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ARSTRACT

STICAP (Stiff Circurt Analysis Program) is a FORTRAM IV, Versaion
2.3, computer program written for the CDC-6400-6600 computer series
and SCOPE 3.0 operating svstem. It provides the caircuit analyst a
tool for automatically computing the transaient responses and fre-
guency responses of large linear tame invariant netvrorks, both stifl
and non-stiff. The circuit description and user'’s program input
language 1s engineer-oriented, making simple the task of using the
program,

Three volumes of documentation are available for the STICAP
program; a theory manual, a user’s manual, and a svstem's programmers
manual. Volume I describes tihe engineering theories underlying
STICAP and gives further references to the literature. Volume IT,
the user's manual,explains user interaction with the program and
gives results of typical circuit design applacations. Volume III
depicts the program structure from a system's prograrmers viewpoint

and contains flow charts and other software documentation.
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CI?PTER X

GLUERAL PRCGRAIL DISCRIPTION

1.0 INTRODUCTION

The program STICAP ~:Stiff Circuit Snalysis Program - was
developed by personnel of the School of Engineering, 0Ld Dominion
University, Morfol’:, Virginia, 1970-1971, under contract NASI-9434-25.
This program packsge represents the merging into one diversified com-
puter aided network design program the capabilities of the existing
programs CORl\L?-!P,:L for linear circuat analysis; Gear's ALGORITEI. 407 -
DIFSUB,2 for numerical integration of stiff ordinary differential
equations; and a somewhat specialized matrix solurion technigue for
opta;nlng time domain cxfcult response.

The corpositce progr?m thus consists of threes separate cowponent
programs, or modes of oneration, each vith sowe advantages over the
others, in different circurstances. 1e CORIAP mode consists of the
circurt analysis programs and capabilities of the original progran
CORHAP. In the Gear and 'fatraix modes the circuit translation routines
of the program CORNAP are employed to obtain the state variable dif-
ferentral equations of the circurt, but drfferent technigues for
solving these equations are used. The functions and liraitations of
the various modes are described in the seguel.

The prograw STICAP i1s written in the FORTRAM IV, version 2.3
language. It i1s machine compatible with the CDC 6400-6800 computer

series and runs under the SCOPL 3.0 operating system. It 1s segmented

1Developed by Dr. Christopher Pottle, Cornell Unaiversity, Ithaca, N.Y¥.

2Developed by Dr. €. V. Gear, University of Illinois, Urbana, Illinois
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in overliays of 70K or less using the SCOPE OVERTAY capability. All
I/0 1s accomplished using standard I/0 files. fThe I/ files are
equivalenced so that Fale!5 us used for input and File 6 for output.

o other files are used by this progran.

1.1 PROGRAII FUNCTIONS AND CAPACITY

This program has the capabilitv of obtaraning, at tne option of
the user, certain combinations of the follouinc guantities: state
variable equations, transfer functions, frequency and tlmg responses,
of an n-port linear active time invariant network.

The starting point for the progran's ahaly51s 13 a user oriented
circurt description stated in texms of circuit bhranch elements and
cirrculrt nodes. The largest netrrork confiquration of these elements
accepted by the program may be determined as follows- ILet E be the
number of energy storage elerents; I the nurber of inputs; I the num~
ber of outputs; R tne number of resistors; and C the number of con-
trolled sources present in the netrork. The maximum number of ele—
ments Of each type are governed by the constraints

B+ I 30,

A

E + ™ < 30,
R+ C < 28,
In the Gear and :Jdatrix modes the additional constraints
I <10, 89 <10

are imposed.

1.2 PROGRAM SELECT CPTIONS
The user may select one of the following mutually exclusive

modes of operation: the CORNAR mode, the CGEAR mode, or the matrix



mode. The first of these, the CORNAP mode, embodies the network
analysig capabilities of the original nrograun CORMAP, with chorce
suppression of certain print features, such as the printing of state
equations and transfer fuactions. This program node translates a
circuit description from user language an terms of circuit nodes and
wranch elements to a mathematical descraiption in terms of the state
variable differential equations and algebratc state-output equations
of the circuit. The option 1s provided for subsequent calculation
of transfer functions, zeroes of transmwission, andé frequencv or time
regsponse of the circuit.

The Gear mode may be used to perform time response calculations
only. Here the circurt eguations are generated by the CORNAP sub~
routines, and eirtner stiffly stable implicit linesr multistep methods
ox the non-stiff Adam's integration technigques may bhe selected for
numerical integration of the state eguations. In this mode a maximum
of ten indemendent sources nay be simultaneously used to drive the
netitork, and up to ten simul taneous outpurs may be requested. The
full power of tne FOPTRAN language may be emploved to describe the
mathematical equations governing the behavior of the independent
sources, or the user may wish to write his own program for input of
sampled data.

Finally, the matrix mode may also be used for performing time
regponse calculations, emploving the circuit eguations generated by
CORNAP subroutines. The solution of these eguations i1s obtained by
means of a matrix technique which avoids a numerical integration.

The technigue 1s computationally rapid, but 1t is applicable only in



the case of linear time invariant svstems vhose eigeavalues are not
closely- grouped, and sthich are forced bwv sinvsoidal, cosinusoidal,
or step function inputs. Only a limited number cf such inputs are
allowed. The circuit may ce driven by 2 maxirum of ten sinultaneous

independent sources, and a maxirur of ten outputs may bhe reguested.

1.2 HNETYORKX ACCEPTIBILITY
This program package '71ll perform the corplete analysis of any
lunped, linear time inveriant netvork, whether stiff or non-stiff.
The elements making up the netvork rnay be of the following types:
1) ordinary tvo-terminal passive circuit elements -~ resistance,
inductance, and cawnacitance;
2) mutual inductance and capacitance;
3) +the four tvo-terminal controlled sources (voltage/current
controlled voltage/current sources).
Two port active and nonrecinrocal elerents such as negative inpedance
convercers, ideal transformers and gyrators can be made up of the one
port elements descraibed above. Inputs are defined by attaching in-
dependent voltage and current sources to the netyrorl:. Unity coupled
transformers (or even n-port inductors with a semidefainite inductance

matrix} can be handled by the procedure, as can all resistive networks

1.4 SOURCE DERIVATIVTES

Source derivatives will occur in the state variohle equations
describing a circuirt vhenever a voltage source 1S connected in a loop
containing only capacitors and other voltage sources, or a current

source 1s connected in a cut set containing only inductors and other



current sources. Although the state variable eguations describing
passive circutrts may contain only the first derivative of circuirt
nputs, the equations describing accive circuits ray contain any
number of input derivatives. Aan active circurt whose state variable
equation contains a second derivative is shom in Figure 1. The

state variable and output ecuations for this circuit are

Ay A4
o3 _ ~.5V.3 + .5 E#J&
3F c3 ae2
azv
'VD - vc3 dtzl

A The CORIAP mode will not compute fane domain responses forx
circurts with inpucr derivatives in the stace ovenvt ecaatioas.

Thie GDAR and I'TPIR | odes allo only z “irst deravative of tue
circrit inputs in the state variable equations as long as no inpuk
derivatives occur in the ovtput eguations. In this case the state

variahle ecquations and the output ecuations would he of the forrm

I e
]
#
+

By + BJ..{?.

1
i
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A second choice of state veriables

a=L+ 38
s7ould then be nade transforming the oraginal state variable and out-

put equation into

1a-
]

ag + (B 4+ 1By)u

Y = CX + (D + CB;)u
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where no input derivatives occur. For examnle, consider the circurt

in Figure 2. The state variable ecuations for this circuit are

dr—a i ] B 7 T
= 0 1
dt 17, 0
= 4 v,
\' ——
9_9.;. - ..}:. 3 dt
— - S — — i -

AN
tlhether an input derivative occurs in the output equations depends
upon the choice of the outmuts. If V.3 viere chosen as the output,

the output eguvation trould be

Vg = [0-1] EL-J’ £,

For the GEAR and the NMATRIY mode, these eguations vould then be trans-

forred into the eguaivalent form

dql 7 ] B 7
e 0 Li} 0
= 37

dq_z 1 0 + 3 1
_— - T

i' i

(a4

=~ 1
ch = [0 - 1] = 1 ‘ + Z‘ Vl

e,

If, horever, lcl were chosen as the circulrt outnut, the output equa-

t1on would he
1 ir i 3 a

s (F) =) - §

ch dt

an¢ no solution would be attempted bv any of the three solution modes.

Care should be *taken vhen descraibing the inputs to a cixcurt

with input derivatives, Due to the fact that inductor currents and
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capacitor voltages cannot change instantaneously, inputs to these
types of circuits must not be alloved to have jump discontinuaties.
tioreover, the initial condations of the circulrt rust »e chosen such
that the circuit at time t = 0 oheys Xirchhoff's voltage and current
laws., For exanple, if the carcuit in Figure 2 were to be driven with
the voltage sourcs
Vl = cos{{)
the 1nitial capacitor voltages must be cnosen such that
Vep (0) + Voo {0) = vV, (0} = 1, |

In that the initial conditions of a circuit are chosgsen to be zero
for impulse and step calculations, neither the GUAR nor the IIATRIX
mode will calculate the step or the impulse response of a circuit
vhose solution equacions contain input derivataves.

The source derivatives can be eliminated fror the solution egqua-
tions by including the internal resistance of the voltage sources
and the parallel conductances of the current sources. Thus, 1f the
internal resistance Ry of the voltage source in Faigure 2 were in-

cluded i1n the cirenai descraiption as shown in Fagure 3, the state

variable and outnut eguations frould become

-@11, ] B 1 F ™ S
at 0 1 0 i, 0
dVeg, 1 1 1
= -1 i -l 7 + = v
dt Rg Ry cl Rg 1
dv, 1
-—---—cz 0 "‘"t]::' ""..].'.. vc') 'I_{
_d‘t: e Ry - s
l = - - o -, PN
Vez 0o 0 1 5 0
1 B 0 AL 301 11 Vi
c2 Rs RS o2 ES
3



CIAPTER IT

CIRCULT DESCRIPTION MWD [4ODE SELECTION

2.0 OVERVIEV OF CARD INPUT DDCK SETUP

In this chapter the manner in vhich the user describes his
circuit to the program STICAP vill be discussed. As 2 means of
introduction an i1llustration of the overall deck setup of the cards

which must be prepared is indicated by Figure 1.

END CARD

Data Cards for Sam-
pled Inputs; CORNAP
mnode onlg

Control Cards for
the Ilode Selected

ilode
Select
Card

Scaling
Card

’~

Cutnuts
Description
Cards Group

Elements Description
Card Group

TITLE CARD

Figure 1 - Overview of Deck Setup
The contents of the title card are printed out verbatim at the
head of each section of the output, and serve as a means of identi-

fication to the user. As such, the user has corplete freedom in
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specilying tae contents ol this caerd. Tace elements Jescription card
group 3 use.l co 3pecliy the lntcrcoancotions wecueen ncdes and
arancaes of Tae circurt. “ae ovtrucs card goour 18 used co snecify
tiie ¢rrcuig currants ante voltages cescra»d as oubputs w tile user.
ne scaling card sweciizes the nanner o wnich Tne circuit is to he
scaled for computaticnal purposes. The mode selecc card determinss
walen of tae Cear, CORNA? or Matrix wodes 1ig to be selected for
analysis. 2 ¢i1fferent grou~ of control cards is neaded, denending
upon waich wmode as selected. These cards specify t.ie output options
selected and contain information needed ny the awrerical intezracion
and analysas routines. Ia che CORWAP wode only, a series of card
groups consiscing of 2 control card followed by serpled input data
cards may sometimes apnear. An ead card is alvays nresent, regard-

less of mode.

2.1 ELDIENTS pESCRIPTICH CARD GROUP

The first card in tae grou> 18 a aeader card

*  ALoulNTS

containing an ascerislk in colurn one. Tae vord 'EILE.EBNTS" may
anpesr anywaere on the card (data fields vhose length and starting
Josition on tue gord may be ar.itrarily selcocted by tne user are
sairc Lo be Lree form cata).

All elenents description caraus are free form. One card must
se srepared for sach circuit element. Card formacr for passive

elerrents or indencndent sources A

HSAML N1 L2 VILLUL,

ORIGINAL PAGE IS
OF POOR QUALITY;



anu for independent sources 1s
- UANE NI N2 VaALULAIAMEZ.
UAME, N1, 112, and VALUD must e se-arated by at least one Hlan'.
The asteriskh hebtwwzen VALUT and TAMG2 need noc be rresent.
Il 15 the user's nare for the circuic elerent. Tals naame

may be a maxaimus of fovr characters long. The firsi letrer of tae

element name 138 used to scecifyv the element tyre as inlicated:

First Letter Elerent Tvre
v Voltage source
I Current sources
R Resastor
L Inductor
C Capacitor
K Coefficient of Counling

=

Mutual inductance or Capacitance

For non-wmutval elements N1l and M2 are the node numbers (tro
digit aintegers) of the nodes “etwsen walch the elermeant 18 connected.
The carcuirt noaes snould be ordered compactly from zero (00), altnough
the failure to do so is non-~fatal. Wode 30 should He the reference
node, or ground, The maxinum nuiber of nodes 1s (4. 11 1s given

a positive reference vith respect to N2
N1 ol 775 —oN2
+ Vv -

For rutual a2lemencs N1 anu 12 are the elerment naues of the tvo element



involved.

For dependent sources NAMEZ ia the name of the controlling ele-
ment, wita a V or an I prefixed as the €irsc letter of the nane,
to 1ndicate respectively tue occurrences of a voltage convrolled

or current controlled elomenz.

L)

A feature not normally emnloved by the average user 13 the
folloning: By placiug tiae word TRIE' after the description of the
element, as in

NAMD H1 82 VALUE TREE,
a capacrtor may be forced anto the prover tree. An inductor may
sirmlaxly ve forced into the cotree oy vlacing the word "COTREE"
there, 1.e.,

ITALE W1 2 VALUE COTRLE.

VALUE 15 tne value of tne element or scrength of the source.
Negative values are permissalle. Zero values are also allowed for
induccors and cavacitors and may be used to define fictitlious brancnes
for oucput or control purposes. Wo entry need be given for indepen-
dent sources. VRLUE may bhe any inceger, decimal, or f£loating point
number with a maxirun of 15 daigits in the mantissa, and where mag-

nitude 1s 1n the range 10270 po 10+2990,

2.2 OUTPUTS DESCRIPTICHN CARDS CROUP

Tne elchent currents and voltages selected by the user as circuit
outputs are indicated py tnis caxd croup. The aeader card, free
form exceypc for tie asterish in column one, has the Format:

*  QUTPUTS



The output cards, ordered i1n any fashion, are of oae of the forms
VINANE

or INALE,

depending upon whether the voltage across or current through the

element waith this element name is desired. Here UAIL 1s the name

of a circuoit element given in the elements description card group.

One card must be prepared for each desired oubput.

2.3 SCALIIG CARDS GROUP
The scalaing cards, in free format, are preceded by a header
card vath an asterisk in column one
*  SCALING
followed by one or bhoth of the cards
FREQUENMCY = VALUEL

IMPEDANMCE

it

VALUEZ2,

(a5

an

VALUE1l and VALUEZ2 represent respectively the frequency (rad/sec)
and wmpedance level (ohms) about whach the network is designed to
operate. These numbers, 2deally, are used as scale factors to scale
the network to operate around 1 rad/sec and a 1 ohm aimpedance level.
2 scaling factor several magnitudes awvay from i1ts propex value can He
computationally critical; hence some attention should “e pard to
determining scale factors which cause scaled element values to brac-
ket the value unity? The scaling values nay be integer, decimal, or
floating point, as specified in section (2.1),

The scaling cards group ray be omitted, but 1f so the userxr
should be careful to use a consistent set of units for the circuirt,

lost standard texts on networl theory include a section on cixcult

*See Appendix I for further discussion of scaling.



scaling, and the concept should me understood hy the user hefore
attenmptang to desaign viith STICAP,

If the scaling option is chosen, the Gear and :latrix mode output
renains scaled by the same factors. In the CORTAP mode the choice

of unscaling the outhut 15 present.

2.4 [10DE SELECT CARD

Regardless of whaich mode 135 to be selected, the user's deck set-
up 18 the same as 1s indicated by Ficure 1, up to and ancluding the
scaling cards. Thereafter it changes vith the individual mode. In
this section the mode select cards and the control cards for each
mode will be described.

The mode select cards are of the general forn

*{0DE WAV, OPTION, OPTION, OPTIONM.

The asterisk necessarily appears in column 1, followed by the mode
name of the mode selected, and the options chosen. All data fields
other than the asterisk may be free form, but rust he delimited by
commas. The omission of any option indicator results in the omissio
of that particular option. The options need not occur in any sSpeci-
fic oxder on the mode select card.

The mode select cards for each mode, with all possible options

present, are given belor.

IIODE NAME QPTION INDICATORS

CORMAP MODE STATE EQUATICHS, TRANSFER FUNCTIONS

GEAR IODE STAT BOUATIONS, TRANSPER FUNCTIONS

IIATRIX 1ODE STATE EQUATIONS, TRANSFER FUNCTIOUS.
SOLUTION EQUATIONS




e 15..=.

In all three rodes the matrices of the state-input and state output

eguatiohs

X ='AX + BU + C1U + ByU' + ...

ey T

— - -t
Cx &+ Du + Elu + Dzu S PO,

4|
H

wray be printed, using the ontion indicator "STATE EQUATIONS." Hou-
ever, 1f a higher order deraivative than the first occuxrs in the
state-input equations,; or i1f any derivative at all occurs an the
ocoutwut ecunations, numerical integration of these ecuations cannot
he nerformed, since no allovrance 1s made for vser input of source
deraivatives.,

If the transfer functions aindicator appears on the rode select
card, the poles, zeroes, and gain constants of the transfer functions
of each input-output pairr are printed. In the ratrix mode the net-~
work ecuations are presumedly solvable in closed form, and the exact
solution eguations may be pranted by means of the thard option indri-
cator. This feature praints the solution eguations governing the time
domain behavior of the state variables. The cormbined output of these
egquations together with the matraices of the state output eguations
allows the user a complete cloged form descriptaion of the solution.
Dxample 1

The following cards effect the same result, the choice of the
Gear node with 1ts full options:

* GEAR TIODH, TRANSFER FUNCTIONS ,STATE DQUATIONS

*GEAR, STATE, TRANMS TFER

*G, STA, ThA N

*G , TRA . STA



The program reads only the firsit letter of the mode name and the
first 3 letters of each option aindicator. Errors in the mode name
are fatal; those in options selection are merely indicated by error
messages, with the indeterminate option omitted.
Example 2 ~ Fatal error in node name.

*HEAR
Example 3 - Error diagnostics; IIATRIY option chosen, contrary to

desires of the user; print request ignored.
*IIBAR TRANSFBR (Comma omitted)

*IORNAD ;7 RANSFIR {Incorrect option indicator)



AL PAg
OF POOR QUAL‘%.? N

CONTROL CAIDS GEAR

O

3.0 GEIERAL MODT DESCRIPTION

The prainary nurpose of the Cear prograr mode 1s the obtaining
of tire dorain circuit resmonse For sEiff circuats, using stiffly
stable aimplicic linear rultistep rethols for perforring the nurcrical
integration. The response of non-stiff circuits nmay He obtained
equally as vrell, since the option of choosinge the Adar's linear mul
tistep methods, suitable for non-scrff intecration, 1s avaxrlable.
Since little extra effort 1s reguired to (o so, the oncional capabil-
1ty of obtaining the poles, zeroes, and gain constants for tne trans-
fer functions of each input output oair in the netvork is included.
Tne tire domain response of a circuit '7ath up to ten saipultaneous
inputs or outputs mav hHe obtained. The inputs may be descriled usang
the full pover of the FORTRAM lancuage, or the user may tash to vrite
h1s o'm routine for inputting carnpled data, as indicated 1n the
description of the user routine ULTFCN.® Thus the CGear moce is the
most poverful general nurpose analysis component. It® one sossible
dravhack, as opposed to the CORNAP mode, s that the input vaveforns
cannot he changed ithout renrocessing the entire circuirt, ant it
cannot be used for frecquency response calculations.

The concrol carde for thas mode will nouv he described (see

Fiqure 1II).

2gubroutine USLFCH is a user supplied routine which specifies the
independent sources of the circurt, discussed at a later voint.
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( Ind Carxrd

/

Run Controls
Cards Group

Inyitaal Conditions
Caxrds Group

Source Order
Cards Group

Figure XTI -~ Control Cards; Gear liode
These control cards may e classed in the categories: source order
cards, initial conditions cards, andé run control cavds. It 1s not
essential that the ordering of the three card groums srithin the deck
setup be as indicated by Figure II; however, this ocrdering should
process fastest. Cards commosing each individual group will now be

described.

3.1 SOURCS ORDER CARDS GRODP

{a) Header card - The first card in this group contains an

asterisk in column 1, Ffollowed by the vords 'SOURCE ORDER-~
ING," in free form.

(b} Source name cards ~ These cards rust be ordered in the

sequence that the values of the aindependent source functions
Uv{l), U(2),..., U0 are cormuted by the ussr-supplied
routine USEFCH. The name of the corresponding independent

source appears anyvhere on the card. This name must be
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the same as the namre given this source on the caircuit
description cards.

Ix

¥ SOURCD ORDERIIIG

4
Bl

4
)

The number of source names rust be the sare as the nuwber
of independent sources CGefined vhen describing the circuit,
else the program is terminated. If the nuxber of names
does not agree with the nuriber of functions defined in
USEFCHN as sources, the program is also terminated. If an
impulse response 1s to be computed, only one independent
source 1s involved; hence, onlv one source should be speci
£1ed vhen describing the circuit,

The source nanes and the order these source values
are computed is necessary in order to set up the proper
correspondence betireen components of the source vector as
computed by the user, and the order ip vhach these sources
appear ordered by the circuit translation program,

If only one sourge is Jdefined in the circuit descrip-

tion, thas card group need not be present.

3.2 INITIAL CONMNDITIONS CARD GROUP

{(a) Header caxrd - The first card in this group contains an
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asterisk in column 1, followed by the srords Initiral Con-
drtions,’ in free form; 1.e. no snecific starting column
for erther vori.

(b} Value cards - These cards mayv "e ordered in any fashion and

are also free formn. DJach carnd coatains the name of a cor
ponent of the state vactor of the circuit, as well as its
value, in the form
MALTE = Value.

flere IIA'LY 1s the same as the nare specifiec on the cix
cuvit descriotion cards, and ‘Value has one of}the fornats

a) integer

") decainal

c) exponential - exnonent field of length 3.
The components of the state vector are the canacitor vol

tages and inductor currents of the circuit.

Txamrnles -

C1L = .003
3 B IS
RIGINAD PAG L2 = 2.8 + 003
%F POOR QUALITY!
2 = 3E - N03
C5 = 6

If thas card grourm 1S not present, 1t 1s assumed that the
initial state 1s zero. ony state variable not assigned an

initial value 1s assurwed to have an initial value of zexo.

3.3 RWUT COMNTROLS CARD CGROUP

mhig card groun supplies date needed by Cerx's prograr, and

-
T

allo s selectinn of certarn opticns. Iadividual cards in the
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group are as follous:

(a)

{b)

Header card - The first card in the group, which contaans

an asterisk in colum 1, follired by the words "RUN CON-

TROLS," in free form.

Integration control cards ~ These cards may be ordered in

anv fashion and are in free form. One card is required for

each of the follouing items, Lf the item i1s sclected as an

ontion by the user:

10

Initial time -~ This as the lowver limit of integracion

and the time at thaich the initial conditions are
measured. This card need not be given 1f the initial
time 1s zero. It will be of the form:

INITIAL TIME = A
tvhere A 18 a floating point nunmber.

Impulse or step response - The impulse or sitep response

of the circuit 1s found 1f one of the folloving two
cards 18 present:

STEP RESPONSE

IMPULSE RUDSPONSE
Only one of these cards nay be given. HNote that
USEFCG] 18 not to be supplied by the user if the in-
pulse or step response 1s to be calculated.

Print starting time - This card gives the value of tarme

at vhich output pranting is to begin. The cacd r72ll
be of the form:

PRINT START = A
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where A 1s a floating point number. If this card 1s
not given, wnrantings will begin at the initial tire.

Upper integration laixat -~ The uvnper lumit for the

antegration nay bhe given by specifving the stop tire
or hv specifying the number of time noints printed.
This card will be one of the o forms:

STOQP TI!IS = B

POINTS PRIMNTED = 11
vhere A 1s a floating point number and N 18 an integer
nwber. If a stop time 1s given, interpolation 18
used to determine the values of the outputs av the
stop time. If neither cavd i1s given, 100 time points
w1ll be printed.

Drror controls ~ The value of EPS controls the accuracy

of Gzar's integration routines. The Duclidean noxm of
a vector vhose Ith component is the single step error
of the Ith state wvariable divided by the maximum value
of the Ith stote variable, rmust be less then thas
value. This card 72ll be of the form

BPS = A
tfere 2 is a floating poant nurber. If thas card is
not gaven, IPS is assumed to be 10" 4.

Tntegration rethod - An integration nethod suitahle

for stiff svstems is normallyv used. A predictoxr-cor-
rectoyr RAdam's integraktion method, however, may be
chosen by including the folloving card:

ADAMS ITTTEGRATTOW
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7. Prant density ~ The number of integration steps between

printings is gaven by this card and is of the form
OUTPUT DDWNSITY =

vthere T 18 an integer. If not given, praintings will

take place after every third integration sten.

8. Step size controls - The size of tne integration step

18 controlled bv the integration routine; however, the
naximun step size, minimum step size, and ainitial step
size nay »e specified by the usexr, These carcds will

be as follous-

HMAX = A
HiTl = A
HITTIT = A

vthere A 1is a floating point number, If HIAX 18 not
agiven, it 18 set to one tenth of the stop time minus
the anitiel tire, 12 the stop tine was specified, and
18 unbounded othervise, If HIIN i1s not given, it 1S

sev to zero. If HIMNIT is not given, it is set to 1074,

3.4 END CARD
The last card in the Gear input is an END card. The format is:
* BEMD

72th the asterisk in column 1.

3.5 USER SUPPLIED I!PUT ROUTINE
The routine USEFCM 1s a subroutine vhich must be supplied by the

user. The function of this routine is the following : Given a
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specific time at whach their values are needed by the integration
routine, compute values U(I); I = 1,2,...1,21<10 of the various in-
dependent sources and store ther in an output source vector U,

Thas feature of STICAP supplies to the user ti'c alternative
capabilaties: First, the independent sources may be defined in
equation form, using the full pover of the FORTRAN language. Gecond,
values of the independent sources may be obtained by interpolation
of data samples. This data could be supplied in tabular form, or be
read in block by block at execution time.

Tae program STICAP has incorporated within it a skeleton USEFCN.
This routine may be completed by addition of user supplied FORTRAN
equation statements defining the independent source equations; or it
nay be replaced by a user svpplied routine which at specified times
computes by some means, such as indicated, the vector U of source
values. Assuring STICAP resides on a data cell, this routine could
be caused to replace the resident USEFCN routine prior to execution,
by means of a CUTOUT card, or vhatever UPDATE facilities are available.

It 13 essential that the source values in the USEFCH output
vector be ordered in the same sequence in which the names of the
independent sources occur on the user's SOURCE ORDERING cards. e
emphasize that errxors in this ordering cannot be detected by STICAP,
and result in a grossly misleadaing circuit analysis.

Sources defined by PORTRAM eauations

If therxe are N independent sources, the user supplies N state-

nents of the form
U(l) = F1L(T)}
U(2) = r2(1)
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Here T i1s a dummy argument vhose value, when sunplied by STICAP,
specrfies the time at vhich a vector of source values 1s reguired.
The FI(T), I = 1,2,...,4, are FORTRAY eguation statements defining
the sources as a function of the dummy time variable T. The ordering
of the values of U(I} 1s idfentical to the oxder in vrich the ranes
of the souvrces occur on the source order cards.
The skeleton USEFCN contains the sctatements below:

SUBROUTINE USEFCH (T,U)

DIMENSION U(10)

COIZION/RUN/SKI® (13), INPUT

IF (INPUT-EQ-l) GO TO 10

U{l) = 1.0

GO TO 20

10 uU{l) = 0.0
20 CONTINUEL
ROTURN
BEND
The FORTRAN equation defining statements produced by the user

are to replace all statements starting with the COILON statement and
endang with statenent nunber 20. These statements way be replaced

using whatever UPDATE facilities are convenient.

Source Values O»tained bv Internolation

The circurt designer may wish to supply an interpolarion routine
uhlch&obtalns the independent source values frorm tabular data de-
fined within 1tself, or from data samples read in at execution tine.
If so, the onus 18 on the user to determine the necessary data den-
sity and precision of the interpolation scheme reourred in oxder to
provide accurate intermediate values. Here it should bhe kept in
mind that data values needed hy Gear‘'s integration scheme are not

uniformly spaced, nor do thev necessarily occur in a time sedquence
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which 15 ordered in terms of increasing tame. IHence data points as
muich as one plot poaint (print increment) behind the current time
point may next he recuired.

If this USEPCN option is chosen, the user's program size rust
be compatible vith overlay sizes of the main program. The user
uritten routaine may be inserted an the program replacing the above
listed USEPCN using whatever UPDATE facilities are convenient to the
user. Any data cards read by this routine should follow the END
card in the deck setup indicated bv Figure I, Chapter II. If the
data is read from tape, the tape cannot be defined as 1ogica1 unxt

%5 or #6. The program card in the main overlay should be modified

to anclude this tape number.



CEAPLR IV
CONTROL CARDS, MATRIY MODE

4.0 GENERAL MODE DESCRIPTION

The Matrix program made provides a rapid means for ootaining tine
domain earcuit response, for carcuirts with inputs restricted to the
class of linear combainations of sinusoirdal, cosinusoidal, step and
ampulse functions. Stiffness of tane carcurt does not affect the
analysis, but rataer the grouping of eigenvalues of the system matrix.
Such eigenvalues siould not he too closely grouped together, or
computational error may became a problem. The optronal cavability
of obtaining tne poles, zeroes and gain constants for the transfer
functions of eachh input-output pair in vne neitwork 1s included.
Input waveforms may not e changed wathout reprocessing the entire
carcuit, and no freguency rcsponse calculations may be performed.

The control card deck setup for this mode 1s similar to that
of the Gear mode (see Figure IIXI}). It is not necessary that che
ordering of the card groups conform to tne one given, however, this

ordering should process most rapidly.

EJD
( CARD
ORIgpy (SOurce
AT, Definitions
OF p (€] QPAGE I8 Card CGroup

Run Controls
Card Group

Condaitions

[ Initial
Caxrd Group

Frgure IIII~ Control Cards; llatrax Mode
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Tne composition of each card group will now be given.
4.1 INITIAL CONDITIONS CARD GROUP

The cards needed in thas group are the same as those of the
Gear mode 1natial condition’s descraiption (see section IIIX.3.2).
Thas card group 1s not required 1f all ainitial conditions are zero,

as in impulse response calculations.

4.2 RUN COLITROLS CARD GROUP

Individual cards in thas group are as follows:

(a) Header Card -~ The first card in the group, which contains
an asterisk in column one, followed by the words "RUN
CONTROLS", in free form.

() Run Controls Cards - These cards may be ordered in any
fashion, and may be punched in free form. One card must be
present for each of the following options desired by the
user: :

1, Initial time - the lower limit of integration, and time

at which initial condaitions must be measured. Card
format as

INITIAL TIIE = A
where A 1s a floating point number. The initial taime zs
assumed zero 1f this card is omrtted,

2. Response type - the impulse or step response (with a

step of amplaitude 1) is calculated if one of the fol-
lowing format statements 1s present:
STEP RESPONSE

IMPULSE RESPONSE
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If neither card is present, a source definition card group
specrfying the network inputs is mandatorv.

Print starting time ~ Contains the time value at which out~-

put printing i1s to begin. Card format is

PRINT START = A .
where A 15 a floating point number. If this card is omitted,
printing begins at the anitial time,

Upper limit of integration - May be specified by a stop

time or number of points to be printed. Card format 1s one
of the following:

STOP TIME = A

PPINTS PRINTED = N
where A 15 floating point format and N is integer. IE
neither carxd 1s present, 100 time values of the outputs will
be prainted.

Print density - The plot increment between praint points .s

specified a1n the format
PLOT INCREMENT = A

where A is floating point format.

4.3 SOURCE DEFINITIONS CARD GROUP

“Thas. caxd group consists of a header card followed by a source

definition card for each draving source. The beader card contains an

asterisk in column one, followed by the words "SOURCE DEFINITIONS CARD
GROUP", in free form. A maximum of ten independent driving sources 1s
permitted. Each source must be specified by a card (or cards) punched

free form in the following format

NAME = F1{(T) + F2(T) + .... + FI(T).
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Here NAME is the name of an independent source specified when des-
cribing-the eircuirt. The right merber of the equation statement is

a sum of functions FI(T), I<20, where each FI{T) may have one of the

forms

A

ARTMP

AXSIN(B*T)

A*SIN (B¥*T+C)

A*COS (B*T)

A%COS (B*T4C)
where A, B, C are free format floating poaint numbers.

The first form indicates a step function of amplaitude specified
by A, wath jump at the initial time tgy; the second on impulse func~
tion AS(t-t,), the delta function of amplitude A. R2All other forms
indicate sines and cosines of amplitude A, frequency £, 2wf=B, and
phase C. The asterisks indicating multiplication need not appear.

A source description may be continued on additional cards by placing
a dolilar sign $ in column 1 of each continuation card, as long as
each FI{?) is completely described on one card. No more than 20 .FI(T)
may compose one source; a sinuscid or cosinuso:d with non~2ero phase

is considered as two functions, for purposes of counting.

4.4 END CARD
The end of the source definitions card group, and matrix input,
18 signalled by a card wath an asteraisk an column 1, of the form

* END.



CHAPTER V
CONTROL CARDS; CORMAP MODE

3.0 GE;NERAL MODE DESCRIPTIONW

The CORNAP mode embodies the capabilities of the original pro~
gram CORNAP. Thas prograﬁ mode may be used to obtain transfer func-
tions, zeroes of transmission, and fregquency or time response of
the network. Assuming a netyork characterized by multiple indepen-
dent driving sources and/or multiple output ports, the user may obtain,
for each input-output pair, the preceding guantities. Furthermore,
it 18 not necessary to reprocess the circuit description in order
to obtain the outputs at a fixed port which occur when a different
input port is used to drive the circurt. The same 1s true 2f a1t
1s desired to alter the wave form at a fixed port. Unfortunately,
no capability 18 provided for computing a superposition of the out~
puts at a single port, assuming it were d%sxred to drive a network
with several samultaneous inputs. However, both the Gear and Matxix
modes have this capabirlity. For time domain analysis, step response,
impulse response, or transient response with a sampled data drivaing
input may be obtained. In all cases 1t 1is assumed that the initial
state 1s zero. However, in both of the other modes, the initial
state vector may be selected arbitrarily, in these instances for whach

such choace might be desirable.

5.1 CONTROL CARDS; DATA CARDS

The cards following the mode select card (see Fig. l; Chapter
I1) needed to complete the user's deck setup for the CORNAP mode will
be described in this section. These cards are not free format; infor-

mation appears in a specific data field an a specific form. These
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cards control the calculation and praintaing of time and fregquency
response data. In reading the card format description given below,
it would be advantageous to keep in rund the following items: In

the circuit descraption for the CORNAP mode, the network may be
described as having multiple input ports and multiple output ports;
the circuit translation routines then vield the proper set of state
and state output equations for such a network. Hovever, in the actual
computation of circuit response, the responses are available in terms
of input-output pairs; i.e., the response to a single input-single
output linear time invariant system is computed. The CORNAP mode
does not compute a summed response at a Single output port for a cir-
cuit excited by several simultaneous inputs., Responses may be
obtained for all possible input~output pairs, waithout reprocessing
the circuirt.

The control cards are prepared in the format below. However,
1f only state ecquations and transfer functions are desired, the cards
now to be described may be omitted.

Any number of these cards may be present, in any oxrder. 1If
sampled data input 1s desired, ope of these cards must be present
for each individual desired input, with the data samples immediately
following, as described below.

Col. 1

This column contains a character vhich defines the type of

response desired:

F - frequency response

T - time response.
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Cols., 3-6
These columns contain eitaer the namé of an anput~defining

indenendant source or ara bhlanx. Regnonses with this element
as input ave calceulated 1f a nane appears here; resronses with
aach and every iaderondent source as inrut are generated if

the field 1s lcfr mlank. The field must not be left “Hlank,

for sawled data time rerrnonse. Siwilar colurns for output are
cols, 33~36,

Cols. £-9

Frequenay LResponse

These colurns contain a tvo-digik integer giving the number of
decades of the freguency variable to bhe covered by a freguency
recponse calculation 1§ a logaraithric scale for Ifrequency is
chosen. Blanks in these columns irdicate a linear scale 1s
desired.

Cols. 10~12

A threge-digrt integer in these columns give the nunber of fre-
guency or time noints to be printed. Por a logarithmic fre-

guency scale, cthis number gaves tne number of points per decade.

Cols. 14~31

The increment in £reguency or tine setweesn printed reshonses
appears in these columns as a stcing of digits containing a
decinal point, Zxponential notation {1.58 -~04 = §.00015) may
be used proviced the exponent part is raight-justified in the
field {(cols. 25-31).

Cols. 33-3%6

Taese columns contaih either tae nand of an element defined in
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the outputs descraption (without the appended V or I) as deter-
mining an output port or are blank. Responses vvith this element
a; output are calculated if a name appears here; responses at
each and every defined output are generated if the field is

left blank.

Col., 38

Any nonblank character in this cclumn will cause response calcu-
lations to remain scaled by the factors given previously. These
scale factors wnall be used to "unnormalize" the calculations if
thas column is left blank.

Col. 41

Freguency response

A nonblank character in this column will cause the frequency
scale to be in radians/sec. A blank in this column indicates
the frequency scale 1s to be in Hz.

Time response

A blank an this column indicates the impulse and step response

of the network are to be calculated; a nonblank character causes
an external sampled input signal to be used as input. At present
the samples of these signals are entered 6 to a card, each
occupyang 12 columns {cels. 1-12, 13-24,...,61-72), in the same
way as the time increment betuveen printouts was entered. As many
input signals must be entered as inputs were defined in cols. 3-6
The first sample of an input signal must begin a new card. These
cards follow immediately the time response control card now under
discussaion.

Cols. 44-61

Freguency response
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The first (lowest) frequency at vhien a response 1s desired
should be entered in these colurns in the same vay as the
frequency increment betueen printouts was entered,

Time response

An integration step size may be entered in these columns, wnose
value governs the numerical incegration producing the time
response. If omitted, a step size guaranteeing roughly sSix-~
figure accuracy of the resulting response will be used., If
present, either thas or the next smallest step size vhich

evenly divides the print intexval will be used. If the response
to external sampled input 1s requested, the sampling interval
of the external signal must appear in these columns, and the

print interval must be a multiple {>2) of zt.

5.2 END CARD
The last card in the input contains an asterisk in column one
and has the free form format otherwise as ‘indicgated,

* END.
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EXAMPLES OF USE

6.0 A-PULSE FORIIING NETWORK

A circuit consaisting of two twin-tee networks connected by a
negative impedance converter is aindicated by Figure 4. STICAP input
cards which might be used to analyze this carcuit are indicated
below. The node numbering in the elements cards group agrees with
that given in the figure. A zero-valued capacitor C2Z i1s used to
establish a branch at the output across whaich the output voltage is
available. Tirst employed by Pottle in the origanal CORNAP program,

3 of an

this caxrcuit 18 a realaization by Antreich and Gleissnex
optimunm pulse forming falter proposed by Jess and schussler.? The
filter should have at most a one percent step response overshoot

and a one percent stop band frequency response.

6{.1 GEAR MODE ANALYSIS; USEFCN OPTION

The user's control cards needed to achieve an analysas of the
previous caircuit using the Gear integration routines are listed
below 1n the order they would appear in the user's deck. In order
to drive the network with the voltage source Vj as a sinusoidal
input the following CUTOUT cards vere used to alter USEFCH:

CUTOUT 7700000 9706000
U({l) = SIN{5.0*T)

3%. Antreich and E. Gleissner, "Uber die Realisierung von Impulsfil-
tern durch aktive RC-Metzwerke,' Arch. BElek. Ubertr., Vol. 12, 1965;
Pp. 309-3160

43. Jess and H. W, Schussler, “On the Design of Pulse-Forming Net-
works," IEEE Trans., Vol. CP-12 (September 1265}, pp. 393-399.
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Before exercising this option the above seguence numbers should be
verifiaed by obtaining a listing of the program. (The CUTOUT option
may be a feature peculiar only to the Langiey computer; if so, other
methods of altering USEFCN needs be employved.}

The first card appearind belov is the user's taitle card:

ANTREICH AND GLEISSNER -~ SCHUESSLER PULSE FORMING NETWORK

*ELEMENTS

Rl 5 1 1.0

R2 1 2 3.118
R3 4 0 3.121
R4 2 3 2.86
R3 3 6 0.9005
RS 6 7 3.127
R7 7 8 3.257
R8 10 0 0.6412
R9 g8 9 11.21
Ccl 1 0 2.211
c2 2 0 0.749
C3 3 0 9.809E-2
C4 4 1 9,1713
C5 4 3 0.1867
Cé 6 0 08.459
c7 8 0 0.196
ca8 10 7 0.5972
Cc9 14 S 0.1735
Ca 9 0 0.0

V1 5 0

Il 3 ¢ -2.0 IR5
*QUTPUTS

vCzZ

*GEAR

*SOURCE ORDERING

vl

*RUN CONTROLS
STOP TIME = 20.0
QUTPUT DEMSITY = 10
*END
Since the circuit 1s not stiff, this analysis could also be more
efficiently achieved in the Gear mode by use of Adan's integration
techniques. In this case the following card must be included in the

RUN CONTROLS card group:
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ADAMS INTEGRATIOM
Other eards controlling the integration step size and output data

might also be prepared.

6.2 MATRIX MODE ANALYSIS; SOLUTION EQUATIONS PRINTED
The analysis of the sinusoidal driven pulse forming circuit by

matrix mode routines may be achieved by using the same title card
and elenents cards as in section 4.1, with the remainder of the
user's input control cards replaced by the following:

*QUTPUTS

VCZ

*MATRIX, SO

*RUN COMNTROLS

STQP TIIIE = 20

PLOT INCREMENT = 0.5

#SOURCE DDFINITIONS

V1 = SII1 (5.0%T)

*END
In thag instance the closed forxrm solurion for VCZ as a function of

time is also obtained.

6.3 CORNAP lMODE ANALYSIS; SAMPLED DATA INPUT
A CORNAP mode analysis of the pulse forming network with a
sinusoidal draver regquires the same elements cards as in section 4.1;
the remainder of these cards would be replaced by the following:
*QUTPUTS

Ca
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*CORIJAP, STATE EQNS, TRANSFER FCIIS
Control Card (See below for contents)
DATA CARDS

*END

The contents of the nonbhlank columns of the control card might be:

Columns Contents

1 T
3-4 V1

10-12 100

28-31 G.10

33~38 vCZ {
41 X |

58-61 0.01

The data caxrds contain, 6 samples per card in (perhaps) F 12.4
format, values of sin 5 t on the interval zero to ten seconds, at
increments of 0.01 seconds. A smaller increment could be employed,
iA the 1nterests of accuracy of the numerical integration. A chief
encunbrance of this mode of analysis 1s the preparation of numerous
sampled data cards necessary for an accurate numerical integration.

The options exercised on the mode card effect pranting of the state

equations, transfer functions, poles and zeroes of the network.

6.4 SOIME PROGRAI1 RESULTS

In Figure 5 we exhibit for the pulse forming circuit with sinu-
sordal driving function the voltage VCZ as a function of time, as
obtained by execution of the STICAP program in the various modes,
using the control cards of Sections 4.1, 4.2, 4.3, Figures 6 and 7
contain the corresponding results for the step and impulse responses

of the pulse forming networl, Output from the three modes appears
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Figure 6. VCZ vs Time
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to be mutually consistent. Hovrever, at values of time for vhich the
output “voltage 1s nearly zero, the matrix mode printed results do
not appear to have as many significant figures of accuracy as do the
Gear mode results, suggesting loss of significant digits in thas
computational mode. The problem has not been thoroughly investigated

to determine 1ts significance.

6.5 A STIFF CIRCUIT

A stiff circuit vhich has caused problems in the first generation
version of SCEPTRES 15 exhibited in Figure 8. The node numbering
indicated agrees with that used an preparing the control cards belov.
The system matrix for this netvork has the eigenvalues (poles of the

system) -.5 + 100i, -1_%_, -10.
The elements card group and some possible outputs for the net-
1

yvork ars:
% BELEMNENTS

RS
Rl
R2
Cc1
C2
L1
L2
V1

- T T RN R
OO REUTWIND
O pt ot o fod Jod [t
[ ] L] - - - . »
COQOOOO
B
TR
N i

* QUTPUTS

vCl
ve2
ITl
iLnL2

6¢. H. Cooke and E. Young, "Mumerical Integration and Other Techniques
for Computer Aided Netrork Design Programming,” MASA CR-111837,
January, 1971.
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The Gear and latraix modes wvere used to obtain time response for

this stiff circuit, with the sinusoidal independent source

V1l = sin 5 t.
Plots of the output voltage across capacitor CL, VCl versus time,
appear in Figure 9.

In Figure 9(b) the data 1s plotted on a more microscopic scale,
utilizing more data points, to illustrate the parasitic high fre-
gquency effects. These effects are most readily discernable in the
first 0.5 seconds of time response. ‘tlhen such hagh frequéncy effects
are of interest, many data poants need be plotted, and the Gean in-
tegration routine should be restricted with a stepsize HMAX small
e?ough to gave an output data density sufficient for discernment of
such effects. Whether or not a circuit 1s stiff may be detected by
examining the poles of the network (eigenvalues of the system matrix),
cbtainable by use of the transfer functions option, available ain all

modes. Large magnitude left halfplane poles indicate a stiff circuit.

6.6 A CIRCUIT WITH SOURCE DERIVATIVES
A circurt characterized by source derivatives ain the state
equations (due to a loop containing only inductors and capacitors)

appears in Figure 10, The elements cards and possible output cards

ares
* ELEMENTS
L1 1 2 1.0
Ci 1 2 1.0
c2 2 0 3.0
vi 1 0
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L Figure 9. VC1l {Volts) vs Time (Sec) Tegend: {*) Gear
Stiff Circurt ™ Matraiv
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{b). High Frequency Effects

Btiff Circurt

VC1l (Volts) vs Time (Sec)
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* QUTPUTS

vCl1
vC2
ILL

Figure 1l depicts the output voltage VC1 resulting from the source
Vi = sin 5 t.
L3 = lh

00

———

Figure 10. A Circuit Characterized by
Source Derivatives in the
Cirrcuirt Equations

6.7 OUTPUT LISTINGS

This section contains a program output listing for the pulse
forming circuit previously discussed. The listing illustrates the
manner in which the matrices of the state equations and state output
equations, transfer functions, gain constants, zeroces and poles of

the network are printed. This listing twvas obtained using the CORNAP
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mode with the sinusoidal drivang function sin 5 t. The page contain-
ing the comment

T s The name VCZ does not appear on the output list **
is the result of misusing the CORNAP program. In specifying the
program output, the voltage through €%, the nare VCZ was placed in
columns 33-35 of the CORMAP control card (see page 40)}. However,
these card columns should have contained the name CZ, the same name
as was used i1n specifying this capacitor in the elements description,
without the V appended vhen specifying the outputs by the outputs

descraiption card group.



ANTREICF AND GLEISSNER -

ELENENTS
R1
R2
R3
R4
R5
RO
R7
R8
RS
Cl
c2
3
Ca
£5
Ccé
(7
cs
C9
cZ
vl
iD1I 3 0

LS RV ]
fo I NN«
LWoOMN

o
O

OCOoWweOODOn

AN D e b 00 O B PG RO R D e ] ML
(o N ]
[N JL]

[ =

OLTPLIS
vez

1.0
3.115
d.121
2. 86
C.9005
J.1217
3.257
Gat4al’
il.21
2.211
GC.749
%.809E-2
Cal713
Uel80O7
Ga459
0.196
C.5972
Col735
0.0

-2110 IRS
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SCHUESSLER PULSE FCRMING NETHCRK -64.10.10.S

THIS NETWCFK HAS EBEEN SCALED FCR CCMPULTATION BY THE FCLLOWING FACTORS

FREQULENCY 1.000GQUOGE+00 RACIANS/SEC.

IMPEDANCE 1.GCCOCCOE+00 OHMS



ARTREICE ANL GLEISSNER =~ SCRUESSLER PULLSE FERMIMG NETWORK =64410.10.5

STATYE
VARIABLES

c1
c2
{ c3
Ca
4 Co
c7
£a
c9

cl
cz
c3
Ca
cé
c7
c8
C9

STATE
VARIADBLES

1
Cc2
c3
C4
cé
c7
c8
c9

THE (SCALEC) ENTRIES GF THE A

Cl1
~6.881E£]115E-01

4,2819547E+-01 -8.4501837E-01

~1.2195434E+00
-1.1721256E+00
00
0.
0'
GS
Cé -
-2.344402%E-01
Ou
~6.0367692E+G0
~3.0259631E400
~3,0L6LE75E+0C

STATE
VARIABLES

Ce
2.15867€5E=01

c3

4.6682290E-01

MATRIX ARE

Ca

16062439E-01l ~1.C3L8169E-01

0.

1.SEE44ECE+OU 4. 1360312E+0C ~S.40721$7E~01
9.1398415E~01 2.0732080E+00 ~1,.3317846E+00
U 2-41937173E+00° Q! ©

L). 0. 0.

0. 00 0.

(l. C. 0.

C1 c8 (o]

G. _ - - 00 C.

0. - - - 0. O

G. ";"/ 00 - Oc

0. 0. 0.

1.2131£71E~01 ~5.0480674E-01

2.7312178E~02

28410159E~01 =1.6¢C9€CE4E+00 ~1.6096212Ev00 -3.7588360E-01
=3.8758776E~CL ~3.,31355¢2E=01 =T.06048937E-01

1a2255271E~C2 ~4.24625%21E-C1

41145689E=-02

1.4162654E~01 ~4.S40C058E-01

THE (SCALED) ENTRIES CF THE B MATRIX ARE
SCURCE
VARIABLES
Vi
4.429]18C8E=-01
Ca
2.11113438E~-01
~1.2C888C4E~C1
0.
Qa
Ce
O
THE (SCALED) ENTRIES OF THE € PATRIX ARE



CuTPLT
VARIABLES

v £Z

v CZ

CUTPLT
VARIABLES

v €2

STATE
VARIABLLES
C1 €z C3 C?
Ga G . Oo
0] £1 ca8 C9

1-40531831E-01 1.741235GE-Cl 2.7545442E~01 -9.6C79902E~01

THE (SCALEC) ENTRIES CF THE D MATRIX ARE

SOURCE
VARIABLES

Vi
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ANTREICH ANLC GLEISSNER = SCHUESSLER PLLSE FCRMING MNETHCRK =64.10.10.5
TRANSFER FUNCTICN CRITICAL FREQUENCIES (SCALEC)

CUTPUT VARIABLE - Vv (I
SDLFCE VARIABLE - vl

?Alh CONSTANT IS 7.117847CE~0z¢
i
PCLE PASITIOAS ZERD POSITIONS
REAL PART IMAGINARY FART CRCER REAL PART IMAGINARY PART CRDE

-4.,4853094E-02 S.154G708E-01L
-3,6668814E-01 €.2457201E-Cl
=~8.9500618E~Cl Q.
=2.0220161E¢C0 C.
-4,9C0:4%238E-01 2.081033€E~Ci

“£.0564382E~06 1.2945752E+00 1
~8.9500618E-u1 (. 1
“2.0220162£+00 Q. 3

1.9922384E-04 1.0199093E+00 1

N Y

s&THE NAME VCZ LOES NCT 2PPEAR €M THE CLTPUT LIST%=®

(ﬂn ﬂfparcn+13 Non- Fotal program qu)



ANTREICH AND GLEISSNER —

- Rf -~

SCHUESSLER PULSE FLRMING NETHORK -64.10.10.5

TRANSFER FUNCTICN CRITICAL FREQUENCIES (SCALED)

CUTPUT VARIABLE - V (2

SOULRCE VARIABLE -

GAIN CONSTANT IS

vl

1.177847Ct~Ce

FOLE PCSITIOGNAS

REAL PART

—4.4E59(54E-02
—3.6668814E-01
-8.95C00618E~-U1
«~2.0220161E+CC
-4,905453EE~-Q1

THIS NETWOPK HAS BEEN SCALED FCR CCMPUTATION BY THE FCLLCWING FACTORS

IFAGINARY PART

9.154397G8E-01
6.2457201E~C1

2.0810336E~C1

CRDER

Pt ot it Pt

FREQUENCY 1.0000U00E+00 RADIANS/SEC.

ZERO POSITICNS
REAL PART IMAGINARY PART

~6.0964382E-06 1.2545752E+00

~8.9500618E-01 Q.

~2.0220162E+00 Q.
1.9922384E-04 1.0199093E+00

IMPEDANCE 1.0CCOQ0CE#0Q0 CHMS

UNSCALEE TINME RESPCNSE

INTEGRATICN STEP SIZE 2.0000E-02 SEC

EXTERNAL INPUT!SIGNAL SAMFLING INTERVAL 1.GOOODE-G2 SEC

TIME

0.

1.0GCGE=-D1
2.00LGE=01
3,00CCE~01
4,0000E=-01
5.COCCE-0L
6.C000E~Q1
7.00C0E~01
B.GOCOE=-01
9.0UCOE-01
1.00CCE+CG
1.10CCE+Q0
1.2CCCE+00
1.30CCE+GO
1.40CCE+QV
1.90CCE+00
1 .60CGE+00
1.,70CCE+Q0
1.800CE+00
1.9CCCE+00

INPLT
Ue
441942E-01
B.4147E-01
9.9745E-C1
9.093CE=01
5.9841E-01
le4llzE-01
-3.507E8E~-C1
—-7.5608CE~01
-9.7T152E-C1
~3.5862E~01
-7.0554E=-C1
-2.794ZE-C1
2-1512E-01
6.568SE~01
9.38CCE=-GL
9.8%3€EE~01
T.5845E~01
4.1212E-01
~7.5151E-02

cuTPUT (VL Z)

5.64STE=-GS
1.2624E-03
2. 6154E-03
4.33%8E-03
601B35E-03
1.8467TE~03
9,.0615E-03
9.6622E=03
5.6300£-03
5.1015E-03
8.3379E-03
T.46633E~-03
1.3873E-C3
T.T301E=03
B.77C3E-03
1.04258-C2
1.2472E-02
1.46CL1E~Q2

CRI



T 2.LOLCE+0C
2.10CCE+UQ
2.20CCE+0Q0
2.300CE+00
2.4Q0CCE+CC
2.50CCE+G0
2-.6CCCE+0Q
2.70CCE+0QQ
2-8000E+0V
2.90CCE+Q0
3.,00C0E+0Y
3.10CcLE¢Q0
3.20CCE+UL
3.30CCE+O0
3.400CE+Q0
3.50LCE+0UO0
3.600CE+00
3.70CCE+Q0
3.80CCE+CO
3.900CE+Q0
4.000CE+00
441CGGLE+UO
4.2000E+00
4.30CCE+C0
4.4000LE+0V
4+.50CCE+Q0
4.60CCE+0C
4.7CG0GE+CU
4.8CCCE+0U
4 ,90CCE+0Q
5.GCCCE+UO
5.10CCE+00Q
5.200G0E+UQ
5430CCE+00
5.4uCLE+OQ
5.5CLCE+00Q
5.60CCE+00
5.7T00CE+0O
5.80CCE+QC
5.90CLE+DO
6.00CCE+OQ
$.10C0E+00
6.20CCE+QQ
6.300CE+00
6.40LCE+QQ
65JCCE+0Q
6 .6G0CE+0Y
6.TOGCLE+OO
6.80CCE+00
65.G0CCE+CO
T1.GOCCE+GO
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-5.44uUcE=-0Q1
~B.7TSTLE-QO]
=-9.956SE~-C1
~8.1545E-01
~5.3657E~01
—b.632E~02
8.0378E~01
9.90£€1E-01
9.345(E-01
6.502%E~01
24U641E-01
~2.81TSCE-01
-7T.117SE~Q1
—9.614(E~01
~9.715¢3E-01
~T«5CSSE-0O1L
—3.424EE-01
1.49B8E=-0Q1
beGHE4QE-Q]
9.1295E~01
J.S6E3E~C1
B.366€E-01
4o TLOAE-O1
~Be8513E-C3
~4.87L7E-01
-8.4622E~C1
-S5.58CEE-OQ1
-9.0558E~01
—-5.Gl36E-01
~la323EE-01
3.59U€E-C1
T6256E-C)
Y.7%93€E-01
9.5638E-01
6.9524E-01
2.1091E-01
~2.2376E-01
-H«E362E-01
-9.4102ZE=-01
-S.65(C3E~-01L
=1.9313E-01
-4 .04U4E-01
B.3974E-G2
5.5142E-01
B.H3E7E~01
9.49%S1E~C1
de7l114E-01
5.29CEE~01
5.74E7E=-02
-4 ,281E8E-C1

L.6494E~02
1. 7858E=-02
1.8690E-02
1.8902E~02
1.8716E-02
1.8419E-02
1.8326€E-02
1.87C9E-02
1.9723E-02
2.1371E-02
2.3500E-C2
2.5837E=02
2.8057E-G2
£0.9859E-C2
3.1C39E-02
2.1539E-02
3.1461E~CQ2
3.1040E-02
3.0586E-02
3.04C7E=C2
3.0732E-C2
3.1656E-C2
3.3115E=C2
3.4899E-02
3.67(8BE~-Q2
3.821%E-02
3.9168BE-~02
3.9414E~(C2
3.8973E-G2
3.8013E-0G2
3.6812E-02
3.56%94E~-02
3.4944E-02
3.4741E-02
3.5115E-G2
3,.5938E~G2
3.6957E-02
3.7854E-C2
3.8326FE-C2
3.8159E~02
3. 7282E~-C2
3.57E1E~C2
3o3882E-C2
2.1896E~-02
3.0141E~02
2.B86TE-02
2.8195E-0Q2
2-.8086E~G2
£sB8356E~G2
2.871L6E=C2
2.8846E-02



1. 1CGCCE+0R
7.20CGE+QQ
7430CCE+00
1.40CCE+QQ
1.500CE+00
71.60CCE+00
T.7GCLETQQ
1.806CE+QU
T«S0CCE+0Q
8.LUUCCE+0O
8.1CCCE+CQ
8.200C0E+0C
B43CCCE+00
8.40CCE+00
8.5000E+00
t«.60CCE+OQ
8.700CE+QQ
8.80CCE+0Q
8.90CCE+0C
9.00CLE+UD
9.10CCE+0Q
S.20CCE+00
S.30CCE+LC
9.40C0E+00
S.5GCCE+00Q
9.60CCE+00
9. TUCCE+0QD
$.80CCE+QQ
S.90LLE+OU
L.CLCCE+CL
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-8.0902E-01
~9.91L7EE=-01
-~9.3172E=01
—0.4354E-C)
-1.978CE-Q1
2.9631E-01
T.17TSTE~01]
9.638CE=-C1
S.736E5E-01
1.4511¢-01
3.34185E~C1
~l.58€2E-01
-6.125€E~-C1
-9.165zE~Q1
-9.960SE~-01
~8.3177E~01
~4.638zE-01
1.77CzE~-Q2
4. 94HSE-G]
8+5U0%CE~01
9.4E5GE-C1
Y.Ud175E-C1
5.842CE-Q1
1.2357E-C1l
~3.6731E~01
=1.6825E-01
=~Y.8111E-01
~9.5315E=-C1
—0.924LEE~C]
-2.€237E~-C1

2.84718E~C2
2.7455E=C2
2.5777E=G2
243597£~02
Z.11B7E-C2
1.8874E-02
1.6955E=C2
1.5632E=-02
1o4958E~C2
1.4829E-02
1.5007E-02
1.5182E-C2
1.5047€~02
144375E=02
1.3073E~02
1.1209E=02
£.9S60E-03
€.7360E-03
4,7517E-03
3.3060E-G3
2.5385E=C3
Z.4318E-C3
2.8164E~03
3.4125E-03
3.8991E~03
3,5925E~03
3.5167E-03
2.4458E=C3
Sel146E~C4
-3.3001E~04
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The next listing depicts Gear mode output for the pulse forming
circuit when step response is requested. Observe that the input run
controls cards used are listed as part of the output; as well as the

elements and outputs card groups:
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ANTREICH AND GLEISSNER - SCHUESSLFR PULSE FORMING NETHCRK - 64.10.10.S

ELEMENTS

RI 51 1.C

R2 1 2 3.7138
R3 4 C 3.02%
R 23 2eEL
R5 3 6 €.39005
R6& 6 7 3,127
RT 7 8 3.257
R8 10 @ 0.£412
R B8 9 11.21
c1 10 2.211
c2 20 0.749
€3 3 ¢ 9. FQSE~2
e 4 1 C."713
C5 & 3 0.78867
c6 60 0,455
cCr 80 0." 96
C8 10 7 J.£972
cg 10 9 077325
Cz 90 g.¢

Vi 3 0

101 3 0 =-2.C IR5
QUTPUTS

vC7

THIS NETWORK HAS BEEN SCALED FOR COMPUTATICN BY THE FCLLOWING FACTCORS

FREQUENCY 1.030C00Q000E+0C RADIANS/SEC. IMPECANCE 1.00CO00COE+O0 OHMS
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ANTREICH AND GLEISSNER -~ SCHUESSLER PULSE FORMING NETWORK - 64.10.10.S

STATE
VARTABLES

Cl
c»
C3
Ca
Cé
« C7
'c8
=)

cl
c2
£3
C&
Cé
cT
c3
c?

STATE
VARIABLES

c1

c2
c3
Ca
C5
7
cA
c3

THE (SCALED)

1
=6.8815175E=-C1
4.28.9%47E-C1

-1.,2165434E+00
~1.1721256E+00
0.
0.
O,
0.
c6

~2.3644025E-C]
o-
~5.03€76G2E+CC
=3,02E8¢£31¢+C0
~3.,01€187SF+00
2.8470153F=(01
=3,87¢8776E-C1

ENTRIES OF THE A MATRIX ARE
STATE
VARTABLES
c2 c2

2.,1586789E-01
~-8.5501837€~01

1.9684460E+400

9.1368415E-01

0.

0.

O

0.

c7

0.

0.

C.

C.

1.2131571E-01
=1.6696064E+00
-3.3135592E-01

ToR22552T1E-C2 -4.2462931E-01

THE

vl
4.,42S18C8E-01
J.
2.1171.248E-01

-1.2CE8BC4E-C1
9.
0.
0.
O‘

THE (SCALED) ENTRIES OF THE C

C4

1.6062439E-01 -1.0318169E-01

4.668226CE-C1

C.

44136C312E+4G0 ~S,4072197€E-01
2.C73298CE+00 ~1.3317846E+00

2.4193773E+00
Oe
Cs.
0‘

cs
O.
C.
0.
0.
-5.048C674E-01

C.
0.
C.
0'

cs
O. !
C.
0.
C.
2.7312178E~02

~1.C096212E+00 ~3.7588360E-01

~T7.6048937E~01

4.1145689E-02

1.4162654E-C1 -4.5400C58E~01

SQURCE
VARIABLES

(SCALED) ENTRIES OF THE 8 MATRIX ARE

MATRIX ARE
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CuUTPUT STATE
VARIABLES VARTABLES
1 c2 C3 C4
v CzZ D 0. C. 0.
i
! Cé c? ca c9
v C7Z 1.4052181E-C1 1.7412356E-01 2.7545442E-C] -G, 6079902E-01

THE (SCALED) ENTRIES OF THE D MATRIX ARE

nuTPUT SOURCE
VARTABLES VARIABLES

V1
vV CZ 9.
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ANTREICH AND GLEISSNER —= SCHUESSLER PULSE FORMING NETWCRK = 64.10.10.5
TRAMSFER FUNCTICN CRITICAL FREQUENCIES (SCALED)

DUTPUT VARIABLF - V C1

SOURCE VARIABLE - vl |

GAIN CCNSTANT IS 7-177€8470E=-02

PCLE PCSITICNS ZERQ POSITIONS
REAL PART IMAGINARY PART ORDER REAL PART IMAGINARY PARTY

~£.0G664382E-06 1.2945752E+00

~8.9500618E-C1 O.

-2.,0220162E+0C Q.
1.9922384E~-C4 1.C0199093E+0C

~4,4859064E-02 6.15497C8E~01
=3.6668814E~21 6.2457201E-01
~-B8.3500618E-31 0.
-2,0220161E+C03 C.
-4 ,3054538E~-31 2.CB81022¢E-01

fd ot e pd

CRDE

b (ot b s
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RUN CCNTRCLS
EPS = 1.)0CCCE-C4
PRINT DENSITY = 3
INITIAL TIME = 0.
PRINT STARTING TIME = (.

HINIT = 1.(0000t-04
HMIN = 9.

STIFF INTECRATION
HMAX = 2,0CCCOE+Q0

STOP TIME = 2,0CCOOE+C]
STEP RESPOMSE



ANTREICH AAD GLEISSNER -~ SCHUESSLER PULSE FORMING NETWCRK - 64.10.

TIME

0.

1,161C4E~02
5.29586E~(C2
1.08541E-01
1.63856E-01
2, 01737E-01
2+32724E-08
2.94326E-01
3.71274E~Q1
4,38T55E-01
5,21930E~01
5.37320E-01
0.,970C8E~01
T.90698E~Q1
8,21 607E-01L
1,00403E+00
1.125T6E+CD
1.25278E+400
TL.38207E+00Q
1.5¥220E£+400
1.64242E4+00
1. 77235E+09
L« 301T5E+QO
2,03054E400
2..5877E+00
2.28859E200
2.41874C+0D
2,.8T4STE+DD
2.9895CE+0D
3.38514E+407
2,384T72E+CO
4.49258E+00
BE+15459E+00
5.90588E+00
5.65718E+02
T.4084T7E+0D
8,15977E+0N
B.R1106E+0D
9.566236E+0D
1.06413T7E+01

vez

0.

4.77371E-C¢&
S.72TA6E-05
3.G6535E=04
8.T5283E-04
1+3CHE€E~Q2
1.7CBE4E-03
c+03BE2E-03
4.02%03E=-03
5,458¢T7E~03
7.36103g~03
9.6265SE~03
1.2205)}E~02
1.51254€-02
1,8852CE-02
2+26T22E-02
2.,731321E-02
2,3CC28E-02
2.908C3Eg~02
4.57345E~02
5.267TK1 E-02
6.0825¢E~C2
6.930SLE-D2
7.8455CE-C2
8,82839F~02
5.88619E-02
1..C&1£E-01
1.3588¢E-01
1.71482E=-C]
2.23322E~01
2.9SC5EE~01
4 ,0329TE~01
T.25C42E~D}
6.622136E-D1
T.956TCE-C]
E.B4G2CE~C]
S.54262E-01
G.53620E-01
1.0081£F+00
1,0C65¢6E+C0

_65_
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TIME
1.11650E401
! .19850E401
1.28393E+01
1.38611E+01
1.49667E401
1.60722E401
1.71777E40)
1.82832E401
1.93887E+01
2.00000E+01

Solu'}'l‘oh

vC2z
9.98394E~-01
S5.511C0E-01
9.906CSE-01
S.G8443E-01
1.0CTE82E+0QC
1.0C871E+00
1.0CCEBE+0Q0
G.925€82E-01
$.917S5E~-01
S.95055¢-01

Complefc,

- 66 -
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08/17/71 LRC C¥ SCOPE 3.0 64C0I-131K 06/02/71C
15,08.,16. TER1317.

15.08,17.JCB,1,2CC, TC0O0C. A3031 R
15.08.17.HB10O35 BLDG 12C2 CENT
15.,08.17.USER.BAVUSD, SALVATORE J 0000
15,08.17.44430 15010

15.08.17.NCMAP,

15.08,17.FETCH(A203 ,SPRZ0O1,BINARY)

15.08,23,.TIME BG ATTACH

15.09.09,TINE EP ATTACH

15.09.28.END FETCH

1509 .28.REHINCICUTPLT)

15.09.30.BNFILE.

15.,10.34.570P '

15010.35.CPU 7.124427 SEC.
15.10.35.PPU  116.895840 SEC.
15.10435.TL. " 77 SEC.
15.10.35.DATE c8/17/7

16 .07.15. TERL3'7. 215 LINES PRINTED. LP26


http:16.07.15
http:15.1035.TL

w 58 -

The next listing exhibits typircal matrix mode output for the
pulse forming circuit with the sin 5 & driver. Observe the form of
the solution equation giving VCZ as a function of time. The notation

1,31040E-09EXP(-2.02202E + 00T) + ... etc.
is to be interpreted as
1.3104 x 1079 2-027027

where T 13 the time variable. The T appearing in sin and cosine

arguments 18 also to be interpreted as the time variable, and not a

portion of any floating point exponent which may precede ft.
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START OF QUTPUT FOR JOB NQ,_ 1319,

ANTREICH AND GLEISSNER - SC'!UESSLFR PULSE FORIING NFTWORK =-H4,10,10,!

ELEMENTS

AL 5 1 1.0 o

R2 1l 2 3,118 e

R3 L 5,121 e

Ri 2 3 2.80 L e N
RS 36 . 9uU5 —

Rb b 7 3,127

“i__7 8 3,257 o _

R 1u 0 U bl e

9 84 9 11.21 e e

Cl 149 2.211% HRIGH'T:!I

C2 2 v 0,743 . "__m,_m_ﬂ_ﬁxxaifknﬁ E7:1e3o B - E—
Cs_ 30 9, 8uU9E~2 OUAumT.,

ch & 31 40,1713 . ___ . _ e e L - —

£5 4 3 Vo187 . .. S —_— _—
Cuv b 0 UyGngd S —_
C7 8 4 0 196 . e -

Cé 107 0.5972

€9 10 9  0.i735 "

G2 4 U o L -
vi 54 ”"‘ T .
inl 3 =2, _Ins e

OUTP'ITS e . -

VC/£

THlo WEThuarn HAS 200 SCALED Full COGPUTATINN =Y T FoLLOL 115 FACTOR

FREQUENCY 1_H9QyUOUF+ggFgAnIAdu/SLL. C NPT QAL 1, 00uJ)BdF+00_0tr
AHTREICH A)D GLEISSYER = SCHUFSSLER PILSE FIP 10 NETJ3K -~64,10,14,
RUIL CONTRULS L

INTTI\L T1Tof = 0, L
PRLIT STASTIMG T4 = 1, ~ .

ML CF ) PCIITS PREST Y = ke

PRIIT TATERWAL =  5,0uldufF-ul _ e e e
STUP TR =7 2, 0uvudl+ul


http:64.10.10
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ALL INTTIAL CONDITIONS ZERG

SUURCE DEFIAITIUNS

Vi

. SIHE FUNCTYON MAGNITUDF

"1,00U00E+Uu__ ANID ANGULAL VELOCITY_ 5.000-

ANTRE [CH AHII GLEISoNER = SCHUES '?@HE*LSE FOR 1

13 NFT'ORK =-68,.10,1v,5

—~ THE FULLOVING ARE THE CLOSED P SULUTIONS

VCZ =

~2,0619IF=u3S1H( 5., 0000U8+3UT

+ 5,03285F=01)

+ 1,510L0E~UaEXP(=2,02702E+00T) -8,

53U LF=1dFX2(=¢ ,450U00E=31T)

+ 4,37b50E-0U1EAP(~4 ,uSHSE-DLIT)*SIN( 2

LHOLIU3E~01T + 6,198%5F-02)

~1.26120E=ULEAP(=3,066580=01T)*S I (.24572F<01T + 2. LG4TGF=01) _
+ U,36887E=U3EXP(=b b854TF=u2T)*S11( 5,154067E=31T + 1,50343E+00)

~ ANTREICH AND JLEISOMFn = SCHULSSLEW PYLSE FRING NETUORK ~64,.70.10.5

THIE VC. e

g. 2,03b76E=1b

5,J0000E-U7] =7.313503E-adly o

1.V0000F+yu 2.3117b6GE-U3 _ _ .

1.500UUE+UY =2.0b173E-03 .

2,000UUE+Uu 2. 148730E-03 e -
~__2,54UU00FE+ul -7 ,78797E~04

5. U0UUUE+DY =3, JOLL 2F »uy

5. 50UUUNE+ U0

2.219UbE~V3

4,UgJ0UE+Ju ~ =2,065757E~05 -
B,50000F +Uu 2,U5823E~0, T .
5,UUUUUF+U0 =L JUY¥204E~UL .
5,.500UJE+Yu =1, U0u302E~03 R
0 UU000E+00 2 3175 7E=u3 e ORIGINAT-PAGE-1S
0, OUUUDF+U0 =2 AL1u5l ~03 UF TOOR QUALITY]
7. 0U0UU0E+uU 1,J2020E~y3 e
7.50U0uE+JU =k ,35UL3F™yy L o .
5, 0UJUUF+0u =1, '2312E=035 _ o e _ _
8,00UUDE+U 2,3d40kE=py T 7~ _

9, 00000E+Ju =2 014 10E~d3
3. 50UUUE+ud 1.793/0E<U3 - ~
T UUGOGE+GT ~2,5532bE-JL e .
1.050U0E+u1 =1.37723F=u3 e = L
1,1UUV0E+01 7 ,hbookF=-g3 7 o .
1.15000E+y1l  -7,57506E<U3 ~ e
1.200U0E+01 J.u349310=> B
1,250UUE+u1 ‘15.30511’_(_5:_\_1_2__ _ e e e e — S
1, 5000uF+01 ~1,52%27E~-u> _ e -
1.35JU0F+07 7352758 =3 R, e e
1.40UUUE+ND] =2 ,52403E-33 e el e
1,5500uF+d1 1.51701F~-u3 _ _ - - . e e e
1,59U00E+01 Y,290h JE=UR
1.5500uE+1 ~l.bbopul=u3 . . el e
1,bUUUUE+0] 2, 57751F-i!$ oL — o e — e a
1.b5000E+U1 =2 hu5i1E~Us"
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1,700uuE+ul 1,36423E~03

1. 75000F+07T 2 B9715E-uk St T T e

T.30000E+01  =1,80059F =03 S

1,85000E+C1 2, 01585E-03

T.90000FE+01 -2 ,39075E-073

1.95000F 401 1,.21432E=-03

14/26/71  LRC €1 SCUPF 3.0 bLLUGZ=131K 04/ULl/71

15,100,488, TFR1319, e & e =

15.10.““’9&'06‘1‘900; 700“0. _ASUS]. R

15,1050 ,H3 105 BLOG12d2

15 .19, 40, JSER. BAVUSO, SALVATOAL J

pouy

15,1V, 44485530 1501V

~ 15,1044, FETC T{A3031,5PRADS ., SOURCE) T

i5.10.48,TIE __ B0 ATTACH _
15.11-290TlllE ____[._Q A_.[_T_;‘A__Q_i_r____ —_— e —
15.15.u5 ,FEND FETCH

15.15,00,3K5P, UJTPUT, 2.

15.15|J70A04AP1 [ —

15,1507 . RUN(S,,,SCFILE, DIL)

15,18,306,SETIAJE,

15118.370LGU-

| 15.19.1“.\81‘\;}) ———— —— e -

| 15.14,15, JGUTU85 /S CALLS

15.,19,15,CPY 94 ,8499824 SEC,

15.19,15.PPU 142,.544890 SEC, _

15.19.15.TL, 237 SEC.



http:15.1Y.15.TL
http:15.14-.15
http:15.18.3b

Some basic concepts of the STICAP circairt scaling optaon will

here he dlscussed.

C of the reference:
Willaam D. Stanley, Transform Circuit Analysis for Engineering

and Technology, Prentice-Hall, 1968.

APPENDIX I

CIRCUIT SCALING

The linearaty of the circuits processable by STICAP

state-input and state-output eguations to be algebraicly

in the partitioned form:*

o

7

¥,

By B
-

S2 Dy
- -
By | By
}

Cs Dy
T

allows the

rearranged

[
J i

For further clarification one may consult Appendax

(1)

(2)

Here the A, B, C, D subscraipted gquantities are constant matrices; and

X( )

Y

or current sources,

Y

HMoreover,

and currents of the netuork.

the "v' and "1" subscripts indicate

18 a time varying vector of state variables,

s a time varying vector of user regquested outputs.

18 a time varying vector of the independent voltage sources

respectively voltages

*For simplicaty we consider only the case in which no source deriva-
This renegade circumstance may samilarly be

tives are present.

treated.
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Frequency Scaling

User input of a frequency scaling factor
FREQUENCY = o, w ¥ 1
effects on the time scale the change of variable
£t =At', A= o,
where t' as the scaled time variable.

The effect on the state-input equations is that state variables
and independent sources are now measured in terms of the variable t°,
and the A, B, C, D matrices in the scaled quantities are now the old
A, B, C, D matrices multiplied by A. The form of the state-output
equations does not change; hovever, the outputs are now expressed -n
terms of the scaled taime variable t°.

As far as the user is concerned, the implications of using a
freguency scaling factor are the followang:

(1) Sampled data inputs and Fortran defined or otherwise

user supplied innut data must be expressed in terms of

the scaled time varaiable t'.

{23) Calculated time response outputs for which the unscale
option 18 not {or cannot be) exercised are expressed in
terms of the scaled time parameter t'.

(111) User controls on the numerical integration routines must
be specified in terms of t'; 1.e. stop time, print in-
crement, start time, etec.

{1v) Solution ecuations computed in the matrix mode will be

expressed in terms of the time varaiable t'.



Impedance Scaling

Assume an input impedance scaling factorx
| IMNPEDANCE = kz, kz # 1
*18 user supplied by means of the scaling option. In this instance
the solution of equations (1) and (2), but with the B and C subscripte
matrices of the state-input and state-output eguations replaced as
indicated below, is obtained.
B(),— &5 B()
(3)
C{ )-———7) kz C( )
The implications of impedance scaling as seen from the new form of
the state and output equations is that scaled outputs and unscaled
outputs are not samply related (linearly) except in the followlng
cases:

{a) Only voltage sources

(1) Scaled time domain voltage outputs from STICAP are
true outputs.

(11) Scaled current outputs must be divaded by kz to
obtain the true output.

{111) Initial conditions input to the program must, of
course, be scaled, inversely to that scaling of {1},
(11).

(hb) Only current sources

(x) Scaled time domain current outputs are true outputs.
{z1) Voltage outputs must be "ultiplied by kz to obtain

true outputs.
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(121) 1Inatial conditions input to the program must be
scaled, inversely to that of (1) and (11).
The case {a) corresponds mathematically to making on equations
(1) and (2) the changes of variable

(xl) scaled = k= Xl

(Y,) scaled = kz ?l
with no changes of variable on Ev, ?5. In case {b) the corresponding

changes of variable are

Xy

i

Rl

(XV) scaled

1 -

kz “v

For the mixed case Stanley suggests the combining of voltage and

-4

(Yv) scaled = .
current sources to cbhtain sources all of one kind. If this 1is not
considered feasible the alternate bhelow 18 advocated.

For the mixed case the scaled equations produced by STICAP can
alternately bhe obtained from the unscaled equations by eirther of the

followaing changes of variable:

- 1 . - -
I. (Xy) scaled = 37 X, II. ({X,) scaled = kzX;
(¥,) scaled = %E v, (¥,) scaled = kz¥,
(T,) scaled = 5= Ty (§,) scaled = kzUs

Thus the user may use the scaling option for the mixed case, provided
he scales {one but not both of) his current or voltage sources input
to the program, as well as the corresponding initzal conditions. The
outputs are then to be interpreted by referral to (one but not both

of) the proper output scaling equations (see case I and II}).



