdkdkkdkdhk ik kkhdkkikikkkdkkhiiidk ol
14135 Xd1=-3%Pz/2+(-152+16/SR(2) ) 45 . -
14140 XA2=-3*Pz/2+(~152-16/SR(2) ) *S r ——
14145 | deddnododiocok FHASE-C-GF Fkkkk ik . ..
e ———14150 RIOT (-152%5)=Pz,Pz,1 L _
, 14155 RPIOT Xdl Pz/2+16/8.‘R(2)*S 2 '
14160 RPIOT -3*Pz/2-(152+16)%S,Pz/2,1 : , . C .
14165 KR %16 T0 16 SIEP .5 .
14170 Yy=SOR(256-Xx"2) . _ -

1 g
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14175 RPLOT -3%Pz/2+(0%-152) %S, Yy*S+Pz/2
14180 NEXT X ° ‘ :
14185 KR Xx=16 TO =16 SIEP =.5 . ‘e
#14190 yy—-em(zss-»rz) . .
" 14195 RPIOT ~3%Pz/2+(Xx=152)4S, vy*s+1>z/z
14200 NEXT' ¥x

14205 RPIOT -3#Pz/2-(152+16)%S,Pz/2,2
14210 RPIOT Jm,m/z-le/sm(z)fs 1l )
14215 RPIOT -3#Pz-1524S,0,2 <> —~——
14220 REIOT (-3*?;/2—153*5)-4/902(2) *S, Pz/2~ (SR(2) *16+4/SCB(2))*S 1
14225 RPIOT (-3*P2/2-1524S)-+/SR(2) *S,Pz/2~(SR(2) *16~4/SR(2) ) *S,2
~14230 mmr (=3%Pz/2-152%S) ~4/SCR(2) *S, Pz/2~(SR(2) *16~4/SR(2) ) *5,1
14235 RPIOT (~3*Pz/2-152%S)-+4/SR(2)*S,Pz/2~(SCR(2) *16+4/STR(2) ) *5,2
14240 | mmmm*mw

- . . 14245 L **********H*WB mmm************
‘14250 RPIOT (-152%S-2%Fz),0,1
14255 RPIOT ((-152-16)*S-Pz) ,0,2

’

[

14260 RPIOT ((-152-16)*S-Pz),0,1 /4 o~
14265 . TO 16 STEP .5 . ,
. ‘ 14270 vﬁgg‘&:& T .
7 : 14275 152)*s,Yy*s T

P 14280
. 14285 FR xx—le TO =16 STEP -.5 .
14290 - Yy=-SCR(256~%0¢"2) e S
- . 14295 RPLOT -Pz+(Xx-152) %S, W45 .
. 14300 NEXT XX . .
* 14705 RPIOT ((-152-16)%s-PZJ50,2 - ' \‘ ‘ .
. 14310 -RPIOT ((~152+16)%5-Pz),0,1 : y
14315 RPIOT -162%S,0,2 ’
14320 RFIOT ~152%5-Pz+124S,16%S,1
14325 RPIOT -1524S-P2+20%S, 1645, 2 :
14330 RPIOT -152+G-Pr+16%S,20%S,1 .
14335 RPLOT -15245-Pz+16%S,1245,2
14340 ! ,
. 414345 Xdl=-Pz/2+(-152-16/SR(2))*S ’
- 14350 Xd#’-Pz/z+ (2))*s
. 14355 *ﬂ**fﬂzEMA,pcm“mmm
14360 RPIOT (-1534S)-Fz,Pz,1
14365 RPLOT Xdl1,Pz/2+1 R(2)N, 2 .
14370 RPIOT -Pz/2-{152+16)%S,Pz/2,1 g X
14375 FR Xx¢==16 TO 16 SIEP .5 . - -
14380  Yy=SCR(256-X%"2) -
14385 RPIOT -Pz/2+(¥x-152) %S, Yy*S+Pz/2
14390 NEXT Xx L
*. 14395 KRR Xx=16 TO -16 SIEP -.5 .
. 14400 * Yy=>-SR(256-500°2)
i ' g 14405 RPLOT ~Pz/2+(-152) %S, YWHS+Pz/2 oo
.- 7 14410 NEXMT XX " A
14415 RPLOT -Pz/2-(152+16)4S,Pz/2,2 ‘
14420 RPIOT XR2,Pa/2-16/SR(2)*S,1 - - o - -l
14425 RPLOT -1521S,0,2
‘ : 14430 RFLOT (%('152-(802(2)*16'4/9@(2)))*8)4/901(2)’&?5/2*4/9@(2)*8 1
- . Ta3s RPLOT (-m(-wz-(smm*lm/mz)))6)—4/90%(2)*6.?4/2-4/@(2)*& .

-~ 5 R

S * . %
- o _
[ AN :




245 ) —

14440 REIOT (-Pz/2+(~152-(SQR(2)*16~4/S0R(2) ) ) %) ~4/SCR(2) %6, P/2~4/SIR(2) %5, 1
14445 RPIOT (-Pz/2+(=152-(SCR(2) *16+4/S(R(2) ) ) #S) ~4/SQR(2) *S, Pz/2H/SR(2) %S, 2

14450 ! dedekdedcdededdededodedddeodok dekedek

Jededekdeicdedcdeddededkd '
14455 Sh=-96
14460 Sw=(Pz/2)/S
14465 Top=Pz . . i
14470 Bottan=0 . - - T
14475 1 Yekekkd hkdkkickkk Qm._**************

14480 Elel=ilel+l.
14485 RFIOT sh*S,Top,1 .
14490 RPIOT Sh*S, (Shy+13)*S .
14495 RPIOT (+14.3+8h)%S, (~4+5hy) *S,2 i ' P ‘
14500 RPIOT (-1+5h)#S, (-11+8hy) *S,1 : -
14505 FOR X¢=-1 TO 1 SIEP-.2 ‘
14510  Yy=SCR(1-Xx"2)-11 . -
14515 RPIOT (0aSh)#S, (Yy+shy)*S
14520 NEXT Xx
14525 KR Xx¢=1 TO -1 STEP -.2
14530 YW=-SR(1-X¢*2)-11 ‘ , A
14535 RPLOT (Xe51)3S, (W+Ehy)*S ' :
14540 NEXT Xx -
14545 RPIOT (-145h)+S, (-11+5y)*S,2
14550 RPLOT Sh*S, (- )%S,1
14565 RPLOT S’x*S,Battm,g

14560 RPLOT, (16+5h) *S, (~5+Sy)*S, 1 . ' ,

14565 FR YXe=+16 TO +14 STEP -.2 : .
14570  Yy=SQR(1-(%0¢-15)"2)-5

14575 RPLOT (Xx+Sh)*S, (Yy+Shy)*S
. 14580 NEXT Xx

14585 FR Xx>t14 TO +16 SIEP .2

14530 Yy=-SR(1-(Xx-15)"2) ” )

14505 RPIOT (¥%¢+Sh)*S, )*S . _
14600 NEXT Xx " - - T
14605 RPIOT (16+Sh)*S, (-5+Shy)*S,2 . ~
14610 IF Flel=1 THEN 14655 ® . b
14615° IF Elel=2 THEN 14680 - - .
14620 IF E1e1=§3<mm 14705 i . : ' :
14625 IF Elel=4 THEN 14730 . . ‘.
14630 IF Flel=5 THEN 14755 '
14635 IF Flel=6 THEN

14640 Elel=0 )

14645 QOTO 14785 . ,’
14650 BND IF
14655 Sh=-96"\

14660 Shy=(-Pz/2)// |
14665 Top=0 , )
14670 Bottame=-Pz , o , ‘
14675 GOIO 14475 s : ’
14680 BF-64 | : '
14685 Shy=(Pz/2)/S .
14650 TPz - |
14695 Bottan=0 : - .
14700, GOTO 14475, ‘

%



. 14705  sh=64 ) .
- 14710 shy=(-Pz/2)/s S )
14715 Top=0 : ' g .
14720 Bottaw—Pz -
; 14725 QOTO 14475
® 14730 Shm=32
U735 Shy=(Pz/2)/S 5
+ 14740 Top=Pz . ‘ :
14745 Bottamre0 : N C
14750 QOUIO 14475!
WI55 Sh=32 _ ~ ~
. 14760 sw(-?z/z)/s ' ¥
‘ 14765 )
14770 B:ttxm-—Pz -
14775 GQOTO 14475!
14780 | Wkickikkokickk DOT N THE LEFT #®kikddehihiik
14785 RPLOT ~964S,10%S,1
14790 KR X097 TO =05 SIEP .2
T 14795 Yy=SQR(1-(X:496) ~2)+10
14800 RPIOT XS, Yy*S .
- 14805 NEXT Xx -
14810 FCR Xe=-95 TO =97 STEP -.2 G
, ) 14815  Yy=-8CR(1-(%x+06) "2)+1O ’
A 14820 RPLOT Xx*S,Yy*S S -
. 14825 NEXT Xx - - L .
v 14830 RPLOT —-9645,10%5,2 ‘ o
. 14835 | kil ikl ook
14840 | dkirirdrkiikdekkdkkdkik DO IN THE MIITEE kcdedddchkdkickd
14845 RPIOT ~64%S,0,1 . .
14850 FR Xe=65 TO =63 SIEP 2 T
14855  Yy=SCQR(1-(0¢+64)"2) . - Ll
14860 RPIOT XS, Yy*S -
14865 NEXT XX
14870 KR X¢=—63 TO —€5 SIEP -.2
14875  Yy=-SCR(1-(¥x+64)"2) ' K - ]
14880 RPIOT »ds,yy*s W
14885 NEXT %x - ‘ - X
« 14890 BPLOP -64%S,0,2 ,
14895 | - koo ok
-, 14900 1 - ¢
14005 |  dokikdokibinkikikkdkkk DOT ON THE gjnm deddedededekedcickdedede
14910 RPIOT -32%S,-. 10 1
14915 KR Xe=-33 TO —31_SIEP 2 7
14920 , Yy=SCR(1-(Xx¢+32)2)-10
14925 RFIOT X0S,Yy*S < .
14930 NEXT Xx *
14935 KR Xy=-31 TO =33 STEP ~.2 K
1940 . Yy=-SCR(1=-(X+32)"2) —10
14345 RPIOT XX'S,Yy*S - "

-

- 14950 NEXT Xx .
T 14955 RPIOT -32%S,~10, 2 . \
: © . 14960 | _ mmmmm*m .
14965 | e \ .

o
0



114570
14975
14980
14985

14990 !

14995
15000

15005 °

15010
15015
15020
15025

" 15030

15035

-

RPLOT -96+S,Pz,1

| ToP IDE
RPLOT 0,Pz;2 -

RPIOT -06%S,-Pz,1 | BOTTCM LINE . o

RPIOT 0,-Pz,2 \

RPIOT (-152%S)=Pz,Pz,1 ! TOP TERMINAL LINE
RPIOT -12845,Pz -
RPLOT ~1284S,104S °
RPLOT -96%S, 1043, 2
RPIOT -1524S,0,1
RPLOT. -64+5,0,2
RPIOT (~152%5)-2%Pz,0,1 ! EOITCM TERMINAL LINE
RPLOT (=1524S)=2%Pz,~PZ . ' :
RPLOT -1284S,=Pz.

. | MITIIE TERMINAL LINE

15040, RPLOT “128%S,-10%S

15045 RPLOT-=32%S,-10%S,2

15050 RETURN NS : .
15055 Fhase3 rect'y: S !

15060
15065
15070
15075
15080
15085
15090
15095
15100

-15105,

15110
15115 -
15120

. 15125

15130
15135

-15140

15145
15150
15155
15160
15165
15170
15175
15180
15185
15190
15195
15200
15205
15210
15215

' 15220

15225

. 15230

!

OFF FRRR
1 A
Xd1=(~152-32) *S-Pz-164S/SCR(2)
X2=(-152-32) ¥S-Pz+164S/SR(2) _
! PHASE A_,AC SOIRCE sk ik
RPIDI‘ -Pz+(—152-64)*s 64*S,1
(32+16/SR(2) ) *S,2
(-132-48) #5-Pz,32%S,1
FR }bc-v-16 0 16 SIEP .5
YW=SOR(256-%¢2)
REIOT =Pz+(Xx=152-32) S, (yy+32)*s ¢
NEXT X%
RR %¢=16 TO -16 SIEP - -

YW=-S0R(256~%x"2) .
RPLOT -Pz+(X-252-32) %S, (Yy+32) *S ,
RPIOT (=152-48) #S~Pz,32%S,2
RPLOT X2, (32-16/9:3(2))*5 1
RPIOT -152%5-F2,0,2 .

RPLOT (-152-32-32/902(2)-4)*S-Pz, (32H4)*S,1
RPLOTY (=152-32~32/50R(2)+H4) %-Pz, (32-4) %S, 2
RPIOT (-152-32-32/SR(2) ~4)#5-Pz, (32-4)*S,1
RPIOT (~152-32~32/SCR(2)H4)*%~Fz, (32+4)*S, 2
N ek dededk Jedkdedededeicdedodok ki dedeiodcodok kdkkkdedcdek-dek Jedede ek
¥31=(-152432) #S-Pz+164S/SR(2) - -
¥2=(-152+32) *S-Pz-16*S/SCR(2)

! dekokddodckkickkkk PHASE B lpc SOICE dkkkdekkdkiiichk
RPIOT -Pz+(~152+64) %S, 64%S,1 |
RPI.OI‘ Xd1,(32+16/SR(2) ) %S, 2 -

RPIOT (~1524+32-16)%5-Pz, 324S,1- -
KR %¢=-16 TO 16 SIEP .5 :
YW=SR(256-%¢"2) )
RPIOT (~152+32+3x) *S-Pz, (324Yy) %S’
NEXT X% !
KR %¢=16 T0 -16 SIEP -.5

s

e




15235
15240

15245 "

15250
15255
15260
15265 .
15270

: 15275

¥ 15280
__)s285

—" 15290 |

15295
15300
15305
15310
15315
15320
15326
.15330

15335 .

15340
~ 15345
. 153%0
15355
15360

. ©-.248
Yy=-S(R(256~X%¢"2) -
RPLOT (~152+324X%) #S-Pz, (32+Yy) %5

RPIOT (~152+32-16) 45-Pz,324S, 2

RPIOT (~152+16)#4S-Pz,32%S,2

RPIOT X2, (32-16/CR(2))*S, 1

RPIOT (-1524S)-Pz,0,2

ROLOT (-152+32-4)%5-Pz, (32+32/SR(2)+4) 5,1

RPI.DI‘ (=152+3244) 4S-Pz, (32+32/SR(2) ~4)*S, 2

RPIOT (~152+32-4) AS~Fz, (32+32/S9R{2) ~4)*5,1
RPLOT (~152+32+4) %5-Pz, (32+32/SR(2)+4) %S, 2

RPLOT -152#+5-F2,0,1

RPIOT =152%5~Pz,-(32%R(2) -16) %S, 2

RPLOT -Pz~(152+16) #S,~(32*SQR(2) ) *S,1 .
FCR X¢=-16 TO 16 SIEP .5

Yy=OR(256-Xx"2)

RPLOT -Pz-(152-%%)*S, -(32*9:12(2)-yy)*s
NEXT X
FOR %16 TO -16 STEP -.5

Yy=-5(R(256-Xx"2)

RPLOT ~Pz-(152-%%)3S, -(32*9@(2)-23()*5 §
NEXT Xx -
RPIOT ~Pz-(152+16) %S, -(32453R(2) )} S, 2 -
RPLOT -m-(lsz)*s,-(sz*sm(z)us)*s 1

15365 RH.OI‘ -Pz~(152)%S,~Pz,2
15370 RPLOT -152*S-Pz+(16-4)*s -(32*312(2)-%16)*8 1
15375 RPLOT -152%S-Pz+(16+4) *S,~(32*SR(2)+16)*S, 2
15380 RPLOT ~152%S-Pz+16*S,~(324SR(2)+164)%S,1
15385 RPLOT ~152%S=-Pz+16*S,~(32*SCR(2)+1614)%S,2 |
15390 | Fedcdodehdokkddodedededekdek ek deddokdkdedededokddkedkedek
15332,}‘&! ‘
15405 Shy=(P2/2) /S , ~
15410 Top=rz .
15415 Bottan=0 )

. 15420 ) - dedekdkbkkdokkkiok SWITTCH dkhkdikdkdkickk
- 15425 Elel=Flel+l ) "7
15430 RPLOT Sh'S,Top,1
18435 RPLOT Sh'S, (Shyss

15440
15445
15450
) 18455
15460

-RPLOT (-1+5h)*S, (-11+5hy)*S,1

*S
RPIOT (+14. ’S, (~+Sy) *S

FR Ye=-1 TO 1 SIEP .2
YWSR(1-3¢2) =11
REIOT (0cHch) S, (Yy+shy)#S

- 154656 NEXT Xx

15470

15475,

- 15480

KR Xx=1 TO -1 STEP -.2
Yy=-SR(1-2%"2) -11
RPIOT QetEh)S, (Yy+Sy)*S

15485 NEXT Xx

15490
15495

RFIOT (-1460)3S, (-11+ay)1S, 2
RFLOT ShiS, (~12+Shy) #5,1 '
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15500 +RPIOT Sh*S, Bottam, 2 . : ’
15505 RPIOT (16+5h)sS, (-5+Hy)*S,1 ,
15510 KR X=+16 TO +14 SIEP -.2 ' ) .
15515  Yy=SR(1-(Xx-15)"2)-5 : - S
_ 15520 RPIOT (XxSh)is, (Yy+shy)*S . : et ’
15530 KR X=+14 TO 416 STEP .2 -~ '
15535  Yy=-SR(1~-(X¢~15)~2)~5 : — .
L 15540 RPIOT (XeSh)*S, (Yy+shy)*s :
. 15545 NEXT Xx .- -
15550 RPIOT (16+5h)#S, (-5+shy)*S, 2 k L
15555 IF Elel=1 THEN 15600 .
- g 15560 IF Elel=2 THEN 15625 . _ , . :
: 15565 IF Elel=3 THEN 15650 ) o
| - 15570 IF Elel=4 THEN 15675 ' :
. 15575 IF Elel=5 THEN 15700 . "
: , 15580 IF Elel=6 THEN N -
o : 15585 Elel=0
Lo 15500 GOTO 15730
15595 FND IF . . ;
15605 Shy=(~Pz/2)/S .. . e '
,-15610 Top=0 , S . - , o
15615 Bottar=-Pz ) ’ . v . L
l 15620. -GOTO 15420 v y . , :
15630 Shy=(Pz/2)/S S o
15635 Top=Pz o . :
15640 Bottar=0 - \ )
15645 GOTO 15420 . ,
15650 Sh=-64 ) - ' ¢
o - 15655 Shy=(-Pz/2)/S . ..
) Top=0 .

15665 Bottaw=-Pz S _ R

15670 GUIO 15420 ' , .
s 15675 She-32 . . : ’ ) ' k

15680 Shy=(Pz/2)/s . . ., . S S )
15690 Bottamw0 ‘ ) s
15695 @QOTO 15420! : ’ . L
15700 She=32: : - ST e v oo
: . 15705 Shy=(-Pz/2)/8 ' B ‘ -
S 15710 Top=0 - : | . : L
: 15715 Bottaw-Pz ' ! S : :

15720 -GOTO 15420! . b S :

15730 RPIOT ~96%S,10%S,1 " - - 4 : :

15735 FR %= TO -95 SIEP .2 —

15740 Yy=SQR(1-(X%496) A2)+10 . S S .
15745 RPIOT X0, WS . . . -~ i

- . - N
15750 NEMT ¥x - e o L
Vo g 15755 " KR X¢=-95 T0 97 SIEP =~.2 . - . Y
r o . . , . - . L
2 ... " 15760  Yy=-SGR(1-(0:96)~2)+10 - L FEPRRE:
e ' ‘ N s f ) -~ N
) . o - ) e P wh'Z::
- , : A o :;"‘..‘5
- o o 1

T - e




- ‘ I
o

,
' v

15765 RPIOT XxX*S,Yy*S. - , : .
15770 NEXT Xx - . ’
15775 RPIOT -96%S,10%S,2
15780 | dedkkkdrkdokiokddkkdkdkkhkik &I idichikioiiddk
. 15785 | seekiceek DOT IN THE MIITIE  dekichkicddokk . —_—
” - 15790 . RPIOT -64*S,0,1 .
15795 RR}DP-GS TO -63 STEP .2-
15800 Wy=GR(1-(0+64)~2) ;
15805 RPIOT Xx*S,Yy*S
15810 NEXT Xx¢ i
15815 KR Xe=-63 TO -65 SIEP -.2
2 15820, W(l—(ml-&l)_"?.)
15825 RPI.OI‘)D:‘S’YY*S .
15830 NEXT Xx ‘
15835 RPIOT -64%S,0,2
15840 | A
15845 |  dekidekickk DOT N-THE BOTTQM badadald il ;
15850 RPIOT -32%*S,-10,1= " . '
15855 FR X=-33 10 =31 STEP .2
15860 Yy=S(R(1-(Xxt32)72)-10 | . ’ ‘,
15865 RPLOT X¢AS, WS L
15870 NEXT Xx ‘
15875 KRR X¢=-31 TO -33 STEP -,2
15880 W(l—()b&ﬁz)’?)—lo' a
© 15885 RPLOT XS, YWiS
15890 NEXT Xx ‘ “
15895 RPIOT -32%S,-10,2 .
15905 |
15910 RPIOT -86*S,Pz,1 ! TCOP LINE .
15915 RFPIOT O,Pz,2 )
15920 RPIOT -96*S,-Pz,1 | BOTTCM LIKE
15925 RPIOT 0,-Pz,2 .
15930 ! ' . ,
15935 RPIOT (-152-64)%S-Pz,64*S,1 ! TOP TERMINAL LINE . N
15940 RPIOT (-152-64)*%S-Pz,Pz , o .
15945 RPI.OI‘—J%B*S,R . ,
15950 RPIOT -128*8,10*8/.,~ 3‘
15955 RH.DI‘-%*S,lO*S,Z' , )
‘ " 15960 RPIOT (=152464)%S-Pz,64*S,1 { MY E TERVINAL LINE
S 15965 RELOT ~152%S,64*%S ; ‘ ’
| 15970 RPLOT -152+%S,0 . - : :
15975 * RFIOT -64%S,0,2
X ) 15580 RPIOT (~152%S)-Pz,-Pz,1 | BOTTCM TERVINAL LINE
. 15985 RFIOT (=128%S) ,~Pz _
15990 RPLOT -128%S,-10%S ’ x
. 15995 RPIOT =32%S,-10%S, 2 N
" 16000 REIURN ’
- 16005! END CF ELEMENT ROUTINES
= - 16010 A ’ .

‘ Y ‘-




16030!
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16035 Timedamain: ! TIME DOMAIN ROUTINE -

16040
16045
16050
16055
16060
16065
16070
16075
16080
16085
16090
16095
16100
16105
16110
16115

! CPTIN BASE 1 - - ~—

Ul=TIMETATE - L T

N=Con ! THE NIMBER COF EIEMENTS
! THE NOMBER CF 'TWIGS=M (SCIVED IATER)

'Lhnitﬁ\points!mopmmsmsmmm -7 —
. WcOl NS o=

ALIOCATE INTEGER Grephl (1:12480) ,B$(1:50) [10],B3$[10)

Values= EIFEMENT FARAMETERS *

Elem atray=C0CE FOR ELEMENIS

Tink=>  O<twig 1=link

S Gow Qe §em

g

Et=0 -
L1=0 ’
Aax=0

B0

16120 Cco=0

16125
16130
16135
16140
16145

D=0 , . ¢

! ‘ W

ALIOCATE INTBGER Elem array(1:N)y" - .
FR I=1 TO N .
Elen_anay(l) =Element2 (I) ‘

T 16150 NEXT I

16155
16160
16165
16170

ALIOCATE, INTHGER Flags(1:N) ,Elementtt(1:N) _

ALIOCATE Elemvalue(1:N) )@pp(lm Yorp(1:N) -

ALIOCATE INTHGER Node a x(1:N) ,Ncde a y(1:N) Nodebx(lN) cheb__y(l'N)
Fekkkhkickickkk

|**********k*************

© 16175! CHECKING TO SEE IF THE TREE [ESIGN EXISTS -
16180! CIRWUIT DATA FIIE 4

" 16185 !

16190
16195
16200 -
16205
16210
16215
16220
16225
16230
16235
16240
16245
16250
16255
16260
16265
" 16270
16275
16280
16285
16290

TREE [ESIGN ' ~~ ’
ALIOCATE INTEGER Link(1:N) :
- ASSIGN @Eath TO "4"&2$[2,9] , '
ENIER @Path; Link(*)
"ASSIQN @path TO *
G010 Junp :
ALIOCATE INTEGER Link(1:N) ‘ . )
BD IF - ,
]
KR I=1 TO N -
- TF Elem array(I)=5 (R Elen anay(I)=6 THEN Lirk(X)=1 - )
IF Elem an'ay(I)-lﬁ (R Elem anay(I)=17 THEN Link(I)=1 : -
NEXT T
FKRI=1 TON
IF Elem array(I)<>13 THEN GOTO 16480
IF Link(I)=1 THEN GOTO 16480 : ~
RRJ=1 ON , -
Xrp(J)=0 ‘ ‘
YHP(J)‘O ' ' ' »
NI ‘ | |




\

YrERA s
i <,

- . -
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16205 Croe=X1(I)

16300 Cry=Y1(I) - .
16305 Xepp(1)=(I) . S s
16310  Yprp(1)=¥2(I) '

- 16315 Aa2

16320 KR Ke=1 TON

16325  Aa arit=Aa -

16330 RR K=l TO Aa cxit-1 - ’ .

16335 KR Test=1 TO N ; ~

16340 F mcmst)m AND Yppp(Test) =0y THEN ] -
16350 Li.rjc(I)=1 ‘
16355 GOTO 16480

166 Ot u

16370  FR J=1 TON
16375 IF Xopp(K)=X1(J) AND Yprp(K)=Y1(J) AND r.mc(a)=o AD JST TEN © -

16380-'- KRR L=l 90N BT
16385 ©IF m(m)exz(a) AND Yppp(L11)=¥2 (J) THEN QOTO 16465
16390 NEXT 111
16395 Xorp(Aa)=X2(J)
16400 ~  Yprp(Aa)=Y2(J) ’ : LT : ' ‘ -
16405 Axdatl : .
16410 QIO 16465 o X
16415 BD IF -~ '
Jﬁzo IF Xop(K=)2(J) 2D Yg;p(l()=¥2(.]) AND Link(J)=0 AD J<>I THEN .
16425 FR Lll=1 TO N

. 1s430 IF m(m)-amm AD Yup(nl)ﬁ!l(J) THEN GOTO 16465
164357 NEXT 111 _
16440 Xrp(A2)=X1.(J) L
16445 . Yopp(Ra)=Y1(9) /1 ’
16450 Axdat] _
16455 " QOTO 16465 - ‘ .
16460 . BOD & L _' S e - ’
16465° NEXT'J : :
216470 ~ NEXT K . : . ~
16475 NEXT KK . S .- . - , 3
16480 NEXT I . ) S s
16485 ! FINDING CAPRCTICR 1OCES ‘ . .
16490 KR I=1 TO N . ‘
16495 - IF Elem array(I)<14 AND Elem anay(Izols THEN GUIO 16720
16500 IF Link(I)=1 THEN GOTO 16720 - L
16505 KR J=1 TO N . ‘
16510  Xp(J)=0 X .
16515  Ypp(d)=0
16520 _ NEXT J
16525 I - . S
16530 CQy=¥1(T) " . _ . -
igﬁzmumm \ : , '

(1)-'12(1) — , co . , S

16545 Aasl. - : ' . : -~
16550 an-l'mn PP C -

T 16555  Aa criteha Lo LT oo
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) 253 : c
‘ 16560 FR K=1 TO Aa crit-1 . _—
16565 RR Test=1 TON ‘ -
o 1go IF )gppast)m AD Yr;p('l\est)r-@'y THEN
", 16575 . o '
co : 16580 Lmk(I)=1
. 16585 QIIO 16720 . ' " : ‘
16550 . © BN IF . .
16595 NEXT Test = ‘.
P 16600 FRF1TON ' IR
: 16605 - IF Elem array(J)=14 (R Elem anay(J)=]5 (R Elen array(J)=7 (R Elem ar
ray(J)=8 THEN _
16610 IF Xpp(K)=X1(J) AND m—p(x)—n(a) AD I..ink(J)ﬂo AD JoT THEN - =
. 16615 FR L11=]1 TO N :
16620 IF Xgep(1l1)=X3(J) AND Yppp(L11)=y2(J) THEN GOTO 16705 -
. 16625 NEXT 111
16630 mp(Aa)zmm SNPS
16635 Yop(Ra)=Y2(J) . * -
16640 AsFdatl - . .
16645 GUTO 16705 ; . .
I 16650 D IF ‘ -
16655 IF Xop(K)=32(J) AD m:p(x)nﬂz(.:r) AD Link(J)=0 AND JOT THN :
16660 KR L11=1 TO'N .
16665 IF mau)cnm AND mop(m)—u(a) THEN cmo 16705
16670 ', NEXT L1l
16675 X (Aa)=X1(J) \ .
. . 16680 Yop(Aa)=Y1(J) ' ,
- 16685 AxParl
16690 QOTO 16705 - - - ) ' S
L 16695, BDIF - - . ; g -
) . 16700 . . BND IF - ) . 5
16705 NEXT J . A g ' '
16710 NEXT K , :
16715 NEXT Kk . - - A

16720 NEXT I - st . ‘ ~ -
. 16725 | FINDINGINDUCICR QUT-SEIS :
—-—— . o 16730 KR I=1 TON '
5 16735 IF Elem array(I)<>16 AND Elem array(I)<17 THEN QOTO 16955
16740 IF¥ l’.d.nl((I)==0 THEN QOTIO 16955 . ) \ -
16745 RRJ=1 TON X
16750 . Xpp(J)=0 . ‘- ‘

16755 (3)=0" \ o !
16760 J s , - .
o 16765 . QroeX1(I) - L . ST
© - 16770 .Qy=¥1(I) ' . '
. 16775 Xxp()=X(I) . . . . .
16780  Yrrp(1)=Ya(I) N L Co -
16785 A2 . | - ' ‘ R
16790 KR K¢l TO N i . o o P
116795 A crit=Aa L ; Coel - - ’
. 16800 KR K=1 0 Aa crit-1 . P ’ ‘. o
16805 FRRJI=L.TON ° L
16810 IF Xppp (K)=X1'() “AND Yprp(K)=Y1(J) ‘AND Link(J)=0 AD JoI THEN o
16815 FKRIN=1TON ' v
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16820 IF Xorp(L11)=X%2(J) AND Ypep(L11)=¥2(J) THEN GOTO 16900
16825 - NEXT L1l : . o
16830 . Xepp(Pa)=X2(J) , ' »
16835 Yap(Ra)=2() | oo, ‘
16840 - Ax=datl : :
16845 Q@0 16900, . . r.
16850 .  END|IF ¥

16855 IF Xap(K)=X(J) AD. ngmmm aND Link(J)=0 AD JoI THEN
16860 FRII=1TON - .
16865 . IF mp(m)=x1(.1) AND m.p(m)—nm THEN Goxo 16900

16870 NEXT Ll "
16875 : (Aa)=)C1(J) - , - . .
16880 @)@ e - 9

16885 Aada+l - . L &
16890 GQOTO 16900 . C T -
16895 END IF : . LT . "
169% << ND{I' K . . . .\’ 4 ! , PR

16910 NEXT Kk ) : T e
16915, RR'Test=1 TON' .

16920 ~ IF Xppp(Test)=amx AND Yrm(‘:[at)ﬂly 'IHEN
16925 QO0TO 16950 . - . ;

" 16930 END IF ) . . ;

16935 NEXT? Test . - .

16940 . EEEP . . T e

16345 Link(I)=0 "* - < X

16950 "1 IABFL 'TO IEAVE A 100D e C
16955 NEXT I . ‘ : o, b N~
,16960 |  IREE SOLVED , -

,16965! : e .
'16370! IF THE TREE [ESIQN DOES NOT EXISE v .*«'&"

16075! CN FIOPPY DISK IT IS SKREDHERE - ', .0 =@ v

~

16980 ON ERRCR QOIO 16990 K : ) o
16985 -FURGE "4"625[2,9) . : “»
16990 OFF ERRR oo o ’
16995 - CREATE HDAT "aM62$[2,9],1,N*2+48 - o e

[y

- 17000 ASSIGN €rath TO "4"&25[2,94 - .

-

17005, CUTFUT @Rath;Link(¥) -« = . .
17010 ASSIGN €Path TO * I

17015! -
17020! ARRANGING THE ARRAYS , ’_ AR

« +17025! - o .

17030 Jumpz e - ! . .o e .
17035 M0~ ., -, : il
17040 RRI=1 TON - -." * : o
17045 IF Eirk(I)=0 THEN :4==M+1« T
17050 NEXT 1.

- 17055 !)\U.omuz INTEGER (n _y(l M, x(1:M) ,Q(1:M, 1:N]) T(l_M)
17050 mmm*w*m*m*m*mmw

17065 RR I=l TO N . b
17070 IF Values{I)=9999 THEN Time saxrcs—-—*l‘me sarcestl -

¢
r [ "~

17075 NEXT‘I- o , i L

17080 ]I-‘mtesumoesoo*n-m - iy o
\ \ - .
- i v .
s - " " = - ’



)
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17085 ALIOCATE Ougml(l 'I‘Jme smmas,rlm_t) Ocrrt:rol var(l Tme m) ,VEc e
t(1:Time sarces) 4 . i
17050 KR I=2 TO Time somoes + - L RS

17095 ° Vect(I)=I-1 o , , ,
17100 MNEXT 1. ‘ _ , . ' o - ‘

. 17105 . Vect(})=Fine ¢ scurcs ‘ SRR o v e
17110 . BD IF T R
17]_‘]5 |m*mmmuwmﬂ*m N o . . - :
10_7120 Ml=1 P ) | (B : .
17125 KR J=1'TO 10 - S ,

- N .
v oo . . .

»* 17130, KR I<1 TON .

.0 17135 SEIRCT I .o
" ® 17140. CASE 1 . ' Lo 3
"+ 17145 - IF (Elem: an:ay(I)—? (R Elem array(I):B) NDValus(I)r-o 'IHEN
17150 - . Elementtt(ML)=1 e
.»"17155 Elemvalue(1)=0 - [ : .
17160 FlagsM)=0 . - : R - ,
17165  Eto=Etotl o ‘ ' L
17170 Et=Et+1 . R . . - .
17175 Node a X(ML)=X1(I) Coo - . : o o
17180 ° Node a y(M1)=Y1(I) - ‘s A
"17185 , Node b x(Mb)=x2(I) . s - .
‘17190  Nede b y(MU)=¥2(I) = . - » °
17185 CMIEMERT . ’ - - S
©,17200 - BND IF B e ; A
17205 ( CASE 2 ’
17210 IF (Elem i array(I)—7 dQElem array(I)=8) AtDValLes(I)oe'mE!\I
17215\ Elementfr(a)=1
1722;2 Elewalue(m —Val\m(I) ' o R
17 : e)=0 - ° - - :
17230 ggr ) - .,
17235, Node a X(MU)=X1(I) . 5 .
#«% Node a y(M)=Y1(I) - S
- "17245 Node b x(M1)=X2(I) . S
7 17250 Node by (ML)=Y2(I) e p T L
17255 . ! . : - -
¥7260! ICADING SOURCE FIIES T L. T s #
17265.  IF Values(I)=9999 THEN ST : T .
17270 .  MAT RECROER Contrdil BY Vect =~ . : C , - |
17275 Var souroeVar souroetl T, , : -
17280 Control var(Var soaroe)=ML - < ) - .
17285~ ASSIQN €Path TO Elem 1abel$(I) - e
17290 ON ERRCR GOTO 17305 - . R : -
. 17295 ENTER €Rath;Erotreeded v L L
173007 ENTER @Path;Oontrol (¥) T
- 17305 CFF ERRR ) T o . .
17310 , BOTIF : ST ey )
. 17315 Mi=MI1+1 . o = 0T
17320 BD IF T L
. 47325 - CASE 3 * ‘ - . -
. 17330 IF’ (Elem anay(I)-—lll (R Elem array(I) ) MDI.M{(I)=0'IHEN i S
. —17335__ . Elementtt(n)=2 N , g :
.17340 , . ElamalmM)—Valtes(I) P . ~ ‘
] ° . - [ ’ ¢ - P
- L P . ” .
L te N .




. 17%5  Flasemo - 36 ) .
17350 Ct=CtHl . . E
17355 Node a x(ML)=X1(I) ) |
17360 Node & y(M1)=Y1(I)

. " 17365 Node b x(ML)=X2(I) - , - ; o ‘
..., 17370 Nede b )y (M1)=¥2(I) ~ . N
‘ .- 17375 M=MLT® S . .
e ‘.17380 BDIF - - .
' : -17385 ‘CASE4 . ’ T
. 17390  IF Elem array(I)=13 AD I..mk(I)=0 THEN

17395 <Elamenttt (M1)=4

17400 Elawalue (M)=Values(I)

17405 Flags(M1)=0 ,

17410 -+  RRGbH '

17415 Node a x(M1)=X1(I) o

17420 - Nede a y(ML)=Y1(I) ‘ - . -

' 17425 . Node b x(M1)=X2(I)
© . 1.0 ¢ Ndeb) ) y(ML)=¥2(I) |, ‘ 1 :
) 17435 MI=MI+1 " ‘ e o .

<0 ¥- 17440 BD'TF
. .17445 '@ASE 5 '
. 17450 IF (Elam array(I)—J.G R Elem arzay(I)-l’?) AND Link(I)=0 THEN
S 17455 Elarenttt(Mi)=3
e < 17460 Elemvalue (Ml)=Values(I)

r

17465 Flags (M1)=0 ' .
17470 I=ItH ‘ '
17475 Node a x(M1)=X1(I)
.- 17480 Node a y(M1)=Y1(I)

.+ 17485 Nade b xX(M)=R(I) : f .
© o Nadeby(m)=r(I), . : o
"17495 . MI=MI+T . 4 ‘ , .
17500 BND IF ‘ “ - T

17505 CASE 6
=+ 17510 - IF (Elem array(I)=14 R Elem array(I)-ls) AND Link(I)-l THEN
| .Y 17515 Elamenttt (M)=2
- . 17520 Elawalm(rn)-‘Valus(I)

P 17525 . Flags(M)=1 -
", . 17530 C1=C1+1 y ~ o
S ¥ 17535, Node a X(ML)=XL(I) .
) © - 17540 Node a y(ML)=Y1(I) o Yo
- ©7 17545 Nededb x(M1)=X2(I) c - R
Te 17550 Nodé by (M1)=¥2(T) " ' Lo .
. - 17555 M=+ . e ‘ Do
. . 17560 BD IF R . :
e.’ 17565. CGASE7 - - ~ . . o
.- .. =+ 17570 - IF Elem array(I)=13 AND mnk(n-.l'nm . " .

17575 ~ Elemerttt(M)=4 .
-17580 Elamwalue(Ml)=Values (I) , LT
17585 Flags (ML)=1 ‘ ~ ,

17580  RI=Rl+1 : A S
. 17505 Node a x(ML)=XA(I) o Co
", . 17600 Node a Y  y(MO)=¥1(I) - L :

17605 - . !bh b x(M)=X2(I)




T
s

© . 17690 IF (Elem array(I)=5 (R Elem array(I)=6) AND Values(*!)‘no THEN

‘ © 287 v - ) -
17610 Node b y(ML)=Y2(I) - ) : )
; 17615 MI=MHT -
17620 RO IF
17625 CASE 8 . '
17630  IF (Elem array(I)=16 (R Elem array(I)=17) AD Link(I)=1 THEN
17635 Elerenttt (M1)=3
. 17640 Elgwalue (Ml)=Values(I) )
17645 Flags(M1)=1 . ' =
17650 Ll=f1+1 ‘ o
I7655 - MNede a x()=X1(T) : ..
17660 Node a y(M1)=Y1(I) . '
17665 Node b x(ML)=2(I) -
17670 . Node b y(ML)=Y2(I) .
17675 Mi=MI+1 ’
17680  END IF - N
17685 CASE9

17695 .  Elamenttt(Ml)=5
17700 Elemvalue (ML)=0 : . . )
17705 ‘Flags(M1)=1 . -
17710 Ilo=Tlot+l T

17715 I=T1+1

'~

17720 Nade a x(M1)=XL(I) | - \

1775 Nede & y()=¥1(T) C : '
17730 badeb x(M)=X(T)

17735 Nede By (M)=¥2(I)

17740 MM

17745 BD IF
17750 (CASE 10

. Y7755 IF (Elem : nan:ay(I)==5' (R Elem array(I)=6) AND ValL’es(I)oo THEN

17760 > Elementtt(M1)=5 . N

17765 Elawvalue (Ml)=Values (I) ‘ ' it
17770 Flags (ML)=1 )

17775 .- I=11+1 T
17780° Node a x(M)=X1(I) . ’
17785 Node a y(M1)=Y1(I) ¢
17790 Node b x(ML)=X2(I) . - .
17795 Nede b y(ML)=¥2(I) |

17800 TF Values(I)=9999 THEN: ‘ .

17805 MAT RECRCER Oontrol BY Vect : : -
17810 Var source=Var saurce+l

17815 Control var(Var saurce)=Ml- (Ct+Rt+It+c:HRl+m) o
17820 , ASSIGN @rath TO Elem 1 1abel$(I) . o
17825 N ERRCR GOTO 17840 :

17830 ENTER @Rath;Enotneeded ot ,

17835 ENIER @Path; Omtrol(*)

17840 OFF FRRR - ) -
17845 BDIF -

17850 - MI=MLHL ’
17855° © BOD IF : :
17860 END SELECT | _
17865 _NEXT'I oL
17870 NEXTJ ¢ S o
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17875 Q=]

17880 IF Eto=0 AND noscumm - ' )
17885 FR I=1TON -
17890 IF (Elem array(I)=14 CR Elem array(I)slS) AND (I)=0 THEN

17895 (Ol [1,1)="

17900 (0ec) [2,4]=VALS (Oxcl)
17905 +1

17910 BD .

17915 NEXT I

17920 Qoc2=0ccl-1

17925 Q=1

~ 17930 FRI-LTON .
17935 " IF (Elem array(I)=16 (R Elen_anay(I)=17) AD Lmk(I)=1 THEN
~ 17940 Wave$(0ocl+aoc) [1,1)=T"
. 17945 Wave$(0ocl+0oc2) [2,4])=VALS (Cocl)
17950  Oocl=Qocl+l

T 17955 B IF " " /
* T 17960 NEXT I
17965 D IF. .
17970 N
17975 1*******************************************
17980 | . END OF INFUIS *
17985 !*****************************—k**—k**iddg_*****
, 17990! ARRANGING MATRICES

17995° IF C1l<>0 THEN : 'ﬁ -
18000 ALIOCATE Clink(1:C1,1:C1) ) - '

. ¢ 18005 FR.I=1T0CL
. 18010  CLink(I,I)=Elemvalue (T+Et+Ct+HREHIL)
' , 18015 NEXT I .
) ’ 18020 END IF
18025 !

18030 IF R1<0 THEN
18035 ALIOCATE Rlink(1:Rl,1:Rl),Glink(1:Rl l.Rl)

. _° 18040 ,RR I=1 TORL
. " 18045 R1iﬂ<(I,I)=Eﬂ.awalue(I+Et+Ct+Rt+It+C1) >
' 18050 - Glink(I,I)=1/Rlink(I,I)

18055 NEXT I . .

18060 BND IF :

18065 ! .

18070 IF L1<0 THEN
18075 . ALLOCRTE Llirk(1:11,1:11)
18080 KR I=1 011

. . 18085  Llirk(I, I)=Elewa11.1e(I+Et+d:+Rt+I.t+C1+Rl) v
. 18090 NEXT I
s © 18100 ! - .

18105 IF Et<0 THIN '

- 18110 IF C1<>0 THEN AIIOCATE INTEGER Qec(1:Et,1:C1)
18115 IF R1<0 THEN AIIOCATE INIEGER Qer(1:Et,1:Rl)
18120 IF T1<>0 THEN ALIOCATE INTEGER Qel (1:Et,1:11)
18125 IF I1<0 THEN ALIOCATE INTHGER Qei (1:Et,1:T1)
18130 END IF .




. 18140

18145

18150
18155
18160
18165
18170
18175
18180
18185
© 18190 !
18195
18200

- 18205

- . 18210
18215

18220

18225

18230

18235

18240
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IF Ct<0 THEN
ALLOCATE Ctwig(1:Ct,1:Ct).
KR I=1 O Ct .
thig(I,I)=ElemralLe(I+Et)

mmoo'nmmm INTEGER Qoc(1:Ct,1:C1)
IF R1<0 THEN ATIOCATE “INTEGER Qor(1:Ct,1:R1)
IF 11<0-THEN ALLOCATE INIEGER Qcl (1:Ct;1:11)
IF T1<>0 THEN ALIOCATE INTEGER Qci (1:Ct,1:T1)
BD TF

IF Rt<>0 THEN

AITOCATE Rbwig(1:Rt,1:Rt),Gvig(1:Rt, 1:Rt) -
KR I=1 TORt

Riwig (T, T)=Elemvalue (T+EL+CL) ?

Gtwig(I, I) J/Rtmg(l I)
NEXT I

mmoommmmmngrc(lntid)
IF R1<0 THEN ALIOCATE INTEGER Qrx-(1:Rt,1:R1)
IF 110 THEN ALIOCATE INTEGER Qrl (1:Rt,1:11)

18245 END

18250 !

. " 18255
18260

18265

13270

18275

18280
18285
18290

SRR v

18305
18310
18315
18320
18325
18330

!mmmm*mmmm

18335 °

18340
118345

Ir 11-1:«1?0 THEN ALIOCATE INTEGER Qri(1:Rt,1:11)

+

=g

IF It<0 THEN
ALIOCATE Itwig(l:It,1:1t)
RR I=1 T0 It |
Itwig(I,T)=Elemvalue(T+EL+CHRE) )
NEXT I ,
IF C1<>0 THEN ALIOCATE INPEER Qle(1:It,1:C1)
IF R1<0 THEN ALLOCATE INTEGER QLr(1:It,1:Rl)
IF 110 THEN ALIOCATE INTEGER Q11(1:It,1:L1)
IF 110 ‘THEN ALIOCATE INTHGER QLA (1: It,1:10)
BD IF

FR Elemertl=]1 TO N ‘
IF Flags (Flerentl)=1 THEN GOTIO 18560
A0 '
B=0
FRI=1 TON
IF I=Elementl THEN GOIO 18355
IF Flags(I)=1 THEN GOTO 18355

IF Node a x(I)=Node a x(Elemertl) AND Node a_y(I)=che aJ(HM) xR

—_ Iwbdebx(I)=Nodeax(Elatmtl) AND Node b y(I)=Node a y(Elemertl) THEN Aa=patl

18350 IF Nede a x(I)=Node b %(Elerentl) AND Nocde a y(I)=Node b y(Elementl) (R

Node b x(I)=Node b x(Elementl) AND Node b__y(I)=che b_y(Elarmtl) THEN Bo=Hotl

18355 ~NEXT.I
18360 TF Aa<=Hb THEN )
18365 M x(Elerentl)=Node a x(Elaventl)
18370 On j(ﬂﬂmﬂ)#«ﬂe a y(Elementl) -
18375  Factor=l -
18380 ELSE

-18388 O x(El.ermtl)%hde b x(Elarentl) -
1830 _y(E]mmtl)ﬁ\bde b _y(E’lmetl)

PSSR
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Factor=-1 - 1 )
18400 END IF \

18405 T(Elamentl)=l -

18410 Find twigs:! -
18415 RRI=1 TOM .
IFT(I)<>O'1HENCDIOScn:tq ~

18395

18420-
18425 NEXT I ~
18430 GOTO 18560 S
. 18435 Scrt g:! : ,
' . 18440 FRJ=1 TON ’
X 18445 IF I=J THEN GOTO 18545
18450  IF Nede a x(J)=tn x(I) AND che a y(@)=tn y(I) 'IHEN
18455  IF Flags(J)=1 THEN - )
18460 Q(Elementl, J-M)=Q(Elemertl,J-M) -Factar . i
18465  EISE _ " ' -
18470 T(J)=-1 -
o 147 M x(7)=Nede b x(J) . . .
18480 ~ ny(d)=de b _y(J) 7
18485 BD IF : S
18490  QUTO 18545 L o
18495 BND IF
18500 IF Node b x(J)=th x(I) AND Node b_y(37=cn_y(1) THEN -
18505  IF Flags(J)=1 THEN . - -
18510 Q(Elerentl,J-M)=Q(Elemertl, J-M) +Factar
18515 -~ EISE ' -
18520 T(@)=1
18525 M x(J)=Node a x(J)
18530 L y(J)=Ncde a _y(J)
‘ 18535  END IF
18540 BOD IF
18545 NEXT J
18550 T(I)=0
— - 18555 GOTO Fimd twigs
; 18560 NEXT Elementl )
18565 MAT Q= Q*(-1)
18570 !MMMM*&MM&WM
gams. FR I=1 TO Et+CtRbHE
8580 FR J=1 TO CL+RI+LI+I1 . ;
18585 IF O>CI4RIHLL THEN
18590  IF DEG+CHHRE-THEN QLi (T-Et-Ct-RE,J-C1-R1-L1)=Q(I,J)
,18505 ' IF I>EGHCt AND I<=EC+HCLRE THEN Qrd (T-Et-Ct,J-C1-R1-L1)=Q(I,J)
18600  IF DEt AND J<=Et+Ct THEN Qci(I~Et,J-C1-R1-11)=Q(I,J)
-, 18605  IF Ix=Et THEN Qed (I,7-C1-RI-11)=Q(T, )
18610 END IF . ~
18615 IF J>CL+RL AND J<=CI+RI+L1 THEN:
18620  IF DEG+CHRE THEN QL1 (I-Et-Ct-Rt,J-C1-R1)=Q(1,J)
T 18625  IF DEGICE AND I<=Ft+CuRt THEN Qrl (T-Et~Ct,J-C1-R1)=Q(I,J)
18630  IF DEt AND I<=Et+Ct THEN Qcl (I-Et,J-CA-R1)=Q(1,J)
18635  IF I<=EL THEN Qel(I,J-Cl-Rl)=Q(I,J) ,
18640 BDIF ,
18645  IF J>C1 AND J<=CI4RlL THEN
.18650  IF DEGHCHHRE THEN Qlr(I-Et-Ct-Rt, J-C1)=Q(I,J)
18655  IF.DEGHCt AND T<=EG+CtiRt THEN Qrr(I-Et-Ct,J-C1)=Q(I,J)

! > .. » i
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.+ -~ 18660  IF DEt AND I<=Et+Ct THEN Qr(I-Et,J-C1)=Q(I,J)
. 18665 IF I<=Et THEN Qer(I,J-C1)=Q(I,J)
18670 ; BDIF -
18675 IF J<Cl THEN . ‘
18680 IF DEtCHRt THEN Qle(I-Et-Ct-RE,J)=Q(I,J)
e 18685 IF DEtCE AND I<=EtCH+RE THEN Qre(I-Et~Ct,J)=Q(1,J)
18690 IF DEt AND I<=Ft+Ct THEN Qoo(I-Et,J)=Q(I,J)
18695 IF I<Et THEN Qec(I,J’)=Q(I,J)
. 18700 END IF )
18705 NEXTJ -
18710 NEXT I —
L18715  Dikdekkkickdokdekkdokickkickdedcddeekdododdeicioickdedoiolocledeededok
18720 IF Ct<0 THEN
18725 ALIOCATE C(1:Ct,1:Ct),Dummyl (1:Ct,1:Ct).
18730 IF C1<0 THEN
‘ 18735  ALIOCATE Duammy2(1:C1,1:Ct), Dummy3 (1:Ct, 1:C1)
. 18740  MAT Dumy3= QooClink
- 18745  IF Et<0 THEN
18750 ALIOCATE Dummy4 (1:C1,1:Et),C_(1:Ct,1: Et)
18755 MAT Dummy4= TRV (Qec)
18760 MAT C = Dummy3*Dummy4 -
18765 MAT C = C *(-1).
18770 DEALIOCATE Durmmy4 (*)
¢ 18775 .BDIF
18780  MAT Damy2= 'mN(Qcc)
18785  MAT Dumyl= Dummy3*Dummy2
18790  DEALIOCATE Dumiy2 (*),Durmmy3 (%)
18795 END IF
18800 MAT C= CtwigtDamtyl ,
18805 -.[EALIOCATE Dummyl (*) B
18810 BND IF :
18815-
18820 IF 1100 THEN -
18825 ALIOCATE L(1:L1,1:1l1),Dommy1(1:11,1:11)
18830 IF It<O THEN -
18835° AIIOCATE Dummy2(1:11,1:It) D.mmB(lIl 1:1f) .
18840  MAT Dummy2= TRN(QL1)
18845  MAT Dammy3= Dunmy2*Itwig
18850 IF I1o0 THEN -
18855 ALIOCATE I, (1:L1,1:11)
18860  MAT L = Dumy3*Qli
18865  MAT L =L *(-1)
18870 END IF
18875  MAT Dumyl= Damy3*Qll
18880  DEAIIOCATE Dammy2(*) D.rmyB(*)
18885 END IF
18890 MAT I= Llink+Dummyl Lo
18895 [EALIOCATE Dunmyl(*)
18900 END IF-
18905 ! >
. 18910 IF Rl<cO THEN -
’ 18915 ALIOCATE R(1:Rl,1: Rl) Dxmyl(l.Rl 1-m)
18920 IF Rb<>0 THEN

]
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= 18925 ALLOCATE Duanhy2 (1:RL, 1:Rt) , Damny3 (1:R1, 1:Rt)

" 18930 MAT Dumy2= TRV(Qry)

18935  MAT Dumy3= Dummy2*Rtwig .

' 18940 . MAT Dumyl= Dumy3*Qrr -
16945  [EALIOCATE Dummy2 (*) ,Dummy3 (*)
18950 BND IF _ _
118960 DEALLOCATE Durmyl (%) : :
18965 BND IF
18970 {——
18975 IF Rt<0 THEN
18980 ALIOCAMTE G(1:Rt,1:Rt),Dummyl (L:Rt, 1:Rt)
18985 IF R1©0 THEN
18990  ALIOCATE Dummy2(1:R1,1:Rt) ,Dumy3(1:RE, 1:RL)
18995  MAT Dumfy2= TRN(Qrr)

19000  MAT Dumy3= Qrr*Glink

19005 MAT Dumyl= Damwy3*Dammy2

19010  DEALIOCATE umys(*) D2 (%) .
19015 BND IF | -

19620 MAT G= GtwigHummyl \ T ‘ (
19025 EFALIOCATE Dammyl (*)

19030 BD I¥ o
19035 | drokdiok ok koo ook ook ' —

419040 IF RI<o0 THEN : - -

19045 ATIOCATE Dyl (1:R1,1:R1)

' 19050 MAT Dirmyl= INV(R) .

, 19055 IF Ct<o0 THEN e

: 19060  ALIOCATE Damy2(1:Ct,1:R1),Yz(1:Ct,1:Ct),Dammy3 (1:Rl, 1.0:P

-

19065  MAT Damy2= Qcr*Duanmyl |
19070  MAT Dummy3= TRN(QeY)
' 19075  MAT Yz= Damy2*Darmy3
19080  D[EALIOCATE Dummy3(*) 1
19085  IF Et<o0 THEN ‘
19090 AITOCATE Dunmy3(1:Rl,1:Et),Y (1:Ct,1:Et)
19095  MAT Dumy3= TRN(Qer) )
. 19100 MAT Y = Durwy2#Duammy3 \ .
! 19105 [EALIOCATE Dammy3 (*) . ,
19110 BDF : - >
. 19115 BN IF
19120 [EAIIOCATE Dummyl(*)
19125 END IF o , ~ ’
, .19130 IF Ll<0 AND Ct<>0 THEN - . :
19135 ALIOCATE H(1:Ct,1:11),Damy4 (1:Ct,1:11) N .
19140 IF RO AND RI<0 THEN T
19145  ALIOCATE DummyS(1:Rl,1:Rt) , Damy6(1:Ct, 1 Rt) Dxmy3(1 ctl 'Rt:) ‘ |
19150  MAT DamyS= TRN(Qrr) . T
., 19155  MAT Dumy3= Dummy2*DamyS - S : L
. 19160  MAT Dumy6= Dummy3*Rtwig A ' . .
- . 19165  MAT Dumyd= Dammy6*Qrl
19170  LEATIOCATE Dummys () an(*) (DS (%)
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19190 HND IF

19195 IF I1<0 AND Ct<>0 THEN

19200 AIIOCATE H (1:Ct,1:I1),Durmmy4 (1:Ct,1: n)
15205 ]FRtOOANDRlOO'IHEN

15210 ALIOCATE (1:Rl,1:Rt) D.mryGr(l ct l.Rt),D.lmyB(l Ct,1:Rt)
15215  MAT DumyS= TRN(Qrr) _

- 19220 MAT Dumy3= Dummy2*DumyS
, 19225 MAT Dumy6= Dammy3*Rbwig
19230 MAT Dummyd= Dammy6*Qri
29235  DEALLOCATE Dammy's (*) , Day3 (*) , Dorry'S (*)
19240 END IF . )
19245 MAT H = Dumy4-Qci : ' \
19250 - DFALIOCATE Dummyd4 (*) ot
19255 BND IF :
19260 IF Ct<>0-AND Rl<>0 THEN [EALIOCATE Dummy2(*) .
19265 ! '
19270 IF R0 THEN : . i .
19275 ALLOCATE Dummyl (1:Rt,1:Rt). \
19280 MAT Dumyl= INV(G) .
.~ 19285 IF L1<0 THEN
19290 ALLOCATE.Dummy2 (1:11,1:Rt), mmm(lmlm:) ,F£z(1:11,1:11)
19295  MAT Dummy2= TRN(Qrl) )
19300 'MAT Dumy3= Dumy2*Duammyl )
19305 MAT Ffz= Bumy3+Qrl - : :
. 19310 DFAUOCATE Dry2(%) . *“
19315 IF I1<0 THEN i -
19320 AIIOCATE F (1:L1,1:T71) .
19325 MAT F = Dammy3*Qri ~ '
- 19330 BDIF
; 19335 END IF
: 19340 DFALIOCATE Danmyd(*) .
- 19345 BN IF .
19350 IF Ct<>0 AND L1<>0 THEN

. 19355  ALIOCATE Stttbd(1:11,1:Ct) ,Dumy2(1:11, 1:Ct) /Doy (1:12, 1:Ct)
19360 "F‘RIOONDRtOO'IBm

19365  ALIOCATE Dummy4 (1:R1,1:Ct) , DummyS(1:11,1:R1) mmys(l 11,1:R1)
19370  MAT Damyd= TRN(QY) - ,
19375° MAT DamyS= Dammy3*Qrr
19380 MAT Dumy6= DamyS#*Glink
19385 MAT Dumy2= DurmyS*Dummy4
19390  CEALIOCATE Durtny4 (*), DS (%), Damy6 (%) . - ,
19395 END IF ; 0
19400 MAT Dumy7= TRN(Qcl) :
19405 . MAT Sttttd= Durmy7-Dammy2
N 19410 [FALIOCATE Dumty7(*) nxmyz(*)
- - 19415 END IF - X -
- - 19420 IF Et<0 AND L1<>0 THEN o
19425 ALIOCATE S (1:11,1:Et),Dummy2(1:11,1:Et) Dmy?(lmlEt)
19430 IF Ri<0 AND RE<SQ THEN
19435  ALLOCATE Dummy4 (1:Rl,1:Et) ,DanmyS(1:11,1:R1), Dummy6(1: 11, 1.R1) )
19440  MAT Duamy4= TRN (Qer) N ) s
19445 MAT Dumy5= Dammy3%xr 0 CE - ‘ ;
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19715 IF RtS0 AD 1100 THIN ST

%

264 - |
19455  MT mmya- Dummy6+Dummy4 .
15460  DEALLOCATE Dumy4 (%) Dumy5(*) ,Dumys (+)

119465 BD IF .

19470 MAT Dmy?= TRN(Qel) P .

19475 MAT S = Durmy7-Dammy2 . :

1480, DEALLCCATE Dirmy7 (%)  Damy2(¥)

19485 END IF

19490 nmoomuoommmnmm(*) .
Fekdhhhdekdidkhddiokkdekidokkiddckdddikdokiddkihkddickik

19495

IF Ct<0 AND L0 THEN
19 ALIOCATE Dummyl (1:CEHLL, 1:Ct+L1) , Dammy2 (12 ct,l Ct) ,Duamy3(1:11,1: I.l)
19510 EISE -
19515 IF Ct<>0 THEN "
10520  ALIOCATE Dumyl (1:Ct,1:Ct) ,Dammy2 (1:Ct, 1:Ct)
19525 EISE .
19530 ALLOCATE Dummyl(1:11,1:11) ,Domy3(1:11,1:11) -~
19535 END IF
19540 BND IF
19545 IF Ct<>0 THEN
19550 MAT Duamy2= INV(C)
19555 RRI=l-TOCt- -

19560 KR J=1 Tp Ct ) . )
19565  Damayl(f,J)=Damy2(I,J) Ce :
‘19570 NEXT'J .

19575 NEXT I

- 19580  TEALLOCATE Damy?2 (*)

19585 BND IF ‘

+

19550 IF L1<0 THEN

19595 MpT Durmy3= INVV(L)

19600 FRI=1 TOLl :
19605 FRRJ=1TOL ) .
19610 D..'Il'l'lyl(I'l"Ct JﬁCt)#).!M(I,J) ' G
19615 , : .
19620 I ’ Jn -
19625 Durmmy’3 (%) -7 J
19630 END IF ' ) .
19635 ! o
19640 ALIOCATE Dl'my%(l:ct-i-ll, 1:Ct+L1) ,A(1:Ct+11,1:Ct+11)
19645 IF RLS0 AND Cto0 THEN -
10650 RRI=LTOCt - _ :
19655 KR J=1 TO Ct :
19660 W(IaJ)ﬂz(IrJ)
19665 “NEXT J
19670 NEXT I
19675 END IF
19680 IF Ct<0 AD LoD THN . ‘ ' ' ,
19685 KR I=1TOCt o . S
19690 KR J=1 L . — o
19635 . Dummy2(I,J+Ct)=H(I,J) , " .
19700 NXT J ' .
19706 NeXT I ‘ . a B
19710 D IF -
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19720 RRI=1 TOLl

19725 RRJI=1 TO1Ll

19730 D2 (T+CE, J4Ct) =Ffz (I, J)
19735 _NEXT' J

19740 NEXT I

19745 BD IF

19750 IF Ll<0 AND Ct<0 THEN

19755 FRI=1TO Ll

19760 RRJI=1TOC °

19765 Dumy2 (T4Ct,J) =Sttttd(I,J)
19770 NEXTJ |

19775 NBXT I s
19780 BD IF -
19785 MAT A= Dunmyl*Dummy2

19790 DEALLOCATE Durmy2(*)
19795 !mﬁm*mmmmmm_

19800 IF Et<0 R I1<00 THEN

19805 ALIOCATE Dummy2(1:Ct+I1,1: f:t:+1‘l) B1(1:Ct+I1,1: Et+n) ,B(1:Cel LB

19810 IFCt<>OANDEt‘.<>9ANDR1{90'IHEN
19815 KR I=1 TOCt

19970 IF C1<>0 AND Et0 THEN
19975 FRIs1TOC
19980 RRJ=1OE

19820 FR J=1 TO Et ) T
» 19825 Damy2 (I,J)=-Y_(I,J) . -

19830 NEXT J v

19835  NEXT I

19840 B0D IF

19845 IF Ct<>0 AD 110 THEN
~ 19850 FRRI=1TOCt

19855 R J=1 TO 11

19860 Dammy2 (I, J+Et)=H _(1,J)

19865 NEXT J L

19870 NEXT I .

19875 BND IF .

19880 IF 1L1<>0 AND Rt<0 AND noo THEN

19885 KRIF1TOI . ]

-19890 FRJ=1T0 11 R

19895 Dammy2 (T+Ct, HEL)=-F _(I,J) ]

19900 NEXT J

19905 -NEXT I

19910 BD IF o

19915 IF Et<0 AND u<>o THEN A - -t

19920 FRRIF1TOIL -

10925 FKRJ=1TOEt -~

19930 Dumy2 (I+Ct,J)=5_(I,J)

19935 NEXT J :
(19940 NEXT'I * g
19045 BND IR , o’

19950 MAT Bl= Danyl*Danmy2 - ] ~

19955 - DEALLOCATE Dammy2 (*) - - )

19960 vmmumm*mmm

19965 ALIOCATE Dammy2(1:Ct+L1,1:Et+T1) B2 (1: Ctéll,L:EHI1) - o

5%y
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19985
19990
19995
* 20000
20005
20010
20015

20020 °. Dumy2(I+Ct,J+Et)=L (I,J)
NEXT J

20025
20030
20035
20040
20045
20050
20055
20060
20065
20070
20075!

20080 ! PRINT "MAIRIX A" g ~———
- 20085 ! PRINT A(*),"

266 - ; - ‘ .
Damy2 (I,3)=C_(1,J) . )
NEXT J '

NEXT I :

BD IF ‘ o )

IF 1£<0 AND T1<0 THEN ' T e
‘KR I=1 TO Il , L ) :
FRJ=1T0 11 <

. NEXT I

BD IF o

MAT E2= Dummy1*Dummy2 . - I ’
CEALIOCATE Dummyl (*) , Dummy?2 (*) < ‘
-ALLOCATE Dummyl (1:Ct+11, 1:Et+I1) o .
MAT Damyl= A2 . . T /

IEALLOGHTS Durmy
Dy ()

BD IF T |
FINISHED MAIRICES A AND B .

© 80095 | BRINT B(*)," )

/ 20090 ! FRINT "MATRIX B S '

20100 1*********************************************

- 20105
_1CEHL)

<. 20110
t+11)

20115

. 20120

] 20125
. 20130
20135

20140

20145

20150

20155

20160

20165

20170

20175

20180

20185 -

20190

20195

20200

. 20205 .
. 20210

. 20215

. 20220
20225

~20230
202351

ALLOCATE mmm(rcum 1:0t+11) umm(l-ctm 1:Cb+L1) , Damy3 (1 o1, 1
ATIOCATE D.xmy4(1 Ct¥11,1:Ct+1) A db(1:CLH, 1 Ct+11) umryS(l Ct+11,1:C «

° 3 -~
_MAT Dumyl= IIN | —

RR K00 6 ‘o
"IF K=0 THEN GOTO 20180 - . : i

FR I=1 TO CtHLl -

_-FCR J=1 TO Ct+ld : ~ ' y <

TF ABS(Damyl(1,J) )<=1.E~30 THEN (T,N=0 .
IF ABRS (Dammyl (1,J) )><1.E+50 THEN 20190 ~—
NEXT J . . . NP . -
NEXT 1 2 ) -
MAT Dummy3= *A ‘ -
MAT Dumyl= Dumm3*(Dt/K) - .7 L
MAT Dunmy4= Durmyl/ (K+1) s ) . . ‘
MAT Dammy2= Dumy1+Dummy?2 .o . ‘ e s e
MAT Dumy5= DummyS+Dummy4d . _ -~ <o
MAT A db= Damy2 |
DEALIOCATE Durmyl (*) , Dy (*) D.!myB(*) D.xmy4 (%) -
IF I1<0 (R Et<0 THEN
ARG B gt (1:Ct+Ll, 1: Et+11) e

e b
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20240! * MAIRICES pRE SETtP  * - S - S )
_ - 20245!  Sokdekichochkkickdokdoe ek dkdkick® L& ‘

20250 | ERINT "A gt®
90255 | ERINT A dt(¥),"

20260 ! ERINT "B at" : T -
20265 ! PRINT B dt(*) . ‘ - - T
20270 !***************************Hc‘**********ﬁ** '
T 20275 !* © QUTHUIS *
20280 | kil koo ook =
. 20285 !
20290 |\—— - - - r . -
20295 | IF ETO AND ITO =0 (CAPACTICR IOCP CR INDUCICR CUT-SET EXISTS) ]
20300 ! . « .
20305 ! ' : ; ' ]
. . 20310 IF Eto=0 AND Ilo=0 THEN™ . - : '
- 20315 ALLOCATE C at(1:Ct+H,1:CtHl) . X - .
20320 MAT C db= TIN . .
} 20325 IF EtS0-GR IL0 THEN .
20330  ALIOCATE-D @t(1:Ct+L1,1:Et+Il) -
. 20335 MATDGAt=C dt*m g
20340 ° BD IF ~ _ - . : o ‘ -
20345 GOTO 21810 ' ’
20350 BD IF .
20355 I - , )
, 20360 !—— - ——
7 : 203915 !-‘ FINDING Eto ard Ilo T -
0 ! .
i 20375 IF Fto<0 THEN .
, : 20380 IF.Cl<0 THEN % —~ )
20385 REDIM Qec(l:Eto,1:1) ° L ) .
20390  ALIOCATE Qecc(1:Eto,1:CL) ’ ' L
20395  MAT Qeco= Qec . ~ :
20400 REDIM Qec(l.Et,l'Cl) ‘ : P
20405 END IF ' ) - -
20410 IF RI<0 'IHEN . : -
¢ 20415  REDIM Qer(1:Eto,1:Rl) :
20420  ALIOCATE Qecw(1:Eto,1:Rl1)- -
20425  MAT Qectt= Qer .7 ‘ . : s
20430 REDIM Qer(1:Et,1:Rl) . . ' -
20435 BDIF - . -~ ' :
20440 IF 11<0 THEN : T _
20445  REDIM Qel(1:Eto,1:11) '
20450  ALIOCATES 1:Eto,1: m) ;
20455 MAT Qecl= . '
° pfd60 REDIM CE1(1:Et,1:11) ) _
: - 20465 BEND IF . P Tt - _
- 20470 IF I1<0 THEN . ” ] . ,
——20475— REDIM Qei(1:Eto,1:11) T ,
20480  ALIOCATE Qeoi (1:Eto,1:11) ' 3 o s ,
20485 - MAT Qeoi= Qei o : R A
. 20490 meei(l Et,1:1) .. ' - K , T
-~ "7 20495 BENDIF ’ . - . T o
~ - ‘ _ [. - e L
: "x ’ ‘ 2 - E -
| . .
. _Z . o -
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’, / . S . 288 \\
N 20505 IF.Tloc0 THEN - - ‘\‘ . . N \(
S 20510 IF Et<0 THEN \ o
205 ALIOCATE Qeio(1:Et 1.110) mmyzs(l pul l'Et) j«\ ; ,
2052 mnnmmx(gax) ) N . -
20545 RENM Dummyl5(1:Ilo,1: Et) | . \\ ‘)
20530 mww) o - .-
20535. (*) o ’ .
20540 PO I - - , , o !
¢ 20545 . JF. THEN © ° . e '
20550 Qeio(1:CY,1: Tlo) ,Damy15(1:11,1:Ct) ' i
| 20555 - Dummy15= TRN(Qci) ' ‘ -
20560 . REDIM Dumy15(1: 1o, 1:CL) . _
" MAINQoio= TRN(Dummyl5) ' N i
o f;osm‘ DPALLOCATE Damy1S() | - - A L ‘ -
. 254 BOTF  Com. / : o ‘
- © 1 20580" IF RtoD
. S | 20585  ALIOCATE Qrio ,1110) DxmylS(lant).. CoT
.* ., ~ 20590 MAT DuimylS5= TRN(Qri) - o
A 20595 mnmxy]su Ilo,1:Rt)’ : :
S, 20600 ' MAT Qrio= TRN(Dumy1S) - e -
) 20605 ~ DEALLOCATE Dumyl5(%) ° . - : ’ .
R 20610 BDIF =~ - . A ¢ A
., . 20615, IF It<o0 THEN ¢ S , :
"7, . 20620  ALIOCATE Qlio(1:It,1:Ilo) DmrylS(lIllLt) : N
..+ 5 20625.  MAT Dumy15= TRN(QLi) ; )
i;'_ 20630 . REDIM Dumy15(1:Io,1:1t)
co ' 20635  MAT Qlio= TRN(DumylS) g
2, 1 30640  DEALIOCATE DummylS(*) ‘ -
20645 END IF e . e .
\. 20650 END IF . : : . ‘ o’ .
: 20655 ! o - - .. -
. C - 20660 \—— — —t -
Y 20665 - - SOIVING SURVRTRICES Lo -~ e
- 2067 . -
o % - -20675 JI‘ (Eto>0 AD (I1<0 R (Cto0 AD (C10 R RIS0)))) R (110<>0AND (c &
L " £90 (R (L1o0 AND (1+00 (R RESQ)))) THEN ALLOCATE C-dt (1:Eto+I1o, 1:Ct+1l) “
ot 20680 . IF (Eto<0 ARD (110 (R RI<S0 (R (C1<00 ANR CE<0))) (R (T1oo0 AND (Et< .
e LN 50 R RS0 (R (T400 AND 11<D))) THEN ALLOCATE D dt(1:Etotllo,1:Et+I1) * . )
"7 20685 mmmoommoomaw)m(nwomuwmmw)mm .
\ ., . CUE Dumy20(L:EtotTlo 1:cbuil) - D ]
20630 IF Eto<0 AND C1<o0 AND Ct<>0 THEN .
| T, 20695 mocmzmmyzz(lalct)umya(imlct)mmmEtola) o .
P '20700 WAT Duffiny22="TRN(QX) » ) . , -
7/ 20705 I"M.‘D.xmyzhcllmc*mnmz . e -
: 40 . 20710 MAT Damy2d= Qeoc*D.xmw3 N 2 ;e ,
. 20715. FR I=1 TO Eto- : ' L . e
L. s 2207200 FRJ1TOCt ' et . o
- © 20725 -NWO(I.J)*-—QWMI,J) . ' -
. 20730 . . . '
- 2075 . - : ¢
.. . § 20740 mum Dammy22 (%), ,Dommy23 () mmyzta(*) T e . ¥
- ] 20745 END IF: i T
20950 mnooom)moomﬁnoom s
4 4
- L. .
% b b i -
« d . - . ~' T :
+ . . ' - N . . \
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ALIOCATE Duimmy22(1: To, ,1:11) , D23 (1 It,1:1)  Dumny24 (1 no,rm)
MAT Dummy22= TRN(QLio)

20755
20760
120765

20770 -

20775

20780

20785

KR J=1 TO 11 .
Dummy20 (I+Eto, J+Ct) =-Dummy24 (1,J)

20790 . NEXT J ,

20795 NEXT' I |
20800 DEATIOCATE Durmy22 (*) ,Dummy23 (*) mmyz4(*> ‘
20805 END IF

20810 IF (Etoc0 AND (L1<0 (R (CE<0 AD R1<0))) (R (Tlo<c0 AD (ct:oocxa (I.l
<0 AND Rt<>0))) THEN ALLOCATE Duammy30(1:Etot+Ilo,}:Ct+Ll)

20815 IF (Etoc0 AND (II<>0 (R RI<0)) R (Ilo<>OAND (Et<0 (R Re<S0)) 'mENAL

IOCATE Dummy40(3.:Eto+Tlo, 1:Et+T1)

1

20820 IF R1<0 THEN 1 , , . ,
‘20825 AIIOCATE Dummy31(1:R1l,1:Rl) o . .
20830 MAT Dumy3l= IW(R) U ‘ — oo *
20835 IF Etoc0 THEN -
20840  ALIOCATE Dummy32(1:Eto,1:R1),Dummy33 (1:Rl 1.Et:) ,XxS(l Eto 1:Et) -
20845 MAT Dummy33= TRN(Qer) ‘
20850 MAT Dumy32= Qecr*Duammy3l i .
20855 . MAT %&= Duammy32*Dummy33 : \ T .
20860 FCR I=1 IO Eto R y
20865 FR J=1 TO Et Co ¥ | :
20870 Dommy40(X,J)=X6(1,3) - R v
20875 NExr J . T ] o ‘
20880 @ . N . LS
20885, mmeam-: Dumy33 (%) o . ‘ — ’
20890 - IF Ct<>0 THEN - o ) -
© 20895 ALLOCATE Dammy33 (1:RJ,, 1:Ct) ,X100(1:Eto, 12 Ct) o,
' 20900 MAT Dummy33= TRV (Qcr) s . c
20905  MAT XA00= Damy32*Damy33 )
20910 FRIF1 TOEo . - ' .
20915 FRJF1TOC ° : . L.
20920 mmyeoa,a)amoo(x,J) ,
620925 NEXT J. . .3 &
. 20930 NEXT I ' ' . : DL o8
20935 . [EALIOCATE Dammy33 (*) , ' - -
20940 © BND IF ‘\ . *
20945 BND IF . :
20950 [FALIOCATE Damy31(*) = _ . T —~
20055 BND IF o e e e = e N
20960 IF-Etoc0 AND Ll<c0 THEN 6.1
- 20965 ALLOCATE X<2(1:Eto,1:11), nmw(lgtq,lm) ..
20970 IF Rt<0 AND RLOO THEN
20975 . ALICCATE Damy35(1:R1, 1:Rt): , Damy3 1:Eto,1:Rt)_,umny33(?.:Eto,1:Rt) .
20980 ~ MAT Damy3S= TRN(Qrr) ’ \
20985  MAT Dummy33= Dummy32+Dummy3s o
20990 MAT Damy36= Dammy33*Rbwig | ‘
...20995 .. MAT Dumy34= Dumy36%Qrl . L
. 21000 [EALIOCATE nmps(*) D33 (*) mmy.aS(*) - . -
21005 END IF . ' . , ' . -




_,o'r

21010 MAT %= Dummy34-Qeol .
21015  RRI=1TOEt0 = . g

" 21020 FRJ=1T0 Ll ' . ., ,

21025  Dummy30(I,JHCH)=2%2(1,J) - _ .

. 21030 NEXTJ . , , .
21035 NEXT I ’

21040 [EALIOCATE Dany34 (*) ' .

21045 BND IF .. .

21050 IF Eto<od AND o0 THEN :

21055 ALIOCATE X%6(1:Eto,1:11),Dummy34(1:Eto, 1:11)

21060 IF Rt<>0 AND R1<O0O THEN - "

21065  ALLOCATE Dummy35(1:R1,1:Rt),Dummy36(1: Eto, 1:Rt) , Damy33 (1:Eto, 1:Rt)

21070 MAT Dunmy3S= TRV(QrY)

21075 MAT Damyd6= 2Damy35 o

21080 MAT 3= Dumy36#Rtwig : ,

21085 MAT Damy34= Dumy33#%Qri -

270 , ‘ ‘ g g

21090 Durmy36 (%), Dmy35 (%), Damy33(%) , o
" 21095 w R T ' '
21100 M 6= Damysd-Qeol - ] : .

21105 - FR I=1 TO Eto _ .

- 21110 RRJ=1TO.I1 . -

21115  Dummyd0(I,J+Et)=Xx6(I,J)

2120 NEXT J . . , _
21125 NEXT' I - . . . S '
21330 CEALIOCATE Dany34 (*) . ) L \

21135 END IF -

21140 IF Etoc0 AND R1o0 THEN muoam.:: Dmnﬁz(*) ‘ p
21145 IF Rt<>0 THEN ‘

21150 ALIOCATE Dammy41(1:Rt,1:Rb) '_ ’ "\ . ’
21155 MAT Dummydl= INV(G) :

21160 IF Ilo<o0 THEN L ’

21165  ALLOCATE Dummy42(1:Ilo,1:Rt), D.xmy43 (1:Ilo,1 .Rt) ,XxB(l Io;1: 11)

© 21170  MAT Damyd2= TRV(Qrio) ' ‘
21175  MAT Dummy43= Dummy42*Duammy4l ' - C .
21180  MAT Xx8= Dummy43*Qri L ‘ e

21185 FRI=1TOIlo . - . . -—

121190 FKRJ=1T0 Il ‘ - - o
- 21195 mmy:;c(xmto,mat)&-ma,a. : \
21200 . NEXT'J o . ) , ) , ,
21205 NEXT'I- , . . . :
21210  DEALIOCATE Dumy42(*) - o CT . g
21215.  IF 1O THEN - ) L : - Coe .
21220  ALLOCATE ¥x4 (1-no,1 u) ; : d .
21225  MAT Xx4= Dumy43+Qrl’
2230 FRIF1TOIlo - ! . R .
. 21235 RRFLTOL = | . . . | |
$ 21240 mmm0(I+Eto,J+ct)=-»c4(I,J) . o o
245, . NEXT ‘ . p -
21250 Nm_crx S ¢ . .
21255 EDIF . - : .o !
2260 BDIF ° S .. R R
21265 DEALIOCATE Durmy4l (%) Co . J - ' -
21270 RO IF . ‘ L . o "
." b . Yt ‘ . . . _:.:
L3 N . ) -
g o
RIS 5
T - e
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21275
21280
21285
21290
21295
21300
21305
21310
21315
21320
21325
21330
21335
21340
21345

. 21350

21355
21360
21365
21370
21375
21380
<1385
21390

21395

21400
21405
21410

21415,

21420

- 21425

21430
21435
21440
21445
21450

+ 21455

21460
21465
-21470
21475

. 21480

21485
21490
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IF Ct<>0 AND I1o<>0 THEN . \

ALLOCATE X311:1lo,1:Ct) , Dumy42 (1 D.o,l ct) ,Dammyd7 (1:11o,1:Ct)

IF RI<0 AND RE<0 THEN
ALIOCATE Dummy44 (1:R1,1:Ct) ,Damyd5(1: 110, 1:R1) , Danmy46/(1: 110, 1:R1)
MAT Dummy44= TN(Qcr)

MAT Damy45= Damy43+Qrr
MAT Dummy46= Danmy45*Glink
MAT Duammy42= Dummy46+Dummy44
DEATIOCATE Dammy44 (*) mmy45(*) ,Damy46 (*) o .
END IF -
MAT Dumy47= TRN(Qzio) . ' .
MAT %= Dumy47 42 , . .
KR I=l T0: o
KR J=1 TO Ct . . ” ’ )
DJHMO(HEtD,J)—M(I,J) R Lo ‘
NEXT J . .
NEXT I , : : )
DEALFOCATE D.mny47 (*) DImy4Z () | ‘ , «
BD IF | : ~

IF Et<p AND I1o<oQ THEN

XX7(1:To, 1:Et) ,Dummyd2(1: 110, 1: Et) ,Damy47 (1 Ilo,l Et),
IF Rl<0 AND Rtc0 THEN
ALLOCATE Durmy44 (1:R1,1:Et) Drmy45(1 Il0,1:R1) umny46(i Tlo,1:Rl)
MAT Dumy44= TRN(Qer)
MAT Dummy45= Danmy43%Qrr
MAT Dummy46= Dammy45*GLink
MAT Dumy42= Damyd6*Duamydd ) . Y -
DEATIOCATE Dumydd (*) , Dammyas () mmy46’(*) .
BD IF
MAT Dummy47= TRN(Qeio)
MAT Xx7= nmny47-D.xm1y42
FoR 1=1 TO0 Ilo . - -
FR J=1 TO Et
Dmry40(I+Et:o,J)=)w(I,J) ,

NExr I -
DEATIOCATE, Duarryd7 (%) , mmy42(*)

-

BND IF ‘ ’ _‘ , s
IF Rt<>0 AND I1o<>0 THEN [EALIOCATE Dammyd3 () -
IF (Etoc0 AND C1<0 AND Ct<0) az(nooomn.toom)mom THEN

MAT C dt= Dammy20*A ’
MAT D dt= Dammy20*B. _ NP T,

BD IF . _ .
IF (EtOOOPED (LI&0 (R (Ct<>0 AND’RI<0))) (R (Ilo<0 AND (CE<0 (R (LL '

<0 AD Rt<>0))) THEN MAT C dt= C Gt+Damy30

21495 IF (Etoo0 AND (L0 azmoo»m (T10o0-AD (ELS0 (R Ric-0)) THEN MA
T D dt= D dt+Dumy40

21500 TF (Etoon AND (L0 QR (CES0 AD (C1o0 R RIS0)))) R (nooom: (
to0 (R (110 AND (I£<0 CR Rt<>0)))) THEN

21505

20510

ALIOCATE Durmy49(1:Eto+I1o, L:EtHL) - L
MAT Dumy4S= C Gt -

21515 IF (Etoo0 AD (110 R RS0 (R (cxooamctoo))) R (Ilo<0 AND {Et

' ©0 RRECO (R (I.tOOR‘DLloO))) THEN

-

=

.
)
Yoy
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21520 | IF (Et<0 AND Ct<0 AND Cl<>0) (R (I1 AND L1<>0 AND It<>0) THEN
21525 MAT D dt= D dt+Dummy49
21530 BED IF
21535. BD IF .
21540 DEALIOCATE Dummy49(*)

]

<21545 BD IF. L ,
2]550! dededchedekedcdeddededekkddk ik hk Kk Kdckdckkddhdkkddchdohdckk . ,
21555! * ROUTINE SOIVES THE IF NO CAFACTTOR IOOFS * D -
21560! *  AND NO VOLTAGE CUT-SEIS WERE FOUND * 3 _ )
21570 |
21575 ALIOCATE State(1:Ct+11,1:1) ,Damy50(1:Ct+L1, 1:1) Result (1:EtotTlo, 1t Limit
) ,Qutput (1:Eto+T1o, 1:1) ,
21580 IF Et<Eto (R T1<oTlo THEN n ' . -

21585  AITOCATE DummyS1(1:Ct+11,1:1) . . ‘
21590 AIIOCATE Input(1:Et+Il,1:1) , ‘ _
. 21595 KR I=1 TO0 Et -
21600  Irput(I,1)=Elemvalue(I)
21605 NEXT I
21610, FRI=1TO 11
21615 Irp.xt(I+Et,1)=EIlewa1ue(Et+Ct-+Rt+lt+Cﬂ.+Rl+Il+I) .
21620 NEXT I
21625 MAT mmy51= B+Irput
21630 MAT State= StatetDunmyS1 }
21635 [EALIOCATE DunimyS1(*) .
21640 BRD IF
21645 ATIOCATE Damy51{1:Eto+Tlo, 1:1)
21650 KR I=1 T0 Limit
21655 IF Time saxces<>0 THEN '
-+ 21660 KR J=1 TO Tire soxrces : o

21665 - Input(Control Var(d),1j=Control 3, T)Woltage o . |
21670 Nt J ] ' '
21675 BDIF . :

21680 IF (Etoc0 AD (u<>ocn (Ct<0 AND (C1<0 (R R1<0)))) R (Ilo<>.OAND (
o0 R (1150 AD (L£<0 R RE<>0)))) THEN
21685 MAT Output= C dt*State . ;
21690 ELSE / i
21695  MAT Output= {0) o ‘
21700 BD IF .
21705 IF ((Etoo0 AND (110 (R Rlo0 (R (cxoomaoom ® (nooozm ®
to0 (R OO (R (LE00 AD L10)))) THN o ) L
" 21710 T TF EtooEt (R I10ST1 THEN T - —
21715  MAT Dumy51= D @t*Irput '
21720  MAT Qutput= Output+Dammy51 -
21725 BODIF . ) .
21730 RO IF . -
21735 KR J=1T0 EtoHTlo : :
21740 * Result(J,I)=-Outpit(J,1) o .
2745 NBTJ - - A
21750 MAT DamySO= A dtrState c e L2 . N .
21755 - MAT State= DamyS0 Co ... o
. 21760 IF EtOFto (R OIlo THIN - ° S L S T
21765  MAT Dumy50= B dt* It~ : R AR o
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21770  MAT State= State+Damy50 ‘
21775 BRD IF

21780 NEXTI ,
21785 UR=TIMEDATE : ‘ ‘

21790 TimetR-1 _ o .

21795 FRINT "TIME=";Time :

21800 GOTO-22030

21805!, *******************************W

21810! * QUTFUT SOLVING ROUTTNE. IF A CAPACTTCR 10CP* X

21815! * CR AN INDUCICR CUT-SET WAS FOUND * .

21820' **Hﬂ******ﬂ****************************m

21825 ALIOCATE State(l: cx-_+m 1:1), D50 (1:CE41, 1 1) Result (1:CE+11 1-Limit),
Output(1:Ct#ll,1:1) -

21830 IF Et<0 (R 10 THEN

21835  AIIOCATE Durmy51(1:Ct+Ll,1:1) :

21840 ALIOCATE Trput(1:Et+I1,1:1) 2 - ‘ .

21845 FRI=1 TOEt . S o =
21850  Impat(I,1)=Flemalue(I) : o

21855 NEXT I ) ' . -

21860 FRIS1 TOI1 ~

21865  Imput(I+Et, 1)=Elawalue(Et+Ct+Rt+It+C1+Rl+m+I)

21870 NEXT I o E

21875 MAT DumyS5l= B*Irput ' {
21880 MAT State= StatetDamy5l : . » ’ p ' .
21885 TEAIIOCATE DumySl(*) , . -
' 21890 END IF ) IR
21895 AIIOCATE D.rmySl(l Ct+I.1 1:1) ) -
21900 KR I=1 TO Limit
21905 IF Time soamroes<0 THEN . " L
21910 KRR J=1TO Tire sources ’
21915 Irpxt(mrt:ml var (J) ,1)=Contxrol (J, I) *‘Voltage T
21920 ~ -
21925 'mn IF . , :
21930 MAT Output= C dt*State - v
21935 IF O0<EL (R 0<T11 THEN ’ ‘
- 2194 MAT DumySl= D dt*Irput :
21945 MAT Output= mt:pxtmmrySl . ’ . o
21950 END IF : . ‘ N
21955 KR J=1 TO Ct+ll . R B P ,
21960  Result(J,I)=-Oxtpuat(J,1) , _ i
21965 NEXT'J . , C B o
-21970 - MAT DamyS0=-A dtiState - - - T \ e e T T
21875 MAT State= DamyS0 . y \ o

—t

21980 IF Et<0 (R I1<>0 THEN ' Ce
21985  MAT DuryS0= B qt*Irpit : : :
2199  MAT State= State+DumyS0 ] , L
21995 BND IF \ - : : -
22000 NEXT I : . - ;
22005 W=TMEIRIE . * o N ™
2010 Timel2-U1' ~ - | e ,
22015 FRINT "TIME-";Time SR T \ y
amo!mmemmmrmlz S T . 0
L | - s‘ -.“ :Lv:"é
. - ‘ G



22030
22035

22040 -

22045
' 22050
- . 22055

Wave no=fto+Ilo
Emmmmmm

uowmmg!

22065

22070

22075

. . 22080

- 22085

: - 22090
l . 22095
\ 22100
22105

22110

22115

22120

. 22125

22130

- 22135

22140

T 22145

22160
22165
22170
22175
22180
22185
22190
22195
. 22200
T 22205

j © 22210
22215

22220

22225

22230

-~ - 22235

22240
' 22245
. 22250

22150 Mjustrentss | ) R —
122155 | Q¥ KEY 10 GOTO PIoTl . .

. ON KEY 9 IAREL "HARDOO®Y / 9" GOTO Hardoopy

cunur 2 USING "#,B";255,75 L :
Plotflag0 | INITIALIZE HORTZONTAL PLOTTING
KR N=1 0 10 SIEP 1 "1 100P TO INITIALIZE

Plot=0 ! ALL PIOTTING VARIAELES

Wind0 f‘ o

DE(N)=0 /

Manal (N)=0 - '

Lt (N)=0

Inin(N)=0

X off (N)=0

Y off (N)=0

x acnle(N)=1 -

¥ scale(N)=1 S

Buf (N)=0 .
NEXT N

!

a¥ KeY 11 GOTO Plot2

Q¥ KEY: 12 QU0 Plot3

QN KEY 13 QOO Flot4

Q¥ KEY 14 QOO Plots
Q¥ KEY 15 GOIO Plots ' s
QN KEY 16 QUIO Flot7 -

‘N KEY 17 GUIO Plots - ) -

ON KEY 18 GOIO Floto C 6

Q¥ XEY 19 GOTO Plotlo

ON KEY 0 LAEEL "WAVE / EDI'T" GUTO Wave charge
ON KEY 10 GOTO Hdit

ON KEY 1 IAHEL "X offset / 1" QOIO X offset
ON KEY 2 IABEL "Y offset / 2" QUIO Y offset -
ON KEY 6 IAREL "X scale /64010 X scale

!

(NKEY?IAEI."Y_scale / 7" QU ¥ scale : _
N KEY 5.IAHL 'WDDOW /5" QU0 Window change- T
ON KEY 4 IAREL "EXIT / 4" GOIO Fin :

ON KEY 3 TAREL "WERCHR / 3" GOIO Vexr har

—a

22255 ON KEY 8 IAEEL "EFFECIS /8"GDIOEffects
22260 GOTO Adjustrments -

- 22265 !mmmmmm
22270 Effects: !mmmwmmmm
22275 IFBJerd)-O’n-mmmpd)\st::mts "

3 . s QY KEY 0 TABEL "MANAL X-AXIS" GOTO-X afis
© | 22290 GOIO 22285 f

P

.‘,
DR
b, v

g
bsit ws e -

&

by
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22365 QOIO 22545

22295 X axis: ) ! OVER-RITE AUTO X-AXIS

122300 OFF KEY A

22305 PRINT CHRS(12) _ - .

22310 a:susvavqmge/ ! DEIETE WAVE IN EXTSTING WINDOW -

22315 GRAFHICS CFF

"B2320 PRINT "The Y plane intersection of the X-AXIS is ";Axe(Wirnd)
2325 INFUT "Input the desired Y plane intersection of the x-mcrs",z
22330 Ave(Wind)=Z ! NEW INTERSECTICN

22335 Manual (Wind)=1 .| MANUAL X-AXIS FIAG SET

22340 FRINT CHRS(12)

22345 GIOAD Graphl (*) ! SAVE GRAPHICS DISPIAY EXISTING WINDOW
22350 GRAPHICS ON :
122355 Adjust=1

22360 NWind

! QO TO [RAW NEW WAVEFCRM

22375 Fin:GCIEAR -

! EXIT FRM PLOTTING ROUTINE

22380 CUTHUT 2 USING "4,B"";255,75

. 22385 PRINT CHRS(12)
" 22390 QUIO Re start

22395 ¢ ***************************************************

22400_Flotl:Plot=1
22405 GOIO 22495
22410 Flot2:Plob=2
22415 GOTO 22495
22420 Flot3:Plob=3
22425 QOIO 22495
22430 Plot4:Plot=4
22435 GOIO 22495
22440 P1ot5:Plot=5
22445 GQOTO 22495
22450 Plot6:Plob=6
22455 GGIO 22495
22460 Plot7:Plot=7
22465 GOTO 22495
22470 Plot8:Plot=8
22475 ~ QOTO 22495 -
22480 Ploto:Plot=o
22485 GOIO 22495 -

22490!Plot10: Plot=10

22495 .CFF KEY
22500 GINIT

22505 (DIHJI‘ZIBDG"

22510 GRAPHICS CN
22515!

22520! PIOTTING ‘THE WAVEFCRYS SELECTED

22525!

22530 KR NeFlot TO 2 SIEP =1

22535 PEN I

22540 IF Buf(N)=0 THEN GOIO 22970
.. 22545 I=Ruf(N)
22550  Aaa=EROUND(X_Of€ (W) * (Limit-1) ,0)

22555 Brk=FROUND(| (mmt-Aaa) *X_ecale(N)+Aaa,0)

4? é’;2;5,75

! DIVIDING THE SCREEN INIO
!'B{ESELEIZIE)NIHRG‘HDIS

! PIOTTING CF

L
3
¥*
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;2“:\ .

22570
22575

- 22585

22595
*22600
22605

22610

22615 -

22620
22625
22630

22635

22640
22645

22810
22815
22820

SELEEI‘Pld:ﬂag e
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IF Asa=Fkb THEN Bdo<haa+]

Coo=Imin(N) + (Lmax (N) ~Lmin(N) ) *Y_ Off(N)

Dtkd= (Lmexx (N) ~Occ) #Y._scale (N)+OoC

IF Oco=0 AND D0 THEN :
Qo=-1 - oo .
Did=1 :

RO IF

IF Aaa=0 AND Hab=0 THEN

QUIEUT 2 USING "4#,B";255,75

PRINT "WAVEFORY ERROR— 0 FOINIS""
BEEP 555,2

WAIT 3,

@OTO Fin

BD IF e
IF Mansl(N)=1 THEN

Y IF Ave(N)>Dd THEN- Did=Axe (N) "Ly
IF 2xe(N)<0cc TEN Ocooe() .

QIO 22665 .

 BD'IF

Mee(N)=(DiHOx) /2 ! o .

IF O<el AND 0>=Coc THEN AeN)=0

o5e]

CSIZE 2.4 )

CLIP N ‘ .

! HORTZANTAL(0) CR VERTICAL(1) FIOTTING,

B 10,125, (100*(N-1)+20)/Plot (100*N—20)/P19t

IDTR O | :
WINDOW Aaa, Brb, o, DA ‘ .
AXES (Bcb-Aaa) /10, (D3A-0c) /5,203, W

MVE Aaa,Result (T,Aaa+1)

ASE 1

VIBHRCRT 131-(131%4-23) /Plot, 131—(]31*(N—1)+23)/Plct 10,95
1D0IR 90

WINDOW D3, e, Baa, Brb

AXES (Did-Ccc) /5, (Eib-Aaa) /10, Ak (N) | Bea .

MOVE Result (T ,Aaat1) ,Aaa o

ICRG 1 , i ! PIOTTING OF THE WAVEFCRM -

Iast point=fb o

IF Last I..lmit-l THEN Iast _pomb=L'lmJ.t-1 \

Pl 'IHEN . o )

J,mt(I’J) (

[RAW Result(1,J) ,J .

0D IF .

NEXT' J

CLIP CFF

IRG 1 ST

IF Plotflag=1 THEN .o

MWVE Did,Aaa ) ) a



22825 MWE Aaa, DA - - 7 ) »
- 22830 RO IF :
_ 22835  IABEL Wave$(Ruf(N))[1,6). - | THE WAVE IABEL - - )
. ' 22840 FQIJ-(Bi)-Aaa)/l(H-Aaa'IOB:bSIEP (mb-Aaa)/s :
22845  IF Plotflag=0 THEN . :
2850 MOVE J,me(N) Lo -
22855 1CFG 6 _ ‘ . o T
5 2865 MNE e ,J , o
7 - 2870 IORG 6 ' .
;22875 BND IF , : —
22880  IABEL mmw*nt 3) '
22885 NEXT J o
—22890 - mmmwm(nﬁ-mc)/s ! Y-AXIS NOMEERING
22895 - TP Plotflag=0 THEN ,
22900  MNE Aaa,J -
22905 ILRG8
22910  EISE
22015 “MMNE J,Aaa . N
. 22920 ICRG 8 - -
22925 BD IF ' -
22930  IF ABS(J)<.0001 THEN J=0
22935  IABEL [ROAND(J,3) ‘
22940 NEXTJ -
22945 CLIP ON
22050 IF Adjust=l THEN R

22955 Adjust=0 , .

22960 QOIO Adjustments . c. .
22965 BD IF. ‘ ‘ )

22970 NEXI‘N . b
¢ 22975! . v

22580' Ir'}hrdmplm : . : ~ S
22885 Hardoopy=0 ) P ‘ , .

23015 CASE 0
23020 VIEWRRT 0,131 100/Plot*(Wn'd-1),100/PlotM1rd _
- - ' 23025 CASE 1 .
- ~m— e~ . - 23030° VIBWRET Bl-nl*Wu'd/Plot,Bl-lsl*Mnﬂ-l)/Plot 0,100.
' 23035 END SEIECT -

23050 likkidokidickirkick ik ik kickickkikiokd ki dkicii i ieddokik ’

23055 Ver hor: . !GMGRVMI@LHMIOMIAL ,
. 23060 OFF KEY . ! (R VICE-VERSA . ;

23065 IF Plotflag=1 THEN . '

23070 Plotflag=0 K . :

23075 EISE _ : : ‘

23080 Flotflag=l . - ? T s . :
. 23085 BND.IF : , e ' Y

+ “ * «{




. 23155 X scale(Wind)=1

A 278

23000 IF Wind=0 THEN
23095 QOTO Adjustments
23160 EISE

23105 GOTO 22500

| KOIL WAVE IN EXISTING WINDOW AND SEEECT
| REPLACEMENT WAVE
23130 IF Wind=0 THEN GUIO Adjustmerts
23135 GOSUB Wavepnroe | KILL EXISTING WAVE
23140 Buf (Wind)=0
23145 X off (Wind)=0
23150 Y off(Wind)=0

! m—i}mmmmmmsrmnmmvz

23160 Y scale(Wind)=1
23165 Marual (Wind)=0

23170 GOSUB Prepare ! SEIECTICN OF THE NEW WAVE

2175 RfWind)=sI ~ ,
Neiind : —

23185 Imin(N)=Result(I,1) ! MAX ard MIN FOINIS CF THE WAVE
23190 Imext(N)=Result(I,1)

23195 RR J=1 O Limit

23200 IF Imex(M)<Resilt(I,J) THEN Imex(N)=Result(I,J)

305 S IF IminN) >Result(I,J) THEN Imin(N)=Result(I,J)

123290 EISE -

23210 NEXT J

23215 TF Imex(N)=Imin(N) THEN .
23220  Imin(N)=Imin(N)-ABS (Imin(N)*.1) .
23225  Imeox(N)=lmen<(N)+AES (Imax(N) *. 1)
23230 END IF

23235 ' GRAPHICS (N

23240 GIOAD Graphl (%) .
23245 Adjust=l

23250 QOTO 22545
23255 1%%%*%*%%

23260 Window_charge: ! GIANGING THE WINDOW AND VIEWECRT
£3265 PIOTTER IS 3,"]va' ’
23270 COFF KEY o

23275 IF Wind=0 THEN GUTO Adjustments - . =

23280 IF Plotflag=0 THEN
23285 _ VIBWRCKT 0,131,100% (Wind-1),/Plot, 100%#ind/Plot

23295 VIBARKRT 131-131*(Wind)/Flot,131-131* (Wind-1) /Plet, 0,100
23300 BD IF

23305 PN -1 ! KIIL EXISTING FRAME
23310 -FRAE . -
23315 PN 1 ! (REATE NEW FRAME

23320 Wind=Windtl !

23325 IF WindbFlot THEN Wird=2 ' -

23330 IF Plotflag=0 THEN ,

23335 VIEWRRT 0,131,100% (Wind-1) /Plot, 1oo*w:'m/mm

23340 EISE _

23345  VIBARKRD 131-131% (Wmi)/Plot 131—131*(vmﬂ-1)/mot 0,200
2350 ED IF

. wr
rae
NPT 2oa Y
et N
. i
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2337omrdc:py ! ROUTINE TO SET VARIAHLES FCR THE HARDCOPY ~ ‘
, 23375 KR Fgr2 TO Flat N
23380 IF Buf(Fgh) <0 THEN QUIO 23395
23385 NEXT Foh
23390 .Q0TI0 Adjustments ,
23395 PLOTTER IS 705,"HEGLM
23400 Hardoopy=1 ,
23405 GOTO 22530 |
23410 tmmmmmmmuﬁmwm
23415 X scale: ! ADJUST THE X SCAIE |
23420 IF Buf (Wind)=0 THEN QUIO Adjustments
y 23425 OFF KEY
/' 23430 QOSUB Wavepuree
‘ 23435 GRAPHICS CFF
3 23440 FRINI"The X scale is now "'I/X'anle(WJ a)
/ ’ 23445 INFUT "Imut the new desired X scale",?

pd

i

23450 IF Z=0 THEN ! GHECK TO SEE IF USER INFUT IS WITHIN BOINDS
23455 PRINT CHRS(12) . :
! 23460 FRINT "The value ";Z;" is not acoeptable®
/ 23465 PEEEP
;- ‘ 23470 WAIT 2 )
. 23475 FRINT GHRS (12) -
23480 @OID 23440
23485 END,IF
23490 GLOAD Graphl(*)
23495 GRAFHICS (N : : . . o
23500 X scale(Wird)=1/z S » '
23505 Adjust=l - o -
23510 PRINT QiR$(12)
23515 N=Wind

23520 GOTO 22545!G0 TO START OF THE PLOTTING ROUTINE TO REPLOT WITH NEW SCALE
23525 ook dohokiododoick bk dokciook koo ook ook dokkdod ook

. 23530 Y _scale: "~ | ADJUST THE Y SCALE: . o
23535 IF Buf(Wind)=0 THEN GOTO Adjustrents , ‘
B 23540 OFF KEY P B
. 23545 QOSUB Wavepurge - . L 8

j 23550 GRAFHICS CFF . |
‘ 23555 PRINT "The Y scale 1srcw'“1/¥ scale(Wind) T :
LS o~ —23560 ]NRJI‘"Irp.-ltthedesuedscale'LZ - —— e -
23565 IF Z=0 THEN GlEI}('IOSEE}F(BRWJEISWPHﬂNEINB
23570 PRINT (HRS(12)
23575 PRINT "The value ";Z;" is not acoeptable,”
23580 EEEP ] » .
23585 WAIT 2 ' .
e . 23500 PRINT OHRS$(12) -
- 23505 (QOIO 23555 . ‘ .
23600 END IF , .
23605 Y _scale(Wind)=1/Z - . , -
23610 GIORD Graphl(*) o
23615 GRAPHICS ON R ’ . o

.. . .~ . »

.
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: 23620

- 23625
. 23630

PRINT CHRS(12)
AdJusb-l

23635 wzozzmS!mmsmwmmmmmmmwrmmm
23640 IWMMWMMW
23645 X offset: - ! ADJUST THE X OFFSET
' 23650 IF Buf (Wind)=0 THEN GUIO Adjustments
23655 COFF KEY '
23660 GOSUB Waveprge . o —
23665 GRARHICS CFF
23670 PRINT "The X offset is now ";X off(WJ.rrl) ;
23675 INFUT "Irput the new desired X offset, o<=xOffset<1.",z L
( 23680 IF Z<0 (R 2>=]1 THEN !G—IEH(’IOSEEIFIEERDRJTISWI’DIINB.‘IM
' 23685 FPRINT GHRS$(12)
23690° ERINT "Ihe value "°Z‘"J.smtamqstab1e.

- 23695 PRIND " 0 <=X offset < 1",
. 237 EEEP . . 2
. 23705 WAIT 3

23710 PRINT CHRS$(12)
23715 GOIO 23670
23720 BD IF . .
23725 X off(Wind)=2 -
23730 GIOAD Graphl(*) .
23735 GRAFHICS ON :
23740 PRINT GR$(12) » e
23745 2djusb=l
- 23750 NeWird '
23755 mms'mmmwmmmmmmmm
23760 !MMMMH*HWM*WW
23765 Y_offset: ! ADJUST THE Y OFFSET
23770

s

IFBJ.f(WJ.rﬂ)=O'B-IENGJIOAdjusmmts ’ S

23775

23780

23785

© 23790

- 23795

) - <23800
? “23805
| 23810
23815
23820
133825
23830

23835 |

v 7 23840
o 23845

CFF KEY ] -
A8UB Wavepurge . ) .

' GRAFHICS GFF

13

PRINT "Ihe Y offset is now";Y off (Wind) )
0 <=Yoffset<e= 1"

mrr'nwttl'ermdsuedYoffset
INFUT 2 .

IF Z<=0 (R 2>=) THEN
FRINT CHRS$(12)
ERINT "The value"'z “ismtameptable'
mn < -
EXP vt T
WAIT 3

PRINT O1R$(12)

Qo10 23790

BD IF

Y off(Wind)=Z -
. BRINT GR$(12) ‘
GIOAD Graghl (*) R -

dembﬂ

!dﬁﬂ(‘IOSEEIF"B!EISER]NHJI‘ISWI@HNHIN[S

o <= Y offset <= 1"

mmzz&ﬂ&:msmwmpmmmmmmmmcﬁs&r
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24075 N RNOB .2 QOTO Choice- -

281

238856 %mm*mmﬂﬂwﬁmm
23890 Wavepuarge: | -
23895 ARFA PEN -1 g
23900 JF Plotflag=0 THEN
23905  VIEWRCRT 0,131 100*(Wnﬂ-1)/Plot,100*Wnﬂ/P1¢ -
23910 "WINDOW 0,131,100*(Wind-1)/Plot, 100%ind/Flot
23915 MNE 0,100%(Wifd-1)/Flot
23920 RECIANGLE 131,100/Plot, FILL,EDGE g
23925 IF Spectrum=1 THEN RECIANGIE 131,50,FILL
23930 EISE .
23935 VIBWECRT 131-131*(Wird)/Plot, m—131*mnﬂ-i)/mot 0,100 . .
23540 WINDOW 131-131%(Wind) /Flot, 131-131# (Wind-1) /Flck, 0,100 . T
23945 MWVE 131-13)/PlotMiind,0 . -
23950 RECIANGIE. 131/Plot, 100, FILL, EDGE
23955 - END IF
23960 GSTORE Graphl(*) .
REIURN

23965 : ‘

23970 Buffer selec: | THIS ROUTINE DISPIAYS THE- : ‘ -
23975 0=0 ! BUFFER SELECTICN N THE o i

23980 MacWeve ro-1 ! SCREEN AND LEIS THE USER GHOOSE

23985 IEG ! THE DESIRED BUFFER

23990 .GINIT :

23995 GRAFHICS (N | :

24000 WINDOW -100,100,0,200 ~
24005 MVE -10,180
24010 CSIZE (3.6)

24015 IAEET, "Rotate kncb to select buffer® : : j

2 oo

24020 MWE.-10,170

24025 "After selection press ENTER"
24030 csm-: (—. 1% (M%) 47)

24035 IF (-.1*(Max)+7)>5 THEN CSIZE (5)

%

- 7,
24040 CUTEUT 2 USING "§,Bl255,75 S :

24045 KR I11=0 TO Max °
24050 MWE -50,J - 4 : ‘
24055 IF Max=0 THEN GUID 24065 - -
24060  J=J+180/ (Max) L
24065 IABEL BS(L11+1)[1,6] ——

24070 NEXT L1l ‘ T

24080 (hoice:(N KBD GOTO (hoiogl |

mmscnmmmass)&'w'mmam [ S S
24090 PEN=-1 R ’ ‘
24095 MVE -55,J

24100 DRAW ~60,3° .
24105 * MVE 56,3+1.5

24110 IRMW 55,3 - ... , ‘
24115 MOVE -56,0-1.5__ . . - R
24120 [RMW -55,3, . , hadRY
24126 . IF Maoe=0 THEN Lo . 2 :
24130 Ll1=3 A S

24135 GOTO_24160 . . 3
24140 RDIF - - ; ) ' ' -
24145 Lll=¢INT(ROEX/10)* (180 Mp)4121) -



. . 282 4
24150 IF 111>183 THEN 111=183 - ' ‘
24155 IF L11<3 THEN L11=3 ‘ ‘
24160 J=111 .
24165 PEN 1 : :
24170 MNE -55,J
24175 IRAW -60,J .
24180 MWVE -56,J-1.5 . 5
24185 [RAW -55,J ;
. 24190 MNE -56,J+1.5
24195 [RAW -55,J >
24200 WAIT .07 . -
24205 QUTO Qhoice '
24210 ut: !
i 24215 GRAPHICS CFF
24220 OFF KBD |
24225 CFF KB
24230 QUIFUT 2 USING "4,B'";255,75
24235 PEN 1 :
24240 Re start:! X ) . .
24245 RETURN - : E .
24250 !**?***********************:k** . Jedde e kodok ke dkrikk ke ke kkdkk .
. -24255 Prepare: ! BUFFER SEIFC - -
. +24260 FCR I=1 TO Wave no ! SET IAEEIS IN AN ARRAY
24265 BS(I)ave$(I) ’
. 24270 NEXT I : ) .
~ 24275 GESUB Buffer selec «
24280 BI$=BS((J)#Bx/180+1) ! THIS IS THE SEIRCTED WAVEFCRM
24285 FR I=1 TO Wave o ‘ . .
24290 IF Bi$=Wave$(I) THEN REIURN ~ ! FIND THE WAVERCRM SEIECTED IN THE

24295 NEXT I « + | ORIGINAL WAVEFCRY IABEL ARRAY Wave$ ‘
24300! END CF PLOTTING ROUTINE , v
- 24305 ! . R LN
N 24310) ddkkdekkkiokkdddkkkkkdkdihkdkkikiik

24315! * END OF TREE-LINK PROGRAM *,
24820! Fdkickkickkddkkkdhkkdkkkikdkkk ik

- 24325 REIURV -
24330 Enl:QCIEAR * .
" v 24535 QUDFUT 2;"IOAD KEY"&" X'; - ’
-- ' 24340 BND - .
; .
9
4
' -
- - .

« 4-‘;‘ ’ , - - \ g
’ . .

~ .-

FUPUREEUEP S - [P
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BRIDGE .RECTIFIER

.OPTIONS NOMOD RELTOL=.15 LIMPTS=8000 ITL5=88000
WEERER B ERRERERERENEESREMEERRERRE SRR RN BRERTEE RSN EER
V1 1 0 SIN(O 169.8313 60HZ O 0 <30)

v2 20 SIN(O 169.8313 BPHZ O O -150)

V3 3 0 SIN(G 169.8313 6OHZ O 0 +80)

VLAT70 | -

[ 2 E SRS ESSNERR RS EES NS RS2SRSS RS 20K

.MODEL DM D(1S=.001)

(22 SR R 2SR RS SSRXRRRE RS R R R R 2

" JSUBCKT DD 1" 2 3 '

DP 1 2 DM
DN 3 1 DM
.ENDS

©.SUBCKT LC 1 2 3
CLF.1 2 .8MH IC=0

CF 2 3 1000UF IC=0

.ENDS ‘

XD1 1 4 5 DD

XD2 2 4 5 DD

¥D3 3 4 5 DD

XF 7 6 5 LC S
RL 6 5 1 {

-

FEARABARS RN RAN R R E R A" .
- R M

-

.TRAN .00001MS 20MS UIC

“'ﬂ'..-’-‘...-‘*"-i*“. \“ !
. PROBE i
. END .
..
- p -
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