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This memorandum is written to: inform Laboratory personnel that
EC AP , a genera]. purpose electronic circuit analysis program, Xe avail-
able for their use; describe this program; and provide instructions
concerning its use. Section I is a genera]. explanation of the function
of the program, Section ~2. contains a description of the software with
which the ECAP user must be familiar , and the step—by—step computing ~~
procedure is detailed in Section III. Wherever possible in Section I~~,

~~~ examples rather than lengthy discussions are used to demonstrate p?6~~r
procedure .

No attempt has been made to duplicate completely the m t  tion

~ 
in the ECAP Operators Manuals r , , an . Instead,
an attempt has been made to present sufficient information to permit
the reader to program circuit analyses after reading this document.
When specific problems arise, however, the Operators Manuals should be
consulted.

SECTION I: PROGRAM DESCRIPTION

The Electronic Circuit Analysis Program (ECAP) is a general pur—
~~~ pose program which allows USL engineers to utilize the computer facil-

ities at the Laboratory to analyze electronic circuits. The Internation-.
al Business Machines Corporation and the Norden Division of United
Aircraft Corporation jointly developed ECAP , and TRW Systems converted
it for use on USL’s IBM 704 computer.

ECAP is really a combination of three analysis programs:

(1) a DC Analysis Program, DISTmS.~JT1C 7 r ’ ~~~~~~t
(2) an AC Analysis Program, and -- ,
(3) a Transient Analysis Program Ag p  ci r r~ ~~~~

Distribution U~i1iinitc d -

For the DC Analysis Program the circuit must be desor d using
o ) 
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resistors, independent voltage sources, dependent current sources, and
inder’endent current sources. The computer will calculate and print out
all the voltages arid currents, power dissipation, wcrst case voltages,
sensitivities, and standard deviations if so directed by program control
cards. In addition, certain Intermediate results such as current, im-
pedance, and admittance matrices will be printed out if requested by
the engineer. The circuit parameters may be modified, permitting the
engineer to study the effects of component variaticne on circuit per-
formance.

Only resistors, capacitors, inductors (including mutual inductors),
independent voltage sources, independent current sources, and dependent
current sources can be used to describe a circuit for an £~ analysis.This program will compute and print out at a single Lrequency all volt-
ages , currents , element power dissipations , current matrices and admitt-
ance matrices if so desired. As with the DC Analysis Program the cir-
cuit parameters (including frequency) may be varied.

The Transient Analysis Program requires that the circuit De model-
ed with resistors, capacitors, inductors; DC independent and time—varying
independent voltage sources; DC independent, time—varying inuependent
and dependent current sources; and logical switches. Circuit parameters
can be automatically altered when br2nch currents revei se direction through
the use of the Logical. Switch. With the Transient Analysis Program all
node voltages and element currents are printed out as a function of time.

ECAP is a very useful design review tool. The DC Analysis Program
can be used to evaluate DC bias currents and voltage; determine stress
ratios; perform worst case , sta tistical, or sensitivity analysis of
circuits. A frequency analysis can oe conducted by use of the AC Anal-
ysis Program to obtain open—loop frequency response data . With the
Transient Analysis Program and piece-wise linear models of non-linear
devices, actual circuit performance as a function of time can üe duplicated.
As a result, biasing of circuits tnvolvi~g non—linear devices can bestudied, the step response of a circuit can be analyzed, rise and fall
times can be measured and the output of a non-linear circuit for various
combinations of inputs can ~e computed using th.~ Transient Analysis Program.

SECTION lIt PROGhAMMI~ } SO?~WARE

The USN/USL ECAP user must familiarize himself with only two print-
ed forms. They are the CcinpiFition/ Check—Out! Production Request and
the Fortran Coding Form and Data sheet. Both are available in the USL
Coiw uting Center.

The Com;-il~tioW Check-Out/ Production Requests properly completed ~~~~~~~for each type of analysis, are shown in figures 1, 2, and 3. }3ecause the
request form is returned to the ECAP user following the execution of each
analysis, the request is filled—in only once for each type of analysis.
The inThrmation for items 1, 2, i, and ~ is uni~ue to each ~CA~ User;

• the other items on the form need not ie altered.

• 
~~~~~~b
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Figure 4 is a Fortran Coding Form and Data Sheet. The information
In the heading is self—explanatory and the body of the form is used to
describe the punched cards required by the ECAP user.

• The punched cards necessary to utilize ECAP are grouped into six
categories:

(1) Time Cards,
(2) Comment Cards,
(3) Command Cards,
(4) Data Cards,
(5) Solution Control Cards, and
(6) Output Specification Cards.

Computer Center Personnel punch the Time Card (see figure 5) from
the Compllation/ Check.-Out/ Production Request. When submitted with
the program deck , it will. be retained by the Computer Operator .

Comment Cards are characterized by a C In column 1 and a message
in the data field which extends from column 7 to column 72. These cards
serve no useful prograam.tng function; the message is simply reproduced
on the output data sheet. Cards with only a C in column 1 cause Line
spaces in the print—out .

• Each analysis program deck should begin with Comment Cards which
identify the output data . The format for these identification Cards
has been established by the author and has proved useful to the author
and computer center personnel.

Three identification cards are used:

(i~ A Program Description Card,
(2) A Circuit Description Card , and
(3) A Date Card .

The information for these cards is demonstrated in figure 6. The
first card identifies the program, the computer , the program user , his
code, and his extension. The circuit Description Card identifies the
circuit being analyzed and the third card identifies the run number,
and date.

There are five cards in the Category Command Cards. They are:

(1) AC Analysis,
(2) DC Analysis ,
(3) Transient Analysis,
(4) Execute , and
(5) Modify Cards.

The data for these cards is shown if figure 7. Only one Analysis

I J
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Card is used per program deck. Modify cards may only be used with the
AC and DC Analysis Programs . An Execute Card is paired with the Anal-
ysis Card and every Modify Card.

There are five types of Data Cards :

(1) B-Cards ,
(2) T—Cards ,
(3)  M—C ards,
(4) S—Cards, and
( 5)  Source Cards.

The Standard Branch written into ECAP is shown in figure 8. The
directions of positive currents and the polarities of positive voltages
are shown on the figure . Reversed directions and polarities must be in-
dicated by negative values on the Data Cards.

The B—Card is used to describe the initial and final nodes , the
linear element, the time—invarient independent vol tage source, the
time-invarlent independent current source , and initial conditions. Fig-
ure 9 demonstrates the relationship between the B-Card and the Standard
Branch.

• The Branch number is written in columns 1 through 5 of the data
card and the remainder of the data must appear in columns 7 through
72. The node number s are put on the data card in sequence , the initial
node first. Therefore , the directions of positive currents and the
polarities of positive voltages are established by the users selection
of the initial node. Ground nodes are assigned the number 0. Follow-
ing the node numbers the parameter values appear separated by commas.
Initial conditions (I.e., voltage across capacitors and currents through
inductors at the initial time of a Transient Analysis) are established
by EQ and 10 statements. Note that any Fortran coding of numbers is
acceptable to describe parameter values. F~r those not familiar with
the coding of scientific notation , 1.2 x 10 Ia written in Fortran 1.2 E3.

The T-Card describes the dependent current source in each bra~ch.
Like the B—Card, Columns 1 through 5 are used only for the number of the
dependent source. The control and source braich numbere, in that
order , and the current gain which relates the element current of the
control branch to the source current appear in the data field. Examples
of the use of the T—Card may be found tn figure 10.

The mutual inductance between two branches containing inductors is
described by the M—Card. The format of this card is siatiliar to that
of the T—Card. However , the order of the branch numbers is unimportant.
The application of M—Cards is demonstrated in figure 11.

The logical switch operation is controlled by the S—Card . Like
the other cards discussed so far , the S-Card number is put in columns

4
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• 1 through 5. The element current of a branch is sensed and when that
current is zero or negative, the switch is off; when the current is
positive, the switch is on. As the state of the switch changes , the
values of circuit parameters may be changed. Look at the Fortran state-
ment for the S-Card in figure 12. The S—Card causes the element current
of branch 2 to be sensed. When the current changes, branches 2, 3, and
4 will be affected. Initially the state of the switch is off (i.e., the
current in branch 2 is zero or negative) . With Sl in the off state ,
the resistance of branch 2 is 500, the capacitance of branch 3 is
2sf, and the beta of the dependent current source is 100. When Si
goes on (i.e., branch 2 current goes positive), the resistance of
branch 2 goes to 550.a, the capacitance of branch 3 goes to ~~f , and
the beta of Ti goes to 125. Note that the beta of Ti is altered by
having the switch action affect branch 4 (the control branch), not
branch 1 (the source branch). Should the current return to zero or
go negative, the parameters would return to their initial values.

To describe time—varying independent voltage and current sources,
three types of Source Cards are used:

(1)- Non—Periodic,
(2) Periodic, and
(3) Sinusoidal.

The Non—Periodic Source Card data is shown on line 2 of figure 13.
Columns 1 through 5 of the card define the type of source (current or
voltage) and the number of the branch in which it is positioned. In the
data field, the number of time steps between changes in source values
appears in parentheses, ~nd the voltages or currents at each incre—
mont of time beginning at start time appear separated by commas. The
Time Step on lIne 3 indicates the interval at which circuit perform-
ance is computed. A linear change in amplitude between t ime Increments
is assumed and the value of the final entry is maintained until final
time is reached. The number of voltage entries is limited to 126.

Figure 14 demonstrates a Periodic Source Card. Except for the
addition of a P in the data field to designate a periodic function,
the data entries are identical to those of the Non—Periodic Source
Card. The first and last value of voltage or current should be equal
because the function is periodic . As for the Non—Periodic source the
maximum number of entries is 126.

A Sinusoidal Source Card is described in figure 15. Columns 1
through 5 are used to describe the type of source and branch number
as with the Non—Periodic and Periodic Source Cards. In the data field,
however , SIN is used to indicate that a sinusoidal source is desired
and the period in seconds Is put in parentheses. The peak value, the
DC average value, and the Initial time shift follow, separated by
commas.

5
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For an AC Analysis, B—Cards, T—Cards, and M-Carda; for a DC
Analysis, only B-Cards and T—Cards; and for a Transient Analysis,
B—Card s, T—Cards, S—Cards , and Source Cards are used.

Continuation Cards may be used if the data is in excess of the
data field of one card. A Continuation Card is characterized by an
asteric in column 6. The data field of the Continuation Card can
then be considered an extension of the previous Data Card.

The number of Data Card8 is limited to:

200 B—C ards (limited to 50 Inductors if M—Carda are used)
200 T—Cards, and
200 S-Cards.

In addition, the circuit must contain no more than 50 nodes.

The data cards used with Modify-Execute Card pairs have a mod-
ified format. First, the data field of the card need only describe
the parameter to be changed. Second, multiple variations of a parameter
may be written into one statement which defines the initial value, the
number of steps (In parentheses), and the final value. Examples of
these Data Cards can be found In figure 16. No more than 50 para-
meter changes in one parameter modification are allowed.

Solution Control cards are unique to the type of Analysis being
performed. Figures 17, 18, and 19 lists the Fortran statements for
Solution Control Cards.

If the AC Analysis Program is being used there is only or~Solution Control Card and this card must appear in the program card
deck to specify frequency. When the F~~uency Card is used to control
the initial computation, only one value of frequency may be specified.
When the Frequency Card is used with a Modify-Execute Card Pair, a single
value, and arithemetic progression, or a geometric progression may be
specified. See figure 17. For an arith~~tic progression the initial
value, the number of evenly spaced steps, and the final value are
written. The number of steps must appear in parentheses with a plus
sign. For a geometric progression, the ratio is specified in parent-
heses instead of the number of steps. The lack of a plus sign indicates
a geometric progression.

Three Solution Control Cards may be used if a DC Analysis Program
is in use . If the Sensitivity Card appears in the card deck , the
partials and sensitivities of each node voltage with respect to each
resistance, beta, and source value is computed and printed out. If
the Worst Case Card appears in the deck, the worst case minimum, worst
case maximum , and nominal node voltages for each node specified

6
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on the Worst Case Card are printed out. If no node numbers are written
all node voltages will be printed out. For this computation the minimum
and maximum values or the tolerances, in addition to the nominal para-
meter values, must be specified. See figures 9 and 10 for examples of
how to specify the extremal values. The Standard Deviation Card causes
the standard deviation of each node voltage to be printed out. For this
computation, the ~3 standard deviation values of the circuit parameters
are specified with the same format that the minimum and maximum values
are specified for a Worst Case Analysis.

When the Transient Analysis is being run, ten Solution Control
Cards may be used. See figure 19. The Time Step Card must appear
In every transient analysis. However , If any of the other 9 cards are
omitted, the values listed in figure 20 are assumed. The Output
Interval Card specifies the number of Time Steps between data print-
outs. When the Equilibrium Card is entered in the card deck, a solution
is obtained with the inductors in the circuit replaced by short
circuits and capacitors by open circuits. The values of open and
thrt circuits are specified with the appropriate Solution Control Cards.
The 1—ERROR, 2—ERROR, and 3—ERROR Cards control the acceptable
magnitude of the sum of the nodal current unbalances, the accuracy of
the switch accutation time printed out, and the value of the time
steps Immediately after an initial condition solution. Reference (a)
should be consulted if it is desired to use these ERROR cards.

The Output Specification Cards allow control by the ECAP User
of the data printed out. See fIgure 21.

For the AC and DC Analysis Progmes:

(1.) node voltages (NV) (VOLTAGES),
(2) element voltages (cv) ,
(3) branch voltages (By),
(4) element currents (CA),
(5) branch currents (BA),
(6) element power dissipation (BP), and
(7) miscellaneous outputs (MI) (MISCELLANEOUS)

can be printed out. The various voltages and currents are designated
on the diagram of the Standard Branch (fi gure 8). Element power is
the product of element voltage and el~sment current. Miscellaneous
outputs are current and impedance matrices for AC Analyses; and
admittance, current , and impedance matrices for DC Analyses.

For the Transient Analysis Program, the only data permitted to
be printed out Is:

(1) node voltages (NV ) (VOLTAGES) and
(2) element currents (CA) (CURRENTS).

7
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SkCTION III: C OMPUTING PROCEDURE

The author recommend s the computing procedure established in
this section of the memorandum. Although other procedures will work
as well , the author has demonstrated that delays and errors are
minImi zed by following the steps outlined here. 

-

To demonstrate the suggested computing procedure , the bias ,
frequency response, end response to a square wave of the circuit
diagramed in figure 22 wIll be determined. The DC circuit will be
subjected to a Transient Analysis to determine bias conditions; the
worst case bias conditions will be determined using the DC Analysis
Program once the nominal bias conditions have been established; the
frequency analysis will be performed on the circuit with the AC
Analysis Program ; and finally , the Transient Analysis Prograx~ will
be used to determine the step response of the circuit.

Figure 23 is the ECAP DC 9ircuit Diagram. This diagrania drawn
directly from the Standard Circuit Diagram (figure 22) and differs
very little fr om a standard dc equivalent circuit. Note, however ,
that care has been taken to arrange the circuit elements such that
a Standard Branch (figure 8) appears between every pair of nodes , to
indIcate the direction of element currents, and to number the nodea and
branches using consecutive numbers.. Ground nodes are numbered 0.

Models for non—linear devices should be carefully selected. There
is no one model which meets all applications. This is especially true
of transient models. The author urges each ECAP user to select a model
which duplicates with sufficient accuracy the parameters which have the
greatest effect on the particular outputs desired. The models in
fIgures 24 and 25 were carefully chosen to be only as sophisticated as
they need be. Because they duplicate the VBE—IB and VCE—IC character—
istics of the 2N930 type transistor with sufficient accuracy to deter—
mine the bias points, the complex models in figure 24 were selected.
However, the simple models diagramed in figure 25 adequately represent
the V—I characteristics once the nominal bias points have been deter-
mined. Tie values of the parameters ( voltage and resiatanoe)in branches
9 and flare based on the results of the analysis using the models In
figure 24.

To document the ECAP Data, a Compilation/ Check—Out/ Production
Coding Form and Data Sheets must be filled in. Figures 26 and 27
show the Fortran sheets completed for the Transient Analysis of the
DC Circuit. Note the difference between the letter 0 and the number
0, the letter I and the number 1.

To expedite the computation, the computer center personnel are
assisted by the ECAP user. The completed forms are brought to the

8 -1
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Card Punch Operators ’ Room where they are date—stamped and left. The
ECAP User is called when the cards have been punched and verif~~d.
Usually, this takes one day. When the user is called, he returns to
the Card Punch Room to receive his original forms plus the punched
cards. The cards are then assembled in the proper’ order:

(1) Time Card
(2) Identification (Comment) Cards ,
( 3)  Analysis (Command ) Card ,
(4) Data Cards ,
(5) Solution Control Cards,
(6) Output Specification Card ,
(7) Execute (Command ) Card ,

The cards are then submitted to the Computer Room with the Compilation/
Check—Out/ Production Request in front of the deck under the elastic
baud. The Production Log is filled—in as shown in figure 28 and the card
deck is put in the “Production” box located in the Computer Center.
The output data will usually be available in 4 hours.

The output data for the Transient Analysis of the DC Circuit may
be found In Appendix A. The voltages are recorded on the ECAP DC
Circuit Diagram in figure 23.

Once the bias points have been determined, the dc transistor
models shown in figure 25 result and a Worst Case DC Analysis can be
run .

Once again a Request Form (figure 2) and a Coding Form ( figure 29)
are completed and submitted to the Key Punch Operators , When the punched
cards are returned, appropriate cards from the Bias Point Analysis
are used to assemble a deck which results in the statements appearing
on page B—i of Appendix B. A check should be made to insure that the
cards are in the proper order. The extra cards required for data mod—
ifications are put in the following order :

(1) Modification (Command ) Card,
(2) Data Cards, and
(3) Execute (Comm and) Card.

The do output data -appears in Appendix B.

Knowing the bias points, the ECAP AC Circuit Diagram ( figure 30)
and the Transistor Model Diagrams (figure 31) are drawn. An AC Analysis
Request Form (figure 1) is completed and the circuit data is transferred
to the Coding Forms. Modification of AC Analysis data require that the
extra cards be put in the following order:

(1) Modification (Command ) Card,
(2) Data Cards, 9

- - — - -- -‘— ‘-— . - . - -
~~~~~

- - - - . 
. -‘ 



USL Tech Memo
No. 2134.4—597—67

( 3)  Frequency ( Solution Control ) Card , and
(4) Execute (Command ) Card .

The input data statements and the output data appear in Appendix
C. The output data is plotted in figure 32.

To determirE the response to a step input function, a transient
analysis was run. The Transient Circuit Diagram and Transistor Models
are shown in figures 33 and 34 respectively. The input step is shown
in figure 35. The input and output data are recorded in Appendix D.
The output response data is plotted in figure 36. It should be noted
that the initial voltage across each capacitor is specified in the
input data. In addition, it should be noted that is was necessary to
exclude from the transient analysis the 60 microfarad capacitor in the
power supply isolation network. Until this was done the accuracy of
the current computations at node 5 was inadequate.

SUMMARY

This memo was written to introduce the Electronic Circuit Analysis
Program to the reader. The author in no way pretends that this memo
thoroughly covers the use of ECAP. On the other hand , it is hoped that
after reading this memo, most engineers will be able to utilize the
available computational tool without reading the IBM ECAP Users Manual
(Reference (a) ) .  However , If and when problems arise , or when addition-
al information is needed , the appropriate reference or references
listed in this memo shoul d be consul ted.

ECAP is a complex analysis program, especially useful as a design
review tool . Breadboarding can be minimized or eliminated with proper
use of this program.

ALFR~1) A. FILIPPINI ,#’f
Eleltronic Engineer

10
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4 1 X I ~~~JTPUT ~TI ~I P E  1 X 4

— — ,‘—

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  — — — —
~~~~

_ _ _  

~t0lG) 

~1E1E~~E~B .C .D. ~~~ BI NARY 
~~~ GAPLE SSflJ INPU T I TAPE MOI )EI OUTP UTI IINARY 

~~ 
B C .  D. ~~~

Program Stops and Procedures: HPR 5, 0 = Correct Halt J HPR 6 , 0 = Bad ID Halt

N~~r ’tAL Sr ØP NPR (o, I)

Special Instruct ionS: ..~~~NARY TAPES ~ZJu1 N~ NEYW E~~ CASZNET,

•‘I’OS. 1.000 - FIR 5T RUN- ERPERIMEN T AI.

FIGURE 2: PC ANA LYSIS REQUEST

_________ 

I

IA _ _ _ _
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CHECK-OU T, PRODUCTION REQUEST
‘N1~ .~~~~~~~~~ 3,’ 4~ ‘ R ’ ~ ~ 

FIRS .

II )  be’ Called 11 . EstImate rMIN. 30
(CHEC K APPR OPRIATE BOXES)

. u.t ’k—Oi i, ~~ 0 (COMPLETE ITEMS 1 TH RU I) )  U~ Produc ti on (3)

I.  Re~1II~~.l,LA. FIg..iPP~N I 2. ‘ le t . Ext . No~4 70 3 . Coded Job No . 06 ~ 0

4 . Job Ord er \o .f ~~~~ 4—OO - 60 5 . Or ganizat ion Code 2134.4

6. Open Shop 7 . Fo r tran 8 . Com ponents Used a . Reader 0 C. Mag . Drum O

Closed Shop~~~~ S .A .P . b . Pr im er 0 d . P unch 0 

(Fold) — ——— — 
9. Sense Switches used: SS 1 . SS 2 . SS3 . SS 4 . SS 5 . SS 6.1

A ll assumed ~~ unless checked .

10.

Unit In- Out- 
WRITE TAPE IDENTIF I CATION CHEC K APPRO PR IATE BOXES

N~ put put

1 
— 

SYSTEM Save Punch Plot Pool List I

2 x TRAAI STENT 4W4LVn~S PRØ&~M’1 
— — — 2

3 X 
— 

I NPUT CARDS 
____ — — — 3

4 X OUTPUT TAPE I X 4— —  I — —  — — —

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 5
— —  I — —  — — —

6 6

7 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  r

~~~~~

-

~

-

~~~~~~~~~
— 4 (1-010) ~~~~ - — — - ---~~~

B .C.D. BI N AIe Y 
~~~ 

GAPI.ESSr1JINPUTI1’APL MOOEIOUTPU I’I b INARY fJ B .C .D .~~~~

Program Stops and Procedures: HPR 5,0 = Correct h alt I I PR 6, 0 = Bad ID Halt

NØRr iAL .  STEP HPR (o, I)

Special Instruct ions : 6~~4AI~Y TAPES ~ N H ØAI( YWEL.I. C#~g8~NET,

•/S’O6~ 1 ,000- FiR ST R U N -  EX PERIME N 1 51.

FIGURE 3: TRANSIENT ANALY SIS REQUEST

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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O O O O D O O O O t O O O O O ~ t oe o o o oo o o I O O I 0 0 0 0 0 0 0 0 0 0 1 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 I 0 0 0 I 0 0 0 0
I $ I I I I I . - • U 2 4 1 1 11 II .24 ? 1 2 2 2 1 ,22  ‘1’  ~4 22 42 1 32 3 4  22. 1~ 1 Ii $3 * 1 , 2  * 2  - - $, 4 - dl ,4~~~ . ‘2  24 34 2 4 3 1 2 1 1 1 1 0 1 0 1 2 1 3 14 1006 IllS 11 00 1$ J 1134 0 1 1 0 ?  Il • SI

I I I I I 1 I I I I I T I I I I I I I I I  I I I I I 1 I I  I I  l l I I ) I I J I H I I) l l l l l i l ) l l I l l I l l l l I l l l l l l l l l l

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 ~ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  3 3 3 3 3 3 3 3 3 3 3 3 3 3  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  4 4 4 4 4  4 4 4 4 4 4 4  4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

SS 5 5~~5 5 5 S 5 5 5 5 5 5 5 5 ~~5 S S S 5 5 5  S 5 5 5 S 5 S S 5 5 5 ~~5 S 5 S S S 5 5 5 5 5 5 5 S S 5 5 5 S S S 5 S 5 S 5 5 5 5 5 5 S 5 S 5 5 5 S 5 S S S

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  6 6 6  6 6 6 6 6 6 6 6 6 6 6 6  & 6 6 6 & 6 6 6 & 6 6 6 6 6 6 6 6  6 6 6 6 6 6 6  6 6 6 t  6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7 1 1 1 1 1 1 1 7 1 7 1 7 1 1 1 1 1 1 7 1  1 7 7 1 1 1 1 1 1 1 7 1 1 1 7 1 7 1 7 1 1 1 1 1 7 7 1 1 7  1 1 7 1 1  1 1 1 7 1 7  7 7 7 1 7 7 1 1 7 7 7 7 1  7 7 7 1

$ 1 8 $ 8 S 6 8 8 8 8 8 8 1 1 8 1 8 1 1 8 1  8 l t l 8 B 8 S S h 8 l 8 8 8 t B 8 8 8 8 S 8 8 I I S 8 8 a I 8 8 $ S 6 8 I I I 8 8 8 B 5 8 8 6 I $ 8 $ 8 8 ~~$ I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 11 g 9 9 5 9 9 9 9
1 3 * 1 1  ‘ S  6 1 0 l I U I $ lll d l 4 4 4 2 l , 1 ? 1 2 1 2 0 3 4 2 4 ? S Z3 I 4 ’ 2 U 1 2 1 4 11 44 111* 4 * 2 . . l2 , 1 3 $4 d ’d * ,? ) 4 121J ’ ,12.20I$ .l10043 *iI* 14 t4  • - l - , -. •~~O’ 4

FIGURE 5: TIME CARD

8 PORTIAN STATE&~~NT
l 2 3 1 5 6 7 5 9 1 O 1 1 I 2 )3 14 I5 14 17 1S 1~~2O 2I 22 23 24~~S25 27 2I 2~ 3o 31 32 33 3435 35 37 3$ 39 4Q 41 43 43 44 4546 47 4u45 5o $5 $

I ECA1 • I ~ P L I P  1 1, C £ 9 I . ,

~ n rn~
FIGURE ~~: FORTRAN STATEMENTS FOR (DENTWI(AT1ON CARDS

1~• I— ~~~
,~ ,~~~3 4 5 6 7 5 9 1 O I 1 1 2 I3 14 1S I5 17 1S I~~2O 21 22 23 24 2s 2s 272s 2~3

2 J pc N A L y S o ~~7

S fl ~~~~~~~~~~~~~~~~~~~~~~ -

FIGURE 7: FORTRAN STATEJIENTS FOR CO!1JIAND CARDS

—- ~~~~,• ~L~~~
- 

~~~
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•RANCN
— NODE V Cs)RRENT

VO& rAGE ~~~~~~~

ILVM%MT
CV~R*wr

+

_ _  _ _  
B

EL&NEWT LINEAR 2VOL TAu GZRCUZT N
— ELEMENT C
I II 

_____ _____

DEPENDENT 
I 

~~

.

CURRENT 0 INDEPENDENT
1. cu~~ gwr
I SOuRCE

_ _
V
_ _  

4 
_ _

______ ______ 6
— E

INDEPENDENT 
—

VOLTA6E
SOURCE

_ _ _ _ _
+

_ _ _ _

0 FIGURE 8: THE STANDARD BRAN(I-I

~ 
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• ,
__

~s_

3 ~ ;~
;‘
~ ~ : 1 5 9 1 O l1 1 2 I 3 14 1 S I~~ t7 IS I~~2O ZI 22 23 2425 Z4 272$2~ 3O 3l

I N~(~3j~~ 121) I,IRI=11 IE[31,IEI:H5I,14a1211H31
B23 2ino.

Sv

I ~~~~~~~~~~ 3

100-IL I
82 ,5.~, 812

i.~ v/ f P

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FIGURE ~~: ExAIIPLES OF B- CARD DATA
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- - ~~~~~‘-- -~~ —-- •~~~~~~~~~~ •— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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2 _ _  

TI 
(~~~~~~ Bz

T~~~~~~Y T
L I 2 3 4 5 6Ji S 9 1 0 1 1 12 13 14 15 16 t7 15 1,20 5

-
• 

- - 1~~~I IM(!,z),IcID zIEI—
/ 2 812 N(3,4) ,R~

.r g IE1~— B( ! ,2),
~~

E r1AIaso

• 
201< 

~~ 
1.20k

- T ‘I
~:7ft2S L I cj~

1 2 3 4 S 6 7 5 910 11 12 13 14 15 16 11 II 920 21 22 23 2423 24 372$ 2~3o3~ 321

1 (I’ 2, z
~~~Z2 N(~!I,O ),g.r~ E3
3 r4~ 4 u ’ - 7 5 (—  ,- ioo)

FiGURE 10: EXAMPLE S OF T-CARD DATA

___ _ _ _  — - - ---- 
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1 2 3 4 5 6 7 $ 910 II 12 13 14 15 16 17 1S 15

1 
_ _ _ _ _  

,HC 3 , ), a

2 115 _ _ _ _ _ _ _ _ _ _ _ _

L~) 
8 3(2

~ 5I),~Lm2I0I

Lm 800 ~ M~~2OO L. 200

FIGURE I i :  AN EXAMPLE OF 11-CARD DATA

R m 500,5.50 1 2 3 4 S 6J 7 S __________

~~~~~~~ ~~~~~~~~~~

~~ a’51 ’’ :g::: 1~~ htTh!’’!!!
3E-~~~~ ~~~~~~~~~~~~~~ BETA ;

FIGURE 12: AN EXAMPLE OF S- CARD I~ATA

I -~

-• •—-— — -- — —~~•• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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1 2 3 4 5t6 17 S 910 11 12 13 14 IS iS I? 1519 202Cs)
T

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BZ~~~~

TIME IN 5ECONDS

FiGURE 13: AN tXAflP 1~ OF A NON-PER1ONC SOURCE CARD

1 2 3 4 5  6 1 7 5 9 1 0 1 1 12 3 14 1S 16 17 15 19 20 21 22 23 24 2S 26 2721 2930 31 32 33 3

5 i ~z T II N ( o, s l) l,IRI= I E3  I I2 E12. I J P( lo )~,(—l.IZ ,— .Z ,— .IZ ,~~.2, I, .Z

~ 
~TII 1E ~srr~P ~ I~E~- 4j

‘ 2 

B Z +  

-

~~~~

TIM E IN MILL ISECONDS

FIGURE 14: AN EXAMPLE ( h A  PERIODIC S OURCE CARD

—- —- —~~~ ------~~ • -- -• -- • - • -~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~ •
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1 2 3 4 s 6 7 $ , l O ll l2 I3 l4 IS l6 17 1$ 19 20 21 22 23 U 25 26 2721 2030 31 32 33~~

; 
~ 

1}4g!, 
~~~~~~~~~~~~~~

- _ _ _ _ _ _  _ _ _ _ _

B51 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c~—~ ~~~~~~~~~~~~~~~~~
FiGURE ) 5 :  AN £XAIIPLE OF A SINUSOIDAL S(~JR(E CARD

1 2 3 4 5 6 ! ! 9 10 11 12 13 14 15 16 17 iS 1920 2 12 2 2

JNDEPThPENT VOI~TA~ E ~~~~~ 
I 

- - - 

= = = = = =

$1 CNAP4rn To sv. 2~~~~~~ I 
3 ’

R~ ~,‘7,R,~~ IO,ll ~I2,I3 l4 ~~~~ R~~~~~~6(’ ’ I I II I I I I

-~~~~~~~ 5 J_
B VALUES

8&TA e iOO,izS,ISo ,I15~ZO0

4 vAI uf$

fIGURE 16: DATA FOR USE WITU MODIFY- EXECUTE (ARD~

1.1 ---- --- • --- ----- -
~~
-- • • - — - - - - • - •• ---

~~--- --—•• - •• •- • --- •--— -,—‘
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1 2 3 4 S 6 7 5 ,i 0l )1 2 13 14 iS i6 17 1I 19 20 2i 22 23 242026272$~~’~

f =  5 KHZ 
r~~~~~E 

Uif~~1sE~ 
~~~~~~~~~

f=s,,o,is~zo~zs I(HZ 4 ,RE~~U $ C Y E ! ( I 4 ) E€ E 3

• FIGURE 17: AC AUALYS 1~ SOLUTiON CONTROL bAJA

1 2 3 4 5 6 7 5 9I01 1 12 i3 14 iS i6 17 1$ i9 2o 2i 22 23~~~2

1 
_ _ _ _  !Jf NSZT TVXT IYI

2 
_ _ _ _ _  WIO I T C SE,J3~ 

,,
3 

_ _ _ _  SIT A DARD D~ VI ON

FIGURE 18: DC ANALY SIS SOLUTION CONTROL DATA

_ _ _ _ _  -
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1 2 3 4 5 6 7 $ ~~10 ii 12_I3 i4 i5 i6 I7 IS l920 2i 22 23 24 2S 2,
~~~~~~~=“  

~~~~~~~~~~~ II
2 L ~~~~~~~~~

) rj p Vi i t 4 7 Ea V~~L~~~~~~~
3 I r P4x 11 r~~ z. T ! IE  =

4 4 _  Ft :V U T~~IE = SDOE-i 
- -  

I •PEJ : 100E6

FIGUR E 19: TRANSIENT ANALY~1~ SOI UTJON CONTROL DATA

1 2 3 4 5 6 7 S 9i01l i2 13 14 1S i6 17 iS 19 2O 21 22 23~~~2S3

1 

~~~ : iUT~~~~~~~~~~~~~~ L m l
2 

~~~~~~~ - .  c ! ~~~~~~!~~~E 
3 I ~~I’1 L TZI1E 

-

s~~~~~~~~~~~PF$~~~~~1O E6 
6 j_

~~- - -  ~eR!~~R e t 0 O  
I 

- 

FIGURE 20: ASSVI’1ED SOLUTION CONTROL DATA

• •-~~--~~~~~~~~~
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1 2 3 4 5 6 7 S 9i0 i1 t2 l3 14 i5 16 i7 iS 19 20 2i 22 23 24 2S 2~ 272S203-

1 

~4~L - :  p~~r Ir ,c u * E sT , v Ø L r I ; r s
2 

-

~~~4 4 _ J~~ .!! ~~w~~~M !,cv ,gv_ .  -

~~~~ !!~ ‘!r,8?~~~. -

6 I
~~~~L ~~~~~~~~~~~~~~~~~~~~~~~ -

FIGURE 21: OUTPUT SPECIFICATION DATA
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220
i,., ~14W

25v~~~~~~~~ /4W

Jr ~~ZN93O

IN P
~
rt(

~
-
~

— ~ Z t 0  
-

t VVV1 f O
3~ 0k. : I it ] 2.ZK OUTPUT

• I’.
4?~i.f

FIGURE ZZ : STAN DA~D CIRCUIT DIAGRAM
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~~~~ 
2ZO~ ‘

~~
‘B~ IC . .  �47E3

I I
~~ I3.ZW~

-;\ 
—

2 N 930
•1=

2.4930

2 9.3v
54

4713
(.02)

0

9.9v 
-r 

IZ .5v

FIGURE 23 : ECAP DC DIAGRAM
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®~~~~~~~~~~4
8 7 5

FIWRE 24 : TRANSISTOR 2N930 TRANS SENT NODE LS

Q~~~~~~~~~~~~~~
J
~ 4~~

• FIGURE 25: TRANSISTOR 2N930 DC MODELS
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I.e. . tha n 1 boise “~~~ii OiIULTI~ I I r L.a. tha n 1 b.~r

REQUESTOII OPERATOR

_ IN Job E.t R.qu ..tox R..srk. Proe .~~~t0b Inpu t 
• ~~~~~~~~~~

~~~~y TI.. C.de (ow ) iith BI$ $ lCD 3 Tap.

184S Z~ A.F,&zms,z ECAP j Rh~s~~ _ _ _ _  _ _ _ _

- _ _ _ _  _ _  _ _

— - _ _ _-

— _ _  _ _

FIGURE Z8 : PRODUCTION L06 
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FIGURE 34: TRANSISTOR 2N 930 TRANSIENT MODELS
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APPEND I X A 
USL Tech Memo

C ECA~. I~ -’ 7C4, A F ILI~ P!NI, COCE 934.4, X 47t ~
C CEMCNS TQAT 1C~I4 Afr~ L I F I E~C ~IA 5 Ar\A LYSI 5
C RLN 1. 30 ~JLI’1E 196e~C

T RA N5 I~~ T A N A L Y S T S  068O
C
C TI-E CI°CL.IT ELE?~ENT SSi ~(1,C),~ :390E382 ~ ( 4 , i ) , ~ z 1CCF 3
53 I~(4.C),R:2.2!354 N (2,C).R:47E3
85 P(5,3).R*47E3
86 N ( 0 . 5 ) , R 2 2 2 0
E6 C1).0’ZS
C
C C l i  2N 930
59 NC1i8).R’i

• 810 I(8 i2 )  ,R~~(~ O E6,23.3 ~ 3~ ,E’— O.55
51 SalO,(10),CFF
811 N( 8 ,2~ .R~ (L0E6,5.25E3),E..O.6252 Bsi1,U1I ,CFF
812 N( 8 i 2 )  ,R : ( 10E6 ,3 ,74 E3)  ,E~~ O,6 5
53 S a l Z , C 1 2 ) , C F F
87 ~,~(6,2),Rs10O813 Mt 6 , 3 ) , R . ( 2 E 6 , 1 )
54 5~t3,C13),~FF
814 N(3 ,6 ) ,R1 2 E8
Ti P( 9 , 14 ) ,~ ETA z 2O0
C
C C2e 2N930
815 N (3,9),1il.
816 N ( 9 .4 )  ,q~ (10E6s23.3E3) .Ea—O.55
55 5.16,Ué),OFF
817 NC9 ,4 ; .R ’ ( 1O !6 ,5 .25 E~

) , Ea—0.62
56 5s 17 .C 17 ) , O F F
818 N(9 ,4 )  .R~~(~ O~ 6,3 .74~ 3) .Ee—0 .65
57 8u18,(18)’CFF
8$ N(7 . 4 ) , Rs lO O
819 N ( 7 , 5 ) . R a ( 2 E 6 , t )
$8 9a 19 ,t1 9 ) , C FF
820 N(5 ,7 ) ,R ’ 2 F6
12 ?~ 15s 20 )  ~P~ TA .20O
C

TIME 57 E0 ’ tE—ô
F IN A L TI~ EsiE—6
PRINT .VC~.TA C•ES
E X E CL TE

1’ 0.

NODES VCL T A C . E5
1. ~ —0. 1S36334~ E— O l — 0 .447 27094 E—O0 0.4~ 2~ 24 O7E— 0O — O .2449 3 132E —o1
5. 8 0 . 452 659 2 5 E—0 2 — 0 .4482 173 3 E—0O •0.Z~61I684E—01 ..O.15363295E 01
9— 9 C.452 124 13E •00

A - I

—--~•——~~~ -~~~~~ -~~~~~—-~~~~
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~
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7 = 0 .2 9 2 9 €P 7 E — 0 8

NCCES VC I.TAC .F5
1— 4 —C.97Q~’3133E—O 2 —0.44292166E—00 O,51959780E 00 ..0.174$1074E.0i
5— P C,7704C~,17E— ~ 1 —0.443B5883E—00 —0.1~ 2Pl265E— 0i —O.97962618E—OZ
9— 9 C.519c9784E O~

SWI TC~ 5 IS C”~

7 ‘ 0 .2 92 9 68 7E — 08
N COES V CL T G F S

1— 4 —C .15550539E—0I. —0.4665U27E—00 0.52468302E 00 —0.24756540E.01
5— 8 C .7 7 7 868 34 E—01 — 0 .4 6 745~ 0 1E—00 — 0. 25886 92 7 E— 0] ,  .0. 15550837E—0i
9— 9 C.5246830’E 00

I • 0.3311443E.07

NODES VCLTAGES
1— 4 C.32121038E.-00 —0.22741430E—00 0.9’287805E 00 0.40073721E—0O
5— 8 0.7~ 8e165#E 00 —O.227R9641E—00 O.4 1893 $2 9E— 00 0 .32 12 104 1E—O0
9— 9 C.972N7714E 00

$W I T C~ 1 IS ON

1 • 0.3311443E—07

NODES ‘,CLT Ac-E5
1— 4 0.32167733E—00 —0.22925555E—00 O.97348746E 00 O,40131570E.00
5. 8 C.7 8Q5b ~~9~ E 00 —0.22~ 73920E—O0 0.41954306E—OO 0.32167736E.O0
9— 9 0.973’8655E 0’-

I • 0.1058197E—06

NODES VCL TAC.F5
1— 4 0.10229366E Cl O.47079632E—00 O.l~ C9603~ E 01 O .32900408E 01
5— 9 C.251~ 602SE C’ 0.47179047E—00 0.134P6478E 01 O.10229366E 01
9— 9 C.19096002E 01

SWITC~’ 6 IS CN

• 7 = C.1O5~ 1 97E—fl6

NODES V CLT A G F S
3,— 4 ~.10227c~5E 01 Q. 4706 5~,94 E— 00 0.190Q7744E 01 0 .12$9863 0E 01
5. 8 C .2 51~~~194 E 0 ’ O.47 165079 E—00 0.3~ 4 *462 2E 0 1 0 ,10227965E 01
9— 0 C.1 9 C5 77 15E 01-

A- i

.54

- - ~~ 
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7 = 0.3511953 —C 6

NCCES VCL 7AC .FS
1— 4 C.36’flBe9~ E 01 0.2~ 91L011E 01 0.~~ 044~44E 01 0.43544181E 01
5— 8 c.a32p7373E 01 0.29871907E 01 O.45522~ 77E 01 0.36408685E 019. 9 O.50044m5E 01

SWITC I - IS C~!

7 = C. 35 1195 3 F— O~
NCCE5 VCL T ~ c- E 5

1— 4 C ,34 4 099 6V E 01 0 ,2 M ~ 1L3O 5E 01 0.50044~~3E 01 0.435445~~E 015. p 0,832~7448E ol 0.2~~722oiE 01 0,4~ 522960E 01 0.36408964E 019. 9 0,50044 554~ 01

I 1.0000030E—06

NODES VCLTAC .E~1. 4 C.585142C2E 01 0.92 714269E 01 0 . 1 3 L 6 ~~136E 02 O.12478$B1E 025. 9 0-23702452E 02 0.92910255E 01 0.13045865E 02 0.98514194E 019— 9 C.131~ 61C7E 02

A - 3

-

~
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A PPEN DI X B 2134.4-597-67

C ~~ 7N, , A fit yPr’ r~~I. rOr’~ 9~4.4, x 471~
C rp C~~5’r I ;AT TCr ~~PLTF 

Y F~’
C r(~ 1. l~ JI LV 1~ 6~-
C

r’C .~~A I .YS T~ C~~?9
C
C T~- r CI ~’ Ct ~~T F~L F P ~F f ~TS
Pt ~( L , 0 ) . ~;: (’~3 ( .~ 2 )
~2 ~(4’1) 

,Q:1r 0r3~ .01)l~3 £ ‘ ( 4 . ( ) ,~~s? ,2~~3 ( . C2 ’
P4 r~(2.0)’P’=47E3 (.C2)PS ~(5’3 ’~~ 6’E~~(.C?)P6 ! ( 0 ,S ) , P :22 r ( . r2 ) , F : ,5
C
C C l .  2N ~ 30
P9 P U , 2 ) . R 73.3E 3,~ :0 .5c
B? ( t s . 2 )  .R 1(4 0
PlO ~ C 3 , 6 ) , p 1F6
~1 F ( 9 , 1 o ~~,L~F T A ~~ cC
C
C ( 2 .  2N93C
P11 p.! ( 3 ,4 ) , ~ :2p3,E:_ .6~
P8 ~- ( 7 , 4 ) . R c 1 f l C
812 N ( 5 ’ 7 ) ’ R 1F6
72 P( 11 , 12 ’ P r TA = 2 0 0
C

~CRSI CI~-~
,1,2,3’4.5

Pc~1NT ,CLPRrN15,I~PF X E CU -1 E

ELE~’ Et ~T CLRR ENT 5

BRANCI—F5 CL~ PF’~TS1— 4 C.?~2~9 g 2 9 E— O4 0•21 ’2021 -31 E— °4 O.56 6~~S7OE— O2 O .19725p5RE .03
5 .  p C .224~~6flP7E..0 ! O .58878510 E.O2 0,19629239E.03 O .56632851E.02
9. 12 0. ’~~2 19 13 1E— 0~. 0. 19629779E.03 0.20262797E’ .04 O.5663233g E—0 2

ELEPEN r P01~EP L(’~ 5F5

SRANC I-r~ PC~ EP I Cs5f5
j .. 4 0.?4R45lO7E’O~ 

O.
~
Q65Sl60E—O4 O.7O6t179~E.Ot O.l92R8l4’E—02

5 p C ,?’70096A E . fl7 O,?~266q59E.O2 — .3R53fl7O~E.O5 O.32O72799E.O2
12 C.2Is-~1422E— 0-, n ’7~ 7A169IL.03 ~.Ic q75714E—05 O.60452522E—O1

~‘bCP5T CASE SCLI. TTC~ 5 EC~ ~iCCF VCI TAOFS

NCDE ~Cfr if £C’-’T~’A1.
1 C .gA 1qI~~~1f Cl 0.QP43~ 77~ r 

f
~1 C.10t

~~q1c1E 022 C .q C4
~~~.6 7 4 E  Cl 0.Q2711534~ f li  0 .94946~ 1~ E 01

3 ~.1 ?q p 6 C ~~.,F~ 02 r’.l11~ f l 3 T 1F 02 0.1~~4 1 7 4 f f 2 E  02
4 C ,1?1~i7~ ’, ( F  C? ‘~,126~ 27a~ c 02 0,1? -~I0R3’E 025 C.2 ~~~3~~-p 4i t C? t

~.?~ 7r’ !4672E 02 C.? ~ -p77~ C q F 02

0 -S
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T i P 1 T A : 1 ’ ~C
T2 P~~T A : 1 ’( i

F X F C LI F

ELEI” ~ .i cL~
pr ,

~Y~
BRA NCI-F 5 CLPPF~’~ S1— 4 (

~.~~47~~127Sf— O6 O .2A O21 O7 4 E_ 04 O .SS -p33 3B5 f ~ O2 O.19319199E.035... c~ C ,2? P947 89[_ rll O .579l2912E ..02 O .19193649E..03 O.55623434E .02ç— 12 C .1253pIg2E— 0~s 0.19193902E..03 ‘.37009779E—04 0.55623750E.02

ELEfrEI¼ r P C 4 € P  LC~ s~ s

PRANCI—F5 P C- - - E F ~ I Cc 5F 5
1. 4 c.?~ g232gcE_o2 0.677rq62p~..04 ~

.6P
~ 36A25E—01 0.175418778.025. P .?4 ’~36C56E. O? O.73785920E..02 C .36839616E.05 0.309396658.029— 12 C.3~ 62gC5?E—O7 0.74206451E.03 0.273944748 .05 0.606762598.0 1 



IJSL Tech Memo

APPENDIX C No 2134.4-597-67

C ~CA P ,  H31 7 04,  A F T L T P f l T~1 I. COOE 934.4,  X 470
C 0EPiCN5 T R A T ! C ~ AW P LT F TE P
C PL~. 1’ 13 JULY 1966
C

A C A N A LY S T S  0678
C
C T I-’E C IRCUIT ELFfrFNI S
P 1 ~:(1,0),R i3q0E3
82 ~ C4.1),R l00F3
93 f (4,0).f~’2.2~ 364 ~(2.O),R:47E365 ~ ( 5 ’3 ) ’~~47E3
56 P~(O.5).R:220P7 ~1O.6) , R .1063 , E= 1
B8 Ic (6,1)’C lE.b

4 69 f (4 , 13 .C ’47E —1 2
p 10 N ( 2 , O ) , C a 4 , 78— 6
811 I~t 5 , O ) . C . 6 0 E — 6
C
C Cl-. 2N 930
812 N t t , 7 ) ’R . 6 0 0
513 N ( 7 ,2 ) , R ’ 15 0
514 P~( 3 . 7 ) ’R . 1 E 6
Ti P ( 12 , 14 ) ,PEIA.17 0
515 P(1.3) ,Cs9E.12
C
C 02. 2I~4930
536 I (3’8)’R’600
817 N( 8,4).R’é
818 I~( 5 , 8 ) . R s 1E6
12 9(1 6,18) ,PF1A 220
519 ~(3.5).C’cE.12C

FREQUENCY. 183
PRINT ,VCLTAGES
EXECUTE

FREC • 0.999990998 03

-

• 

1~CCE$ NODE VOL TAGES

NA G 1. 4 0.351937 148—0 1 ~.75720 7798 .O2 0.Q50 qp9 40E 01 0.94705 141F 01
— 0 . 12766 4 99 8 o2 —0.90 298733 8 02 0.17943008 03 0.179439468 03

NA G 5— 8 0 . 1 109 042 98—0 1 fl .4170 14 52 E —Ot O.343 q5 1228e01 0.949691328 01• PHA 0.P98 368288 02 .0.337042668 02 .O. j 3 0~~q527F 02 0.179439568 03

c — I

- 
—a-•~._f~- -~•— -~~~~ ——
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~‘c~~1rV
Fl~FCLE~ (Y: ,t (2 )  5?
F X F C L T c

FRFC C.9 Q~~~~~ 9 F— ~ 1

r’cO Ec t~C0E VO LT A C,E5

MAC’ j— ~ 0 .2 9 c21 3 3 8 F— r l O. 2ga2~~735 F—01 O.p4~~ 4424F—fl1 0.249312398—0 1
P~ A C •~~4 73P354f  02 0 ,847 1?4438 02 .0 ,ø73~ 07A 25 02 —0 ,873099335 02

TMAC ~~— P O .24~ 2~ e 5 5r — 0? fl .9907Q306 5 00 O. ?9 Q 1~~92 fl F — fll  O.249O222$5—0 l
P~4A 

r.92f)06992F r’2 ...fl,~~ 00fl725E.00 C ,~ 47377 42F 02 .0.873105035 02

FREC = fl,20’)00000F—0C

~CDES 
f\CI~E \,flLIAGE~

NAG 1— 4 O .c9 1 6A15 3F— 0l fl .5P~ 731365—O1 O.506917198 01 0.504822228.101
0.7gSS25C1F 02 0,795006758 02 —O.a40378028 02 —0.848362326 02

NAG ‘— p 0.4q9g72~ OF—02 (‘,gggl$9q48 00 O,~ g ’t6t371F—01 0.506263496—01
PHA C .g3p 19924c 02 —o,71?23165F 00 0.’9~~ 1274E 

02 —O.84937313E 02

FR EC • 0,39O9~ 990 F—C C -

I~00E v~~ L T A ~~ E~~

NAG 1— 4 0. 1133 17655—O() 0 ,117947935.00 fl,l0 ’107 1~~F—0 O 0.10666637F—OO
PHA 0.69677C768 02 0.695734278 02 .C’.P112’766r 02 •O.PllZllq7E 02

NAG 5. 8 O,tC513ô108 fl t 0.0g7014q55 00 0.1t~~ 0p4pF—00 O.106969628—OO
P~a 0,q6330763r o2 — O ,1.382P7188 01 0.69A74621r 02 —0,81122 9648 02

FR E C = 0.79~ 09~~ 9r 00

NOPE VCLTA (’Ec

MAC , 1— 4 0.~ 9~ 395~4!—00 ~.19~ 7c3955—00 0.2~ 2q26?2F.Ofl 0.7419;461r.00
‘ .c?r ~p 643b F o2 ~.5? 7 7q 137F 02 .0.7P7RQ 9 ?6F 02 — 0 . - rR7BAo t 3 r  02

MA( . 
~~

— p C.71~.0~~ l2~ —r’l 0,QO 0AR4I 3F 00 0 . lqA *, 9918. f l0  O,24261681F .00
( .c~~-~.tC l0~ “2 _0 .?5 4371 1~ 01 0.’~~ q1~~~1r 02 — O s7B , 8~ 9~ Or 02

c-a

- 

-- 
~~~~~~~~~~
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FR1 C = C ,l 6 O C I r n C F  01

• ‘cCE~ ‘.COF v 0 L TA ( E~
NA G 1 4 0,pl ,63262f—OC 0 ,7p ~ 7 19775—flO 0.~ , 100;27F 00 0,5597297 18 00
PHA C .-, 1~.1-7273F 07 0,~ 1fl76Ø3E 02 .0,p73?150 7F 02 •0.92319245E 02

WAG 5— p 0.~ 3746p 34F— 01 n ,Qqfl ?029?F 00 27760985F.O0 0.560293825 00
PHA f,cgs71C81~ 02 —0~43592455F 01 0,*l~ ?,4A48 02 .0,82 3208015 02

FRE.C • 0 .3 199~~ ’~9r 01

NCOES MC!~E ~rL,AGF:s

NAG 1— 4 0,-~1p 33Ct $F.10 O 0.11725$675.OO 0,1,0,46255 0) 0.120258445 01
PH4 0e t 2C85A 4P ~ 02 0,11 2567098 02 .0.q~231l7gF 02 —0 .90229898E 02

4 MAC i 5~ p 0 .11244 9 0 1F— 00 0,969106065 00 0.~ le3fl29RF— 00 0,1205q4048 01• PHA C ,74A3~ 4O2~ 02 —fl,773$6997~ 01 
0,)766#2315 02 —0,902307755 02

FREC 0,63999Q99f 01

NCC ES ~O~ F V O L7A OES

NAG 1. 4 O .3??45015F.00 0,~ 212 6407F—O0 0.?430 3405 01 0.242052648 01
— C . 44 p 8 63 6(~~ 01 .fl ,6l46 !8535 01 .0.1O0 A 07Aq r 03 —0.1O060703~ 03

WA G 5. p 0,206702785.00 0.044p5337E 00 0.322418048.00 0,24272i51F 01
PHA 0,51372955r (12 —0,146138095 02 —~ ,4’5?i~63qr 01 —O,IOO6O748F 03

FREC • O ,12’99999F 02

~‘C0ES ~0rE Vr ’LIAG E~
NAG 1— 4 0.292776998—00 ~.2973 9P95—0O 0.4~ 1ST70øF 01 0.449605018 01
PHA — 0 .71620 1708 02 .0 ,749333735 02 .O.l1~~-742a7 r 03 —0. 115742 548 03
MAC. 5— B C.?q,~5g 127F—fl0 0.fl 64 20756F 00 0.?I~7’0fl9F.00 0,45094$57F ~‘11P14 C .175g50A 7r 02 —O , ?7~ p4b 73 r 02 —~ .7l’o°~09r 02 —O. 1 1~~7~ 2ii~ 

(13

FPE~ 0,25’~Q~°~ 9~ 02

C -3

_ _ _ _  -
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~A (- 1— 4 O .2 ? 4 ? ? 5 0 7 f— 0 C  0.222011265.00 0.70?30606r 01 0.699472108 01P~.A ..O.’~~763315 F 02 .~,46367864~ 02 ..0,13~ 073R5~ 03 .0,136073695 03
NAG , 5. ~ 0.2P n 9~ 535F.r0 0,AAA Oe 3p 3p- 00 0,?24T~ R228.0O 0,701421885 01_ O ,2r~7pg 7A 3~ 02 .~

),454355W~ 02 _ 0,3991R6318 02 .0,136073qO~ 03

FRE C • O.51199Q’g F 02

P’Ct~~S F.ICOE VO L TA ( 5 S
TMA C . 1.. 4 0,1 3q44293r..ri C fl,t3~ 4rt 5475.oo 0~~~~42677p 01 0,$6293O58~ 01p14 A ..C,~21C46l3F 0? ..0,65142 8635 02 .0 ,1 c4g4248 5 03 .0,1548424 16 03
NAG 5. 8 O .19190548F..00 0,410155505.0O 0.? 302A57;p.oQ 0,965336005 01PhA .0,51549301F 2 .0,A12298008 02 .0.~ ?403yqA5 02 .0,154842456 03

FREC = 0.102400(08 03

NCCES NCO5 VOLTAGES

MA C ’ 1— 4 O.799059558.0t 0.72 707738.01 0.92!3 12738 01 0,924367635 01—0,523057098 02 —0,771567465 02 .0.1670029,5 03 .0.167002956 03
NA G 5— 8 C.1C4896678.flC fl.223307335.o0 0.7956R1037.01 0.926944305 01PHA .0,70763 9368 02 .0,685696218 02 .0.52m2 65145 02 0.167002965 03

C — 4
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?‘C!~ IF’ yF~ F C I. E C”~ 1C 0 ( 4 ) 9 8 F 3
F X F C L j T~

F R E C = C.99°9~~ 99F 02

NOr F V O LTAGES

W AG 1. ‘ O ,013962?3F .O 1 0,7392 16748.0 1 0,02701083 5 01 0,9232702 16 01
PI~A .C.~ 25134C1F 02 —0.768501435 02 .O ,l666q1~ 2F 03 —0,166691795 03

WAG 
~~

— 8 0,10,247165—00 0.226312065—00 O,Rj065l~ 0F—01 0.925843828 01
— 0 ,697927418 (12 — 0 ,6A4732298 02 —0,530260335 02 —0.166693918 03

FREC • O,39999Q995 03

P’CCEs NCr~E VOL T A GES

NAG 1— 4 C’.3922964S98—01 O ,1P~ 15 9?5E—0 1 0.050000898 01 0,946167485 01
PHA .0.26213C40F 02 — 0 .pi?816646 02 —0.177345058 03 —O.t7134510F 03

NAG 5. p 0,276650048.01 0.670367465.01 0 ,3pc1~ 512~.01 0.949804926 01
P I .sA —0 .p~ e ,Cc2a5~ 02 .0,560902535 02 —0 .267903575 02 —0 ,177345078 03

FREC ‘ 0,16000000E 04

PCC ES NOOE V O LTA G ES

NAG 1— 4 0.3466566 78— 0 1 0,47297422 6— 02 0,950 202538 01 0,946368348 01
PI~A .0.066347806 01 —0,017952725 02 0,177767218 03 0,177766966 03

MAG 5— B O .69703722F—02 0.376335025.01 0.33D~~ A7flF .01 0.949006346 01
PHA .0.g174q7035 02 .0.241964945 02 0,985184275 01 0.177767148 03

FREC • C.839990q4r 04

P~crF V0LTA~ E5

hAG 1. ~ 0.33 53641r .nl o.1.1~ Rt3375 .02 fl,03~ 7~ j 3 r  01 0.926497678 01
—f .12t5~ 72SF 02 — 0.100179255 03 0.1~.~’0?7206 03 O .l6~O262bF 03

~AC 5 $ ~,16031 ~41#r.02 0.34?63654F 01 O ,1?r~ 333~ 6— 01 0,q2q0qO~ 7# 01•r .1~~l66vcl~ 
03 —0, 1M~~47935 02 .).12?flC04~ r 02 0.168026018 03

C-5~
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FRE C = 0.256000008 05

NCCES NODE VOLTAGES

NAG 1— 4 0.262345755—01 0,225834165.03 0.7203)4995 01 0,717408426 01
PHA —0 .34127139F 02 —fl.12362528E 03 0.I3fl2209~E 03 0,139217215 03

NA G 5~ ~ 0.327930238—03 0.265803445—01 0.256103545.01 0.719408186 01PHA .0.129962845 (13 —0.352005945 02 —0.341322875 02 0.139219915 03

FREC • 0,102400005 06

NCDES NODE V OLTAGES

NAG 1. 4 0.106963608.01 0,230242366—04 0.264669955 01 0,263602096 01
PHA —0.474067905 02 —fl .137260575 03 0.106069575 03 0.106054476 03

NAG 5 B 0.301628225i n4 0.10$112925 01 Oe)O443719E O1 0,264336796 01
Pp4A .0.160771405 03 —0.4795~ 3605 02 —0.473874465 02 0,106064886 03

C- ’
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FPECU E~ CY $ 1O0 E 3 t 2 ) 4 7 F 6
F XECLTh

FREC = fl ,99999g955 0 5

NCCES NODE VDLTAGES

WAG 1 4 0,1088)6395—01 0.239850255—04 0.270514245 01 0,269422785 01
P14* .0,47c820835 02 —0,137433225 03 0.10643$655 03 0,106423918 03

NAG 
~~
. 

~ 
0,31c671O2F—04 O,1009Q6595.O1 0,106245445.01 0.270173725 01

PHA .0,160474678 03 —fl.4p132172r 02 —O,47~64I34r 02 0,106434075 03

FREC • 0,2000C000E 06

~CCES NODE V OLTAGFS

-
• 

NAG 1. 4 0.705342905—02 0.777574905.05 0,139551375 01 0.138988505 01
.0,373418518 02 — 0.12 7250465 03 0,992411245 02 0,982316265 02

NA G 5. 8 O ,01746005f—fl5 fl .7101q7995—02 0,480876705—02 0,139375775 01
PHA .0,1655920 15 (13 .0•37q477075 02 —0 ,37~ 154935 02 0.982519608 02

FREC = O.39999999F 06

NCDE S N ODE VOLTA GES

NAG 1— 4 0.558379048.02 0,30~~flt75.O5 0,703452155 00 0.700618355 00
PH* .0,23n224105 02 .0.112967975 03 0.03886q455 02 0,93p279545 02

NAG 5— p ~.20g30562F—05 0,559947q25—02 0,’4’50592F—02 0.702547986 00• PHA .0.163951895 03 .0,233948365 02 .0.230flO55q~ 02 0.938686195 02

FREC = 0,790990995 06

~CDES NODE VOLT *GFS

lAG 1— 4 0.~ 14194R7F— fl ? fl .l4I7~5175—O~ 0.35?4c0 78—00 0.351037586.OOP14A — 0. 12 534 9 08F 02 —0,t0?505535 03 O.q 1413~ 5~ 5 02 0.9129s7795 02

WAG 
~~ B C.5~~ 8725q F.06 0.514630305—02 O,~ 0?~ 1i~~1F—02 0.352009368—00

PNA .0.1551, 1546 (13 — fl,1 274q 9R3~ 02 —0 .1P~?1q 0s5 02 0.913771038 02

C-?
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= r •~ ‘0 .r c r8  r~

!‘COFS rcrs ~r’1TA GFc

MA(~ 1— 4 r . ?44 ,fl 1F~~~2 f~.A9 ’71110F—06 0,~~76~~173 lF.0O 0. 175624948—00
Pp~ — 0 ,~~~~~43 4 5F ~~ ol .~.~ 6RIq259~ 02 0.p96417975 02 0.89405923~ 02

M A E. 5. p 0,i~~~y~725F— ’~6 0,50?56713E—02 0,4~ 0q547PF fl2 0.176100g4F—00
PHA —C ,l3 ’~91519# t’3 —0,6946174 25 01. .fl,A~?152045 01 0,895695176 02

FRIC = C.31~~~90’ 9~ 07

NCrE VOLTAGE.c

MAC . 1— 4 0.699 34C ¾.F—02 O.34421779F—06 0.~ 8173i44F—01 0,81955329F—01
_O .4-2 2 7q$l75 (•‘1 .0.Q4~ 302215 02 0.P7690546F 02 0,972193855 02

MAC ’ 5. p 0 .6724074 1.5.07 fl.4 go37820 5—02 0,4~ 7~ 74 1tE—02 0.880733295.0 1
— 0 . 1 1  ~~~~ 03 — 0 .439449735 01 —~).43~ 442 7t F 01 0,975441425 02

FREC = O.63’ 9~ 9QqF 07

• NCC ES NCDE VO L 1AC ,E5

MA E 1. 4 0,~.q.~C,.1C8F.O2 0.17166 847 5.06 ~‘.440Q4252NO1 0,439921045—01 
-

PI-’A .C.lgpO,.153F 01 0,939767035 02 0,~ 6~ flp g 6p F 02 0.836512435 02

NAG 5— q 0’?7R71l048 01 fl .4g007p405 02 0.4~~h1552F O2 0.440610815—01
.O,1(1c162758 03 .0,4009C1102r 01. ~~~~~~~~~~~~ 01 0.842973215 02

FRIc • O ,12~ r0OC0r 08

PCOEC f~O08 VOLTAGFS

NA G 1. ~ 
O.~ Q~ 7,5 ?9F.07 ‘ ,~~s430742 E—07 0 .7?~ c9R00F.0l 0.22 1208205—0 1

P1
~A .C.55r,17761~ 01 .(1,g55 pg7445 02 0.7~~ 1gR 73F 0 . 0.,oqsoosor 02

W A G 5— p 0 .1~~~~~SS1,,r.rI 7 ~.4~ c777q28—02 0,4~ 4433Oe ~5—02 0 ,220763258—01
— C .~ 57p73 12~ c2 .O.54060059 r 01 .0,8590~0P0r 01 0.78245970r (12

8 R S C  = ~,7c ’.cr ~- r r ~ r p

C-a
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NA G 1. 4 O.48758C535—02 fl.420140695.07 0.11fl54~ 30F.01 0.11299616E.01.0.0853 (16925 o1 — (1.0gR5l977~ 02 0.677582395 02 0.649492145 02

NA G 5— ~ 0.681828668—O q 0.4p7SollgE..02 0,676435(145.02 0.111264268.01• P).
~A —0 ,897 151675 (12 —0~986023105 01 ..O,9857A3 S3~ 01 0~ 666aO3955 02

FREC • 0,511999996 08

r~CCEs NODE V O LTA G ES

WAG 1— 4 ~.459O034OF.(12 0.1977~ 8 195—o7 O.s5 7412~ 7F—0 2 0.605413715.02PH~ —0,190426085 02 —0,108041988 03 0.476626765 02 0,425098675 02
MAE 5 8 0.360125335.08 ~.45qO13235—O2 O.44r)511345.t12 0,571867345.02

—0,937508535 02 —0,190462795 02 —0 .180473915 02 0.459649815 02

C- ,
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C ~CAP. ~~~ 70 6, A F I L !P P I ”~I ,  COtI E 2136.4. X 470
C DFI~CN5TRATT0~J AMPLIFIE R
C RL1~ 1. 25 JA~~UA RY 1967
C IN ITIAL VOL TAG E S DERIVED FROM DC A N A L Y S I S  U TPU T DATA
C

TRANSI ENT ANALYS IS 0680
C
C THE CI~ C(!!T ELEMENTS
91 N (1 ,0),Rs390€3
92 Nl4,I).R$100F3
83 N (4 ,O )gR$2.2F3
84 Nc ;,O),Rs4753
95 N (5.3),DI47EI
86 N(O.5) ‘~~ 220.Ea25B7 N( 0,6),R11053
57 (1~~,0,t3,O,0,O,0,O.0,0.0,0,5E.1
88 N (6,1)’CslE .6,E0s9.8514202
89 N(4.1) sC 47E.~12,E0s—2,6274809
810 N (2,0).Ca4.7F—b .E0.—9.2714269
C
C 0). 2N930
811 N Il ,?) ,Ri253
812 lJ (7 .2) ‘Ru 122 .4E3 ,1OE6) •E•.O.55
$1 9u12 .112).ON
813 lJ(7,2)’Ru (1056.2 .5453).E .—0 ,614
S2 Ru13.(13).OFF
P14 N (7,2),R.(l086s1),E ..O.63
53 Rul4e (14),OFF
815 N (8,2),Rs100
816 N (8,3),Ru (2E6,1)
54 9a16.(16).OFF
817 N (3 ,8t.9u256
TI ~ (11,1 7),PFT*a220
818 NU ,3) ‘Cs9F—12,E0 ;3.3147159
C
C 02. 2N930
919 lJ(3,9).Ru253
920 N (9.4) .Rs (22.453,1056 ‘E•.0.55
85 P.20,(20).ON
821 N 19.4) ‘~‘(2,54E3,l0E6) ‘Eu.0.614
36 Ps21. (21).rN
922 l1 (9.4),R .(t,10E6),E=—0 ,63
$7 ~a22.C22),CN
823 N1t0 ,4)’PSlOfl
824 N (10,5),Qa (286,I)
58 R.24.(24).OFF
825 Nl5.10).P.2E6
72 R(19.25).55T41170
826 r~i3.3) ‘Cs95—12,E0z10.5363160
C

TIME STEP a 105—9
OLTPUT INT SRVAL a 100
FINAL TPIS a 205.6
PRINT , VOL TAGES
SXECUTE

I. 

I • 0. 

~~~~~~
_
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NODES ~.0LTAEES
1— 4 0 .9P4623Q ~ E 01. 0.977147605 01 0,131609635 02 0,124736938 02
5— ~ 0,23~~ 728’E 0? —0 ,519000135 .02 0.984422398 01 0,929398426 01 -

9— In 0.131 t~3 P 1 1 E  02 0.1.2961.4095 02

I • 0,99990q6~ —U6

NODES VO L TAGES
1— ~ 0,98464~21E 01 0,927142695 01 0.12387142E 02 O .11 695328E 02
5— p O .23706pfl0E 02 —0 .491092675.07 0,994444455 01 0.929412725 01 -

9— 1(1 C .1Z3?5149E 02 0.122217365 02

T • 0.1999999F—u5

NODES ~OLTAGES
1— 4 (1,984826915 01 0 .927 1426*E 01 0,1 16596455 02 0,109706635 02 -

5. p 0.230547748 02 —0,309145455.02 0,984608645 01 0,929567246 01
9. 10 0.11600A82E 0? 0.114646036 02

I • 0.2999997c—05

NODES VO L T AGES
1. 4 0,984945085 01. 0.927142755 01 0 .111057665 02 Q ,10420665E 02
5. 9 0.239Q6120E 02 —0.1P8tg~71E— fl7 0.98471709E 01 0.929668458 01
9. i~ O,11~ soe93E 02 0.1.08901925 02

1 a 0.39999948—CS

NODE S V OLTA GES
1. 4 O,98Sflfi72~E 01 0,927142755 01 0,t0631614E 02 0.994907805 01

~ 0,23951691E 02 —0 .429749495.03 o.984a47595 01, 0.929792586 01
9. 10 0.105190945 02 0.103968216 02

I • 0.49999895.05

NODES VOLTAGSS
1— 4 0,98513377E (11 0,927142755 01 C%,)030C)975E 02 O,96201170E 01
5— # 0.239017sOE 02 0.?90820955—04 O.98489025E 01 0.929831455 01
9— io 0,10250133E 02 0.100536365 02

T 0.59999fl45 05

NODES ‘fOLI AGES
1 4 0,985211345 01 0,9271427’F 0) 0.1.00344118 02 (1.91569901E 0)
5. n O.24~ 07225E 02 0.920891765.O1 0.904963268 01 0.929900895 ~19. 10 0.998700475 01 0.977~3~57E 0) -

D-Z
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T a 0.~~~~~~~~ — ’ 5

NODES ‘ (LT A G ~ 5
1— 4 0.9~ 5 2 2 A i ~>E 01 O ,9?7 142 7 5E 01 0.9~4769825 Cl 0,9)691850( 01
5— ~ 0 .2 4r2 3~ I 3 E  02 C .1~ 9 05?e6 F— fl2 0 ,98497504 5 Cl 0,929910796 ~1
9— 10 0.97~~ 1-~ ?3F 01 0.9~ 82R (5415 01

• T a 0.7~ 99~ 7 2F — ~ 5

NODES ~/OLT AG6S
1— 4 0,995;9ô(11E 01 0,927142758 01 0.98207664E Cl 0,914251335 01
5. o 0,24”27519E 02 0,183391575.02 0.985039145 01 0.929973515 01
9— 10 0.977252755 01 0.955400475 01

T a 0.89999625—05

NODES VOLTAGES
1. 4 fl.98579541E 01 0,927142795 01 0.982(191225 01 0,9142557 0~ 015. 8 0.240275425 02 0.l~ 726c87E—o2 0.995038588 01 0.929973216 01
9. 10 0.977257126 01 0,95540~ OAE CI

T a 0 .999995 1F—u5

NODES VOLTAGFS
1. 4 O,9139171,43E 01 0,927142755 01 (1 .992194905 01 O.91434629E 01
5. p 0,240245975 02 0.72705741,5.03 0.984929415 01 0,929865398 01
9. 10 0.9773477~DE 01 C.95569?715 01

I a 0.10999945—C’.

NODES ~‘CLT A GES
1— 4 0.985382035 01 0,927142755 01 0.982630165 01 0,914779375 01
5. 9 0,240241015 02 0,828027718.03 (1,984934535 01 0,929970595 01
9— 10 O.97778o79E 01 0.956147426 01

I a 0.1 199093F— (~4

NODES VQLTAG8S
1. 4 0 .9 8 5 1763”E  01 0.927142755 Oi 0,9’~22O482E 01 0,914356025 01
5— ~ 0,2402452’- E 02 0 .p 15qR7s~ E—01 0.99492933E 0) 0,929~6543F 01
9. 10 0.977157435 01 0,955707805 01

I • 0.12999928.14

• ~ODES V0 LT A G~~S1 4 fl ,95’74~~~3~ 01 
~,Q’71427cE 01 0.~ 79918pq5 01 0,912114026 oi

5— p O,24~ 7~~~ 1~ U? 0,1~ 865~645.O2 0,9~ 4 Q95 R45 01 0,97993093~ 01
9— 1(1 c.~? 7 c l 1c4 4 E  01. 0.953261648 0)

p-3
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T a 0.13999918.04

NODES VOL TAGES
1. 4 0,989188935 01 0,927147755 01 0.978405385 01 0,9)0577545 01
5. 9 0.240282135 02 0.103354455.02 0.984940895 01 0,929876105 01
9— 10 0,9?157~96E Ct 0,951749895 01.

1~ a 0.1499990 8—0 4

NODES VOLTAGES
1. 4 0.985315055 01 0.927142755 01 0,975548555 01 0,90775874E 01
5. p 0.240336915 02 0.234138975—02 (l,99505661E Cl 0,929990115 01
9— in 0.9707601,45 01 0,948609035 01

I • 0.15999898.04

NODES VOLTAGES
1— ~. 0,985272975 01 0.927142755 01 0,971273035 01, 0,903495315 01
5. R O.240363b9E 02 0.196897995.02 0,98501800E 01 0.929951538 01
9. IC) 0.966496695 01 0,944244835 01

I a 0,16999985—04

NODES VOLTAGES
1— 4 0,985280965 01, 0,9271.42755 01 0,948526455 01 O ,90076334E 01
5. 9 0,240390105 02 O,2C9 772595—02 0.985025355 01 0,929958595 01
9. 1(1 0,963764 135 01 0.94 1386765 01

I • 0.17999975—04

NODES V -CL TAGES
la 4 0,99533g1375 01 0,927142755 01 0,967732245 Cl 0,899985225 01
5. p 0,24041.2215 02 0,272619725.02 0,985078465 01 0.930011065 01
9 10 0,962986615 01 0,960475405 01

I • 0.18999866.04

NODES VOLT AGES
1. 4 0,985?8~ 5QE 01 0,927142756 01 0.967691035 01 0,899932185 01
5. p 0.240397955 02 0.222241805—02 fl,985027675 01 0,929960896 01
9— 10 0.962933565 01 0,940517075 01

I • 0. 19999 855—04

NODES ‘,OI TAGFS
1. 4 O.98c22e53E (11 O.9271.,275F Ot 0.069072125 01. 0,900299po5 01
5. ~ 0.240l70C)-~E 02 0,1702477e,5.,0; 0.984975385 Cl 0,929909215 01

D-4
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9 In 0,96~ 3 0 1 l 5~ 01 0.9409988 15 01

7 • 0.20009846.Q4

NODES VCLTAGES
1. ~. O,99528o815 Cl 0,927142755 01 0.969128205 01 0,900366495 01
5. 9 0.24C’1916~i5 02 0,233566765.02 0.985033465 01 0.929966435 01
9. 10 0.9631679F35 01 0,940973j3~ Oj

D-5 
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APPENDIX E

Outline of this Memorandum

INTRODUCTION

A. Contents of Memo
B. Purpose of Memo

II SECTION I: PROGRAM IZSCRXPTION

A. Purpose of EC AP
B. Three Programs in One

1. DC Analysis Program
2. AC Analysis Program
3. Transient Analysis Program

C. Usefuilnesa of ECAP

III SECTION II: PROGRAMMING SOF1VARE

A. Two Forms are used
1. Production Request
2. Fortran Coding Form

B. Punch Cards Used
1. Time Cards
2. Comment Cards

a. Line Spaces, etc.
b. Identification Cards

3. Command Cards
a. AC Analysis Card
b. DC Analysis Card
c. Transient Analysis Card
d. Execute Card
e. Modify Car d

4. Data Cards
a. The Standard Brach
b. B-Cards

V c. T-Cards
d. 14-Cards
e. S—Cards
f. Source Cards

(1) Non—Periodic
(2) Periodic
(3) Sinusoidal

-~~ -~~ 
-~ ~~~~~~ 4L
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g. Use of Data Cards
h. Continuation Cards
i. Limitations on Data Cards
.1. Maximum: 50 Nodes
k. Modified Data Cards

5. Solution Control Cards
a. For AC Analysis

(1) Frequency Card
(2) Modified Frequency Card

b. For DC Analysis
(1) Sansitivity Card
(2) Worst Case Card
(3)  Standard Deviation Card

c. For Traneient Analysis
(1) Time Step Card
(2) Output Interval Card
(3) Initial Tiimo Card
(4) Final Time Card
(5) Equilibrium Card
(6)  Short Card
(7) Open Card
(8) 1 Error Card
(9) 2 Error Card

(10) 3 Error Card
6. Output Specification Card s

a. For AC and DC Analysis
(1) Print Node Voltages
(2) Print Element Voltages
(3) Print Bran ch Voltage s
(4) Print Element Currents
( 5)  Print Branch Currents
(6) Print Element Power Dissipstions
(7) Pr int Miscellan.oua Output s

b. For Tran sient Analysis
(1) Print Node Voltages
(2) Print Element Currents

IV SECTION III: COMPUTIP~} PROCEDURE

A. Recommended Procedure
B. Demonstrate Proesdure

1. DC Bias Point Analysis
a. Draw DC Diagram
b. Model Non—Linear Devices
c. Document ECAP Data
d. Aasiat Computer Center Per sonnel

E-2
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(1) Have Cards Punched
(2) Assemble Card Deck
(3) Fill in Production Log
(4) Submit Data Cards
(5) Retrieve Output Data

2. DC Worst Case Analysis
3. AC Analysis (Frequency Response)
4. Transient Ana lysis (Step Response)

V SUMMARY

A. Restate Purpose of Memo
B. Restate Purpos, of ECAP

VI REFERENCES

VII FIGURES

VIII APPENDICES

E-3
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