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INTRODUCT I ON 

FOC~S is a SIMULATION tool for analyz in; the ?hysieal behav i or 
of point-to- ~oin: fiDer ootic c~~unications links. All 
c i rcu i t analysis i s performed in the freQuency oomain, then 
transformed into the : ime doma i n. Hence. a ll input waveforms 
are assumed to ~e period i c i n time. 

FOC~S conta i ns a collection of network subsections (circuits) 
from wh i ch t he simulation models are cons tructed. These mode l s 
represent the behavior of a c i rcuit or signal generator in the 
frequency doma i n . Three voltage sourees are included: GEN, an 
asymmetric per i od i c trapeziodal wave source; S INE , a periodic sine 
wave sourcei and SRC. a d igit i zed waveform with voltage specified 
at equa lly spaced t ime intervals. These source mode l s al l return 
the component of the source 1 , frequency spectrum at the des i red 
angula r frequency . All of the other circuit type models (T EE , FIBER. 
HPF, tAMP. lAMP. LINE , FILTER. SHUNT . SERIES. DELTA. BPF ) return the 
general c ircu i t pa r ameters (A . S. C, 0) for the particu la r circuit 
type at the spec ifi ed angular frequency. A simulation c ir cu i t i s 
composed of a ser ies of these cascaded two- terminal-pair networks. 

Once FOeAS is installed on a system , the user creates a simulation 
model by simply creating the mode l in a the file, e.g . "KOOELXYZ.". 
At the system prompt , RUN ,DCAS invokes the simulator . FDeAS 
prompts to the user for :he simulation model name as the only 
input required. 

Output vol tages are based on terminal pair d iffe renti a ls. FOeAS 
provides output in botn grapn i ca l and tabula r form. The graphics 
file s may be displayed d i rectly on REGIS terminals. Output data 
files prov ide an interface to gr aphing rou t ines for various otne r 
displ8 y dev i ces . 

FOCAS creates up to seven output files as spec ifi ed by control 
statements: 

MODELXYZ. TG 
/lODELXYZ.TD 

- time domain gr aph i n REGIS (always c r eated) 
- time domain data file (always created) 

KODELXYZ . FG • frequency domain graph in REG IS (created when 
contr o 1 line . FOG spec j f jed) 

MOOELXYZ.FD - frequency doma in data f i le (created wnen 
control line .FOG specified) 

I".ODELXYZ.PD • p'hase vs. frequency data f ile (created when 
contro Iii ne . POG spec i f i ed) 

MOOElXYZ.PG ~ phase vs. frequency graph in REGIS (created 
wnen cont r ol 1 i ne . PDG spec i fi ed) 

MODELX YZ. OAT - t imes at which output voltage waveform 
crosse s spec i fied vo ltage levels (creat ed 
when there is crossover or extremum da t a 



I 

page 2 

I I . BAS IC NETWORK ANAL YSIS ALGORITHM 
--------------------------------

FQCAS performs a ll network calculations in tne frequency 
dema in . then trans l ates the results back Into the t i me 
doma in by use of the fast Fourier transform (scbrout ine 
FFT842). Complex networks are broken down i nto s imp l e 
sections for whi c h the c ha i n matrices can be ca l cu l ated 
(Ref . Weinberg , pp.23- 26). The par ameters: J.. , 8. C. and D 
in the chain matr ix comp l ete ly describe the response of tn. 
network subsect i on as shown be low . 

I 1 +-----+ 12 
--> I I --> 

0---------1 1------------0 It. 

I I 
E I 

I 
I 
I 

I £2 
I 
I 0--------- 1 

I 

I I 
1------------0 I 
I 

+---- -+ 

Tne chain matrix is def i ned by: 

A 6 1 I E21 " (I) I I I • 
c 0 1 1121 II 

where the general circuit parameters are given 

(2) A • El/ E2 when 12 • 0 (open OUtput) 

by, 

(J) B • E 1/1 2 when E2 • 0 (ou tput shor ted) 

(4) c • Il/E2 when 12· 0 (open output) 

(5) o • 11/12 when £2 • 0 (output Shorted) 

Cha i n matrices ha ve the des i rab l 
matrices o f cascaded twO - te~' C, pr~oerty tnat the cna i n 

I 
" I' , mrna - pa r r su~ •• " 

mu tiP led togetner to d"-erm " h eC .. , ons ca n oe -.. rne t eben . 
network , The ill ustration on th aV r Or of the COl:'oo . " 
sho h h' e top of th f 1 1 • I t e 

ws ow t I S property i s app li ed, e 0 OW i ng page 
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+--- -+ +----+ +----+ 
I ; n ---> I I I I I I l out - - -> 
0-------- 1 1--- 1 2 I-- .--- 1 n 1-------0 

Un I I I I I I Eout 
I I I I I I 

0-- ------ 1 1--- 1 I-- . --- I 1-------0 
I I I I I I 
+----+ +----+ +----+ 

At:>t Btot Eout I Ein 
(6) I -

Ctot Otot lout I I in 

where : 

IAto! Stot l I" S 11 1"2 S21 I An Snl 
(]) I I - I I I I I I 

letot Ototj Ie 1 01 I le2 02 1 l en Onl 

A more useful form of these equat ions relates the output 
voltage and current to the i nput voltage and current: 

Otot Btot I Ein I I tout 
(8) I I - I 

Ctot Atot I- I in I I-lout 

It should be noted that the term "chain matrix" refers 
to the form given ;n (!) : 

I A B 
I e 0 



As an illustration , 
series im pedance Zl 
below : 

cons i der a network co~pr l sed of • 
anc a shun! impedance Z2 as snown 

+----+ 
0----- - - 1 Zl I---- ---x--- -- ---o 

+----+ 1 
+- ----+ 
1 ZZ 
+-----+ 

1 
c-- - ------ ---------- - X- -------o 

Th is conf iguration i s described by the product of two 
two chain matrices: Ml * M2 where Ml represents the aer l •• 
impedance and M2 the shunt impedance . 

Zl o 
(9) Xl - and XZ -

o l/ZZ 

If Zl represents a Caoac i tor. C, and Z2 • 
the networ k i s a simple high pass f i Iter. 
chain matrices are : 

rea i stor, R. 
'ihe lnd i v ioua 1 

lise I - j / wc 
- 1 

1 0 
s • jw Xl • 

o 

and 

o 
XZ • 

l/R 

The chain matr ix for the network. Mtot, is: 

This 
wi th 

Mtot ., 
(1 +Z1 / ZZ ) 

l/ZZ 

Z 1 1 

1 -
1 

i s precise ly the resu l t shown f 
the inductance. l, equa l to 2e or '0. 

(1 ~ 1/sRC) 

l/R 

l i se 

the HI'F (Sec ti On I V) 
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III . OPT 1 C~l F1S~R MODELS £ ENHkNCEMENTS 
-----------------------------------

The opt i ca l fiber mooel in rOC.(.$ tak.es into account chromatic: 
dispersion: in termodal dispersion; fiber attenuation; and the 
mi smHch between the mi n imum dispersion h'2I velen;th of the 
fibe r and the maximum optical power wavelength of the source. 
I t i s assumed that the cab l e response can be treated ~s the 
product of transfer functions due to the individual effects: 

(lO) GtO!( .... · . L) .. P C",' ,L ) '* Gc("' , L) 1', G (\<o') 1: Ga (w) 
!..EO 1M 

(11) Gtot (w ,l) • cable response at angular frequency w 

P (w , Ll 
LEO 

Gc (101, L) • 

(1 4) G (w) • 
IX 

(15) G. (w) • 

and wavelength L 

• optical source output power at 
angular frequency wand wavelength L 

fiber cnrcmatic d i spers ion transfer 
function at angular frequency wand 
wavelength L 

fiber i ntermodal dispersion transfer 
function at angu l ar frequency w 

fiber attenuation transfer function 
at angular frequency w 

The fiber optic caDle i s modelled by ~ s i ngle network subsection 
with characteristics of both the optica l fiber and the optical 
source . Mathematical det~i 15 are g iven in Appendices t t & 111. 
Each of the individual physical effects is d iscussed separately be l ow. 

k . SOU~CE SPECTRUM 

The normal ized optical transm i tter power spectrum is approximated 
or a Gauss i an .... ave l ength distr ibuti on. 

(J 6) P (w, L) • ---------- exp! - (l - Lc) "2/Z"2) where 
LEO Z'SQRT(PI) 

(17) Z • F/ [2 i :sqr dln 2)) - standard devi at i on of the 
source spectrum 

F - wi dth of the spectral source at half power in 
nanometers 



B. CHROM~T I C DISPERSION 
--------------------

. dis ers lon cocfficlen~ 
The FISER mode l approx Imates the

h 
S~l1meier equation. 

f ibe r wi t h a constant based on /t, e
m

_
km

) is given by: 
~~. . nt 0 inns n • d i spersion coe ., ICle , 

' 1 B) 
I 

o - 1.176 * SQRT I 00**2 
I 

'0 . 85*So*FIIH/I) **2 I 
- -------------------- I 

8 I 

where one has: 

Lo • minimum d i spers ion wavel e ngth of the (Iber 

Lc ... peak power wavel ength of the source 

of tn« 
Th. 

So. s l ope of the dispers ion curve In ns/(nm·*2-km) 

FWHt'i "" source ha l f max . spectra l width 

So lc - Lo**-'4 I 
(19) Do ... )II: -- ---- I 

\ Lc**.3 I 

The express ion in equation (19) is the c lassical re.presentat l on 
of t he Se ll me i r equat ion . Equation (18) wa s suggested by S I.cor'. 
Dieter Schickentanz and his t r eatment of chromatic d ispersion. tnt" 
modified by empir i ca l data. The. v a l ue of 0 g iven by e.quatlon (18) 
can be t hought of as an average dispersion value weighted Dy th. 
source ' s spectra l d i str ibut i on. 

An experiment was run in which sev en d ifferent ED's were u.ad to 
exc i te two d i fferent opt i cal f i ber cab l e p l ants. ano the. 10-gC% 
ri se and fal l t imes of the output wavef orms comcarec With preGlctions. 
Aopend ix I conta i ns the specifications of tne cables and ED. 
u~ed in th i s experiment . Figur es 1 anc 2 s how the resu lts. 

The SIECOR po i nts i n t he Fi gures correSDond to the values Dr ed 1c ted 
using Schick entanz ' s ciispersion and bandw i cth summ ing eQuations. 
These re l at ionsn i os assume t ha : al l fibe.r freQuency response.s 
fol low Gaussian d i str i cut ions and can be. su~,u!d acco-dingly: 

(20) -------- : ------ + .. . - ------
BWtot**2 8Wl**2 

SIMER points use t he s ame cab l e model 
that t he value of 0 is not mu ltlpl ie.a 
as in equa tion (18). 

.s 
by 

FOCAS. wi th the e~cept l on 
the. factor of 1.176 
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It is evident from the Figures that the FOCAS model provided 
the best prediction of the output rise and fall times of the 
models avai lable . However, the disprecanc ies with the measured 
va l ues are of some concern. Su~sequent rev i ew of the data showed 
some l aek of repeatab il ity in the measurements due to changes 
in ~ he fib er pi~tai Is through wh i ch measure~ents were made . 
~lans have Deen made to reoea: tnese tests and perform others . 

In add i tion . the s imula: ion runs a ll assumed s impl e rounded 
trapezo i dal edge shapes wi thout r i ng ing for the LEO's, wh i le 
ooservation showed that. particular ly for those l~O's wi th large 
d i ffer ences between precicted and measured results. t he transisitons 
actuall y had a good deal of r i nging . There are present ly experiments 
oeing run to determine the importance of exactly mOde lli ng source 
turnon and turnoff characteristics. 

I t is antic i pated that the chromatic dispersion model in FaCAS wi II 
undergo further refinement as more data become available. Appendix 
III conta i ns the der ivat ion of an alternate optical fiber model wh i ch 
includes firs: order dependence of dispers i on on wa velength: 

(2 1) O(L) - O(LO) + 0 ' (L)'(L-LO) + 0 " (L) '[(L-LO)"2) / 2 + 

whi ch reduces to: 

(22) 0 (Ll - SO' (L-LO) 

bec2luse d i spersion var oi es I inearly with wavelength near La, 
and La is def i nee as the wa ve I ength at wh i ch 0 (LO) is ::!ero 
ane o· (La) is equal to SO (Ref. 2). 

Modif i cations which simply requ i re that a d ifferent expression be 
used to compute 0 can be made directly in SUBROUTINE PRECALC . 
The d ispersion calculation i s labelled i n the calcul2lt ions for the 
Tyoe 7 Ci rcu it . More complex mOdels, show i ng the expl ic i t wavelength 
dependence o f a can be added as ne .... · network types . Append ix IV 
conta ins basic integrals and identit i es to ass i st in future 
mod i f i cat i ons to the f i ber model (s) . 

The ef f ect of chromat i c dispersion is to de lay wavelength component 
L DY an amount. T, proportional to fiber length . X. This delay 
results i n a phase shift as shown in equation (24). 

(23) T· O*{L-lc)t:(Xft*Qc) .. de lay introduced to spectral 

(24 ) 

component at wa velength l with 
respect to Lc 

Qc .., chromatic l engt h sca l e factor 

Gc (w) - , xp [ jw'T} - phase shift i ntroduced to spectral 
component at wavelength l with respect 
to a component at the central 
wavelength, Lc 

- ,xp[ jw*O* (l-Lc) * (X'*Qc») 
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C. FIBER ATTENUATION 
-----------------

d to be e xponential w' tn 
The fiber attenuation is ass ume 
effect ive fiber l ength. X**Qa 

(25) Ga Cw) = exp{- K* A} • fiber trans fer function due to 
attenuation 

(26) A" [ro.;. rw1: (l-Lc)]ft(X**Qa) - fiber at:.enuatlon I n 01 

(27) K" (I n 10)/10 - 0 . 2306 - dB converslon factor 

ro .. DC optical power attenuation of the fiber 
in dB / km 

rw - wavelength dependent optical power attenuation 
of t he fiber i n dS/(nm-km) 

Qa .. attenuation lengtn sca l e factor • •• str.led eQual to QC 
(chromatic 1en9:h scale factor) In pre •• nt f i BER 
mode l . but not in a l ternate model . Acoend l x .1' 

O. I NTERI'IOOAL 0 I SPERS I ON 

The inteZ"'modal d i spersion of the fiber is described by • Cays. I an 
distribution of effective opt i ca l path length (X f' X ) 5 . e • _. • 

(28) G (w) - exp{ - (d"2) } where 
1M 

(29) d .. (0.1325 l·' w 1< Xeff) / FI 

(30) 8m .. FI/Xeff .. modal bandwidth of the fiber In 
G i gaher tz 

FI ~ cab i e bandw i d-.h due t . o I ntermoaa l dispersion 
in GHz - km 

Xeff .. X:::':Qm = effecti v e moda l cab l e l ength 

x 

Qm 

'" fiber phYsi ca l 1ens:th in ki IOl':"leters 

- in:er moda l leng - h $ca l e • ~ , ac tor 
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,. FIBER RESPONSE 
--------------

Corr.:'ining all of the phys i cal effects , one obtains the fiber 
response function, Pee .... ) : 

.... ith Gtot (w,l ) defined in (10) . 

Detailed evalua-::ion of integral (31) is given in Appendix II 
for the case in .... hich equation (18) is used for dispersion : 
Appendix III for the case in which equation (22) is used for 
dispersion. 

Tne ;eneral circu it paramete:-s for a two terminal pair fiber 
model are then given by : 

(32) A • 0 • / P. (w) 

(3) B • C • o. 



NETWORK SUBSECTION MODELS 
-------------------------
The network subsection t ypes a r e as f o ll ows : 

GEN _ A trapezo i dal wave form vo l tage generator 
S INE A s i newave gene rato r 
tAMP Vo l tage dependent voltage generator 
lAMP _ Vo l tage de pendent current generator 
TEE _ The standa r d T c ir c uit .... I th •• r l •• L and .hunt C 
DElTA The standard PI ci r c u it .... I th .er l •• L and ahunt t 
LINE A transmi ss i on li ne. skin .ffect for .tr l D1l na 
FIBE R - Fiber opt i c cab l e d ispera l o n moa. -
HPF - High Pass F i Iter 
XFDRMER - Transformer 
FILTER - Cosine frequenc y doma in fl Iter 
SH UNT - Polynom i a l expr e ss i o n for a Ihunt Impeclncl 
SERIES Po l ynom i al e xpre s si o n for a le, l e. I p.da~ca 
BPF Bandpass f i Iter 
SRC - User de f ined inpu t wavef o rm 

A, GEN Network 

- --I 
I I 
+ I LPF 
V I 

I 
I I 
--- I 

I 
1--- 1\ 
I I \ -- R --0 
I I / -------0 
1- 1/ 
I 
I 

• 

The GEN i s 2 per iod ic trapezo ica l 
by low pass filter and a un i t y v I wavefor~ generator ( 01 l ow d 
output impedance equa l to R. 0 ta ge ga.n buff.r ~ . th an 

/ -------\ / \ / \ 1- - -----\ 
V / \ 1 

o~ =======~ _ __ _ ___ \ _________ / 1 
-------------

<-- - Pit.' --> 
<TR> 
<-----'--- -

<- DEL - > 

-------
<TF> 

PE R -- _____ _ > 

--------
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Parameters: 

P\oI - "ideal" pu l sl!! width. i .e. the time between 
the decis ions to turn on and turn otf 

TR. - 10-90 ~ r i set ime (lead ing edge) in nanoseconds. 

if - 10-90 % falltime (tra iling: edge) in nanoseconds. 
(dohul t-TR) 

PER - pulse repetition period in nanoseconds 

AMP - pulse amp l itude in volts, def au l ts to one. 

DEL - pulse delay in 
leading edge. 

nanoseconds, measured 
Defaults to zero. 

from thl!! 

8\01 - filter bandwidth in gigahertz. defaults to 
50 di vi ded by the risetime. 

DC - DC vol tage offset in volts , defaults to zero 

R - generator output res i stance in ohms , defaults 
to zero . 

If several GEN sect ions are cascaded together to form a data 
stream, FOCAS automat i cally sets some conditions to s implify 
user i nput. FOCAS compares the risetirnes of the first two 
CEN sect i ons. If they are not equal, and the second is nonzero 
(j .e. not to oe se t equal to the first ) . a dual slope l ead i ng edge 
i s assumed. If the y are equal. or if the second r i setime i s not 
speci f ied (I .e. i n i tia lly zero). a single s loped leading edge is 
i!!5sumed . For the single slope case. TR . TF. and AI'IP are all set 
to the values spec i f i ed for the first GEN . For the dual slope case. 
all odd numbered GEN's are assigned the TR.. Tf. and AMP values of 
the f i rst GEN; a ll even numbered GEN ' s rece ive thl!! values 
specified by the user for the second GEN. 

In a ll cases. only the first GEN need spec ify PER and 8W. 
Whenever any o f the input parameters is missing frem a 
subsequent CEN spec ifi cat ion. FOCAS automatica lly determ i nes 
whether to use the s ingl e or dual slope model. 

S imi l arly. FOCAS automat i cal ly checks if the f i rst and last 
bit s in a period i c data stream are one ' s. If there are 
Dotent ia lly over l app i ng one l s, i .e . , the optical transmitter 
does not have t ime t o completely turn off before rece ivi ng another 
signal to turn on. FOCAS will combine the first and l ast GEN ' s 
while preservi ng the data i ntegrit y , wi thout driving the transmitter 
output beyond i ts maximum level. 
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h sical ov.rshoot 
, II heck i ng. nonp Y PREt" C 

Wi thout this lIoverlapp i ng 1 54 c Id occur. Subroutine 
, .. ' ure wou • to produce behavior as shown In r Ig kl and correctiOn 

per fo rms the over l app i n~ 1' 5 ;h:C c~par i ng the tast GE IS output 
the waveform shown in F l gu~~ ~ Yof the pu lse ganerateo by the 
pu l se with the secon~ repe~ ItiOn 
first GEN in the str i ng. 

The correct i on a l gor i t hm wor ks 
which result in overshoo t : 

(34) PER + 00 < 0 1 + PI 

or 

for the cond 1 tion. by check i ng 

(s •• F I gur. 6) 

(35) (OI+PI < PER+Oo < 01+PI+F ) . and. (Ol+Pl+f > PER+O.m\l 
(s •• F l gur. 7l 

where: 01 _ pu l se de l a y of the last (NGEN-th) tEN of the inpu t 

simu l ation mode l 

PI - i deal pu l se width o f the last GEN of th I nput aodet 

00 - pU l se de l a y of the firs t GEN of tn. Ino,,! _.1 
Po - idea l pu l se wid t h of t h e f I rl t GIN of tn. in~t _.1 
PER - per i od o f the data stream 

R -0-1 00% ri se time of the lource (sa",. for all CE .. ) 
F - 0-100% fa II time of the source (same for all C!~ · . ) 

When either of these cond i tions i s encountered. subrOYtlne III1t[Cl C 
modifies the input s i mu l ation mode l by rephc l ng the ,.,t C[W 
wi th a GEN wi th correc t ed pulse wi dth. Pl, and then droop ing the 
first GEN. The corrected pu l se widtn is calculateO to ca.clne 
the input bits represented b y the or i g i nal model ' s nrst Ind last 
GEN IS . 

06l Pl - Po + CORR 

(37) CORR - I (PER+Oo-O l) I 

Invok i ng the overl app ing l ' s correct i on results in _ ~e l "" t 
(NG EN-I ) generators. where NGEN i s the number of C"u, • 

" I ' I· d IF· (, t.n sin t • ortS l na , s lmu atlon mo e. Igure ill ustr.t I 
d GEN I es the 0" g ~ 

and cor rec te pu ses cor respond i nr. to cond .. ( · ·7 .... " I • Itl On) rlgure s "ows til e o rlglna and corredted p 1 
to cond i tion (35) , u eel correspond lr.g 

Check i ng only occurs between the f i rst and I.s • 
I t i s assumed that the user has e xer c ' s d teEN Sect1on,. 
internal GEN sections to e liminate th l e eire In aat ining III 

, e poten tia' f overshoot the ma xi mum HI GH l eve l , or s gn..h th.t 
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6. SINE Network 

SINE is s i newave generator whi ch in the frequency coma i n i s 
! delta fUnction at the f requency fo . It has a n output impedance 
Po. In the time domain : 

f( t ) - AMP • SI N (2 PI f t + PH I) + OC 

Pa rame t ers: 

At'IP" Peak s i newave ampl i tude, def au lts to one . 

F .. sinewave freq uency in GHz, must be an exact 
mUltiple of the simulat i on reciprocal 
period . 

OEl • delay i n nanoseconds, defaults to zero . 
(PHI - -w * OEL) 

DC .. dc vol tage offset i n volt s, defau lts to zero . 

R .. generator output resistance in ohms. def au l ts 
to zero . 

There are no general circu i t parameters for SINE. As a 
source generator. i t i s represented by i t5 frequency sprectr um. 

.... 
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c. TEE Network 
-----------

0----- R1 --- II -+---+- l2 --- R2 -----0 

C G (R) 

I I -------0 + -+----------0----------------- --
Parameters: 

RI . R2· series res istances I n ohms . default to z.~o. 
Will have a skin ef f ect component I t " or t1 
are spec ified. res pect ively. 

LI. L2 - ser i es inductances in nanonanr l ••• a.fau ' t 
Will have an i nterna l inductance c~pon.nt 
F2 are specif i ed respect ively. 

to Jero. 
f F 1 Of 

c -

G (R) 

Fl . F 2 

shunt capacitance in nanofa~ad •• defau l ta to 2aro. 

- shunt conductance in mho •• d.fau't. to zaro . 
Either G or R (in ohms) may be spec l f i ee. I ' 
both are spec ifi ed by ml.ta~e. the R v. l ue 
super cedes the G value. 

a The skin effect break frequenc l •• I n C I 9'h.~tl: 
Defined as the frequency at wh i eh the '~ I " a'fa<t 
resistance i s equa l to the dc r.a l atance . S In 
e fft!ct res i stance and Interna l I nouelanee a". 
assumt!d to be squart!-roo t f~eauenc¥ dependent . 
Defau l t to i nf inity (no .~ I n e'feCl). 

The s kin effect model i s: 

Rac - conductor res i stanc::e _ R I SQRT ( ,. _ 

for c::onductor I (RI,LI) where F ,'S "h f 
.. e requanc),. 

Xint ~ i nternal tond c::t . 
u Or Induct i ve r.aclance • Aac • ~ 1 

for conductor 
(R2 . l2) . 

1. Appropr iate subst i tut i ons ar. 
210. , o r co,-.c,., tor 2 
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O. FIBER Network 

FISER models the chromatic and intermoda l d i spersi on. and 
attenuat i on los ses in an optical cab le . The model assumes 
i ntermodel d i spersion bas ed on a gauss i an d i str i bution of 
path l engths and chromat ic dispersion based on a source wi th 
a gaussian spectra l density and a linear material d i spersion 
coeficient for the cable. The f iber cable dela y i s not incl uded. 
The frequency response, p(w) . of the cable is given by: 

2 2 2 
-a+b-c -d - j2bc 

P (w) • e 
Qc 

a-KAoX & Static attenuat ion term 
Qc 

b - K K' Aw FWHM X - Wavelength dependent attenuation 
Qc 

c -.., K' FIIHM 0 X - Wavelength dependent time de l ay 
Qm 

d - 0.1325 w X IF I • Intermoda l d i spersion 

K - 1n(10)/10 

K' - 1.1 (4 SQRT (1 n 2» 

Parameters: 

Ao -

Aw -

DC opt i cal power a t tenua t ion of cable in db/ km 
Defaults to zero. (Same as ro in models. section III) 

wavel ength depende nt optical power at tenuat i on in 
db / (nanometer-k i lometer ). Defaults to zero. Note 
that Aw is pos itive when attenuat ion increases with 
wavelength. (Same as r", in mode l s. Secti on III) 

FWHM - optical source half power f u ll bandwidth 
i n nanometers. Defau l ts to zero. 

LC - opt ica l source center wa ve l eng th in nanometers; 
used in ca l cu l at i ng 0 when LC spec ifi ed with 
LO and SO 

LO & cab l e minimum d i spers i on wavelength in nm .; 
used in calcu lat i ng 0 when Le. LD and SO 
specified 

SO - slope of cable d i spers ion curve at LO in 
nanoseconds per (nanometer**2 ) -k i Icmeter; used in 
ca lcul at i ng 0 when SO. Le. and LO spec i fied 



page 16 

F 18ER NETWORK (cont . ) 

---------------------

00 • 

FI c cab le bandwidth in GHz-Km due to I nteraod, 1 
d i spers ion. Defau l ts to I nf ini t y. 

x. cable length in Km. Defaultl to zero. 

Qm _ Intermodal length seale factor (d.fault- n 

Qc _ Chromat ic length scale factor (08'au lt- 1) 

o _ f i ber mater ial dispersion coeff i c i ent In 
nanoseconds per nanometer-k ll omet.r; 
If 0 i s zero or not spec i f i ed. 1 t I . 
calcu l ated from I nput parameter. Lt . lO . 
SO us i ng the equat i ons be l ow : 

I (0.85 x so x FWH **2 
{SQRT I 00**2 + 

I 

so LO**4 
(Le - ---- ) 

Lt··3 

) 
8 

Sellme l r ' l Equat i o n 

The cha in matrix parameters f or t he FIBER mod. 1 a,.a g iven Dy: 

A • 1 / P (w) B • 0 e • 0 o • I/P (w) 
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E. HPF Network 

~ high p2SS fi I ter or Be coupler. 

0----- C ------+----- 0 
I 
G (R) 

I 
L 

I 
0--------------+-----0 
Parameters: 

C - capac i tance In nanofarad. must be present. 

C· shunt conductance in mhos. e i ther G or R 
must be spec i fied. 

R - shunt resistance in ohms. i f present i t 
overrides an input G value and G - l/R. 

l • shunt induc tance in nanohenries. defaults 
to zero. 

The genera l circu i t parameters for the HPF arc given by : 

A • Ar + j 11 A j 

L 
Ar • 1 - ---------- --------

C (R"l + (wL)"2) 

- R 
Ai • - --------- ---- -- ---

wC (R"l + (wL)"2) 

B· - j /(wC) 

C' l/(R+wL) 

o • 
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F. EAMP Network 
------------

tAMP i s a vo l tage dependent vo l tage 
bandwidth and output r es i stance . 

genera t o r wi th. spe c f l ad 

R ---0 
0---
+ + 
E i E - GA I N X E i 

I 0 ______ -+ ______ _____ 0 

Parameters: 

GA IN _ vo l tage ga in . defau l ts to one 

BW _ filter bandw i dt h i n g i g ahertz. de f a u l t s t.o SO d i v i d ed 
by the mi n imum r i s e ti me . 

R. genera t or output res i stance In o hms . defau l tt t o z.ro. 

The f il te r does not change the infin i te i npu t i mpeda nc e of I 
and has the low pass fi l ter f requency doma I n r •• pon •• : 

1 
F (w} • --------- --- - ----

1 + j .,/ (2 P I BW) 

The general circu it pa r ame t e rs a r e g ive n b y the f o l l ow i ng r.tlt lons : 

wo - P 12* BW (P 12 - & . 28 •• • ) 

d • • [ 1 + J * .,/ WO ) 
GA IN 

A - d 

R 
6 - R*d ., .,., [ 1 ... j 11. w/ WO J 

GA IN 

10 " (- 9) 

R*GAIN 
• [ 1 + j * .,/ WO ) c· (d / R) * 10.O-9 • ---------

10" (-9) 
o • d*10**9 - -----------

GAIN • [ 1 + j * .,fWO ) 
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C. I AMP Ne twor k 

l AMP is a voltage dependent current generator with a specified 
bandw i dth and output conductance. 

0---
+ 
EI 

----------------+--0 
I 

-CAINXEi 

I 
I 
G (R) 

I 
I I 

0-------+---------------+--0 

Parameters: 

GAI~ - current gain in mhos. defaults to one 

BW - f i l ter bandw idth in gigahertz. defaults to 
50 d ivi ded by the minimum risetime. 

G - generator output conductance in mhos, defaults 
to zero : 

R - optional output res i stance in ohms . if present 
G - I/ R: overr id i nQ an i nput G value. 

The filter does not change the i nf i n i te i nput impedance of l AMP 
and has the low pass filter frequency dom·a in res ponse: 

f(w) - ----------- ---- --
I + j wi (2 P I aW) 

The genera l circuit par ameters a re g iven by the relationships: 

WO - PI 2 • aw (PI2-6.28 • . • ) , 

d • • [ I + j • w/ WO J 
GAIN 

A - G*d a - d 

o • d* (J 0"-6) 
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H. LINE Network 
------------

str i p li ne of l ength 
. d 1 for a rec t angular 

Transmission li ne mo 7 ze 
X and cnaracter i stiC Impedance . 

---------------- 0 
0------- () zo ) --------

----------------
0 _______________ -1 ________________ 

0 
<_______ X ------> 

Parameters: 

ZO _ character i st i c Imped ance In ohms 

TO - . de l a y in na noseconds per unit X propagation 

X - l i ne l ength 

R _ series line resi s t ance I n ohms per un i t X 
Defau l ts to zero . 

TC _ stripl i ne conduc t or th i ckne ss I n ce, Uled t o 
calcu l ate skin e ff ec t . De fau l ts to zero; ~ 
s k i n effec t . 

we - stripl ine conductor wi d th I n em. tn ls op ti ona l 
parameter will ca l cu l ate R i n onms /~. If 
pr esen t . wi ll over -ri de an input va l ue tor R. 
Skin effect assumes Wt» Tt and a symmet riC 
strip ll ne. 

Q - relat ive condUctor r es i s t i v i ty compa r ed t o 
copper. Defaults to one. 

D - die l ectr i c loss t angent . assumed to b. 
i ndependen t of frequency, i . e . • the rea l 
part of the shunt impedance has the .... 
fr equency dependence a s t he imag i nar y pa rt 
(capaci t ive reactance) . 

Fl . F2. F3. KI t K2 - generate a v a ri a ti on In li n e 
capac i tance a s a funct i on of f requ e ncy. 
Defau l t to zer o . 

Conductor losses wi ll not be ca l culated i f both Rand 
or absent. C are zero 
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The frequency v ar i able capac i tance is A piece- wi se linear model 
wi th log frequency as follows: 

The val ue of line C is computed from the i nput v alues for 
ZO and TO. and the capac i tanee per un it l ength i s: 

F < Fl. C 

F 1 < F < F2, C • (l + A 1n(F / F1) ) 

.2 < F C • (1 + A 1n(F2/F1) + B 1n(F /F 2) ) 

Where A • K 1/1 n (F 2/F 1). K1 is the fractional change 
in capacitance from Fl to F2 

B • K2/ln(F3/F2) . K2 is the fractional change 
in capacitance from F2 to F3 
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I. FILTER Network 
--------------

Computes the response: F (w) • 

N 
COS (w 

To) If fa not speclfl u 
and 

o--+-
+ I 
E i G 1 

N 
FCw) • COS (w/~.fo) I f f o I . Ipod f , " 

----- R2 ---0 

+ 
E - E i X 

N 
COS (w To) 

I 
I I 0_-+ ___ __ -+-__________ 

0 

Parameters : 
Gl _ Shunt Input conductanct . ahOI . 0. ' , 1u to 

zero . 

Rl - Shunt input res l •• nce, on-• • I f '~C I ' ... 
repl.ces Gl whe,.e Gl - l /A 1. 

R2 - Ser i tiS output re, l , t.nc • • 0,.. • • De' . ul U to 
zero . 

To - Function pe riod. n_no,.conol . 

N • Power for raised cOl i ne, defau l ts to 1. 

Fo - Locat ion of f i r t I I ' If • zero n ".'00"'. " f . 
present, overr l d •• To. wh.r . ~ 

To - 1 / (~ fo) . 

The cha in matri x paramet ers are I g ven by: 

A • 1 I f (w) B • R2 I f (w) C - ;1 I I • 

o • 0 
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J . SHUNT Network 

Prov i des a shunt impedance expressed as a polynomial: 

234 
AO + Al*S + A2*S + A3*S +A4*S 

Z • K -----------------------------__ _ 
2 3 4 

60 + 81*5 + 62*5 + 83*5 +B~*S 

Where: S • j 100'; the complex radian frequency 

Un its must be consistent. and a seal i ng in the fre quency 
domain will seale in the output time doma in. 

To avoid dividing by zero, the real part of the numerator 
-I. 

i s not allowed (by the program) to be less than 10 
In addition. if none of the 8 i coeff ici ents ar:e specifi ed. 
80 is automatically set equa l to one. 

Input pa rameters are: 

AD. AI . A2. A3. A4. 80 . 81, 82. 83. and 84 as the 
coefficients described above . Each defau l ts to 
zero (with the e xception o f 80 as described above). 

K - scaling parameter, def au l ts to 1 

EXAMPLE: 

0------+----- -0 
I 
R 
I 
L 
I 
C 
I 

0---- --+- - ----0 

The chain matrix parameters a re: 

A • 

C • liZ 

Z • R + s *L + 1 I (s'C) 

AO • 1 
Al • RC 
A2 • LC 

B • 0 

o • 
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K. SERIES Network 
-------------

Provides a series 
.,mpod.nce e xpr e ssed as a po l ynomi a l: 

Z • K 

2 3 4 

AO + Al*S + A2*S + "'3*S + ... .... S 
-------------------------------- 23 4 

80 + 81*S + 62*S + 8 3*S +84.5 

Where: S _ j w; the comp ' e ~ rad i an frequency 

Units must be cons i s t en t. a nd a .c.a ll ng I n the t r .q1H~l' 
domain will scale in t he ou tput t i me d~a l n . 

To avoid d ivid i ng by ze ro. the r •• l part of the 

is not a II owed {by the pr ograa> to be 'e •• than 
In add i tion . i f none of the 8 1 coeff i c i ent • • r. 
BO is automat i ca lly se t equal to one. 

~rator 

.1' 
10 • 
• ~If ed t 

Input parameters are : AO. A I . A2. A} . ..... . 10. I L 
B2. B3 . B .... and K. 

AO. A~ • . A2. A3. Alt. BO. Bl. 82. 83 . and a a. l". 
coefficients descr ibed above. Each defau l t. \ 0 
zero (with the except i on of BO a. d •• cr l b.d abOVe). 

K - scaling par ameter . de faults to I 

EXAKPLE, 

0---- R -- L -- C - --- 0 

0---------------- ---- - 0 

The chain matr i x parame t ers a r e: 

A -

C • 0 

Z • R + .*L + I / h *t l 

8 • Z 

o • 

. , • __ t 

II · t 
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L. DELTA Network 

0- -+----+- - ---- R 
I I 
I +--------
I I 

Cl Gl (Rl) 

--- l --- ----+- --+--0 
I I 

RP ----------+ I 
I 

C2 G2 (R2) 

I I I I 
0--+----+----------------------+---+----0 
Parameters : 

R - series resistance in ohms. defaults to zero. 

l - series inductance i n nanonenr i es. defaults to zero . 

RP - para llel seri es resistance i n ohms. defaults to infinity. 

Cl . C2 - shunt capac i tances in nanof.rads. def au lt to zero. 

Gl (Rl). G2. (R 2) • shun t conductances in mhos, default to 
zero. Either G or R (in ohms) may be spec ifi ed. I f 
both are spec ifi ed by mistake, the R value supersedes 
the G value. 

The general c i rcuit parameters are given by the fo llowi ng re l ationships. 

Case I : RP defau lt s to infini ty: 

A • {1.+ G2 *R (WO*2)*C2*l] + j*{wl'G2+wR*C2) 

B • R + J Owl 

C • [Gl+G2 + R*{Gl*G2-Cl*C2*(WO*2)]-Xl*{wGl*C2+wG2*CI]J + 
j it {we 1+wC2+R* (wG J1: C2+wG2IrC 1) +wl '* (G 1 *G2-C 1 C2* (w**2) } 

o • {l . + Gl*R - (w**2)*Cl*l) + j*{wl*Gl + wR*C l} 

Case I I : RP finite: 

l e t d • {(R+RP) *'2}+{ (WO) l**2] , •• RP*(R*(R+RP)+wl"2)/d, and 

b - wL*RP** 2/ d, then: 

A - ( 1 .+G2 *a-wfcb* C2) +j1: (G21rb + w*a*(2) 

e-a+jftb 

C. (Gl + G2 + . *(Gl*G2 - CIC2* (w'*2) - b*(wGI*C2+wG2*Cl)] + 
j*[wCl+wC2+a*(wGI*C2+wG2*Cl) + b*{G l*G2-C1C2*(WO*2)]J 



pogo 26 

BPF Network 
-----------

r ... pon ... 
BPF i s a bandpa~s 
is trapezoida l In 

" th a frequency ( ) In 
f ilter model W I lor frequenc y w 

) s angu log pew v . 
10 

Ie 
octaves " 

The bandpass region is shown below! 

<- - P (U ) • P (18) • 1. 

<- - P ( .. 2) • 0.5 
p(wl) •• 5 - -> 

I 
A 

I I 
wI AA m 

I I 

I I I 
BB .. 2 8 

. a function of frequency I" 
The phase shi ft as I to -PH for w>w2. 

I and constant equa nd 
for w<w. h' ft ' s 1 i nea r with frequency. • the phase s I I 

m. between wI and w2 : 

PH 

I 

I 
wI 

Input parameters are : 

-PH 
I 
..,2 

Fl - frequenc y in Gigahertz at the low freQu tIC 1 d 
1?oint of the trapezo i d (corresPOnd i ng to wI) 

F2 - frl!quency i n Gi gahertz at the high freQuenc., ) d 
poin t of thl! trapezoid (corresPOnd i ng to ",2) 

51 - slope of the l ow frequency eelg. of the VaM20.G 
in dB / octave (defaUlt _ 6 dS/octav.) 

52 - slope o f thl! h i gh frequency edge of the trapoazo ld 
in dB/ octave (defaU lt _ 6 d8/ octave) 

K -gain (ddaUlt _l.) 
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PH • constant ph~se shift for fr equencies l ess than or 
equal to wi . and the nega tive of the phase shift 
for frequencies greater than or equa l to w2 

The chain matrix for the Bandpass filter is given by: 

A-l/f(w) B - 0 

C - 0 0-0 

The transfer function. F (w). for the bandpau fi Iter is 

f(w) - P(w)'exp{ j'PH1) 

where pew) i s g iven by: 

o for w < A or w > B 

for AA < w < BS 

,I w 
P (w) - O·S • {10 •• [ • (--- - 1)J) for A < w < AA 

10 wi 

,2 w 
10 •• {- • (-- - - 1) ) for 88 < w < B 

10 BB 

and the phase sh ift . PHI. i s given by: 

PH w < wi 

PHI • Ps .. {w-m} wi < loll < w2 

-PH w < w2 

The v a l ues of A and 8 are found by sett ing P(A) .IO*.-~ 
and P (8) -1 01(111: -4 . 

AA - wI • (1 + 3/ ,1) 

BB - w2 / (1 + 3/ ,2) 

A - wI • (I - 46 .99/ 51) 

B - BB • ((SO/ 52) + 1) 
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N. SRC Network 

-----------
SRC is not a true network section in the sen,e that I t 
mode l s c i rcu it behavi o r . Rather. it prov i des the I nterfac:. 
between FOCAS. and the user defined f l Ie . SOURCE.DTA 
whi ch conta i ns a d igit i zed input deta stream of I nt.r •• t . 
The purpose of pr ovi d i ng this interface I. to allow the u •• r 
to investigate comp l ex edge behav i or (turnon and turnoff 
r i ng i ng) of rea l opti cal sources. 

SOURCE . OTA ma y conta i n either the time o r frequenc:y d~ l n 
represen t a t ion of t he i nput waveform . The numbar of po i nts . 
NT. in SOOURCLDTA must be a power of 2. les. than or equa l 
to 8192. For ti me domain data. the input for.at I s 
FORTRAN F20.3. For frequency doma i n data. I t I , fORTRAN 
2E I 6 .2 . (See User' s Guide . sect i on II-A-3 for ..... p l .' .) 

In add i t ion t o requ i ring that a da ta f i I. named SOURCE . DTA 
be i n t he d ir ecto ry, the exp l i c lt I nput paramaters ar. : 

NT 

OT 

PER 

_ number of po ints in SOURCE . OT" ; .ust be • 
power of two, less than or .qua' to 8191 

_ ti me · Interval betwe.n con •• cut lv dau po l nn (n.) 
or.angu~ar !requenc:y Interva l b.t...,.en con.~ut l v. 
points In Glgarad l ans /sec: 

• period of waveform In ns 

TY PE - 1 if SOURCLOTA 
2 if SOURCE. DT. 

con tains 
conta i ns 

frequaney doa.e ln " .Dt.sentl 
t l •• da.a ' n ,..p .. ..... nUt l on 

R • source output res istance 1 n ohms. defau l t.s t o zero 
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v. FOtAS PROGRAMS 
------------------
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FOC~S consists of two FORTRAN routines: FOCAS.FOR and FFT8~2. 
A 20,OOO-page page f ile quota is required to link FOCAS. 

A. DATA FLO~ 

FOCAS_ANAlYZE i s the skeleton of FOC~.s. It calls all 
of the subroutines to read and interpret the simulation 
mode l . perform the network analysis. and write the 
output f i 1 es. 

0) SIMULATION MODEL DESCRIPTION DATA STRUCTURES: 

---------------------------------------------
Data about the network subseetions ' circuit parameter values 
is passed in the COMMON array RLC. which i s created in sUbroutine 
INPUT. In add i tion to setting up circuit parameter matrix RLC. 
INPUT cal ls subroutine CONTROL which interprets the control 
statements i n the simulation mode l ; generates output pointers 
NEYE, NFF. and NPPi and def ines structures to eontrol the 
voltage l evel crossing calculations as descr i bed below. 

INPUT writes the simulation model's filename to AFILE. 
and generates names for the output files based on AFILE. 
For a model in file /'IODELXYZ •• these other files are: 

BFILE • I'IODELXYZ.TG - time domain graph output file (REGIS) 
DFIL£ - I'IOOELXYZ.TO - ASCI I time domain output data file 
FGLE - I'IOOELXYZ.FG - power spectrum graph output file (REGIS) 
FOLE - I'IODELXYZ.FD - ASCII power spectrum data file 
PGlE - I'IODELXYZ.PG - phase angle graph output fi Ie (REGIS) 
POLE - I'IODElXYZ.PO - ASCI I phase angle data file 
CRlE - I'IOOELXYZ.OAT - ASCI I fi Ie with voltage crossing times 

and extrema times and values; timing jitter 

INPUT also creates the vector KIND. which is a pointer to the 
c i rcu it type for each of the network subsect ions. K I NO (N) is 
used to define the network type for the N-th subsect ion: 

KIND (N) • 1 <---> GEN 
2 <---> TEE. etc. (see Parameter l'Iap for RLe for 

further detail - next section) 

The period of the waveform. PER. is also passed in COMON. 
and is taken to be the maximum of the periods of all the 
generators in the model . . 

The generator output impedance is taken to be the sum. RGEN. 
of the Internal res i stances of all the generators i n the 
simulation model. and is passed in CO~ON. 



b) CONTROL OAT' STRUCTURES 
-----------------------

The fo ll ow ing structures have the i r va l ues de fined In 
subroutine CONTROL. and a re passed i n tO~ON: 

NOUT _ vector o f pointers to l ocat i ons o f .OUT stat .. ents; 
NOUT (K) i s the number o f the c ircu i t e lenlent afur 
which the K-th .OUT statement appear s: NOUl I . 
i nitiall y set in SUBROUTINE CONTROL. and I. l a t e r 
corrected i n SUBROUTINE PRECALC If o v er lap pinG l's 
case was encoun tered between 1s t and l a s~ I nput eEN 

/'\OUT _ number of .OUT statemen t s in the s i mul at ion mod. I I 
MOUT mus t be less than or equa l to 5 

KO _ vector of pointers t o those .OUT statame nts wh i ch 
specify that. e xtrema also be c al cu l ated; KD(J) - I 
if the J-t.h .OUT a l so requ ir es e x t r ema •• 1 •• KO(J)-o 

IF F • pointer indicat i ng tha t the numbe r of frequency 'en., , 
NF . is to be lim i ted to 8 19 2 t o s pe.d up calculat i on, 

NCROSS (S.3} is a matr i x o f po i nters t o tho ••• OUT 
statements wh ich request that crolsl ng tien •• for VI. V2. 
or V3 be computed . NCROSS (K. J ) 1 I equal to o n. I f 
.Vj U-I.2. 3) is specif i ed In the K- t h .OUT .t.t .... nt 
In the s imulat ion mode l. 

VOLT {S. 3) conta ins the values of the c ro •• l n;' 1 
VOLT(K,J) ind i cates that the K-th OUT t t ave( .. 
I d f • • • ement "''' l en I . ocate a ter networ k s\Jbsect i on NOUT(K» 1 
FOCAS i s to calculate the ~jme. a t wh o h VJ· P•

C ft., that 
.e - VOlT( .J). 

Add iti onal contro l pa rameters t h t 
CONTROL and passed as parameter salna ra def i ned In .ub~ou' ln. 
sequence are.: the .\Jbrout t ne calli nr; 

NEVE_j " 
NFF ~ an EYE patte rn I. r eQu l recs 

• 1 I f power spectrum , 
NPP • 1 i f phase sh i t c:. eu l at ' on reQuired 

requ i red t "s. frequenc y c. leu et ion 
DC • vector o f DC w.ve for. 

the var i ous OUT off'.ta for 
VOFF • Vert ica l aXI~ 0 stat enu 

. EYE statement ~fse.t; •• t In the .f 
ze ro Vo lts In thO sh ift IOC.tl~ of 

TOFF - vector of hori . e t ime oa.. n ;raph 
f onta' sh'l , o the .OUT ,t a or •• e 

- number o f c ' etements NC 
mode l I reu l t sub •• cl ion, in t • 

TO IS - t ' Ime i nterv a , t o b 

FS 
hor i zonta l a xl. i & graphed . I~ t • 

- full sca l e Ver t ic:lllm~ 00.. n ;r.~, 
time doma i n graph ·.'1 I.~th or 

or 
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Definition of the modeJ's circuit and control descriptions i s 
complete when subroutine INPUT i s exi tted. Next. subroutine 
PRE CALC does some ini tial setup calculations and data massaging 
of c ircuit parameters. Intermed i ate calculations wh i c h need be 
perf ormed only once because they are not frequency dependent are 
performed in PRECAlC. An example of such a computa tion is the 
multiplication of resistance times capac i tance. R*C, wh i ch is 
needed in each frequency calcu l at ion. but does no t change. so can 
be done only once for al l . then passed through RLC. PRECAlC 
also checks and correc ts f or overlapping leading and trailing 
ones i n the input data stream. 
PR~CAlC also returns : 

NGEN • number of generator in the model. 
after overlappi ng " 5 have been 
el iminated 

NF • number of frequency terms to be calculated 

c) NETWORK CALCULATIONS ANO DATA FLOW 

----------------------------------
After all the initi a l setup. FO CAS i s ready to perform 
the deta il ed network analysis. This is a ll performed 
i n the fr equency doma in , then inverse Fourier Transformed 
back into the time doma i n. 

The freq uency doma in analysis is performed i n subrout i ne 
TRANSFORM. At each frequency, TRANSFORM wil l calculate the 
network response at each of the MOUT .OUT statements. 
The treatment of the internal generators and the c i rcuit 
subsections is somewhat different. The user specifies 
t he generator's t ime domain behavior . but FOCAS automat i ca lly 
converts this waveform into i ts frequency spectrum. 
This is possible because the spec i f ic gener ator models in 
FOCAS al l have simple, standard fourier series representations. 

For add i tiona l generator models. Which must exhi b it mor e 
deta il ed source behavo i r, one def i nes a function, SOURCE. 
which wou ld Fourier Transform the i nput waveform using 
subroutine FFT842. then return the frequency component 
when cal l ed by SUbroutine TRANSFORM . 

A circuit's behavior i s dete rmi ned by is chain ma trix . 
wh i ch i s a simple a l gebra i c f unct ion of the c i rcu i t 
par ameters . The A. B. C, D parameters of the cha i n 
matr ix are calcu lated in the subroutines or functions 
ca ll ed by t he subsec tion type name, e.g. CEN. TEE, BPF. 
They are then stored in COMMON array ABCO. 

ABCD • array of A. B, C. 0 parameters for each two terminal
pair network 
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ABCD (N , I, ]) - A fo r N-th networ k 

ABCD (N, 1,2) -B for N-th network 

ABeD (N.2 . 1) - C f o r N-th n e twor k 

ABCD (N,2,2) - D for N- t h net ..... o rk 

. ne t ..... ork. one angular 
TRANSFORM wor k s t hrough the ent I r e

h 
DC t erm (w-O) and 

"me start i ng at t e 
frequency at a t l • (2 * P I/PER) up to t!"le 
steppi ng by an amoun t equ~ 1 (~F -1 ) * (2*P I / PER) • 
maxi mum angu l ar f r equency. 

SFOR~ "II c alculate the respon •• 
For uch fr equenc y, TRAN oW: t h e s u bs ection respon ••• 
of each subsec ti on , the n mu l t l P y t the 
together to f i nd the en ti r e net ..... or k' :~:~~~::~n •• thUS 
particu l ar f r equency. The frquenc y EW(S 8192) 
ca l culated is re t u rned i n the COMON array O~ Ou,. 
The firs t i ndex o f EW po i nts to whi c h of the '" • h 
wav eforms i s desc r i bed . The s econd 1 nde" 1 nd I ca t •• t • 
frequency t erm. Thus, 

EW (K , I X) - complex frequenc y r espons e o f the networ~ 
after the NOUT(K)-th c ircuit subsection. 
( I. e . a f ter the K-th .OUT statUOlent) 

I f an ov er t 1 ow cond i t i o n is de tee t ed dur i ng the COCIP 1 u 
mu lti plicat ions in TRANSFOR~ . I FL AG is set •• nd the 
f r equency ca l cu lati ons w i l l be t e r minated b.fora ell ,. 
terms hav e been computed . An e rror me ssage I s then pr 1nt.ed 
to a l ert the user . 

Once the comp l ex frequency domai n r e sponse of t.he n.twor 1. 
known. the power s pectr um. phase shift. and tl .... doaa 1n 
computat i ons a r e performed d irec tly in FOCAS ANALYZE. Tne •• 
wav efo rms ar e a l l c a l culated a t one network Tocat. l on at • 
t i me" At t he K-th . OUT sta t emen t (after sub.ect l on NOIJTUO) . 
the rea l and i mag i nary parts o f t h e frequency r.spon •• • r. 
found: 

RX ( IW) • real part o f EW(K , IW) 
RY(lW) - imag i nar y part o f E (K,I 

The power ~pect r um is then s I mp ly the comD'ex magn , tude 
of EWand I S pass ed to GRAPH I CS in the tO~ON .rray fOUT . 

EDUT(K , IW) - SQRT « RX (l W).* 2)+(RY(IW)"2» 

The phase an g l e i s the arctan(RY(IW) /RX ( 1 ) and • a h o 
pas sed th r ough COMMON array EOUT. 

To f i nd the t i me doma i n respons e f h 
. OUT. subrou t i ne FFT842 mus t i nve~$etf: n~twor after t. -th 
f r equency r epsonse after Ute NOUT (K) _ ur I er transfor. t. e 
The inpu t wa v ef orm and i ts tran f th SUbsection. 
HT842 i n arr ays Rx and RY i n ' ~ orm a~ e passed to and If .. 

I S calling sequence. 
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The time domain response is the real part of the inverse 
fourier transform of the fr equency response. It is passed 
to support routines CROSS and GRAPH ICS in COMMON array 
EOUT (5 .8192). 

Subrout i nes CROSS and GRAPH I CS oper a te on the wavef orms 
stored in array rOUT. Thus. when graphing the power 
spectrum rather than time domain response on the network. 
FOur must be copied into EOUT. Similarly. when graphing the 
phase angle output, GOUT must be copied into EOUT. 



2. CALLING STRUCTURES 

FOCAS_ANALYZE 

FOCA$ ANALYZE is the s ke l e t on of FOCAS. 
of th; subrout i nes to read and In te rpret 
mode l, perform the network ana ly s is, and 
output f i 1 es . 

It cal,. .11 
the sll.ul.t l on 
wr ite the 

VARIABLES: CHAR AFILE. ANF. CHAR BE LL. CHAR BF ILL CHlR CRLE. 
CHAR DFILE . ERR. CHAR ESC. PDIS. CHAR FOLE. CHAR 
FGLE. FS. I. ID. IERR. IFF . IK. IRR . K. I\OUT. NC. 
NEH. NF. NFL NFF. NGEN . NPP. CHAR POLE. PER. CHlR 
PG LE. P12. RGEN. TO IS . VOFF. CHAR W132. CHAR vaO. Zt 

ARRAYS : ABCD. DC, EDGE. EOUT . EW. KD . KIND. ,.,CROSS, OUT. Rl 
RX. RY. TOFF. VOLT . 

FUNCT IONS AND SUBROUTINES REFERENC ED: CROSS. FFT842. GRAPHICS. 
INPUT. IITHSATAN2 . IITHSSQRT. PRECAle. TRAHSFO~ 

SUBROUT INE BPF (N.W) 

Returns the A. B. t. 0 paramete",. for a aanopa •• 
Filter model led as a trapez i od I n Log pCw) vs w. 

(TYPE 15 CIRCU IT) 

VAR I ABLES: A, AA. B. 8B . F. FF. K. N, PHI. P12. S1. S2. 
W2. ZERO 

ARRAYS: ABCD . RLC 

FUNCTIONS AND SUBROUTINES REFEREN CED: IITHSeos. I\TH5SIN 

FUNCT ION BRACKET(T .X) 

• KEEPS .THE TRUNCAT ED VA 
LUE OF T BETWEEN 0 AND 1 

VAR IABLES: T. X 

SUBROUTINE CONTROL(II.NC.ITEII.TO IS T 

I. 

NFF . NPP) • OFF.OC.FS.VOFF.IERR.NE • EYE, 

PERFORMS CONTROL STATEII' 
.NT PROCESS ING 

• 
VAR I ABLE S: FS. I ERR . IFF J 

NEYE, NFF, NJ: CHA:' M. MOUT, 
CHAR TAB. TOIS. VCFF NCW • NPP. 

Ne. NCO C . .~ 
NVAR. RGE • CHl 

ARRAYS: DC. CHAR ITEII KO 
NOUT . TOFF. VC'LT • KIND, CHAR NAI\[ • MCROSS. 

FUNCTIONS AND SUBROUTINES 
REFERENCED : DIGIT 

*'0, III 
SPA. 

ARt 
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SUBROUTINE CROSS(AFILE.CRLE.NF.TD IS. TOFF . NEYE) 

• COMPUTES THE CROSSOVER TIMING. MAXIMA. MINIMA. 
TIMING JITTER. AND PER CENT NOISE MARGIN OF 
WAVEfORMS PASSED IN COMMON ARRAY EOUT. WRITES 
RESULTS TO FILE CRLE 

VARI ABLES: CHAR AFILE. AJ. AN I . AN2. ANF. AXI. AX2 . CHAR CRLE. 
DELT. DELTT. I . ICI . IC2. IN. INN . IND. IN02 . INX. 
I VH, IVL, IVLO, I VM, IXN, IXX. J, J1. J2. JH, JL. 
JLO. JP , JT , K. KDER. ~, MAX. MAXO. MOUr. N. Nl. 
N2. NDER, NE YE . NF , HM. PER. RGEN. TOIS. TJ 1. TJ2 . 
TO . Vl. V2. VO 

ARRAYS: OERMAX. OERI'\ I N. rOUT. EW. IVN, IVX. KD. KIND. MAXMIN , 
NCROSS. NMAT. NN. NOUT. NX. RLC. RN. TO. TMAT. TOff. 
VI'lAT, VOLT. XTO 

fUNCTIONS AND SUBROUT INES REfERENCED: fORSCLOSE. fORSOPEN 

SUBROUTINE DELTA (N.W) 

• SOLVES fOR THE A.B.C.O PARAMETERS fOR THE PI CIRCU IT 
fOR THE Nt~ NETWORK ELEMENT AT fREQUENCY W (TYPE 3 CIRCUIT) 

VARIABLES: A. B. BC I. BC2. D. GI. G2. N. P12. R. RP. W. XL. 
ZERO 

ARRAYS: ABCD. RLC 

fUNCTION OIGIT(M.ln".IERR) 

• CONVERTS A CHAR ACTER STRING TO A NUMBER 

VARIABLES: A. I . IERR. J. K. l. 1"" CHAR N. PLUS 

ARRAYS: CHAR INTEG. CHAR ITEM. TEMP 

SUBROUT I NE EAMP (N. W) 

• RETURNS THE A. B. C. D PARAMETERS fOR A VOLTAGE DEPENDENT 
VOLTAGE SOURCE WITH EXTERNAL RES ISTANCE AND A DEfiNED 
BANDW IDTH (TYPE 6 CIRCUIT) 

VARIABLES: D. N. P12. W. WO o ZERO 

ARRAYS: ABCD . RLC 

1 
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SUBROUTINE FFT842 (IN. N. X. y) 

• THIS PROGRAM REPLACES THE VECTOR Z-X+ IY BY ITS f INI ( DISCi!" 
COMPLEX FOURIER TRANSFORM IF IN-D (FREQUENCY DOMIN TO TI , 
DOMAIN). THE INVERSE TRANSFORM I S CALCULATED fOR I . ,. I ' 
PERFORMS AS MANY BASE 8 ITERATIONS AS POSSIBLE AND !N FIN' 
WITH A BASE 4 ITERAT ION OR A BASE 2 ITERA I ON IF HEEDED . 

VARIABLES , Fl. FN. I. IJ. IN. IPASS. J. JI. Jl0. Jll. J12. Jil. 
J14. J2 . J3. J.4. J5. J6. J7. J8. J9. J I . Lt. L10. ttl 
L12. L13. L14. L15. L2. L3. L4. L5. L6. L7. L8. L5. 
LENGT. M. N. N2POW. N8pOW. NT. NTHPO. XTl. P7. P,I. R 

ARRAYS: L. X. Y 

FUNCTIONS AND SUBROUTINES REFERENC ED, H AN . SQRT. R2TX. R n. Un 

SUBROUTINE FIBER (N.W) 

* OPTICAL FIBER MODEL - Re~urns A. B. C 
(TYPE 7 CIRCUIT) • 

VARIABLES, AO. AW. H. N. P. PH I. P12. W. WTC. 

ABCD. RLC 

II. HRD 

ARRAYS : 

FUNCTIONS AND SUBROUTINES REFERENCED, MTHSDCOS. TMSOElP. IPI: 

SUBROUTINE FILTER (N.W) 

• DELAY LINE F I L TER /IODEL ( TYPE 12 CIRCU IT) 

VARIABLES : M. N. P. P12. Q • W, X. ZERO 

ARRAYS: ABCO . RLC 

FUNCTIONS AND SUBROUT INES 
REFERENCED , IITHSDCOS 

FUNCT ION GEN(N.W) 

* RETURNS 
FOR THE 

THE VOLTAGE G 
Nth NETWORK E~~~~ATOR FREQUE CV co 

NT AT FREQUENCY 
VARIABLES: At . AMP AP 

PH I. P l i PW AR. BETA. C. Of 0 
• • TFt'l. TRI"a '. O~t. 

ABCD . RLC • O. ZERO ARRA YS, 

F UNCT IONS AN o SUBROUTINES 
REFERENCED, IITHSDCOS • 

• . .. 
~O. N. '!'. 

• SOSI 
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SUBROUT INE GRAPHICS(AfILE.BfILE . OfILE . N,.TOIS.TOff.OC.fS.VOff . 
1 NEYE.IO) 

• WRITES TO THE OUTPUT fiL ES 

VARIABLES , CHAR AfILE. A,S. AMP. ANf. AO. AVOf f. CHAR BF ILE . 
OELT. CHAR OFILE, DT . EO. EOH. ESC. FS. FWD . I. 
10. IFF. IN . J , K. M . MOur, NEYE. NF , NP. NT. t.fn. 
OUT. P2. PER . RG E •• T. TC. TOIS . TG . TG2 . TGO. 
TINC. TO . TOUT. TS . VOFF. Y 

ARRAYS , OC. EOUT . EW. KO . KINO . NOUT. ORO. OUTPUT . TOrr 

FUNCTI ONS ANO SUBROUTINES REfERENCEO, BRACKET . fORSCLOSE. f ORSOPEN 

FUNCTION GSIN(N.W) 

• RETURNS THE SINEWAVE GENERATOR FREQUENCY COMPONENT 
FOR THE Nth NETWORK ELEMENT AT FREQUENCY W (TYPE 8 CIRCUIT) 

VAR IABLES: ON. N. PER. PH I, P12. W. WO, ZERO 

ARRAYS, ABCO . RLC 

fUNCTIONS AND SUBROUTINES REfERE NC ED, MTHSDCOS. MTHSDSIN 

SUBROUTINE HPF(N.W) 

• SOLVES FOR THE A.B.C .O PARAMETE RS FOR THE HP F CI RCU IT 
fOR THE Nth NETWORK EL EMENT AT fREQUENCY W (TYPE 10 CIRCUIT) 

VAR IABLES: AI. AR. B. D. ce. Gl . GLW. N. P12, W. ZERO 

ARRAYS, ABCD. RLC 

SUBRDUT I NE I AMP (N . W) 

• A VOLTAGE OEPENDENT CURRENT SOURCE WITH EXTERNAL RESISTANCE 
AND A DEFINED BANDW IDTH (TYPE 9 CIRCU IT) 

VAR IABLES, D. N. P12. W. WD . ZERO 

ARRAYS, ABCD. RLC 

, 



SUBROUTIN E I NFILTE R(NVAR. K.ITEX) 

. 1 H dl"ng f or FILTER NetWOr' • p l ace, t. t: 
* Spec I a ans., Co s j ne or Gaus. l an .. tat __ nU 

aft e r the , ne . . 

VARI ABLES : r . K. NVAR 

ARRAYS: CHAR ITEM 

SUBROUTINE INP UT (AF I L.BF I L. OF I L . FGL . FOL .PGL . PDL.Nt. TDIS. orr .Ot. 
CRL. FS. VO FF. NEYE . 10 . nff. npp) 

VAR IABLES : CHAR AFIL. CHAR BFIL. CHAR CRL. CROSS_Sill. e •• CI 
CHAR FD L. CH AR FGL. FREILDATA_S IZE. FRECLGIUN_!l! 
FS. I . CH AR ICDAT. 10. I EIERII. IFF . IT. J. . 1 
MOUT. NC. CH AR NO. NEND. NEYE . NFl. HI. eMU 
NPP. NVA R. CHAR POL. PER. CHAR PGL. 'HU[ on. In 
PHASE_G RA PH_S I ZE. P 12. RGE • SIZE. CHA S;A . fl-"! 
CHAR TAB . TDIS. T IXE_DATA_S IZE . TI [_G A",_S l lI. r. 

ARRAYS: AB eD. DC . CHAR ITEI'\. KD. KIND. CHAR NAI\l. CH' :nl. 
NOUT. RLC. TOFF 

FUN,CTI ONS AND SUBROUTINES REFERENCED : CONTIIOL. DIGIT. 
FORSCLOSE . FORSOPEN. INFILTER. LlBSSIC; AL. STUll ~ 

SUBROUTI NE LINE (N.W) 

* SOLVE S FOR THE A. B.C.D PARAXETERS FOR A TAl S.,SSIOli , 
FOR THE Nth NETWOR K ELEXENT AT FR[QU[ tY (TYP[ on 

VAR IABLES : 

ARRA YS: 

FUNCTIONS 

A. B, Be. 
R. RT. W. 

ABCD. RLC 

C, CON, D. CAt\ , CAI'U. w. "2. 
WI . W2 . X. XL. Y. Z. ZERO. ZO 

AND SUBROUT I NES REFERENCED' -HIA ft. ~ 
IITH I COS • • L.... . "It t ••• 

I N. IITHSCDSQRT IITHICOS. :T~leDS. _,!I" 
IITHSS I NH . XTHSSQRT • r 

SU BROUT I NE /lAB CO (A.II .IF LA G) 

VARIAB LES : 

• SOLVES THE IIATRIX 
/lULTIPLICATIO. '( I .J) 

C. I . 
•• Ieo •. I ... tI 

ARR AYS : 

IFLAG , J K 
• .~. H, P12. lE~O 

A. ABCD , B. RL C 

AND SUBROUTINES RE FER ENCED: 
"THSto .. s 

FUNCTI ONS 
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SUBROUTINE MOVE (A. III 

• MOVES ABCD (r •• I.J) TO A (I .J) 

VARIABLES: I. J. M. N. P12. ZERO 

ARRAYS: A. ABCD. B. RLC 

SUBROUTINE PRECALC(NC.NF.TDIS.TDFF.NGEN) 

• CALCULATION OF CERTAIN CIRCUIT PARAMETERS TO REDUCE 
RECURRENT CALCULATIONS. INITIALIZATIONS •• OVERLAPPING 
CORRECTION 

VARIABLES: A. ALC. ANF. B. ST. BW. C. CORR. DEL. DELl. ON. ON1. 
OPt OTt ERR. Flo F2. I. ISG . ICK. ICT. 10F t IFF. IGEN. 
II. J. K. MOur. Nl. NC. NDCEN. NF. NGEN. NSRC. NT. P. 
PI. P2. PER. P12. PN. PNI. RI R2. RGEN. T. TOFSO . 
TO IS. TORSO . TORSI. TORS2. TF. TR. TRI. TR2. TRM. TRD. 
TYPE. WD. X. XC. XM. ZERO 

ARRAYS: ABCO. DC I. EDGE.KD. KIND. NOUT. RLC. TO;F. XX. YY 

FUNCTIONS AND SUBROUTINES REFERENCED: FFT842. FORSCLOSE. FORSOPEN. 
MTHSALOG. MTHSALOGIO. MTHSDSQRT. MTHSSQRT. RISE 

FUNCTION RISE (WGEN.TR .A) , 
• COMPUTES THE DELAY FOR THE INPUT WAVEFORM 

WGEN IS THE GENERATOR FILTER 30B FREQUENCY (RAO/SEC). 
TR IS THE 20 ~ TO 80 ~ CENERATOR RISETIME 
A IS THE FRACTIONAL AMPLITUDE 

VARIABLES: A. C. OF. F. I . TR. WGEN. X. Y 

FUNCTIONS AND SUBROUT INES REFERENCED: MTHSEXP 

SUBROUTINE R2TX(NTHPO. CRO. CRI. CIO. CII) 

RAD IX 2 ITERATION SUBROUTINE OF FFT842 

VARIA BLES: FII. K. NTHPO. RI 

ARRAYS: CIO. CII . CRO. CRI 



SUBROUTINE R4TX (NTH PO • eRO. CR1. CR2. CR3. CIO. Cll. C12. Cll) 

• RADIX 4 ITERAT I ON SUBROUTINE OF FfT842 

VARIABLES: F I 1 • F 12 . F13. F14. K. NTHPO. Rl. R2. Rl. ,. 
ARRAYS, CIO . ell. e 12. C 13 . CRO. CR 1 . CR2. CR) 

SUBROUTINE RBTX(NXTLT. NTHPO. LENGT. CRO. CRI. CR2. CR). CR. "5. ;. 
CR7. CIO. Cll . C12 . C13. (14. CIS. C16. CI7) 

• RADIX B ITERATION SUBROUTINE OF FFT842 

VARIABLES, AIO. All . A12 . A13 • .,4. A IS • .,6. A17. UO. l l •• 
AR3. AR4. AR5. AR6. AR7. ARG. SID. til. 112.' I. I 
B15. B16. B 17. BRO. BRI. BR2. BR). B' . IRS. I • ~ 
Cl. C2. 0 . C4. C5. c6. C]. J. K. LE CT •• 1M. or 
P7. P12. Sl. 52. 53. 54. 55. 56. 57. SCALI. 11. 11 

ARRA YS , CIO. Cli. C12. C13. C14. CI S. C16 . Cl7. eRO. ,.,.;1 
CR3. CR4. CR5. CR6. CR7 

FUNCT IONS ANO SUBROUT INES REFERENCED, COS. 51 

SUBROUTINE SERI ES (N .W) 

• POLYNOM I AL MODEL FOR A SERIES I MPEDANCE 
UP TO FOUR ZEROS AND FOUR POLES (TYPE Ii. ClRCUI 

VAR IABLES, 

ARRAYS : 

N. P I . P12. PRo W. W2. W3. W4. ZERO. Z I . ZR 

ABCD. RLC 

SUBROUTI NE SHUNT (N. W) 

.. POLYNOM IAL 
UP TO FOUR 

VARIABLES: 

MOOEL 
ZEROS 

FOR A SHUNT I MPEDANCE 
AND FOUR POLES (TYPE 13 tlRC I. 

N. P I, PI2, PR • W, W2. Wl. • ZERO. ZI. ZR 
ARRAYS, ABCO. RLC 

FUNCTION SOURCE (N.W) 

VAR I ABLES, 

* RETURNS THE SOURCE 
~~~ET~~ Nth NETWORKGi~i~;~~R FREQUENCY CO 

CIRCUIT _ SRC AT FREQUE cv 
• e)(per lmenta l ~ yaLe 

PER. P12. W. ZERO 
AX. I FOLD. I X. 

ARRAYS , 
N. 

ABCD. EDGE. RLC 
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SUBROUTINE STUB(N ,W) 

• SOLVES FOR THE A,B , C,D PARAMETERS FOR A TR ANSMISSION LINE 
STUB FOR THE Nth ELEMENT AT FREQUENCY W (TYPE 5 CIRCUIT) 

VAR I ABLES: h. BC. C. CON. D. GAM . GAMJ. N, P12 . Q, QO. R. 
RT. W. X. XL . Y. YL . Z. ZERO. ZO 

ARRAYS, ABCO, RLC 

FUNCTIONS AND SUBROUTINES REFERENC~O: MTHSALOG. MTHSCDCOS. MTH5COSIN . 
MTHSCDSQRT, MTHSCOS, MTHSCOSH, MTHSS IN, MTHSS INH, 
MTHSSQRT 

SUBROUTINE TEE (N,W) 

• SOLVES FOR THE A,B,C,D PARAMETERS FOR THE TE E CIRCUIT 
FOR THE Nth NETWORK ELEMENT AT FREQUE NC Y W (TYPE 2 CIRCUIT) 

VARIABLES, BC, C, N, P12, RI. R2 , RAC. RT . W. WI. W2. XLI. 
XL2. ZERO 

ARRAYS, ABCO. RLC 

SUBROUTINE TRANSFORM(NC.NF . NCEN) 

• COMPUTES THE FREQUENCY DOMAIN RESPONS E OF THE NETWORK 

VARIABLE S! EG. I. IFF , IFL AG. K, KOllT . f'II. M. f'IIOUT. Nl. N2. 
Ne. NF. NGEN, NS. PER, P12, RGEN. W, WO , ZERO 

ARRAYS, A. ABCD. B. EOUT. EW, KD. CHAR NOOENAME. NOUT. RLC 

FUNCTIONS AND SUBROUTINES REFERENCED, BPF. DELTA. EAMP. FIBER, 
FILTER , GEN, GSIN. HPF, lAMP. LINE. f'IIABCO, MOVE. SER IES . 
SHUNT. SOURCE. STUB. TEE . XFOR MER 

SUBROUTINE XFORMER(N .W) 

• TRANSFORMER MODEL (TY PE 11 CIRCUIT) 

VARIA BLES , M. N. P12. Q. W. ZERO 

ARRAYS, ABCO. RLC 



8. PARA~ETER ~AP fOR THE ARRAY RLC 

-------------------------------
The array RLC i n FOCAS passes cireuit parameters between 
the var i ous subrout i nes. Element. RLC(n . p) is the p-tt't 
c i rcu it paramet er of n-th s ubsection of the simulation .od. l. 
RLC is used i n conjunction with array KINO(1 ) to cOIrIp l eu

1
t 

spec i fy a subsect. i on . The numerica l v.lue o f KIND (n) identlf lu 
the subsec t ion c i rc u it type. For examp l e if KIN0(53) . ,. ) 
the f if ty-third elemen t in the simu lati on model I. en optln l ;: 
f i ber . RLC (53.8) i s t he length (X) of the f i ber •• shown Dt l Olt. 

1 

K I NO _ 2 3 I, 5 6 7 8 ! 2 
Type GEN TEE DE LTA LINE STU8 EAIIP f 1 BfR SI lIN 3 

p I, 
______ __________ _____ ___________ __________ __ ________ ______________ 5 
~;~ Rl Gl ZO ZO CA IN AO r ------~~ 6 

R2 G2 TO TO R A .,., . 7 

3 PER G C 1 X X I 8 
.. A~P I I C2 R f r DC' 
5 DEL l2 L TC ~C r I DE , ~ 
6 8W C RO D DR 
7 DC F I R 1 .1 QII 1 
8 R F 2 R2 '2 QC 1 
9TF R RP WC X 1 

10 Q CL LC 
11 F 1 RL LO 1 j 
12 f 2 CL SO I! 

__ ~:_ _ ____________ _ ______ _ ___ F 3 WC :! _________ I __ __________________ .. _ ....... _ ..... ~_ ... _ 1 

II, 
15 
16 WO WI 
17 W2 
18 
19 TF~ 

20 TRM 

CONST 

l 
C 

CONST 

l 
C 

WD 

-------------- ---------- --- ---

1- 13 
11,-20 

--------------------
INP UT PARA METERS 
PARAME TERS COMPUT-O I 

t. N SUBROUT I NE 

A 
TC 
A' 
T 

- --- - ... - ........ _ .. _---_ .... 

PRECA C 

1 ! 
2C .•. 



INO 
,po , 

PARAMETER MAP FOR THE ARRAY RLC 
- ~----- -------- - -- --------------

10 II 12 13 14 
HPF XFORMER FI LTER SHUNT SERIES 

(eonL) 

15 1 b 
BPr SRC 
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-------------- ------------------------------------------ ----- -------
C L 1 TO AO AO F I EF 

! L L2 N AI Al F2 PW 
! C M R2 A2 A2 SI PER 

R K Cl A3 A3 S2 AMP 
N Rl A4 A4 K DEL 

FO BO BO PH NT • Bl Bl OT 
B2 B2 TYPE 

I SINE B3 B3 R 
0 COS B4 B4 
1 GAUS K K 
2 
3 
--------------------------------------------------------------------
4 PS 
5 
6 Ll / M AA 
7 L2/M BB 
8 M-Ll L2 / M A 
9 G/ C B 
J COL TYPE M 
--------------------------------------------------------------------

1-13 INPUT PARAMETERS 
14-20 PARAMETERS COMPUTED IN SUBROUT INE PRE CALC 

TYPE • 1. SINE (not i np I emented) 
2. COS I NE 
3. GAUSSIAN (not i npl emented) 

; 
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+ 

• 

c 
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FOCAS ANALYZE is the ske leton of FOCAS. 
of th; subroutines to read and interpre t 
model. perform the network analysis. and 

output files. 

~OOEl DESCRIPT ION DATA STRUCTURES: 
---------------------------------

Oata about the network subsect ions ' c I rcu i t par ... ter va l , 
is passed in the COMON array RLC.. which is cra.ated In lubr OYt. 
INPUT. In add ition to sett ing up c i rcu i t pa r ... ter .. t ria. t . 
INPUT ca ll s subrou tine CONTROL wh i ch I nterpret. the contro l 
statements i n the simulat ion model; generat •• output $)O Ifl U

r
' 

NEVE , NFF. and NPP; and de fines structur •• to contro l t he 
voltage level cross ing calcu lat i ons •• descr i bed be l ow . 

INPUT writes the simulat ion model's f i lename to if lL t . 
and generates names for the output. f t iel ba.ed on .u I [ . 
For a model in fi le 1100ELXYZ.. the •• other f l , •• ar. : 

SF ILE 
OF I lE 
FGlE 
FDlE 
PGlE 
PO LE 
CRLE 

_ MOo ElXYZ.TG • time doma i n graph output ' 1 Ie (Al "Sl 
_ 110oELXYZ.TD _ ASCI I t i me doma l n output data f l~ . 
_ MOOElXYZ.FG _ power spectr'l. ... graph out put 111. "U'S 
• 110DELXY Z.FO - ASCII power .p.ctr ..... data ' 1 I . 
_ MOOElX YZ.PG - phase angle graph outPUt f l I. (~£' IS 
_ MODELXYZ.PD - ASCI I pha.e ang l . data f ll . 
_ MOD~LXYZ.DAT - ASCII f l l. w i th vo l tage crol. l "" 11 • 

and extrema t lln •• and ". I u.u 1 •• ' ''1 

INPUT a l so erea tes the vector KI ND I 
eircuit t ype f o r each of th . ' wh c h I . • po ln t. ~ to 
used to def i ne the ne twork ~ networ~ sUb •• ct l on.. l~ 

ype for the H-th .ubl.C t ~Oft 

KIND(N) - 1 <- - -> GEN 
2 <---> TEE 
3 <---> DELTA 

" <---> LINE 
5 <---> STUB • <---> EA~P 
7 <---> I AI"tP 
8 <---> FIBER 
9 <---> SINE 

10 <---> HPF 
1 I <---> XFDRIIE R 
12 <---> F 1 l TER 
13 <---> SHUNT 
14 <---> SERIES 
15 <---> BPF 
I. <---> SRt 

The period of th 
and i s taken to :ewaveform. PER. i . a 
generator sin th the ma x i mum of th 1.0 pal. d • n tC,,'\OIo 

, . 
• 

U t T 

;he sum. RGEN. o~ ~~:e ~. The gen.r.~o~·ri oG' of 8 .1 t • 
n the simula ti o n mod internal re.l i stan OUtPUt t~."K. 1 

e • and J. P.'.ed C
I
•• of 8 11 l • f raW' 
n CO • 
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2. CONTROL DATA STRUCTURES 
-----------------------

The following structures have their values defined in 
subroutine CONTROL. and are passed in COMMON: 

NOUT - vector of pointers to locations of . OUT st~tements; 
NOUT(K) i s the number of the circuit element 2fter 
wh i ch the K-th . OUT statement appears; NOUT i s 
initi~l l y set in SUBROUTINE CONTROL. and is later 
corrected in SUBROUTINE PRECALC if overlapping l's 
c~se was encountered between 1st and l ast input GEN 

MOUl - number of .O UT statements in the simulation model; 
MOUT must be less than or equa l to 5 

KD - vector of pointers to those .OUT statements which 
specify that extrema also be calculated: KO(J)-I 
if the J-th . OUT also requires extrema. else KD(J)-O 

IFF - pointer ind i cating that the number of frequency terms. 
NF. i s to be lim i ted to 8192; used to speed up calculations 

NCROSS(S.3) is a matrix of pointers to those .OUT 
statements which request that crossing times for VI. V2. 
or V3 be computed. NCROSS (K . J) is equa I to one if 
Vj U-I.2.3) is specified in the K-th .OUT statement 
in the simulation model. 

VOLT(S.3) conta ins the values of the crossing levels; 
VOLT(K,J) i ndicates that the K-th .OUT statement (which is 
located after network subsection NOUT(K» specifies that 
FOCAS is to calculate the times at which Vj _ VOlT(K,J) . 

Add i tional control parameters that are defined in subroutine 
CONTROL and passed as parameters in the subroutine calling 
sequence are: 

NEYE - 1 if an EYE pattern is required 
NFF - I i f power spectrum calculation required 
NPP • I if phase sh i ft vs. frequency calculation 

reCluired ' 
DC • vector of DC waveform offsets for 

the var i ous .OUT statements 
VOFF • vertical axis offset; set in the .END or 

.EYE statement to shift location of 
zero volts i n the time doma i n graph 

TOFF • vector of hori zontal sh i fts for each 
of the .OUT statements 

NC • number of circuit subsections in the 
model 

TOIS • time interval to be graphed along the 
horizontal axis in time domain graphs 

FS • full scale vertical axis length for 
time domain graph 
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. d ontrol de.cr l pt lon, I, 
I • ei reu I t an c • 11 

Of ' . t' on of the mode S it ted Hex t, IU rou nt 
~pl~~t~ when subrout i ne INPUT is el~ul.ti~ns and data ..... ;in; 

c . ' t ' a l setUP c a I ne~ be PRE CALC does some In l I dl te calculat ion. wn c 
of c i reu i t parameters. I n te r~: :rc not frequency deoend.nl art 
pedormed on ly once because t ~ f such. c:omoutatlon Is ttl, 

P
erformed i n PRECALC. An exam~ e °cepac l tance. R*C. Ie I 

. f ' stance times multipl i cat t On 0 reS t I I n but do.' not chan; ... 10 C.I 
Y e el 1 cu at 0 • RE' t needed in each frequenc .d through RLC . P ~a 

be done on l y once for a ll . then ~~::p ing l •• d l ng and t r a il ~ 
also checks and corrects fo r ove 
ones in the i nput data s tr e am. 
PRE CALC also returns: 

NGEN 
Il00&' • 

b. 

NF 

• number of generator In the 
aft e r overlapping lis have 
e liminated 

_ number of frequency ter •• to b. Cllcloihttd 

3. NETWORK CALCULAT ION S ANO DATA FLOW 

----------------------------------
After al l the i niti a l setup. FOCAS Is re.dy to pertor. 
the deta il ed ne t work a nalys i s. This 1. al 1 p.r'or~ 
in the f requency domain. then i nverse Fourier Tran.fo 4 
back into the t ime doma in. 

The frequency doma in analys i s Is pertoe •• d In .ubrout l ne 
TRANSFORK. At each fr equency, TRANSFO~ wi 11 calculat. t 
network response a t eac h of the ~OUT .OUT stat ... nta. 
The treatment of t he inter nal generator. and the circu i t 
subsect i ons i s somewhat different . The u •• r apect' i •• 
the generator ' s ti me domain behavior. but FOCAS .Ul~l l c... 1, 
conver ts th i s wave f orm Into I t I frequency sp.clr~. 
Th i s ;s poss i ble becau s e the spec ific generator .ooel, 1 ~ 
FOCAS all have s impl e. standard fourier aerl •• r eDre •• "U: lot"I. 

For add i tional genera t or models . wh ich auat •• hlb i l .of. 
detailed source behavo i r. one def ines a funct Ion SOUl" 
which w~uld Four i er Tr a nsfo rm the Input wav.for.·~s . n; • 
subroutIne FFT842. the n r e turn the freau.ncy Ca.~ t 
when ca ll ed by subrou tine TRANSFOR~ . 

A circu it' s behavi or i s de t e rmined by I h i' 
which is a s i mp l e a lgebraic funct i on 0" t~*'c~r::i~ a. 
parameter s . The A 8 C 0 pa 
ma t r ix are ca lcu \ a ~ed' in' th ramete:. of the c~. " 
cal l ed by t he subsection t e SUbroutine. o~ tu~ct l o~. 
They are then sto red in CO~OoNname ••. g. C[ • -lL .,r . 

array ABCD . 
ABeD ., array of A. B. C. D 

pa i r networ k ; 
parameter, lor uc 

ABCO (N. I . I) -A lor N-th ABCD (N. I .2) net"'Or" -B f or N-th ABCD (N. 2 . I) netWOr -C for N-th ABCD (N. 2.2) netWOr -D fo r N-th network 



TRANSFOR~ works through the entire network. one angular 
fr equency at a time. starting at the DC term (w-O) , and 
stepping by an amount equal to (2*PI/PER) up to the 
max imum angular frequenc y: (NF - l)*(2*PI/PER). 
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For each frequenc y, TRANSFORM will calculate the response 
of each subsection, then multiply the subsection responses 
togethe r to find the entire network ls response at the 
par t icular f requency. The frequency doma in response thus 
ci!llculated i s returned in the eDMON arra y E~' (5.327&8). 
The first index of EW points to wh ich of the MOUT .OUT 
wa veforms is described. The second index indicates the 
frequency term. Thus. 

EW(K, IX) - complex frequency response of the network 
after the NOUT(K) - th circuit subsecti on, 
(i .e.. i!lfter the K-th .OUT statement) 

If i!ln overflow condit i on is detected dur i ng the complex 
multipliCi!ltions in TRANSFORf'II, IFlAG is set, and the 
f requenc y calculi!ltions will be termini!lted before al l NF 
terms hi!lve been computed. An error message is then printed 
to alert the user. To find the time doma in response of the 
network after the K-th .OUT. subroutine FFT8~2 must inverse 
i nverse four i er transform the frequency response . EW (K;) • 
after the NOUT(K) -th subsection. The input waveform and its 
transform are passed to and from FFT8~2 as their real and 
imaginary parts in arrays RX and RY in the calling sequence. 

The time doma i n response is the rea l part of the inverse 
fouri e r transform of the f requency response. It is passed 
to suppor t rout i nes CROSS and GRAPHICS i n COMMON array 
[ OUT (5. 32768) • 

Once the complex fr equency domain response of the network is 
known. the power spectrum, phase shift. and time domain 
computations are performed d i rectly in FOCAS_ANA LYZE. These 
waveforms are al l calcu l ated a t one network location at a 
time. At the K- th .OUT statement (after subsect ion NOUT (K» . 
the real and imaginary parts of the frequency response are 
f ound: RX(IW) - real part of EW(K.IW) 

RY(IW) - imaginary part of EW(K,IW) . 
The power spectrum is then s imply the complex magnitude 
of EW. The power spectrum is passed to GRAPHICS in COf'llMON 
array EOUT. 

[OUT (K. IW) • SQRT ((RX (IW) •• 2) + (RY (I W) "2» 

The phase angl e i s the arctan (Ry (r W)/RX(I W» and is also 
passed to GRAPH ICS in COMMON array EOUT. 

Subroutines CROSS and GRAPHiCS operate on the waveforms 
stored in array EOUT. 

eeeeeeeeeeeeeeeeeeeeeceeceeceeceeeeececeeeeeeeeeeececeeeccCeeeeel 
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FoeAS_1Wl TIE 

CHARACTER' 1 ESC,BELL 
CHARACTER*4 W80,W 132 CHARACTER* 32 AF 1LE,BFIL E, OflLE , fGLE,fO LE,PG LE, POlE , eRlE 

o I MENS I ON RX (32768) ,RY (32768) , TOf f (5) ,oe (5) 

DOUBLE PRECISION PER.P I2 
COMPLEX* 16 ABCO (500 , 2,2) ,EW (5 , 327 68) ,ZERO 

comp lex1t16 edge (8 192) 
COMMON / NET / RLC (500 ,20) , ABCO , P I 2 , ZERO 
COMMON / MI SC / K I NO (500) , RG EN , NOUT (5) ,MOUT, KO (5) , Iff 
COMMON / WAVES/ EW , EOUT (5,32768) 
COMMON / T I ME / PER 
common / exptl / edge 
COMON/ MATCH/ VOL T (5,3) ,NCROSS (5,3) 
DATA PI2 / 6.28318530 7 17958/, PE R/ O. O/, 
DATA wBo/' (?31 '/, w132/ ' (? 3h '/ 
ESC-CHAR (27) 

RGEN/O.O/ , VOFI/O.OI 

BELL-CHAR (7) 
ZERO_OCMPLX(O.O,O . O) 
i ff-O IFouri er trans f orm speed up by II.ltl 
TYPE *.' Fi ber Opt i c CAb l e Simulator FOCAS' 
TYPE *.' Rev i sed 11 I'\AReH 1987 ' 

f 

TYPE 11: 

CALL I NPUT (AF I LE, BFILE,OF I LE. FGL E, FOLE,PClE,PO Eel S 01 
1 CRLE FS VOFF 

' ,01, T I.Ot, 
•• .NEYE.IO.nff,npp) 

ik-kind {l) 
if«;k.eq.1).o, .(ik . eq.8).o, . (lk .eq 16» to 68' 
t ype *. I • • go v 

type *, ' *** A SOURCE IS REQU I RED TYPE. *.BELL IN THE I\OOEL _._ . 

IF (NEYE. EQ . 1) TYPE *, ' 
1 CALCULATED EYE 
IF (NEYE.EQ.l)TYPE *. ' , 
IF (NEYE. EQ. 1) 10-0 

f REQ. OO~A I N RESPONSE 
PATTERN REQUESTED' 

III o IE 

~~~:n~RECALC (NC . N F.TOIS . TOFF.NG E N ) 

CALL TRANS FORM (Ne. NF NGEN) 1 U.ed to Ind i cate aD'" 
type *.' , . 
TYPE *. t Number 
anf-nf 
e,r-per / a nf 

o f fr e que ncy t el"'ms cOQPUted _ '. , 

i err- 1000* e rr 
i rr- (err / 2 .) * 1000 
~ f ( ~k • eq . 16) i r r- i rr+500 1( r 1 
If (l k . eq.16) i en-2 ft' c (t. J) 
t ype *.' I 1 1'"1'" 

~ype :It ,' Time co-ord 
Lf (neye,eq .l) t ype :II: , un~e~ta i nty • 

Itannot D 
Ithan i nPloit 

'I ' . ,.r o pst 

.... 

type *,' I • Tim i ng ji tt 
. f ( . .. uncertainty _ • • 1ert. · IJI I 
• nfl . eq . nf)go to 667 

O. K. 

7 



TYPE . ' , , 
type *.' *** WARNING - reduced accuracy ***' 
TYPE *. I 

[F(NF . GE . 128)GO TO 667 
TYPE ',' NOT ENOUGH TERMS TO USE RESULTS 
TYP E ',BELL 
STOP 

00 K-, ,MOUT 
00 [-I ,NF 
RX (I) -REAL (EW (K , [ll 
RY ([) --D[M~G (EW (K, [ll 
ENODD 

!Find time domain respon$e 
!Setup for FFT842 
!Setup for FFT842 

CALL FFT842 (O,NF,RX,RY) I Inverse Fourier Transform 

DO '-l .NF ITime doma in response 
EDUT(K, [) - RX([) 
ENDDD 
ENDDD 
CALL CRDSS(AF[LE,CRLE,NF,TD[S,TDFF ,NEYE) 
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FOCAS_ANAL YZE 

10-10 -' ICet ready for time domain graph 
CALL GRAPH[ CS (AF [LE , BF [LEo OF [LE ,NF, TD[S , TOFF, ~C , FS, VOH ,NEYE, [0) 
10-10+1 IReset 10 to chit for freq domain outputs 
[F([D .E Q. O.O)GO TO 11 

i f(nff,eq . O;and.npp.eq.O)go to 11 IDone i f no power spectra or 
Iphase angle outputs required 

do j-l.5 
toft (i) . 0. 
enddo 

do It-l,mout 
do i -I.nf 

!Setup offsets to zero for freq. doma in outputs 

ISetup for power spectrum outputs 

rx (n -real (ew{k, i» 
ry {n -d ima; (ew (It . j» 
eout (It . i) - (iX (j) *fI2)+(ry (i) **2) 
eout (It . j) 8sqrt (eout (k. i» 
enddo 
enddo 

FS-amaxl(eout(l,l),eout(1,2)) IRqrd tor freq. doma in scaling 

do k-1.mout IFind maximum of power spectra for normal i zat i on 
do i-I.nf Ion .tg graphs 
FS-AMAXI (FS ,EOUT(K , [ll 
enddo 
enddo 

do k-l ,mout IRenormal i ze power spec trum t o its maximum val ue 
do i-I.nf 
eout (k. i) -eout (k . i) Its 
enddo 
enddo 



1'10' 56 

fOClS_" l m 

do k- l ,mo
u

t !oon 't d i sp l ace f req . or ph ••• , •• po"·· OIJ\'D\lU 

dc(k) -0. 
enddo 
f5-1. 

cc 

ANF-NF FOIS_ANF /(6.*PE R) '''''ax freq t o b e dlaplaye.d In _HC\f'\a 
if(nt.gt.S192) fd i s -(8 19 2 ./ (6 .*per» IlImlt .. ". freQ d i u ."u JC 

if (nff.eq . O) go t o 12 
CALL GRAPH I CS (AF I LE.FGLE.FOL E .N F.fdl •• TOff . ot.rs.O.O.Ht t. IOI 

if (npp . eq.O) go t.o 11 
12 do k_1.mout. ISe t u p f o r ph ••• va. Ireq or. 

do i-l,nf 
eout (k. i) -a t an2 (roy (O • r x (i» 
enddo 
enddo 
fs-p ; 2 

CA LL GRAPH I CS(AFILE.PGLE.POLE.Nf.fd l •• TOff.Dt.,..~llI •• t't,: 

11 ' TYPE ' .BE LL 
STOP 
END .1 
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BPF 

SUBROUTINE BPF (N.W) 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

Returns the A. B. C. 0 parameters for ~ Bandpass C 
Fi l ter mode l led as a trapeziod in log PCw) vs w. C 

(TYPE 15 CIRCUIT) C 
2/ 2/87 C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
CO,~PLEX"16 ABCO (500.2.2) .ZERO.FF 
DOUBLE PRECISION PI2.F 
CO~ON/N£T/RLC(500.20) .ABCO.P I2. Z£RO 
phi-O. 
wI-rIc (n, 1) 
W2-RLC (N. 2) 
5 l-RLC (N. 3) 
S2-RLC (N. 4) 
k-rlc (n,S) 
AA-r 1 c(n. 16) 
BB-r Ie (n . 17) 
a-rlc(n,18) 
bar I c (n . 19) 

!Sl ope 
ISlope 
IGain 

/ F (W.L£ .A.OR.W.GL BlF-o.o 
IF (AA .LE.W .ANO .BB.GE.W) F-l0.0 

IF (A.LT.W.AND.AA.GT.W)go to 20 
IF(BB . LT.W.AND.B.GT.W) go to 30 
go to 10 
f- (w/ wll-1 
f-sl*f / l0. 
f-l0u'f 
f-5*t 
go to 10 

f- (w/ bb)-l 
f-,2*f / /0. 
f-l-f 
f-IO*iff 

in dB/ octave 
in dB/ octave 

IF (F.LT. 1.£-16) F-1. £"-/6 
f-f / l0. 
f-k·f 

INormalize F btwn 0 and 1 
IMult i ply by gain 

j f (w. It. w J) ph i -r 1 c (n . 6) 
j f (w.gLw2) ph i --r 1 c (n.6) 
i f ({w.ge.wl ) .and. (w.le.w2» go to 40 
go to ,0 
pt'li-w-rlc(n.20) Iw-midpt btwn wI and w2 
phi-rlc{n,14)*phi 
FF-F*OCMPLX (COS (PHI) .SIN (PHI)) 
FF-/./FF 



ABeD (N, I , ll-F F 
ABCO (H, l ,2) -ZERO 
ABCO (N.2. l ) ~ZERO 
ABCO (N.2,2) -ZERO 

RETURN 
END 
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IRAt £T 

FUNCTION BRACKET (T,X) 

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeccccccccccecececcceeeeecettt 
e t 
e KEEPS THE TRUNeATE O VA LUE OF T BETWEEN 0 AND X t 
e t 
eeeeeeeeeeeeeeeeeeeceeeceeececeeeccccccctCCcccttcttteeettttttt 

IF (T . GT.O . O) GO TO 1 
BRACKET-T+X 
RETURN 
IF (J I NT (T) • GT . X) GO TO 2 
BRACKET-T 
RETURN 

2 BRACKET-T-X 
RETURN 
END 

cc 

.e c 

OU 

EN 

EY 

TI 

' 0 

' 0 

J~ 
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CONTROL 

SU9ROUT I NE CONTROL (1"" Ne. I TE1"., TO I S, TOFr. DC, FS. VOrF. I ERR.NENO. NEVE. 
I nff.npp) 

:CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C 

CONTROL ST~TEMENT PROCESSING C 
C 

:CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
CHARACTER' I lTEM (1 )O) .SPA. HB 
CHARACTER*2 NOATA(6. 10) .NO 
CHARACTER ") NAME (10) .NOW 
01 MENS 1 ON TOfF (4) . DC (4) 
COMON/ M 1 SC/ K I NO (500) • RG EN. NOllT (5) .MOlIT • KO (5) • i If 
COMON/ MATCH/VOLT(5.) .NCROSS(5.) 

OATA NAME I 
I 2 ) 5 6 7 8 9 10 

1 'our'. 'END ' , ' EYE'. 'TIT', 'fOCi'. ' PO G' . 'TIT'. 'TIT', 'TIT'. 'TIT' / 

OATA NOATAI 
IT I 2 ) 5 6 

10 
2 

' E 
) 

T 
4 

IG 
5 

IG 
6 

' VI' , 'V2 ' . tV3 ' , 'TO'. ' DC','OV'. 
I 2 ) 4 5 

I TX' • ' DC' • ' F S I , ' F S I • t F S ' • 'F S I • 

I 2 ) 4 5 6 
'TX'. '~C'. 'FS'. 'IS' ,'FS '. 'r5'. 

I 2 ) 4 5 6 
• • • 

'F F' , ' 

, , 
• 

2 

2 

• • 
, 
• 

, 
• 

• • • 
) , , 

• 
3 , , 

• 

• • • • , 
• • 

4 5 6 , , , , , 
• • 

4 5 6 
• , , • , 

• • ASS 2 3 4 5 6 
7 

ASS 
8 

ASS 
9 ' 

ASS 
I 

, , 
• 

, , 
• 

, , 
• 

, , 
• 

, 
2 , 
2 , 
2 , 

, , 
• 

3 
• , 

• 
3 

• , 
• 

3 , , 
• 

, , , , , 
• • • 

4 5 6 , , , , • • • • 
4 5 6 , • , , • • • • 
4 5 6 , , • , • ' 1 • • • 

OATA NCROSS/ 1500/ . NCONT/ 6/ . SPAI ' 'I . TABI ' 'I 
NOW (1 , 1) -I TEM (11+ 1) 
NOW (2,2) -I TEM (11+2) 
NOW(3'3) - ITEM (1I+3) 
M-1I+4 
DO NJ- l .NCONT INCONT- number of t ypes of contro l statements 
IF (NOW.EQ.NAME (NJ» GO TO (1 00.200.200.400 . 500.600) .NJ 
ENOOO 
TYPE ~. '****** IMPROPER CONTROL CHARACTERS ******' 
IERR-i 
RETURN 
IF(MOUT.LT. 5) GO TO 110 1.0llT 

TYPE *. '****** TOO MANY .OUTs SPECIFIED - LAST ONE IGNORED ******' 
RETURN 

1 



110 

200 
205 

210 

230 

240 

250 

245 
251 

252 

25 3 
255 

MOUT-MUT+l 
NOUT (MOUT) -NC 
GO TO 205 1 END or EY E s tate.ment 
NENo- l 

00 K-M . 130 ~ , ') RETURN 
IF (lTEM(K) .,Q . 1 )GO TO 210 
IF ( ITEM(K) . EQ.SPA 
ENDDD 
M-K 

DO 220 J-l.6 
DO 230 K-M.130 
I F (I TEM (K) • EQ . ' I , ) RETURN 
I F(ITE/;(K) . EQ .SPA) GO TO 2}0 
NO (1 : )) -I TEM (K) 
NO (2 : 2) - I TEM (K+)) 
DO NVAR-l.6 
IF (NO. EQ. NOATA (NVAR.NJ» GO TO 240 
ENDoO 
CONTINUE 

IF {K. GE. 130) RETURN VAR I ABLE N "'~E " ...... . 
TYPE * . '****** UND EFI NED 
!ERR-\ 
RETURN 

/,\-K+ l 
IF (NJ. EQ.l.ANO.NVAR. EQ. 6)GO TO 260 
00 K-M.130 
IF (ITEM(K) .EQ.SPA.ANO .ITEM(K+1) . NE . SPA) GO TO 2SO 
ENOOO 
TYPE *.'****** INCORRE CT DATA FOR"AT .. _ ... ' 
l ERR- l 
RETURN 

M-K+ l IConvert the nu..r l c v a t 
GO TO (260.245,24;,400) . NJ 

page £0 

COIITROl 

GO TO (25 1.252.253) • NVAR I ENO o r EYE .. o t 1 
TO I S-o I G'I T(II, I TEII, I ERR) ITO I S - d ... Ioy , 
GO TO 255 

IF (NVAR.EQ . 2) VOFF_0IGIT(II, I TEII. I ERRI IYOH . . I u l .... 
GO TO 255 

FS-O I GIT (M, I TEK, I ERR) HS • V. l': l c. ' . wll Itt .. 
IF (NJ.NE.3) GO TO 290 
NEVE- l 
IF (1I0UT.E Q. I ) GO TO 290 

TYPE *. ' :'1:1'=*1:;':* ON LY ON E OUT?'UT AL 0 EO r~ tTl. . ' IERR-l 
RETURN 

l 
l 

. , 
l 

) 

) 

) 

I 
I 
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CONTROL 

GO TO (280,280,280 ,270,275,300) ,NVAR lOUT statement 
TOF F (MOUT)-OI GIT (M, ITEM,IERR) 
GO TO 290 
OC (MOUT) -0 I G I T (M, I TEf" I ERR) 
GO TO 290 
NCR OSS (MOUT, NVAR) - I I VI, V2, V3 
VOL T (MOUT, NVAR) -0 I G I T (M, ITEM , I ERR) 
IF(I ERR. LT. 2) GO TO 220 IBad input 
TYPE *. '****** VAR IABLE VAL UE ERROR ******, 
RETURN 
KO (MOUT)-I 
CONTINUE 
RETURN ITitle line 

IFrequency domain outputs 

DO K-M.130 IRead rest of 1 i ne 
I F (l TEM (K) .E Q. 'I') RETURN 
I F (I TEM(K) .EQ.SPA) GO TO 211 
ENODO 
M-K 

DO 221 J- I ,6 
DO 231 K-M,130 
I F (ITEM (K) .EQ. 'I ' )RETURN 
I F (I TEM (K) .EQ.SPA) GO TO 231 
NO (I , I) - I TEM (K) 
NO(2,2) - I TEM(K+ I) 
DO NVAR-I ,6 
I f (NO.EQ.NOATA(NVAR, NJ»GO TO 201 
ENOOO 
CONT I NUE 
I F (K . GE. 130) RETURN 

TY PE *. '****** UNDEFINED VARIABL E NAME ******' 
IERR- I 
RETURN 

I'\- K+ I 
I F (NJ . EQ.5.ANO.NVAR.EQ . l) IfF- l 
DO K-M,130 
I F (I TEM (K) .EQ.SPA.ANO.ITEM(K+1) .NE.SPA)GO TO 250 
ENOOO 

TYPE *. '****** INCORRECT DATA FORMAT ****** ' 
IE RR-I 
cont inue 
return 
npp- l 
return 

END 

IPhase sh i ft outputs 



CROSS 

F TOIS TOFF.NEYE) 
SUBROUT I NE CROSS (AF I LE. CRLE . N CCCCCCCCCCCCCCCCCCC::tCCCtCtCCtct t ttt 

e eeccecceccececec ecccccc CCCC CCCCCCCCC t 

C • II NC IIAX I IIA' IIIN I IIA. t 
C COMPUTE.S THE CROSSOVeR Til. ARC I N t 
C TIMING J l TIER. AND PER CENT NOISE"" t 
C li ngs ' and t he C 

com utes the crossover £ ex trem_ t CI • 
C CROSS ext~ema values o f the waveforms pas •• d I n .rray C 
~ EOUT (5. 32768) through COMON. CROSS wrl t .. tnlt ~ 
C data into output f i 1 e CRLE. C 

C TMAT II: array of cross ove r t i mi ngs i n nano •• cond. C 
C DERMAX _ arra y w i th times o f max i ma I n nano •• conda C 
C OERf'\IN _ array with t imes of mi n i ma I n nano •• c:of\d. [ 
C lVX _ array with ma xima value. I n mlilivo l ti. C 
~ IVN _ array with minima value. I n adlil vo l tl C 
C KD _ vector o f pointers to .OUT stat ... nt. r aqulrl", 't 
c ext rema ca l cu lations 
C RN _ vector of percent no i se marg i n for' . OUT C 
C l ocat i ons with OV spec i f i ed. KO (l() . ne .O t 
C MA.XM I N _ vector of po i nters to .OUT s t at ... nt lOC I ' Ofl , C 
C XTO .. TOFF - vector of time o f fsets d.'" 1 n d b y u..... t 
k I 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtCCCtCCCCtttt((~: 

C 
C 

e 
C 
C 
e 

CHARACTER*32 AF ILE.CRLE 
COIIPLEX*16 EW (5.32768) 
DOUBLE PREC IS ION PER 
01 XENS I ON TXAT (5. 100) • NIIH (5) • VXAT (5) • TOFF (5) • TD (20) • 
I OERXAX (5. 100) .OERII IN(5.100) .IIA~II I N ( 5 ) . XTO(5) 
dimension ivx(5,lOO),ivn(5,lOO) .rn(s ) . n n (S). n",(S) 
COIIIION / NET /RLC (500.20) • ABCO. P I 2 • ZERO 
COXXON / X I SC / K I NO (500) • RCEN • NOUT (5 ) • IIOUT • KO (5) 
COIIIION / WAVES / EW . EOUT (5 .32768) 
COIIIION / TIXE / PER 
COI\I\ON / XATCH /vOL T (5. 3) • NCROSS (5.3) 

OATA 
OATA 

KOER / O/ .NOER/ O/ . IN/O/ . IIAX/ O/ . I NO/O/ IlA XO/OI 
I VX / 500*0 / .IVN/ 500* 0 / • 

KOER 0 . 
NDER erlvat ive outPUt Ind c ator 

ANF -NF Max number of tna llti ma o r I 
INumber of t i me ' • n .. OElT-PER/ ANF IT ' tner ent , c. oute4 

OEln .... DElT . Ime ce hy between SUDI . s 

:: (kind (1) . eq. 16) :e l tt-del t+r Ie 0 , 7) 

MAX umber o f OUtPU ts C • 
Cr osSOver COunt oun ... ". 1'\0\ r. t a , 
N is the number·rf f o r . 1' OU l~t. 

output n: , c ros love r s 0 l ec.te-CI tr .,.:! 
. eor . the _00 I 

,., , 
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CROSS 

DO 50 K-l . MDUT 
TO-~TOFF (K) IUser input time de l ay 
DO 100 1- 1.3 

IF(NCROSS(K,I) ,EQ,O) GO TO 100 ICheck if cross i ng ca lc . rqrd 
VO-VOLT(K, I) !Crossing level voltage 
N-O 
IN-IN+1 
N"~ T ( I N) -NOUT (K) 
V"AT (I N) -VO 
TO ( I N) -TOFf (K) 
J l --TO/ O(LT 
IF (J1.LT .l )Jl -JI+NF 
I VL-IOOO* (OUT (K.Jl) -VOl 
j l o-j 1-1 
jf U lo,eq.O)j lo-nt 
ivlo-l000*(eout(k,jlo) -vo) 
JL-J 1+ 1 
JH-J 1+NF 

DO 150 J-JL.JH 
J2-J 
I F (J2 . GT. NF) J2-J-NF 
I VH-l000* (EOUT (K.J2) - VOl 

I F (I VL) 10.120 . 20 
IF (I VH) 12 1.200.200 
I F (I VH) 200 . 200. 121 
IF (N .EQ. 100)GO TO 240 
N-N+l 
AJ-J2-2 

ILocat i on of IN- tn .OUT 

!Round off to millivolts 

!F i nd cross i ng locations by sign 
I change btwn (IVH- I VO) and (I Vl- I VO) 

T"AT (I N. N) -AJ*OEL T+TO+OEL T*I VL / (I VL - I VH) 
go to 122 
if(ivl o.ne.O) go to 120 ICheck if at corner of constant 
i f(n. eq . 100) 90 to 2~O Ireg ion equa l to VO 
n-n+1 

aj-j2-3 ITime index of ivl o 
tmat (i n,n')-aj*de lt+to ITime co-ord of iv l o 

ck to ma ke sure t hi s isn't the prev ious cross i ng value instead 
e corner that would have been missed otherw i se: 

i f (n. eq. l) go to 122 IFirst point so i t can't be a repeat 
i f(tmat(in ,n) . ne.tmatC in ,n-l)go to 122 INot a repeat 
tmat{in,n)-O. IReset incorrect crossing value 
n-n- l IReset cross i ng counter 

I F (NEYE.(Q.O) GO TO 120 
DO "- 1.100 
I F(T"AT (I N. N) • LL TO I S) GO TO 120 
T"AT ( IN.N)-T"AT(IN.N) -TO IS 
ENOOO 

IVLO-I VL 
IVL-IVH 
CONTINU( 

f 



240 

100 
300 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
I 

IF (N.GT.MAX) MAX-N 
IF(IN.EQ.IO) GO TO 300 
CONTI NUE 
I F(KO (K) .EQ.O) GO TO 50 

NI-O 
N2-0 
IN O- I NO+I 
JI __ TO/ OELT 
IF (J 1. LT . 1) J 1-J I+NF 
JT-J1+1 
IF (JT .GT .NFl JT-JT-NF 
IVM_EOUT (K.JT)* 1000 
IVL-EOUT (K.J1) *1 000 
j lo-j I-I 
if U 10. eq. 0) j lo-nf 
ivl o-eout(k,jl o).1000 

page (. 
CROSS 

•• Iculatlon .. setup I Extrema 

I Round 
I Round 

off 
off 

sl i ght variation. 

jp-O 1 Index of previous extremt..n 

JL-J 1+2 
jh-j 1+nf 

00 350 J-JL.JH 
J 2-J 
IF (J2 . GT . NF)J2-J - NF 
IVH-EOUT (K.J2)*1000 

IF i nd ~. I ma , .inl .. 

IRound off sl i ght v.rlatlo~ .. 

Extr ema are found by sort i ng through tV1. . IV 
and IVH, where IVL corresponds to the vol tag 
v a l ue with low index number of the trIplet ( .~ 
I V/,\ has the middle index value. and IVIi t.1'I. "i, u t 
of the three index va' ues . Wh.n I V I .. gr •• up' 
than I VL and IVH a maximum t s fOUnd; tooth. tV h 
less than IVL and IVH a mi nimum ha .. b. n found. 

The v a l ues o f IVL, IVt\, and IVH are rounoeO off '0 
an i ntegra l number of mill ivolts to _ ".Inat •• 11 t 
var i at ions in values due to numer lca ' rounooffs . 
Simi l ar ly, when a local extreftnJlft 1 .. founo. t a 
differences between IVL and IV • and b h.M l .. ,.. 
IVLO (the point preceed ing I V ) arechec ad to ..... ,_ t 

that they are significant (i.e. gr.atar tha" , , . 

Statement 360 corresponds 
maximum of the forms: 

I VL 

• 

IVM 

• 
or 

• IVH 

to tr.ataa.nt 0' ••• '. 

1 " . I ~ 
• • 

IV • 
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Sim il arly. statement 370 corresponds to treatment of a s imple 
mi nimum of t he f orms: 

I Vl I Vl 
• • IVH • 

* or 
IVM * * I VM I VH 

For cases i n whi eh a corner (i .e. change in va lue after a 
constant r egion) i s encountered. and addit ional t he low 
i ndex po int from the previ ous pass through the loop is 
requ i red to ident i fy the corner. This is saved as IVLO. 

Statements 339 and 3~1 cor respond to corner minima and 
ma xi ma respect ively: 

IVH • 

I VlO IVl 
* IVM • • • 

I VlO 
• 

IVl 

I F (I Vl -IVII) 310.3~0.320 
I F ( I VH- I VM) 360.360.339 
IF (I VH- I VII) 3~ I. 370.370 

i f{ivl o.ne. iv l ) go to 340 
if((j 2- j p) .lo.5) go to 3.0 
i f (n2.ge. 100) go to 250 
n2-n2+1 

* lVi'll 

'I: I VH 

ICheek to make sure have a cor ner mi n. 
lSLow changes or close extrema rejected 

nn ( i no) -n2 ICount number of min for this .OUT 

IM in. at IVL 
aj -j2-2 
derm i n (i no,n2 ) -aj*delt+to 
maxmi n (i no) -nout(k) 
ivn (l no,n2) - iv l lMinimum i n mi ll ivo l ts 

j p-j 2-2 
go to 340 

i f (jvl o.ne. iv J)go to 340 
if((j 2- j p) . l o.5) go t o 3~0 
j f (n 1 • ge. 100) go to 250 
n l - nl + 1 

I Cheek for corner maximum 
IReject s low changes<->c!ose extrema 

nx ( i no) - n 1 t Count number of ma x fo r th i s .OUT 
aj - j2 - 2 
de r max( i no , nl ) -aj *de lt+tc 
maxm i n (j no) -nout (k) 

ICorner max . at IVL 

ivx (i no,n1) - jv! IMax imum in millivolts 

jp-j2-2 
go to 3.0 



370 

3-0 

350 

250 

CI 
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IF(N1.GE . IOO) GO TO 250 
if{U2-jp) .le.6) go to 340 i s s i gn ifi cant re lative 
icl-ivm-i vl !See if chang e 

i c2_ ivm-i v lo ( ' . 1» 0 0 to 340 I Change in51;nlftcant 
if «i cl. Ie. 1) . and. 1 c2. Ie . Lei Rea l MAX I MUM f o u nd 

Nl-~1+1 I Count number o f maxi ma f or thl •• OUT 
nX( Lno)-n) 

~~;~;~~INO . NI ) _'J'OE LT+TO+OELT* ( I V L - I VH)/(I VH. I VL-2.IV 12. 
M.XM IN (I NO) -NOUT (K) 
i vx(ino , nl}-IVM lMaximum In milli vo l ts 

no (I NO) -TOF F (K) 
jp-j2-1 
GO TO 3_0 

IF(N2.GL I00) GO TO 
;f ({j 2-jp) . l e.6) oo 
icl-jvl-ivrn 

250 
t o 340 

ISee i f change Tn c o nsecutive valuu , 191) ", 

ic2- iv lo-ivm 
if «i e l . l e .n . and . (ic2.1e . i e ll) go to 31.0 IChange 11 I nl l en f .u": 
N2-N2+1 Iree ! 1'\ 1NI t1UI'\ found 
nn( l no) -n2 I Count numbe r minima f o r t n l l .OUT 

AJ-J2-2 
OERM I N ( INO.N2 ) -'J*O E LT+TO+O~ LT* (I VL-I VH)/(I~t VL-2.1 II. 
MAXH I N (I NO) -NOUT (K) 
ivn (i no.n2) - htm IM i n i mum I n millivo lt s 

ivlo-ivl 
IVl-1VX 
IVM- IVH 
CONTINUE 

IF (N.GT . M.X) M.X-N 
IF (Nl . GT .M'XO) MAX O-N I 
IF (N2.GT . M.XO) M.XO_N2 
IF (I NO . GE . 5) GO TO 270 

Er 
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No i se marg in ca l eulations, b~sed on EYE pattern: 

Vt 

IXX 
• • • 

• • • • • • • A 

.. I\" if tt I 
'* .. I\" I; I 

----*--*------------------*--*--1 
'* it * " VI 

11: .. * I; I 
11: 11" 11:" I 

• * 
* * • 

INN 

• v 

I 
I 
I 
I 
I 
V2 
I 
I 
I 
I 
I 

_v 

The percent no i se marg i n . N. i s def i ned as: 

N· (VI/V2) ' 100 

VI i s t he d iff erence between the mi n i mum of 
the ma xi ma . INX. .nd the ma xi mum of . 11 
IXN : VI • INX - IXN. 

V2 i s the d i fference between the maximum of 
the mu ima . IXX. • nd the mi nimum of al l 
INN: V2 • IXX - INN. 

a ll 
the mi nima, 

all 
the mi nima • 

Al thoug h i t i s eas ier to interpret N wi th an EYE 
pattern. the ca l eu lat i on can be run wherever there 
has been an extremum ealeulation. 

do j - I, i nc IF i nd no i se margin wherever OV spec i f i ed 
ixx- ivx(j . 1) I i n i t i a li ze ixx. i xx . ixn, i nx 
i nn-ivn (j .1 ) 
i xn- ivn U.1) 
i nx- I vx (j . 1) 

do i - 2 .nx{j) ! Fi nd max t mi n of max ima va l ues 
i x;x - jmaxO (j xx . i V JI: U. i» 
i nx-jm i nO (j nx, ivx U I j» 
end do 

do i - 2.nn (j) IF i nd max' mi n of min i ma values 
I xn-j ma xO (i xn , i vn (j , j» 
i nn-jmi nO ( i nn , I vn U. j» 
enddo 

nd VI and V2 f o~ t he .OUT st atemen t co~~espond j ng 
th i s va l ue of j 

vl-l nx- ix n IV I 
v2- ixx- i nn IV2 
~n{j) -100.* (vl/v2 ) !Per cen~ no i se margin 
enddo 

, d of noise ma~g i n ca l culat i ons 

-

'I 
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50 ceNT I NUE 

270 
IF (MAX.EQ . O.ANO.MAXO.EQ.O)RETURN INo t hlng to wr l tt 
OPEN (UNIT_I,F l lE_CRLE.STATUS.'N£W 1

) IWdt •. dat fl1., sc"Ui'I 

TYPE 880,AFILE 

880 
WRITE(I,880)AF I LE 
FORMAT (1X/' CROSSOVER. EXTREIIA TIIIINGS FDR: ',AJUn 

TYPE 890, (OELTI/ 2.) 
WRITE (1,890) (OELTI/ 2.) 

890 FORMAT(1x,' TIMING UNCERTA IIITV I N NANOSECO~DS · ' ,' II,~1 

380 

400 

C 

4002 

4001 
I 

IF (MAX.EQ.O)GO T.O 450 
if (neye. ne . 1) TYPE 380, (NMAT(J) ,J- I , IN) , (V""T (J) ,J- I,I ). 
I (TO (J) ,J- I , IN) 
FORMAT (lX/ ' CROSSOVER TIMING I N NANOSECONDS, '/I 
1 t NETWORK ' ,< IN>(7X,13.2X) / 
2 t VOLTAGE ',< IN>(F l1. 3.1X)/ 
3 ' DELAY ',<IN>(FI1.3,IX)/) 
WR I TE (1,380) (NMAT (J) ,J-I, I N) , (V""T (J) ,J- I, I N) , 
I (TO (J) , J-I, IN) 
DO l-l.I"IAX 
if (neye. ne. 1) TYPE 400, (TMAT (J, I) ,J-I, IN) 
WRITE (1 ,400) (TMAT (J, I) ,J-I, IN) 
FORMAT(9X,< IN>(FI I.3, IX» 
ENOOO 

Tim i ng j i tte~ ca l cu lation - executed only w·. EVE ~.". .. _ .... ' •• :It 

IF(NEYE,NE . 1) GO TO 450 
NM-JMOO (MAX, 2) 
ICI-MAX/ 2 
AXI-TMAT (I,2) 
ANI-AXI 
AX2-TMAT (1, I) 
AN2-AX2 
DO I-I, I C I 
IC2- 1+2*1 
AX I -AMAX I (TMAT O 20 1) 
AN I -AM INI (TMATO' 20 1) ,AX I» 

IF«NM.EQ.O) .ANO: (I EQ
ANI 

AX2-AMAX I (TMAT 0 I ' ) • I (I» GO TO 4002 
AN2-AM INI (TMAT O ' (2 ,AX2) 
ENOOO ' I C2) ,AN2) 

TJ 1"'A X1 -AN l 
TJ2 c AX2-AN2 
TYPE 4001, (TJI,TJ2) 
WR I TE (1 4001) (T 
FORMAT (IX / 9X ,JI,TJ2) 

" ,TilliNG J I TTER 
- I . f8. ~ ~ FII • '" • • .110, • 
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;0 IF(MAXO.EQ.O) CO TO 600 IOutputs when extrema found 

Write Percent noi se margin values 
type 4022 

..... r i te (J ,4022) 
022 f ormat (lx . I .6x . 1 PERCENT NOIS~ M.ARGINS: I) 

00 J-1. I NO 
TYPE 4003, (MUM I N (J) ,RN (J) ) 
WR I TE (J , 400 3) (MAXM I N (J) ,RN (J) ) 

>03 f ormat {l x/ llx. ' NETWORK: ' , 13.5X.' t NOISE MARGIN _ '.Fg.4) 
enddo 

Done wr i t i ng percent noise margins 

Write e xtrema va l ues and locations 

IN02-2* INO 
i f(neye, ne. 1) TYPE 500, (MAXM I N (J ) ,J-I, I NO) , (XTO (J ) , J-I, I NO) 

~ F OR~AT {l X /' MAX I MA AND MI NIMA T I MING IN NANOSECONDS' // 
I 1 NETWORK 1 , <INO> (7X. 13. 14X) / 
2 1 DelAY ' .<INO>{F l l .3 .13X)/ 
3 1 '.<INO>(' MAXIMA MINIMA 1)/) 
WR I TE (I ,500) (MAXM I N (J ) , J-I , I NO) , (xrD W ,J-I , I NO) 
00 1-1.MAXO 
;t (neye.ne. 1) TYPE 550, (O'ERMAX CJ , Il ,DE RMIN (J , Il , J- I ,INO) 
WRITE (1. 550) (OERMU (J, I) , OERMI N (J, I) ,J- I , I NO) 

;0 FORMAT(9X,< I N02> (Fl1.3,IX)) 
ENDDO 

if(neye.ne. 1) type 700 
WR I TE (J , 700) 

10 FORMAT (J X/' EXTREMA VALUES IN MILLIVOLTS 'I ) 
do j - l . i no 
if (neye.ne. 1) TYPE 750, (MAXMI N (J)) 
WRI TE (1. 750) (MUM I N (J) ) 

;0 FORMAT (JX/' NETWORK: ',13) 
do i - 1. maxo 
If(neye.ne. I) TYPE 760, 1,IVX(J,I),IVN(J,I) 
WRI TE (J , 760) I , I VX (J, I ) , IVN(J , I) 
FOR"'AT(9X , I ~, ' MAX - '.16.5X , ' MIN - 1.1 6) 
enddo 
enddo 
type *.1 1 

o CLOSE (UNI T- I) 
RETURN 
ENO 



DE Tl 

SUBROUTINE DELTA (N. W) 
ccccceeeeeeeeeeeeeeeeecceceececcccccceccccccccccccceccccc:cttte::t::~--
e SOLVES FOR THE A.B . e .D PARAIIETERS FOR TilE P I CI RCU I • 
e FOR THE N<h NETWOR K ElEIIENT AT FREQUENCY (TYPt) t iRe I 

e 12/11/85 
ceceeeeeeeeeeeeeeeeeecceeeeeeeecceccccccccccccccccccccCCttcctcttttt::·-

eDIIPlEX*16 ABeD (500. 2 . 2) . ZERO 
DOUBLE PREC ISION P I2 
eOMON/ NET / Rle (500 . 20) • ABCD. P I 2. ZERO 

c 

C 

Gl-RlC(N. l) I Gl ) 
G2-RlC (N. 2) I G2 
BC1-W'RlC(N.3) I .. *CI 
BC2-W-RlC (N. 4) I .. *cz 
XL-W-RlC(N.S) I .. *l 
R-RlC (N.6) 
IF (RlC(N.9) . EQ. O.O)THEN I RP d.fou l . '0 I n fl n 
ABeD ((N. 1. 1) - DCIIP lX ( (1 .+C2*R-SeZ*XL) • (x 'G2~"C21 ) 1" 11 ) 
ABeD N.l.2) -DeIlPlX(R.Xl) 
ABeD (N. 2. 1) -DCIIPlX ((G 1+C2+R* (C 1 C II ) 
1 (Be l+Be2+R* (G 1*Be2+G2*Be I) +Xl: /-Ie 1.IC2) -XL' (e I·.t,-IO,- : 
ABeO (N.2.2)-D eIlPlX( (1 +Gl*R_SCI*X

G1
)'Gz-(.e l •• C21) I It 

ELSE • l • XL-C 1-oII"C II) I 

RP-Rle (N. 9) 
O-(R+RP) **2+Xl *. 2 I "n l te R' ca •• 
A-RP*(R*(R+RP) +Xl··2)/O 
B-Xl*RP**2 / 0 
ABCO (N. 1. 1) -oellPlX ( (1 +GZ* ) 
ABeD (N. 1 .2) -DCIIPlX (A . sj A-SeZ*S) • (cz*"":.' ) • 
ABeO(N.2.1 ) -oeIlPl X((Gl+GZ+ * II 
1 (ee I+BC2+A * (G I * BC2+C2*BC ," (C 1 -C2-le 1*.t2 ) -, • • , 1 " . .. <Ii 

ABeD (N. 2.2) -DCIIPlX ((1 1 +s* (C I*Cz-.e 1-.e2')) •• 
END I F ,"G I'A-se .. s ) • (CI .... ' I I) 
RETURN ... 
END 
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DIGIT 

FUNCTION OIG IT( M, ITEX,IERR) 
eeeeeeeeecceececceceeeccceccecccccccccccccccccccccccccecccecceccc 

e 
CONVERTS A CHARACTER STR ING TO A NUMBER C 

e 
eeeeeeeeeeeeecceeceeeeeeceeeeeeeeeccceeeeeeccceceeceeeeeeeceeeeee 

CHARACTER' I ITEM (130) , INTEG (1 5) ,N 
D I M,NS I ON TEMP (130) 

OAT4 INTEG/'I' ,'2 ','3' ,'J; ' ,'5 ' , '6','7','B', '9','O','.',' 
1 ' K' , ' t'I ','U' 1 
DI GIT-O. 
K-O 
PLUS-I,D 
IF(ITEM(M) .N E. '-')GO TO 10 
PLUS--I.O 
"'-I'H-l 
IF ( I TEIi(/\) .EQ. '+')M-I\+l 

00 50 I -M, 130 
N-ITEM (I) 
00 J-l,15 
IF (N.EQ.1NTEG(J)lGO TO 30 
ENDOO 

!Decimal Point Location 
!Sign and Exponent 

I I gnore + 

IMatch Character 

I ERR-l fError, no mateh 
RETURN 
TEMP(I) -O. 
I F(J . EQ.ll.ANO.K.NE.O)GO TO 20 
IF {J.EQ.11)K-1 III period 
I F (J . EQ. 12) GO TO 60 lA blank 
IF (J . LT . IO)TE MP (I)-J 
1 F (J . EQ. 13) PLU5-PlUS*1. E3 I K, M, and U exponents 
IF (J.EQ.l.)PLUS-PLUS*I.E-3 
I F (J.EQ.15)PLUS-P LUS*I.E-6 
CONTINUE 

I F (K .E Q.O)K- I 
I F (ABS (PLUS) • EQ. I .0) THEN 

I F (K.EQ.O) K-l 
L- I - l 

ELSE 
I F (K .EQ.O) K-I-l 
l - I -2 

END I F 

DO 70 J-M,l 
IF (J .EQ. K) GO TO 70 
A- I O. '* (K- J) 
I F (J .LT.K) A-O. l *A 
DI GI T-O I GIT+TEMP (J)*A 
CONTI NUE 
1'\-1+1 
01 G IT-PLUS*O 1 G IT 
RETURN 
ENO 
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E 
f i BER 

SUBROUTI NE EAMP (N , W) CCCCCCCCCCCCCCCCCCCCCCCCCtCtCtmt: 
Ccceceeeeceeeeee , , CCCCCCCCCCCCCCCCCCCCCC ETERS FOR A ~ ... 

C RETURNS THE A, B, e, 0 PARA\OUReE WI TH EXTERNA RESISTANt! : 
C A VOLTAGE DEPENDENT VOL T~;~PE 6 C I RCU I T) t 
C AND A DEfiNED BANDWIDTH C 

C 1/20/86 'cceccceeccccCCCCCCCCC CCCCCCCCttm:: iCC 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCw 

CoMPLEX'16 ABCo (500,2,2) ,ZERO, 0 
DOUBLE PRECIS ION PI2 
COMMON / NET / RLC (500,20) ,ABeD, P I 2 , ZERO 

Wo-RLC (N, 16) 
o_oeMPLX (I,O,W/WO) / RLe (N,I) 
ABeD (N, 1,1)-0 
ABeD (N, 1,2) -RLe (N, 2)"0 
ABCo (N, 2,1) -1. o-9* 0/ RLC (N, 2) 
ABeo(N,2,2)-I . o-9"0 

RETURN 
END 

SUBROUTINE fIBER(N, W) 
cceceeeeceeeeceeeeeeceeeeeeeeeeeeeececcceceeeccccCCCCCCCCCCCCCtCctctt~= 
c: OPTICAL F I BER MOD El - Returns A, 8. C. 0 pl r-am.te"a t 
C (TYPE 7 CIRCUIT) 
C Z/14/86 : 
ccecceeeeeceeceeceececccec eeeeeeeceecceCCCCeeCeCCCCCCCCCCCCCCCCttctttt::: 

100 

eOMPLEX'1 6 ABeD (500, z, z) ,ZERO, P 
DOUBLE PRECIS ION PI2 . AO,AW,WTC.WTM,H,PH I 
CoMoN/NET I RLe (500,20) ,ABeD, P I 2. ZERO 

Ao-RLC (N, 16) 
WTC-W*RLe (N , 171 
AW-RLC (N, 18) 
WTM-W*RLe (N, 19) 
H-AO+WTC**2+WTI1,': 1r2 
" (H.GT.Zo. ) H_ZO. 
P-oEXP (H) 

lStat lc Attenuat ion 
(Chromat i c d i spersion 
IChromatic los. ter 
linter-modal blnawidt 

IF (AW.EQ . O. O)GO TO 100 !Simol I f 
PHI R 2.*AW*WTC Y 
P-p*oeMPLX (oeos (PH I) , OS I N (PH I» 

ABeD (N, 1, 1) .p 
ABeD (N, 1, Z) -ZERO 
ABeo(N,Z,I ) _ZERO 
ABeD (N, z, Z) _P 

RETURN 
END 

te, 
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FILTER 

SUBROUTINE FILTER(N.W) 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

DELAY LINE FILTER MODEL C 
(TYPE 12 CI RCUIT) c 
4/ 11/86 c 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
COMPLEX"16 ABCD (500.2.2) .ZERO.Q 
DOUBLE PRECISI ON PI2 .P.X 
COMON/ NET / RLC (500 . 20) • ABCD. P 12 . ZERO 

X-W*RLC (N. I) 
M-RLC (N. 2) 
P- (DCOS (X) ) " M 
I F (DA BS (p) • L 1. 1 . 0-20) P-l. 0-20 
Q-l./P 
ABCD (N.l . I) -Q 
ABCD (N . 1. 2)-Q*RLC (N . 3) 
ABCD (N . 2. I)-Q*RL C (N . 4) 
ABCD (N . 2.2) -ZERO 

RETURN 
END 



GE 

FUNCT ION GEN (N.W) C 
ecccccceecccccccccccccccccccccccccccccccccccccccccccCttCCCC:C:r:Ct:: r -., 

C RETURNS THE VO LTAGE GE NERATOR FREQUENCY CO 0 [ 
C FOR THE Nt h NETWORK ELEIIENT AT FREQUENCY (I'[ I Cllt • 
C 12/11/85 
CCCCCCCCCCCCCCCCCCCCCC CCCCCC CCCCCCCCCCCCCCCCCCCCCCCCtCC:Ctttttt::::··· 

COIIPLEX* 16 AB CO (500 .2 . 2) . ZERO.O NC . GEN . Df 
DOUB LE PREC IS I ON ON.OO.AP.AR . AF . PHI .PER.' ll .IETA.( 
COIIIION/ NET / RLC (500. 20) • ABCO. P I 2 • ZERO 
COMON/ T IIIE /P ER 

PW-RLC (N . 1) 
AMP-RLC (N. 4) 
WO-RLC (N. 16) 
TRII-RLC (N. 20) 
AR-O ·S*TRM*W 
AP- O.S*W*PW 
C- 2 . ftAMP 
ON-C *PW/ PER 
IF (W. EQ.O.O) ON-O. ,*ON+RLC(N 7) 
IF (AP . GT. I • E- S) ON -ON*OS I N (AP) / AP 
IF (AR.GT. I .E-, ) ON -ON*OS IN(AR) / AR 

C GENERATOR DE LAY 

t'uhe cn 
I 01 hue! 
"." •• f'IIOWocn 
I to loo~ , 

IDC C I 

PH I--W*RL C (N. 5 ) 
ONC-ON* OC IIPLX (OCOS (PH I) • OS I N (PH I» 10.10, 

C ASSYMETRICAL TRAPE ZOID 
TFM- RLC (N . 19) 
AF-O · S*TFMftW 
IF (TFM . EQ.TRM.OR . AF E 
BETA-PH I -AP+PI2 / 4 O · Q.O.O.OR.AR.EQ .O OIGO 0 100 
DO-AF ' • 

I F (AR.N E.O . o ) OO_ • 
OF-C*(OS IN (AF ) _ ogf. OSIN(AR)/AR 

' .. I 
ut .. 

ONC-ONC+OF OCIIPLX (O COS (8E-A) 
.OSI~I'E-. II ., .~ 

C GENER ATOR LOW PASS 
100 GEN- ON C/ OCMP F I LTER 

RETURN LX (1 . 0. (II/WO» 

END 

;c 
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CRAPHICS 

SUBROUTINE GRAP HI CS (AFllE,BF ILE,DFILE,NF,TOIS , TOF f ,DC,FS,VOFF. 
I NEYE.IO) 

cccccccccccccccccccccccccccccecceeeeccceeecececceecccceeceeeeecceeecee 

WRITES TO THE OUTPUT FILES 12/ 29/ 86 

AFILE 
BF IlE 
OF I LE 
NF 
TOIS 
TOFF 
DC 

f5 
VOFF 
N~YE 

10 

-------
----

name of simulation mode l file; used in 
name of graphics output file 
name of data output file 
number o f terms to be graphed 
horizontal axis scale 
hor i z ontal axi s offset for time domain 

labe l 1 i ng 

vector of ve rtiea l offsets 
max imum of 5 allowed 
vertical axi s scale 

for various outputs, 

vertical axis of f set 
1 for EYE pattern; otherw i se 0 
1 for fr equenc y domain output; otherwise 0 

e 
c 
e 
e 
e 
c 
c 
e 
c 
c 
e 
c 
c 
e 
e 
e 

'[eeeeceeeeeeceeeecceeecceeeeeeeeeeeeeeeeeceeeeeeceeeeeeeceeeeeceeeeeccc 
tHARACTER*32 AFl l E,BFIL£.DFllE 
eO~PLEXOI6 EW{j .32768) 
DOUBLE PRECISION PER.P2 
I~TEGER ESC I This is the graphics escape character 
OI~ENS I ON TOF F (j) • DC (S) • ORO (II) • OUTPUT OSO. III 
COMON/~I SC/K I NO (500) • RCEN. NOUT (5) .MOUT. KO (5) • ; ff 
eDMON/TIME/PER 
COMON/WAVES/E W. EOUT(S.32768) 
DATA ESC/ 027 / I This ; s its octal equivalent 
P2-6.28318S3071798S 
FWO-l./PER 
AFS-F 5 
AVOfF-VOFF 
If(FS .EQ .0 .0) AfS-2.0 
A~P-I./AFS 
AO·~50.*AMPftAVOFF+20 . 

T I NC-TO I S/ 3S0. 
TC-3S.·TINC 
TGO-TC 
TS-TC 

If ~EYE . EQ.O)CO TO 10 
TINC-2.*TINC 
TC-3S.0TINC 
TCO-17S· 0TI NC 
TS-87·S*TINe 
ANf-Nf 

IVertical offset 
IVert i eal sca le factor for time 

IVertical offset 

IHor i zontal d i spla y time increment 
IHor i zontal ax i s label ing increment 
IHori zonta l axis initial offset 
IWaveform time offset 

IEye pattern values 

INumber of time samp l es 



20 

90 

100 

C 
C 
C 

110 

120 
130 

ISO 
140 

C 
C 
C 
C 

190 

310 

2 10 

OELT-PE R/ ANF 
I F (I D.EQ. I) DE LT-F IIO 
Y-T J Ne / DEL T 
TO- l .-TS/ OEl i-Y 

lTime de lay per wave for. leapl, 
IFreq de lay per wav.for. outPUt 
IRat io of dilplay sar.tpl. to,wa ·.fora ,_ 
ID i sp lay offset I n nu:=er 0 .. av,fOrJi ... 

DO 1- 1, 100 
I F (ABS (TO) • LT. ANFl GO 
TO-TO+AN F 
ENDDO 

TO 20 

OPEN (UN IT-2 1 , F I LE-BF I LE, STATUS- ' NEil' ,CARR I AGEtOtn'RO . ' IS: ) 
IIR I TE (21,90) ESC I CLEAR SCREEN 
FORMAT ( IX,AI,' [2J ') 
IIR I TE (21,100) ESC I ENTER GRAPH I CS 
FORMAT ( I X,A I , ' Pp s (.[0,479) []67,O)') 

**************************.****** ••••• ****** •• ** ...... ~.~~~ 
!O 

*****ORAW GRID AND TICK MARKS.**.****** •• ***.* ......... ~. 11 
************************** •• ** ••• *******.*****-........... 12 

IIRITH2l.110) !IIAKE GRID LIGHTER TIIAN THE AV[fO , C 
FORMAT (1x, 'w{i2) ' ) 
J--20 
K--25 
DO 130 I- I,ll 10RAli GR ID LI NES 

J-J+70 . 
K-K+45 
IIR ITE (21 , 120) J ,J. K, K 

FORMAT O X, 'P['13' , 20) v[ ' 13' ,lo70lptsO 'I ")v[7S0 'I ) ' ) ') 
CONTI NUE • -' • 
J-50 
K-20 
DO 140 1-1.50 IDRAW TICK ~ARKS 

J- J+ I ~ 
K-K+9 
IIRITE (2 I ,150)J,J,K,K 

'3' 

F.DRIIAT nX , ' p ['13' 30) ['13' ) 
CONT I NUE ' v ,20 Ptso, '1 ) ' lv[60, 'I ) ' ') I I 

**************************** 
*****PlOT WAVEFORM.S HERE* *.**-*.***.............. . .._-"4 
************;':****** .*******.** •••• *** . .... ::::::::::::::=1 .. ************** ~ .*** ............. . 
IIRI TE (I',190) 
FORIlAT Ox,'w(;3) ') 

DO 300 K-I , IIOUT 
EOFF-DC (K) 
TC;-O 
T-TO+TOFF (K)/DEL
NP-O I 

IIR ITE (2I,21 0) 
FORIIAT (I X, ' P[48,O) ') 
TOUT--TINC_TG 

!Return to nor~ 1 
Int. &It, 

IEYE pa ttern 
ITOta ) t',m •• 0 e Cownter 

• Of'. I !Loop to h et n .1' 
ere for EYl Da'ttr 



DO ;00 1-1, 350 
IF (K . !Q.l . ) OUTPUT (I , 1)-I*Tl NC+TOUT 
T-Y+T I I . ncrement sample number 
T-BR ACKET (T , ANF) 
NT-J INT(T) ! Integer 
DT-T-NT 
NTI-NT+i 
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GRAPH ICS 

IF(NT1 .GT.NF ) NT 1_NT1 _NF IRecyc l e if NT2 out of range (too large) 
TC·TC~Y ! I ncrement EYE p2lttern samp l e counter 
£0- (l . -DT) *EOUT (K . NT) +OT,\ ::OUT (K . NT1 ) II nterpo I ate 
OUTPUT(I , K+l)-EO+EDFF 
OUT-A~P'(EO+EOFF)*;50.+AO 
I f( I • CT • 1) CO TO 410 
~RITE{21 , 200)OUT IFirst po int is a po int. not a li ne 
FOR~AT (IX, 'p(+2 , ' G 'JvO') 
CO TO 400 
I F (OUT. GLO .0) WR ITE (2 1, ;20) OUT 
FOR~AT(IX , ' V(+2, 'c ' J ,) 
I F (OUT .LT .0.0) WR ITE (21 , ;30) 
rORMAT(lX.· P(+2.0) ') IWri te a blank. for negative d i splay locat i ons 

o CONTINUE 
WRIH(21.500) 

o FOR~AT (1X , 'O(e)') 
IF( NE YE.EQ.O) CO TO 300 
IF (TC. LT .ANF)CO TO 310 Ifin i sh for EYE pattern , 
CONTINUE 

.*****II:*********II1:ft'l:***'I:*************1:******1:'l:1:*****'l:1:'1:******'1:*1:*t:*1:**** 

.***.LABEl AXES HERE**************t:t:******1:********t:******************** 
************************************************************************ 

001 - 1.11 
ORO (I) -1- 1 
ORO (1 ) - 0. I*AFS'ORO (I) -VOFF 
ENODO 
WR ITE(21.621)ORD 
fORMAT (lx , ' p[ I , 28) t (sl. iO) til f7.2 III' / 
1 lX , ' p[I , 73)t(sl , iO)"'r] . 2"11

/ 

2 lX . I P [1 , 1 18J t (s 1 . j 0) '" f 7.2"11 
/ 

3 1X, ' p[1.163Jt(s1 . IO) "'f].2 1I1
' / 

~ lX . 'p[ 1.208Jt(sl , IO)'''F7. 2"11
/ 

5 lX. ' p(1.253Jt(sl , iO}'" F] . 2 1I1
' / 

6 lX, ' p[ 1.298J t (s 1. ie) '''f7 ·2'' '' / 
7 l X. ' p(I,343Jt(sl , iO)"' F7. 2 " "1 
8 l X. ' p[ I .388)t(sl.iO)""7.2""/ 
9 l X. ' p(1.~33Jt(sl . ie)"' F7 . 2 ""/ 
1 l X. · p(l.~78Jt(sl.iO)"'f7 .2 '"') 
LABEL ABSC ISSA AX IS 
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00 1- 1.6 
1\1\-25+ 137* ( I- I) 
I F (I .EQ .6)1\I\- 7I1o 
TG2-2. *TG* (I - I) -TGO C 

if{id.eq.1)tg2 .. 1000. * tg2 IConvert freq to z , 
WRITE (21.700)I\I\.TG2 C 

700 FORMAT ( lX. 'pC ' 13' . 15J t (51.10)" I F7.2 "") C 
ENOOO C 

1F(IO.NE. I) IIRITE( 2 1.710)AF IL LESC I PLO" TI LE 
710 FORMAT(1 •• ' p[230.1079lt (.0 . 10) "AIIPLITUDE VS Ti llE I~ MS . ... 

1 II INPUT F I LE:II." 'A32''''.'s(a[0.O)[]67.~19])'.A'.'\·) IU , ·~ 

I F (I O. EQ .I) WRITE (21 .711) AF ILL ESC 
71 1 FORMAT (IX . ' p [ 230.1079]t(.0. 10)''AIIPLITUDE vs FREQ 1M Z. ". 

1000 

I" I NPUT FILE:" ."'A32"". 's(.rO.O)[167,~79])f.AI.'\') 1[1'·.'! 

CLOSE (UNIT-21) 

IF (I O. EQ . O)RETURN IIf 10-1, Cr.ate an output tile Ora~[ 
tN-I'\OUT+1 Iwi th the graphed dan 
OPEN {U NIT-2 1. FILE-OFILE,STATUS. ' NEW ') 
DO 1-1.350 
IIR I TE (21 • 1000) (OUTPUT (I • J) • J-l • IN) 
FORMAT (J X. F 20.3. <IIOUT>'(1 X. F20. 3) ) 
ENDOO 
CLOSE (UN I T-2 1) 
RETURN 
END 

C 



page 79 

GSIN 

FUNCTION CSIN(N,W) 
:CCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCccccccececcc::cceeccccccee::::ccecccccc :: 

RETURNS TH[ SINEWAVE GENERATOR FREQUENCY COMPONENT C 
FOR THE Nth NETWOR K [LEMENT AT FREQUENCY W (TY PE 8 CIRCUI T) C 

' 12/16/86 C 
~Ctcccccccc:cccccc:ccccccccccc cccccccccccccccccccccccc eeccceeeecceceeccc 

COMP EX-16 ABCD (500 .2.2) • ZERO. GS I N 
DOUB E PREC I SION DN . PHI .P I 2 
COMMON/NET/RLC(SOO.20) . ABCD.PI2.ZERO 
CO""DNIT I ME / PER 

WO-RlC (N. 16) IS j ne ..... ave f r-equency. 2*p i *f in CRad/ s 
ON-O.O 
If(W.EQ.0.0)DN-RLC(N.3) roc Component 
If (W.EQ.WO)ON-RL C (N.2) IAmpl ;tude 

GENERATOR DELAY 
PHI --\l*RLC(N ,u) 
GS I N-DN-OCMPLX (OCOS (PH I) • OS I N (PH I» 

RETURN 
END 

!Delay 



HPF 
I 

SUBROUT I NE HP F (N , W) CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtttt(t~ 
CCCC CCCCCCCCCCCCCCCCCCCCC~C~ C~C;;~AMETERS FOR THE H~~;~R~~ I ~ I RCUI ' i 
C SOLVES FOR TH: A, , , ' MENT AT FREQUENCY , 

FOR THE Nth N-TWORK EL. ff • 

C - 11/3/ 86 new B coeCCCCCCCccccccceeccceeCCCttttt~ 
C CCCCC CCCCCCCCCCCC I CCCCCCCCCC CCCCCCCCCCCCCCC ) ZERO 

COMPLEX*16 ABCO (500. 2 . 2 . 0 AR A I B 
OOUBLE PREC I SI ON P I2 .G L.GC . . • RO 
COMON/ NET I RLC (500.20) • ABCO. P I 2. ZE 

GL-RLC (N. 20) I L/R 
GC-RLC(N. 19) 11/RC 
GlW-W*Gl 
0-1. 1 (I .... GLW •• 2) 
AR- J • -O*Gl* GC 
IF (W.GE . l.E-5) THEN 

AI--O*GC/ W 
B- - l . / (W* RL C(N,I» 

ELSE 
A 1--O ff GC * I . E+5 
B-- l .E+5/ RLC (N.l) 

END I F 
ABCO (N. l . 1) -OCMPLX(AR.A l) IA 
ABCO (N. 1 .2) - B*O CMPLX (0.0. 1 . 0) I B 
ABCO (N. 2. 1) -RLC (N. 3) / OCMPLX (1 •• GLW) I c 
ABCO (N , 2.2) -OCMPLX (1 . 0.0.0) 10 
RETURN 
END 

SUBROUTINE IAMP (N.W) 

ccccceccec ecccceccc ecec cccccccccccecec ceccccccCCccccccCCCCCCtCtCttCm:: 
e A VOLTAGE DE PEND ENT CURRENT SOURCE WI TH EXTERNA RES I S lOU ; 
C AND A OEFINEO BANOW I OTH (TYPE 9 CI RCUIT) 
e 1/ 20/ 86 : 
eccee ee ee ec e c c CC C C CCCCCCCC C CCC C C C CCC ccc t tt tt C C t cec t c CC c c Ct ceeceCetttc::~ 

eOMPLEX*1 6 ABeO(500.2 . 2) .ZERO.O 
DO UBLE PREC ISION PI2 
COMON/ NET/ RL C (500.20) .ABCO , PI2.ZERO 

WO-R LC (N. 16) 

O-OCMP LX (I . 0 . W/ WO) IRL C (N . 1) 
ABCO (N. 1 , 1) - RL C (N. 3) '0 
ABC O (N . 1 .2) - 0 

ABCO (N.2. 1) - 1. 0- 6*RLC (N. 3)"0 
ABC O (N. 2. 2) - 1. 0 - 6*0 

RETURN 
END 
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INFl l TER 

SUSROUT I N£ I NF IL TER (NVAR , K, I TEM) 
::cccccc:ccccccccccccccccccccccccccceeeeeceeeeeeeeeeeeecceeeceeceeee 
c c 
: Speci a l Hand li ng for F I LT ER Ne two rk , p l aces the imp l ied "1" 21fterC 
! :he Si ne . Cos i ne. or Gauss i an s tatements C 

~ c 
Ccccccce cc cccccccceececeecceccecceeecceeceeceeeeceeeeceeeeeeceeeeeec 

10 

CHAR ACTER"1 I TEM(130) 

If (NVAR . LT . 9) RETURN 
DD I - K, 130 
If (I TEM (I) . EQ . ' ') eo TO 10 
ENDDD 
I TEM (I - ll - ' l' 
l iE,.dl -2) - ' I 

. - 1- 3 

RETURN 
END 
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I HPl1T 

fOL PGL POloNe.TO I S. Off.DC. ( ' I L Bf l L Of l loFGL. • • SUBROUTI NE INPUT Ar. • 

1 CRL. fS. VOf, • NEYE. 10 . nff. np~~CCcc cccce ecccecccccceeecteCcCC C ctc 
CC ccec ccc eccc c ccc c cccccccccc c cc c c ccc C 

c C 
e DATA ENTRY SUBROUT 1 NE 1/ 28/ 87 C 

c . . mode l . interprets networ C 
C INPUT reads in the Slmula tl O"b t ' on c i rcu i t I).rametera C 
C subsections and wr i tes the su sec

1
, CONTROL to I n t erpr e t C 

C d ca l Is subrout ne 
e into ilrray Rl • an I "put a l so gen.,..u. C 
C simulat ion model contro l s ~ateme~!:~c! o n the name of the C 
C the names for the output f,les, the coner-o l po l nte r l: C 
C simulat i on mode l. INPUT a l s~ pa $se~ C 
C NEVE. NFF. and NPP to the ma i n rou t i n e . C 

C 1 C C AFI L - fi Ie conta i ning s i mul a ti o n mod e C 
C BF IL - time domain graph ou t pu t ( 1 Ie C 
C DFtl - t ime doma in data ou t put (lIe C 
C FGL - frequency domain gr ap h o u tput ~ t I e C 
c: FOl - frequency doma j n d ata output f l ie C 
C PGl - freo . vs. phase g ra ph i cs output f i Ie C 
C POL - fre~. vs phase da t a output f i I e C 
C NC - number of networ k secti o ns i n s i mu l at i on .00. 1 
C TOIS - hol"'i zontal d i sp l a y s c al e for t i me doma l n

c 
C 

C TOFF - vector of hol"'izonta 1. s hifu for t l ... d i sp l ays 
C DC - vector of vert i cal sh ifts for d i sp l ays C 
C CRl - file conta i ning l ocat i o ns o f vo l tage c r osa ln". C 
C FS - vert i ca l ax is sca l e f o r t i me doma i n ou t PUt C 
C VOFF - vertical Offset for t i me doma i n graphs C 
C NEVE - 1 jf EYE pattern outpu t r equestec • • 1 •• -0 C 
C 10 - 1 if frequency doma i n ou t pu ts requested. e l se , 
C NFF - I if frequency doma i n ou t PUts reque.ted C 
C NPP. 1 if phase sh i f t OU t pu ts reque 'ted t 
e ( 
cccccecccceccccccccccecccccccccccccccc c cccc ccccccccceceecceeceeCCCCC!Ct! 

CHARACTER 1t l rTEM ( 130) . SPA.TAB . I COAT 
CHARACTER*2 NOAH (13 . 20) • NO 
CHARACTER*3 NAME (20) • NOW 

CHARACTER*32 Af I L.Bf l L .O f I L . fGL.fOL.PGL . OO L CRL 
COMPlEX*16 ABCD (500.2.2} • 
DOUBLE PREC ISION PER.PI2 
o I MENS I ON TOfF (5) • DC (5) 
COMMON/ NET / RLC (500.20) • ABCO. P I 2 

COMMON / MI SC/K 1 NO (500) • RGE N. NOUT (5) .1I0l/T • KO (5) • I ' f 

i ntege r 
integer 
i nteger 
integer 
integer 

Status. s i ze 
StrStr im 

time_ graph_s i ze. t ime da ta s i z e 
fr

e
q_9 ra ph_ size. freq-da t a:s i ze 

Phase_graph_Si ze . Phaie_data_ s i z e. 

... 

t 

t 
I 
t 
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INPUT 
DATA "AilE! 

12 34 56 8 ' C"~'I ' -PE ' ' D-l ' 7 ~n . I t. • t. ,'LIN'.'STU' . " _A" ' . 'FIS" 
n • SIN I • ' I AM I t I HPF I • 

11 12 13 14 15 16 17 18 19 20 
2 ' XFO', 'Fl l ' , 'SHU' , 'S ER ' • 'BPF','SRC' 'I I I ' I 

D~U NDAHI • • • 

t 

r 
9 10 

'I 

1 2 3 4 5 6 7 8 9 10 11 12 13 
IP~'I . ' TR', ' PE I . ' AM ' , '0£'. ' ew'. 'D C' . 'R ' , 'TF' , ' MO '. '1'10', '1'10 ' , '1'10'. 
1 2 3 4 5 6 7 8 9 10 11 12 13 

2 'Rl' , ' R2 ' , ' C ' , 'll' . 'l2' .'C ' , 

t GEh 

t TH 

• Fl','F2 ' ,' R ', ' R ' orR ' , 'R ' , 'R " 
r D[lTi 1 2 3 4 5 6 7 B 9 10 11 12 13 

, 'Cl ' .'C2'.'Cl'.'C2·.'l ' . ·R' 'R ' ~ • l , ' R2'. ' RP ' , 'RP','RP','RP ' ,'RP ' , 
1 2 3 4 5 6 7 8 9 10 11 12 13 

' ZO · . 'TD' . ·X ' . 'R ' 'TC' '0 ' , • • • K 1 ' • ' K2 I • I we I • 'Q I. I F I ' • IF 2 I • ' F 3 t • 

1 2 3 4 5 6 7 8 9 10 11 12 13 
' ZO ' . 'TO' . ' X ' . · R' 'TC' '0' '1' 

t • • K ,'K2' , 'Gl ', 'RL','Cl'.'WC' .'WC', 
1 2 3 4 5 6 7 8 9 10 11 12 13 

' Col I . I R '. I aw ' I I aw ' • I BW ' • I BW' • I aWl. I aWl. I BW I • I Bwi • I BW ' • I BW' . I BW ' • 
1 2 3 4 5 6 7 8 9 10 11 12 13 

1 ' e ' , Il ' , ' e ' , ' R ' , 'R ' ,'R '.'R ' ,IR ' , 'R ' ,'R ','R ' .'R ','R I. 

r I"E , 
STUB 

S 
[AIIP 

6 
FIBER 

7 
m 

S 
WtO 

9 
hPf 

t 

r 

r 

r 
' AD ' , ' AW ' , ' FW' , ' F I' . '0 
1 2 3 , 5 

' f ' , ' AM ' , ' DC ', ' DE ' , 'R 
1 2 3 4 5 

, • 'QI",' , ' QC I , I X 
6 7 8 

I , ' R I . I R ' . 'R 
6 7 8 

' ,'LC', 'LO'. 'SO ', 'so' , 'so ' . 
9 10 11 12 13 

'.'R I ,'R ',' R I,'R ' ,'R " 
9 10 11 12 13 

' C~ ' I ' R " ' e 
1 2 3 

, I ' aw l I ' aw' • ' 8W ' • I aw ' , ' aw' , 'Bioi' I 'aw' • I aW l , I aWl , I aw ' , 
\ 5 6 7 8 9 10 11 12 13 

e XfMIIER 1 2 3 4 5 6 7 8 9 10 11 12 13 

t 
2 Ill' , 'L2' , ' M ',IK ',IN ' , IN ',IN ' ,'N ' , I N ' , IN ',IN ',IN ' ,'N ', 

II;' TER 1 2 3 4 5 6 7 8 9 10 11 12 13 
3 I TO ' • IN ' , • R2 I • ' C I' • I R I' • ' f 0 I I ' F 0' • I F 0 I • 151 I • ' CO I • I GA I , '(iA ' , '(iA ' • 

SHU!IT 1 2 3 4 5 6 7 8 9 10 11 12 13 
\ ' 1I0 ' , ' AI ' ,'A.2 ' , ' A3 ' , ' A£",'SO','SI','S2 ','a3','B£",'K ','K ',' K I, 

SERIES 1 2 3 4 5 6 7 8 9 10 11 12 13 
S ' AO ' , 141',I A2 ',I A3 ' , IA ~ ' .IBO I ,' B1'.'B2I.'B3' , 'B£'I , 'K ', 'K ','K', 

B'F 1 2 3 4 5 6 7 8 9 10 11 12 13 
6 'F l' • 'F 2 ' , ' 5 I' • ' 52 I • I K ',' PH I • ' PH ',' PH' , 'PH' • 'PH I. I PH t • t PH' • I PH I. 

1 2 3 4 5 6 7 8 9 10 11 12 13 S,t 
I. IR 7 , (f ' • I P\I ' • ' PE • , ' AM I , ' DE ' , 'NT I , 'OT' • 'TV ' • 'R 

, 
. ' R I. I R I . 'R 

1 2) 5 6 7 8. ,9 UUSS 
6 , , , , , , 10 11 12 , , , , , 

• 
"'ASS 2 , , , 

• 
ASS 2 

1 , , 
• 

"'ASS 1 2 
2 

04-. SPA/' 
HENO-.o 
NEyt- O 
nff - O 
"P1>"O 
HC -O 
NK INO-16 
10- 1 

• 
, 

, 

• • • 
3 4 5 6 7 , , , 

• • 
10 11 12 , , , , , , , 

• • • 
8 9 , , 

• • • 
3 4 5 6 7 , , • , , 

• • • 
3 " 5 6 7 , 

10 11 12 , , • • • • • 
10 11 12 

• , , 
• 

9 , • • 
9 

• , 
• 

8 

8 

• 

'I .TAB/' '1 . IERR/ OI .MOUT/ O/ .KD/ 5*01 
lEnd o f the model pointer 

fEYE pattern po i nter . 
IF requency doma i n outP~t p~'nter 
IPhase ang l e output pOinte . 

r ' rcu i t subsecti ons coun t er 
INumber 0 CI . cu it subsection types 
INumber dlffer/ent c~~ma in outputs in GRAPHICS 
, po i nter for req. 

13 
• • 
13 , 

• 
13 , 

• 
13 , 

• 

, , 

'1 



20 

40 

C 

120 

125 

2 

2 

2 

TYPE 20 input fi Ie name: ' .5 ) FORMAT(' Enter the 
ACCEPT 40,AFIl 
FORMAT (A32) 

. mes for output f j 1 e. Code to generate f I lena ees 
I t r im out extra spa . ) 

( L AFIL. Size » status· strStr im AF I : . na I ( ",va 1 ( StatuI 
If LNOT. Status) Ca ll llbSbSlg dding file type 

I make fi lenames y a 
(I . ) II lt g ' J fi letype BFll • AFll :slze 

OFll· AFll (1 :size) /1 ltd' 
FOL - AFll (1 :sizc) II 'fd' 
FGl· AFll (l:size) II ltg' 
PGL - AFll (l : size) II lpg' 
POL· ati I (l: size) II 'pdf 
CRl - atil (J :s i ze) II 'dati 

! get string size 
status • strSt!'" i m ( BFIL. 

s i ze ) BF ll. time_g raph_ 
s ta tus • strStr im ( OFll. 

) DFll. t ime_data_ s i ze 
status· str$trim ( FG l t 

FGlt 

pogo 8 

IN PUT 

status _ str$tr i m( FOl. 
freq_graph_s i ze ) 

2 FOl. freCLdata_s i ze ) status - strSt,. im ( PGL, 
2 PGl, phase_graph_ s i ze) s ta tus - strStr im ( POL. 
2 POL. 
status - strStrim ( Clll. 

~hase_data_ size ) 
2 CRl, cross_size) 

TYPE 11. ' ************"~1t*********fr**1t**ftft1r** __ •• "'.**"I111 •• *."".""'" 
OPEN(UNIT-l,FILE-AFIL.STATUS_ 'OLOI) 

DO 500 1-1,1000 ! Wi II read 1000 statement s I n s imul at i on .:IC. 

00 J -l, 130 f In i t ialI ze In l=HJt array ITEM (J) -SPA 
ENDDO 

READ (J,1 20)(I TEM (K) , K_l,130) IRe.d In an Input IIno FORMAT(J30Al ) 

TYPE 12 5. (ITEM(J),J_l,80) !Type It boc. FORMAT (J X, 80A 1) 
DO J-l, 130 
IT-I CHAR (I TEM (J» 

1F(IT.GE.97 .AND. ,T.lE.122)I T_ IT _32 Ie I I " 
ITEM (J)-CHAR (IT) a~ :. 1 Z. eve,),: " 
IF (J TEM (J) .EQ.',' .OR .I TEM (J) .EQ. ,_, .OR IT[ () 
1 ITEM (J)_SP A 'R I • 1\ J .EQ.TAS) 

ENDDD . e~ ace • - Or tab ""' , til IDace c arecU' 

l 



l ~O 

DO 1.0 M- I.1 30 
If (lTEM(M) .EQ . SPA)CO TO 140 
If (I TEM (M) . EQ. ' I ') GO TO 500 
I f (I TEM ( • E Q. ' • ' ) CO TO 350 
I f (ITEM( .EQ. ' +') CO TO 190 
CO TO 1£,0 
CONTINUE 
CO TO 500 

NOJ (I: I) - I TEM (II) 
NOW (2 : 2) - ITE M (M 1) 
NOli (3: 3) - I TEM (M2) 
DO LT- I .NKINO 
If (NOIl.EQ .NAME(LT» GO TO 170 
ENOOO 
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INPUT 

!Look f or spec i a l fir st charac t e r s 
! Space 
!Comment 
I Co nt ro l L j ne 
l Con t inua ti on l ine 
IMust be a Circui t 

I Nu ll 1 i ne 

IPlace the next three char i n NOW 

! Ma t ch with circuit NAME 

TYP£ *,'.***** UNDEFINED CIRCUI T NAME ****** ' 
IERR- I 
CO TO 500 

I 0 NC-NC. I 

If (NC.L£.500) CO TO 175 !On ly 500 Network s allowed 
TYPE - . '''_ ••• TCO MAN Y NETWORKS SPEC IFI ED ******' 
STOP 

115 KIND(NC) -lT ! Ci rcu i t number _ LT 
M-M2 

190 M-MI 
DO K-M.130 

If( ITE,.,(K).EQ.'I') GO TO 500 l Next li ne i f Comment 
I r(lTEM(K) .EQ.SPA) GO TO 185 Ilook for s pac e character 

ENODO 
liS M-

110 

DO 300 J- I.13 
DO 310 K-M.130 
H(ITEM(K).EQ.'!') CO TO 500 I Next li ne if Comment 
IF ( ITE"'(K) .EQ.SPA) GO TO 310 IPa s s ove r s pace c haracte r s 
NO (I : 1) -ITEM (K) 
.0(2:2J-ITEM(K~I) 
DO NVAR_1. 13 
IF (ND.EQ.NDATA(NVAR,lT»GO TO 195 IMatch data vari able names 
EWDDO 

-YPE • • ' •••••• UNO£F I NED VAR I AB L E NAME ,·:t:tdt** ' 

I ERR- I 
CO TO 500 
CONT I NUE 
I F ( ~.CE. 130) CO TO 500 
If (L- .EQ . 12)CALL I NFILTER(NVAR . K , I T EM) ! Speci a l FILTER Hand li ng 

M- ~I 

DO K- . 130 
I r(lTE~(K) .EQ.SPA.AND . I TEM(K+I) .NE.SPA) GO TO 200 



200 

300 
350 

500 

.... 

pig. Ii 

ENDeo 
TYPE *.' ***'~** 
IERR-l 
GO TO 500 

I NPUT 

- ORIIAT •••• tIt.' INCORRECT DAIA F 

I1-K+l ) IConvert the nUftier lc va lue RlC(NC,NVAR ) -DIG IT (II, ITEII, IERR 
J F (I ERR.l T. 2) GO TO 300 I Bad I n:~! I 
TYPE n. '****** VAR IAB LE VALUE ERROR •• * 
GO TO 500 

CONTINUE [ • 
CAll CONTROL (II, NC, Inll, TO IS, TOFf , DC, rs, vor r , I ERR, HENO, N y[ ,nf ,r:; 
IF (NEND. GT.O) GO TO 600 

CONT I NUE I Comment or blank line.. no procel. 1 ng. nut 11M 

600 CLOSE (UNIT .. l) ! .END. end of input f i Ie 
IF (IIOUT.GT.O) GO TO 1000 

TVPE *. ' ****** NO OUTPUT WAS SPECIFIED ******' 
1000 TYPE '* . r *******t<*************** •• *** ••• *** •• **.**** ............. .. 

TYPE ie.' 
TYPE •• r THE FOLLOWI NG OUTPUT FILES WILL 8£ CREATED : • 
type *".' , 
type *.BFll {l :time_graph_size), I _ t i me doma in REC IS "h' 
type *.OFIL(1:t i me_da ta_s i ze }. I • t i me oOlDa l n data fl.' 
IF (NFF.EQ. J) tYPI! *.FGl(l:freq_gr-aph_s l 2:e ) , ' • tre.q. dlXN i " /lit;S 
IF(NFF.EQ . t)type *.FDl(1:fre.q_data_s i ze ), I • froq. OOIN i caa 
IF (NPP.EQ. J} type *.PGl(1:phase_graph_s i ze),' . Dna •• v • • (rea . ~!;5 
IF(NPP.EQ .1)type * ,PDl(1:phase_daU_S l ze) , ' . ph.,. Vi, (".q. ",u' type*. ' , 

TYPE *. '****r.r.~**********************.*~* * ...... *** •••• * .... ~ 
IF (I ERR .GT.O)STOP 
RETURN 
END 



page 81 
LINE 

SUBROUTINE L I NE(N.W) 

tttCcccccceeeeeeeceeecccccccccccccccccccccccceceececccecceceeeeeeeeeeeeee 
c SO VES FOR THE A.B .C .O PARAMETERS FOR A TRAI~S1'\ISSION LINE C 
C FOR Tlt£ Nth NEn.roRK ElEMENT AT FREQUENCY W (TYP E 1+ CIR CUIT) C 
teccccceeeeceeeceeccccecececceceec eeceecccccecececeecceeeceeeceeecceeeeee 

COl\PLEXtt16 ABeD (500.2 . 2) ,ZERO. Z. Y . ZO o GM'" GAt',J. A, B. C. Q. CON 
OOU9LE PRECISION PI2 . X 
eOMON/NET /R e (500.20) • ABCO. P I Z. ZERO 
eON-oc~PLA (0 .0. -1 .0) 
BC-W*RLe (N . 20) 
Wl -RLe (N . ll) 
1'(Wl.EQ.O.O)eo TO 5 
IHw. LL W1) eo TO 5 
WZ-RLC (N.12) 
If (W2 . EQ.O. O.OR. W. LE. liZ) THEN 

Be-ae' () .... RLC (N . 17) 'ALoe (W/ W1) 
ELSE 
BC-Be* () .+RLC (N. 7) "'RLC (H. 18) .ALoe (W/W2) 

ENDIF , XL-"*RLe(H . 19) 
RT-RLC ( H.~ ) 
Qa-RLC (H. 16) 
I' (RT.£Q.O.O.OR. QO.EQ.o.o)eo TO 20 
QO-QO-SQRT (w) 
IF(QO. T.I. E-5) eO TO 20 
R-0 .5*QO*RT 
IHQO .G .15)eO TO 10 
R-R/ (COSH (QO) -cos (QO» 
RT-R* (S I HH (QO) +5 I H (QO» 
x -XL+R* (S I NH (QO) -S I N (QO» 
GO TO 20 

10 RT-R 
XL-XL+R 

20 X-RLe (N . 3) 
O-RLC (h' . 6) 
Z-OC~LX (RT . XL) 
Y-Be*OC~PLX (D. 1 .) 
GA~X*COSQRT (zoy) 
C""'J-C:ON*CAI'l 
,-COCOS (eA~J) 

If( .e .I.E -5) eO TO 50 
Q- l.o.GA~"2/6.0 
B-Z*X*Q 
t-Y*X*Q 
CO TO 100 

~ Q-COS IN (G~J) ICON 
Za-COSQRT (Z1Y) 
a-ZO*Q 
C-QIZO 

100 ABCO (H. 1. I) -A 
ABCO (N . 1.2) -B 
.BCO( •• 2.1)-e 
ABCO(N . 2.2) -A 
RETURN 
ENO 

!Skin effect ca l cu l at i on 



PI;! • 

/\ABC 
OV£ 

SUBROUTINE MABeo (A.II. I FLAG) 
eeeeeee.eeeeeeeeeeeeeeeeeeeeeceeeeceeeeececcecccc cccceecccceceeceeecttc:,: 
e : 
e SOLVES THE /lATRIX /lULTIPLICATION A (/ .J) - ABeD (II. / .J)*. (/ . J) : 
c 2/16/87 
e ' • 
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ceccccccccccccccccecceeccceecctcCtt,tt 

eO/lPLEx*16 ABeD (500. 2,2) .ZERO.A(2 . 2) .B(2.2) 
DOUBLE PRECISION PI2 
eDMON/NET / RL e (500,20) • ABe D. P / 2 • ZERO 
N-2 
DO 100 l-l.N 
00 100 J-l.N 
B ( I.J)-ZERO 
00100 K-1.N 
B (I .J ) -B (I .J) +A (I .K) 'ABeD (II.K.J) 
e-eDABS (B (I • J» 
" (c. GT. 1. 04) " LAG- l 

100 CONT INUE 
DO ~OO '-l.N 
00 200 J-l.N 

200 A(I.J)"B(I.J) 
RETURN 
END 

SUBROUTINE 1I0V£ (A.II) 
eeeeeeeeeeeeeeeeeeeeeeeeeeeceeeece eeee 
~ eeeeeeeeeeeeccccccccccccccccccccm 

e IIOVES ABeD(II.I.J) TO A (I J) 
e 12/ 31/85' • 

cc c ecce ecce c cc c ec e c eec e ce c c eec e cc c cc ; 
eOIlPLEX * 1" ABeD (500. 2.2) • ZER~ceccececccecccccccccccccccceccccm; 

100 

DOUBLE PREC I SION PI2 .A(Z.2) .B(Z .Z) 
eOMON/ NET/ RLe (500 20) ABeD P 
N-2 ' • • 12.ZERO 
00 100 1- 1.N 
00 100 J- l .N 
A (I. J) -ABCD (II. I • J) 
RETURN 
END 

t 
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PRE CA LC 

SUSROU7INE PRECALC( NC. NF .TO I S. TOFF.NGEN) 
((:emeeeeeeeeeccceccccc c ccccccc ccccccccccccccccccccccecccc ceeeecccecccc 

c : ClLCULUION OF CERHIN CI RCUI T PARAMETERS TO REDUCE C 
t RECUj:lRE T CUC:ULATIONS , 1 ~ ITI A lI Z"T I ONS . & OVERLAPP I NG C 
e CORRECT I ON C 

t e 
c tr:c· nur.tber of ne twork sect i ons (circu i ts ) i n AFt lE C 
( ~r· numoer of fr equenc y ter ms computed i n Fourier Tr ans f orm C 
C "'CiE""· total number of gener a t ors i n mode l i n MILE C 
C TDIS • amount of ti me t o be graphed C 
t EDGE· . rr ay of fr equency terms for a SRC mode l C 
C XX · . rr.y of ti me dependent voltages f or SR C I nput; C 
, Iho f o r r eI I part of Four i er transform of t ime wave f orm C 
C YY . Irrly for Imagi na r y part of Four i e r Tr ansf orm of SRC C 
t time domain wav e f orm C 
e C 
e:e:mcccccccceCCCCCCCCCCCCCCCCCC CC CCCCCCCCCCCCCCCCCCCCCCCCceccecccec ccc 

CD'IP EX*16 ABCD (SOO . 2 . 2) • ZERO 
compl •• *16.og.(8192) 
oOUB E PRECISION PE R. PI2 
ol MNSIDN OFF (5) .0" (SOO) 
di.en,jon xx (8192) .yy (8 192 ) 
COMDN/NET/RLC (S00 . 20) .ABCD.P I 2 . ZERD 
COMO~/~ I SC/K I NO (SOO) ,RGEN . NOUT (S) ,MOUT. KD (S) • ; ff 
eDMONITI ~E/P ER 

cOImOn/exDtl/edge 
o'T' XX/8192*0/ . vv/81 9 2*0/ 
oU-IOOOOOO. 
NGENoO 
nooen- O 
nsrc-o 
TR~-1.EIO 
10f - 0 

ICount 
ICount 

the number o f 
number o f SRC 

GEN ne twor ks 
ne tworks 

I SUIID for aafault for dual sl ope case 
trl-rlc(1.Z) 

20 

2; 

tr2-rlcC2 . 2) )) ' d f I IDual s l ope case 
if((tr2.n •. trl) .and. (trZ .ne . O.O I -

DO 50 I - I . NC 600 700 800 900.1000 . 
GO TO(l20 , 200 . )00 . 400 . 50

0
0
0

' 1600 ' 1700 : 1800 : 1900 .2000) .KINo (l) 
I 1100,1200 . 1300 . 1400 . 15. • 

""-GENERATOR INPUT PROCESSI NG . . RLC .,e ' 
•. CALC th GI='N entl res In · . 1 
"";ltI"'t ex , tt ng PRE e -. . I menU 2 and 9 respe c t ive y 

10-9~ r l ae and f.l I t i mes I n e e 
S~ pulse width in e l emen t 1 

If(RLC( I .ll.NLO.O)GO TO 125 _ TH NOT SPECI FIEO . i' . ... ' · 
~P£ ~.I ****.* GEN£R ~TOR PULSe WID 
STOP 
NCEh- NGEN+1 
ndgen-ndgen+ 1 
d,'(I) -r lell . 7) 
l ,k-JlIOo (I . 2) 
1F(I,EQ.ll GO TO 1)0 

ICheck f or eve n or Od~ GEN 
Check for 1st GEN 



21 

130 

110 

115 

140 

plge 90 

PRECA C 

IF(RLC (I .3) . EQ . 0.0)~LC(I.3)-RLC(I-l.3) I Set PER - prev l""",1 
IF(RLC(I.6) .EQ.0.0)RL C (I .6)-RLC (I-l . 6) I Set B - p-eY i"" •.• 
IF (i df . eq.O) go to 21 I Single slope case 
i' «iok . eq. I) .and. (r le (j .2) .eo.O.O» r Ie (1 .2) -rlc(1.2) tr .e' 
i' «i ck . eq .0) .• nd. (r I c (j .2 ) . eo . 0.0» r Ie (1.2) - r I e (2.2) 
i' «ick .eq . I) .and. (r Ic (j .9) .eq.O.O» r Ie (1.9) -rle 11 .9) tf 0" 
i' ((i ck.eq .0) .and. (r Idi .9) .eq . 0 . 0» ric (I .9) -r Ie (2.9) 
if«ick . eq.1) .and. (rldi .4) .eq .0 .0»rlc(I.4)-rlel1, ) , _ def 
1'«ick.eq.O) .and. (r l c( i .4) .eq.O.O» rlc( I . 4)-rle(2.') 
go to 130 

IF (RLC (I .2) .EQ . O.O) RLC (I .2 ) -RLC (1-1 . 2) 
IF (RLC (I .9) . EQ . 0.0) RLC (I .9) -RLC (I-I .9) 
IF (RLC(I.4) .EQ.O.O) RLC(I . 4)-RL C (I-l.4) 

P-RLC ( 1.3) 
IF (P .GT.PER) PER-P 
TR-RLC (1.2) 
TR-·75*TR 
IF (TR.EQ.0.0)TRa l .E-4*PER 
BW-RLC (1 .6) 
WO-p / 2*ew 
IF(WO . EQ . O.O.OR.WO.GT . (5 0./TR»WO-SO /TR 

I Set U"- prev ious tf 
I Set tf • prw iou. tf 
J SET A~· Drev. 

'oerlod 

J 10-90t r u:. ,. 
I 2o-8~ rl U tl. 
ITR default 
tlandlot dt 
I Red / •• , 

RLC(I.16) -wo . • 
TRO-AlOG(~ )/WO IPlace WO In location 16 
IF (TRO.GT.TR)GO TO 110 120-80 Delay for • • tap funct I on 

TRO-TR 
T-0·99*TR 
DO J-t. 100 

I Compute the 0-100 tRaMp rI •• t l .. -; 

TRO-RISE (WO.T.O . B) -RISE (WO T 0 2) 
IF (ABS (TRO-TR) .LT. 1 .E-4) GO 'TO i40 
T-T+l .2* (TR-TRO) 

ENDOO 

T-O.O 
TYPE 115.1. T 
FO~MAT.(I Line ' , 12.' 
I this bandw i dt 'n') Risetime cannot be STOP aCh i eved wi th ' , 

T-T/ 0.6 
RLC (1.20)_T 
IF(TRM.GT.T)TRM~T 

TOR50-R I 5 E (WO. (0 . 6"0) 0 
IF (IIGEN.EQ. I)TORS I _TOR .5) - T/ 2. 

T'~(NGEN . EQ.2)TOR52 _TOR~g 
,-RLC (1 .9) 

TF- · 75 1',TF 
IF (TF.EQ.O.O) r;_TR 
IF (TF.EQ.TR)GO TO 170 
TRO-ALOG 14.) /WO 
IF (TRO.GT.TF) GO TO 15 120-Bo 
TRO-TF 0 

IPlace T I n l ocat i on 20 

ISetup f 
IS or ove- l .DD I ~ 

etup for 0 I . 
I IO-90~ ver aooln; 

... falltl e 
I 20-8o~ fa l1 t lme 

De l a), for a step 'unct to 
T-0 · 99*TF 1Compute the 

\, . 
I' • 

I F (I . EQ. 1) DEL 1-RLC 11. 5 ) 
0-100, R pr l set l .. ; 

Iused I 
n over lepP l n" • It s sect ' O"1 



1;0 

liO 

I 0 

DO J-I. 100 
TRO-R~SE(WO.T.0.8} - RIS E (WO .T . O 2) 
If (AB.(TRO-H ) .IT.I.E - 4}GD TO i6 
T-PI.2* (Tf -TRD) 0 

ENDDD 

T-O.O 
TYPE 115.I.T 
T-T/D.6 
TOfSo-RIS E (110. (0.6'T) . D.S) - T/2 . 
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PRE CALC 

I convert "I de..'" pulse wi dth C-
I t i mes} to real 50' cross' ~ nstantaneous rise and fall 
I setup and calculati on s I ng Wi dth assumed for the rest of GEN 

RlC (I . I) -RlC (I. I)+ <s.* (TF -TR) / 6 } 
R C(I.Il-RlC(I.I}+TDRSO-TDFSD ' ", d' f . 
RLC(I 19)-T 0 I Y pulse width 
If(Rle(I.4} .EQ.O . O}RlC(1 4} - 1 0 IPl ace T I n I~cation 19 
R L C(I.5)-RLC(I.5)+RLC(I . i )/2 . ~TDR50 I Amp l ltude defau l ts to one 

RCEH-RCEH+RlC (I . 8) CO TO 50 IGenerator res i stance sum 

C Typt 2 Cl rcu l t (TE£) 
100 R C(I . 16} -P I2*RlCCI . 7} 

RlC (1.1 7) -PI/*RlC (I .8) 
If(RLt (I .9} . HLO:O}RLC(I. 3} - 1./RLC (1 9} IG - I. / R 
CO TO SO • 

C 1Yl>t 3 cIr cu i t (DELT") 
))0 Ir(RLC (I .7} .HLO.O} RLC (I . I}-1./RL C (I . 7} I CI - l. / RI 

IfCRLC (1.8} .HLO.O} RLC(I . 2}-1./RL C (I. 8} I C2 - 1. / R2 
CO T~ 50 

( Type L elreult (LINE) 
100 II (RLC (I.I) .NE .O.O . ANO.RLC (I .2) . NE .O .O.ANO.RLC (1 . 3) .NLO.O} 

I COTOLIO 
~O; 

125 
110 

TYPE *, ' ****** LINE IMPROPERLY SPE CIFI ED *~**** I 
S OP 
If(Rle(I.IO}. EQ.O . O}RLC(I . IO}-l.O !Q defau l ts to one 
R e (I . II} -P I /*RLe(I.II} I F I - > 2 PI FI 
RLt Cl . 12} -P I /*RLe( I .12} I f2 - > 2 PI F2 
RLe( I . 13} -P I 2*RLC(I . 13} IF3 - > 2 PI F3 
If (RL C (I • 12) . EQ . 0.0. AND . RLe (I • I I ) . N E .0 . D) GO TO 405 
I F(RLt CI.II} .NE.O.O}RLC(I .17}-RL C (1 . 7}/ALOC(RLC(I. 12}/RLC(I. I I} } 
II(RLC (I . 13} .NE.0.0.ANO . RLC( I .12} . NE.O.O} 
I R C ( . 18} _R LC(I .8}/ALOC(RlC( I . 13}/RL C CI . 12}} 
R~C(I,19) -RLC(I,l)*RLC (I .2 ) !Pl ac e I nduc t ance i n l oca ti on 19 
R C(,.20) -R LC(I ,2)/RLC(I . 1) IPlace Capacitance i n locat i on 20 

F (RLe (I. 9} .EQ.O.O} GD TO 420 IWC - 0 
feR C(I .5} .CT.O .O} GD TO 425 IT C > O. we > 0 

TYPE *. ' ****** WC CANNOT BE SPECIF IED IF TC IS NOT SPECIFIED ******1 
STOP 
RlcCI.4}-1. 724IE-6*RLC (I . ID) /CRLC ( I .9) 'RLC CI . S} } ICompute Rde 
RlC CI. 16} -RLC (I • 5) *sQRTCP 121 (1 .724 IE-GoRlC ( I. 10)}} I Compute const 

CO TO 50 I 



PR£CA.C 

C Type 5 C j rcu it (STUB) 0 R C (I » HE 0 
500 IF (RLC (1 . 1) .NE.O.O.AND.RLC (1.2) .NE .O.O.AN • .~.. .01 

510 

525 
520 

1 GO TO 5 10 
TYPE *.' ****** STUB IMPROPERLY SPECIFIEO _ •••• -
STOP 
RLC (I . 17)-RLC (1 .7)/PI2 IKI > K1/2 PI 
RLC (1 .1 8) -RLC (1 . 8) I PI2 IK2 > K2/2 PI 
RlC(f,19)-RLC{I , I}*RlC (I .2) IPlece Inductance In 1oc.lt iO<'l'S 
RLC(f,20)-RlC ( I.2)/Rl C (I , l) IPlace Capac'unce In fOCll l ,j~ 
IF(RLC(I.l0) .NE.0. O)RLC(I.9) -1. / RLC (I.10) ICL - 1. / R 
IF(RLC(I.12) .EQ .0.0)GO TO 520 IWC - 0 
IF(RLC(I.5) .GLO.O)GO TO 525 ITC > O. WC > 0 
TYPE 11.' ****** we CANNOT BE SPEC I F I ED IF TC IS OT SPEC" 1(0 " 
STOP 
RLC (1.4) -1.7241E-6f(RLC (1 . 12) ORLC (I .5» ICompute Roc 
RLC ( 1.16) -RLC (I .5) *SQRT (P 121 1.7241 E -6) I COOIPUU con" 
GO TO 50 

c Type 6 Ci rcu i t(EAMP) 
600 IF(RLC(I . IJ.EQ.0.O)RLC(I.1l_ 1.0 

IF(RLC(I .2) .LT. l.E - 6)RLC(1 .2)-I.E-6 
BW-RLC (I . 3) 

CA IN d.'au l u 
R d.flu 11 to 

WO-PI2*SW 
IF (WO • . EQ. 0.0) WO-50 . / TRII 
RLC (I. 16)-WO 
GO TO 50 

iF default. to ~l 
JPlace we In 100Ition l' 

to I 
1£-1 

C Type 7 Circuit(FIBER) 
700 IF(RLC(I.6) .EQ.0. 0)RLC(I . 6)_1.0 

C 

710 

720 

I F (RL C (I .71 . EQ. 0 . 0) RLC (I . 7) _I . 0 
Code for $iecor Dispersion Model 

IF~LC (I .5) .NE . O.O) GO TO 720 
ALC-RLC (1. 9) 

IQX d.f,u l U 
IQC d.flU l 1l 

10 not zero 

to ..... 
to OM 

IF (ALC .NE .O . O)GO TO 710 
TYPE *. '"1:***** NO lC SPECIFIED ••• n1c.' ItC not z.,.o 
STOP 

~i;~ i ~~;~~~i!; : ~)( ~ .(;i ;;7~ ~.(I i : f) 0041 AlC o. 3) 
rlc{i.5)-rl C( i.5)**2 I , 10.85*' *so 
r- l c (j .S) - rIc (j .5) I S. 
r1c ( i.5)R (dP**2 ) +r l c (i 5) 
RLC (1.5) -SQRT" Ie (; .5) j 
RlC (I .5) -1 • 1 76*RLC (I .5) 
XM-RlC (I .S) •• RLC (I .6) 
XC-RLC(I.8) •• RlC (I.7) 
A-ALOG (l0.) 1 10. 
B-4. "SQRT (AlOG (2 . ») 
C-A/ Bi:RlC (I .2 ) ,'cRlC ( I 3) *xc 
RLC (I . 18)_c • 

I I nterlhOCI I Ie."g: 
rChr~tfc l e~;t~ 

RLC( I.16)-A*ABS(RLC( I ., 
RLC(I,17)-RlC(1 it l ,l »*XC-C**2 ave l enOtn cece ... "".t.t: 
IF (RlC(1 4) IT .3) RlC(I.5) 'X C/ B ITotolottenuot l o, 
I F (RlC (I :4) :GE': .;=~~ Rlt". 19) -0.0 ITC. chr_ot ; c dl .. " '''" 
GO TO 50 '. RLC(I.19) 'B'XII/RLC('F I defeult. to I n' , " 

I . )1( •• P I 2l ' .... "' ,. ' 
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I PREC~LC 

C '7ype 8 Ci rcu l des I ~ ) 
S)(, !f(R C(I . ll .NE.O.O)GO TO 810 

7Y D£ • • '~.***. GE~ERATOR FREQUENCY 
STOP NOT SPECIFIED ******' 

RLt (1.16) -P I 2*RLC (I . I) 
If(RL C( ' .2).lQ.0.0)RLC(I.2)_10 
NGr .. ·IoiCiEN .... l . 
RC!. -RClk+RLC (I .5) 
P-I./RLt(l.ll 
If (P.CT.PlR) PER-P 

IF > WO 
lAMP def aults to one 
: I ncrease number of generators 
Generator resistance sum 

If R~.C-.P)TRII-P 

RLt(l") -RLn l . ~)~I./("'RL C ( 1 I) 
CO TO 50 • IAdd quadrature phase snift 

C Typ< 9 tlrcult (UIIP) 
900 If(RLt(l . ll .lQ.O.O) RLC( I .I )_I . O ! GAIN defaults to 1 

If(Rlt( I . 2) .Nl.O.O)RLC(1 . 3)-I . / RLC(1 2) 
If(RlC(I.3).lT.I.l-6)RlC(I .3) _I.E _6 • 
SW-R t (I .') 
WO-PI2*S 

I;: > I"tAX 

I If R not zero, C-l/R 
Ie defaul ts 1.£ - 6 

If( .lQ.O.O)\lO-SO./TRII 
RLt (I . 16) -\10 lPl ace WO i n lo:ation 16 
CO TO 50 

C YJ>tIOtlrcul t(HPf) 
1000 

1010 

1020 

If(Rlt(I.I) .CT.O.O)GO TO 1010 
~PE -,'_ ••••• C I"t \ SSING FROX HPF NETWORK ******' 
STOP 
I' (Rlt (I • q . NE. 0.0) Rl C (I • 3) - I . / Rl C ( I •• ) 
If(R C(I.3) .CLO .O) GO TO 1020 
TYPE *.'***.*. SHUNT CONDUCTANCE MISSING FROM HPF NETWORK ******' 
STOP 
RLt (I • 20) -RlC (I . 2) * RL C (I .3) 
RLt (1.1 9) -Rlt (1 .3) I RLC (I. I) 
CO TO 50 

IG 11 L 
IG I C 

C ~YDe 11 Clrcult(XFORMER) 
liDO If(R t(l.1l.lQ.0 . 0.ANO.RLC(I .5). EQ . 0.0) GO TO lliO III - 0 & N - 0 

If(Rlt( I .2).EQ.0.0.ANO.RLC(I. 5 ). lQ.O . O) GO TO 111 0 1L2· 0 & N - 0 
If(Rlt(I.I).EQ.O.0. AND.RLC (I . 2) .E Q.0 . 0 ) GO TO 1110 IL l - 0 & L2· 0 
Ir(RlC(I.I).EQ.0.0)RLC(I . 1l - RLC (I.2) / RLC (I .5) "2 ILl - I / N"2 
If(RlC(I.2).EQ.0.0)RLC(I .2) -RLC(I.I)*RLC( I .5)" 2 IL2· Ll N"2 
If (R t( I .4) .CT .0.0) RLt (1 .3) -RlC (1 . 4> *SQRT (RLt (I. I) 'RLt ( I.2» 
If(Rlt(I. 3) .EQ .O .O) Rl t (1 .3)_SQRT(RL C (I . I)*RL C (1 .2» IK > I 
R t( .16) - RLC(I . 1l/RlC(I.3) I ll/II 
R t(I.17l -Rlt(I . 2)/RlC(I . 3) IL21 11 
RLC(I . IS) _RlC(I.I)*RLC(I .2)/RlC(I.3) -R lC(I.3) ILl L2 I II - II 

CO TO 50 

1110 TYPE *,'****** I NDUCTOR MI SSING FROM TRANSFORMER **"***' 
STOP 
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PR:t.l C 

C Type 
1200 

12 Circuit{FllTER) ( ) t Gl ,. 1 / Rl 
IF(RlC(J,5) .NE. 0 . O) RlC (I,4) -I.O/ RLC 1,5 

12 10 

IF (RlC (I ,2) . EQ. 0.0) RlC (I , 2) -I .0 
I F(RlC (I, 6) .N E. O.O)RlC(J, J)_O.25 / RlC (I .6) IF l rst Zero 
I F(RLC (I, I) .EQ.O.O) GO TO 1210 
GO TO 50 

TYPE *.1****** To MUST BE SPECIFIED IN F I LTER ******' 
STOP 

C Type 
1300 

13 Ci rcui t (SHUNT) 
I FIABS(RlC ( I, II» .EQ. O.O)RlC( I , I J)- I .O IK defau l ts to On. 
bt-ab. (r I c II , 6»+abs (r I c( 1,7» +.bs (r I 0 (J ,8) hob. ( r I e (j , g» 
bt-bt+abs (rI c (j ,10» 
if (b t. eq • 0) rIc ( i .6) -1 • 
GO TO 50 

Iset BO-l I f no S I S Ipec ' d 

C Type 
1400 

1~ Circ:uit (SER IES) 
I F IABS(RlC (I ,.II». EQ.O.O)RlC( I , I J)-I,O I K dorou l ts to One 
bt-.bs Ir I c (j ,6» +abs Ir Ie (1,7» +.bs (r 10 ( J ,8) hob. (r 10 (I ,g» 

C Type 
1500 

C Type 
1600 

1601 

bt-b t+abs ( r Ie ( i. 10» 
if (bt.eq.O) ri c ( j ,6) -1 . 
GO TO 50 

Iset BO- I i f no S ' s spec ' d 

15 Circu i t(SPF ) 
rlc (i, J) -p i 2*r l c (j ,1) 
r Ie (j .2) ·pi 2*r Ie (i .2) 
j f {ric (i .3) .eq.O) ric (j .3) -6. 
jf (rIc (i .4) . eq .O) rIc (i .4) -6. 
r Ic (j .3)-abs {r I c (i .3» 
ric (i .4)-abs (r I c (i , 4» 

Iw l 
1,,2 
lS I 
IS2 

defau l t 
defau l t 

- 6 
- 6 

dB/ octave 
dB/ octavl; 

if( r l c (i. 5 ) .eq.O)rlC(i . 5 ) _1 . IK de f .u lt - (nJ 
rlc li,16)-rlc(I , 1l*11.+3. / rlc( I ,J» IA' 1. go l 
rlc(I,17) -rlc(I,2)/(11.+3 . / r lc( 1 4») 188 
ric Ii , 18) -1- 146.99/ r lc Ii ,3» , 
r I c (~ • 18) -r 1 c (i • 1) *1'" 1 C (j • 18) 
ric I, , 19) -1+ 150/ rlc Ii ,4» 
r J c (j • 19) -r 1 c (i • 1 7) 11 r Ie (j • 19) 
RlC 11,20) -0·5* IRlC (J, J)+RlC 11 ,2» 
rlc { ~.14)"rJc (j . l ) - rlc(i . 2 ) 
r ic(, , 14) - 12' r I c Ii , 6» / r I c (. 14 ) 
GO TO 50 I • 

16 Ci rCU it (SOURCE) 
ngen-ngen+1 
nsrc-nsrc+ l 
if(nsrc. le . l) go to 1601 

~~:: {: . ' ONL Y 1 SRC ALLOWED PER MODE L ' 

rgen-rg en+rlc (i.9} 
P-r lc(i.3) 
if(p.gt.per ) per=p 

I •• 10I00t Ir aq c:utoff 

10 • hi Ir aq . c utoff 
Im-m l dpt I>a twn wi 1nc!_1 

I ps." ope o f ph ... I,M: 

OPEN (U NJT- l .F JlE = 'SOURCE , 
TYPE-RlC 11,8) .OTA ,SHTUS- ' OLO ') 

~~~iT:~;.;Q. I) .OR . (TYPE.EQ.2»GO TO 5002 

I 
[ 

I 
[ 

1 
; 
I 
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page 95 
PRE CALC 

;1Ol nt-RlC( I .6) INumber of points. must bIB 
6 ) e , e, 192 If (n L l e. 192 go to 6002 

type - . ' TOO ~~NY PO INTS IN SOURCE . OTA 
stop 
00 11 - 1. 11 
i ( (nt . 1 t . 2**1 i) go to 5071 
enddo 

nt-2 *-(ll · 1) IReset number of points to be a power of 2 
f(.ldl . 6) .eq.nt)go to 5051 

type _ . ' I 

type *. ' NOT ALL POI~TS IN SOURCE.OTA WilL BE READ; reduced' 
TYPE *,' to a power of 2 as required' 
TYPE •• I I 

dt-. 1c(1 . 7) 
De"-(nt·I)-dt 

ITime increment 
I Correct per i od 

between po i nts 
for truncated ",'aveform 

Ir(TYPLEQ. I) GO TO 5003 ISOURCE .OTA already has frequency data 

DOII - I.Wl 
RilO (I. 5662) XX (I I) 
FOIWoT (f 20.3) 
ENOOO 
CLOSE (UNIT-I) 

[Ilculau frea:uaney speetrum of input waveform and place It 
in e: Diu COMON array EDGE 

;00) 

CALL HT8 2 (J . NT, XX. yy) 
DO II - I .NT 
EDGE (I J) -C~PLX (XX (II) • YY (II» 
edgo (J J) -aeonJ g (oage (I ;» 
ENOOO 
GO TO 50 
dt- per/nt 
• I e (J • n-.,. .. 1 (a t •• I e (l .7» 
do I i - I.nt 
•••• (1. 5772),ageOI) f t 

m~ '01"''' t (2e 16 .2) I l'\ay be ehanged for d i ff erent da ta orma 
enooo 
C 05[ (UNIT- I) 
90 to 50 

( "ypt '1 Circuit 
I ~ co.rr I HUE 
t Tt"l>t 18 Circuit 
110:> tOI/'! I NUE 
t "t"Pt 19 Circu it 
' 900 COllT I NUE , . 
• y~ 20 Ci rcu i t 
1(100 COllT I NUE 

~ COllT l NUE 



9556 

9559 

·age 96 
PRECA C 

t ha t source leve l does not 
I j ng 11 5 so Correction for over app I' tude 

. d IION I I I eve 1 amp I exceed norma 1 I z e 

IF(KINO(1) .NE. I) GO TO 555 ! Sk i P over 1app i ng 11. correct ion 
I jf 1st circu i t not a GEN 

NI~NGEN . s 
IG ENs \ lOne or two t~ape2010 

IF(RLt (1 ,2) .NE.RL C(2 .2»NI -NG_N- I 
FI-5*RLt(1.9)/4 . 
RI-5*RLt(I,2)/4 . 
F2-5*RLt (2.9) 14. 

per edge 
'Two trape20 l d CI,t 
IO-IOOt fa ll , I •• 
IO- 10~ r l •• t l e 

R2-5*RLt (2 ,2) 14 . • 
PN I - RLt(NI.I)+0.5* (RI-F I) 
PN-RLt (NGEN , 1) +.5* (R2-F2) 
PI-RL t (I , 1)+0.5* (RI-F I) 
P2-RLt (2,2) +0 .5* (R2-F 2) 

I ideal width (next to) l in tEH 
I i deal width for I •• t CUI 

IF (N I.NE. NGEN) GO TO 9556 
TOR52-TOR51 
IF (NI.EQ . NGE N) GO TO 9559 
I GEN-2 

J ideal pulse wi dth for ht 
J ideal width for 2nd GE 

ONI-RLt (N 1,5) - RLt (N I, I) 12 . +TOR51 
ON-RLt (NGEN,5) - RLt (NG EN.I) / 2.·TOR52 
tORR- ASS (RLt (N I , 3) "DEL I -ON I) 1 CORR- I P£R+DEL I -DN II 
IF( (RLt(1 ,3) +OELI ) .LE . (ONI+PNI»CO TO 9555 

I F ((RLt(1 , 3l+0ELI ) .GE. (ONI+PNI+FI»CO TO 555 
I F((ONI+PN I+F I) . LE. (RLC (I,3)+OELI+RI»CO TO 555 

9555 RLC(Nl.J)-RLC (l,1)+CORR lcorrect w i d:'h (next to) ' lit Ci£1f 
RLC(NGEN, l) -RlC ( IGEN. 1)+CORR !correct width hit C( 
RLt (Nl,5)-ON I+RLC (NI .I )/2. _TOR51 
RLt (NGEN.5)-ON+RLt (NGEN ,I)/2._TOR52 
IBG-IGEN+l 

DO I-I BG,Ne I drop extra GEN and rea.t po l nU,., 00 J-l. 20 
RLt ( I - I GE N, J ) -RLt (I ,J) 
K I NO ( I - I GEN) - K I NO (I) 
ENOOO 
EN DOD 
NGEN-NGEN-IGEN 
NC-Ne- tGEN 

do i -2, (ndgen- 2) 1-. I 0 
. . pace C offsets o~ CE rlc (j -l.7) "'dc l (j) 

enddo 
r l c (ndge n-l. 7)-dcl (l) 

00 I-I ,MOUT 
NOUT (I) -NOUT (I) - I GEN 
ENOOO 



.5CD (NG[N . 1. ll -DC/lPLX (J .0.0.0) 
A5CD (NGEN. 1.2) -OC/lPLX (RGE N. 0 .0) 
ABCD (NGEh.2. 1) - ZERO 
ABCD (NGEN. 2.2) -OCIIPLX (J .0.0.0) 

t 0 S'LAY PROCESS I NG 

page 97 

PRE CALC 

I;(TDIS.£Q.O.O) TD IS_P£R JDefaul t value for horizontal display sca l e 

00 K-l . KOUT IMlk e sure de l ay is i n range 
00 '-1.100 
IF (TOH (K) • LT. (lOP ER) ) GO TO 9999 
ENDDO 

ms TOH (X) -Ton (K) - (I -1l "PER 
£"'000 

CJ..CU~""' I NC nn NUXBER OF FRE.QUENCY TERMS TO BE COMPUTED 

. 
5115 

if(ki nd (1) .ne.16)go to 5111. !SRC determines number of terms 
nr-nt 
go to 5 115 

I f ()2768."TR~.lT.PER)TRIl-PE R/3Z768. 
X-PER/TM 
' -UOG 10 (J O. oX) / ALOC 1 0 (Z.) 
IF ( • • T. 8) .-6 
IF (' . CT. l ).-15 
NF-2111*K 
l ct-o 
.nf - nf 
err-Der / .nt ICheek ti me incr ement ma2nitude-error in timing jitter 
If (0". 10.0. 125) go to 5115 
, I (nl. 1 t. )2768) n'-Z"nl 
1 c ta l c t ... l 
1' (l et.;e..l ) ;o to 5115 
go to 5225 
" ((I ff .0q. 1l .and. (nl . g ,,81 92» o,-819Z 
RETURl< 
END 
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RI SE 
SER I ES 

f UNeT ION RISE (IIG EN. TR. A) eeeeCCCCCCCCCCCCCCCCCCCCCCttttt:r:~ 
eeeeeeeeeceeeeeeeceeecceceececceccccCCC : 

C I NPUT WAVEFORM I 
e COMPUTES THE DELAY FOR THE 30B fREQUENCY (RAD/ SEC) . 
C WGEN IS TH E GENERATOR~F~~~~:ATOR RISETIME 
C TR I S THE 20 % TO 80 '" 
C A IS THE FRACTIONAL AXPLITUOE 

e cccceCCCCCCCCCCCCCCCCCCCCCCCCCCCtctrr;: eeeeeeeeeeeeeeeeeceeeeeeeeceeee eceee 

ZOO 

e-IIGEN"TR/0.6 
X-ARC 
001-1.100' 
Y-EXP (- X) 
If(x.GT.e) THEN 
f-eO ( I. -A)+Y*(I.-EXP(C) ) 
Of-Yo (EXP (C) -I .) 

ELSE 
F-X-l.O-A*C+Y 
DF-l.-Y 

END IF 
I f(ABS (f) . LT. 1. £-6) GO TO 200 
X-X -f / Of 
ENOOO 
TYPE *. 'NON-COHYERGENT ' 
RISE-X/WGEN 
RETURN 
END 

IDelay > TR 

IDelay <- TR 

• 

SUBROUTINE SERIES (N.II) 

eeeeeeeeeeeeeeeeeceeeeeeeeeeeeeecceeecccccccceccccccccccccccccccccccmtt 
e POLYNOM IAL MODEL fOR A SERIES I MPEDANCE t 
e UP TO fOUR ZEROS ANO fOUR POLES t 
e (TYPE I l, CIRCUIT) t 
c 12/17/86 t 
eecec ccecceceeeeceeeeeeeeeeccecceccccccCC CCCCCCCCCCCCCCCCCCCCCtcccctm:: 

eOMPLEx*16 ABeo(5oo.z.Z) .ZERO 
OOUBLE PREC I SI ON PI2 .PR.P I .ZR.ZI 
COMIION / NET I RLC (500. ZO) • ABCO. P I Z. ZERO 
W2-W**2 
W3-Wu 3 
W4 .. Wid,4 

ZR -RLe (N. 1) -IIZ *RLe (N. 3) +1Il,"RLC (N. 5) 
Z I-WORLe(N.2) -1I3*RL e (N .l,) 
PR-RLC (N.6 ) - IIZ"RLe (N .8)+1140RLC (N . IO) 
P 1-II*RLe (N . 7J - 1I3*RLC (N. 9) 
If (DABS (PR) .LT. I. E-16)PR_I .E_ 16 
ABCO (N. I • 1) -I • a 

::~~)~: ~: ~~ :~~~~LX (ZR. Z I) I (RLC (N. II) *OCMPLX (PR,P I)) 
ABCD(N,2.2)c l .O 
RETURN 
END 
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SHUNT 
SOUR CE 

SUSROUT I NE SHUNT (N. 01) 
":,,cccceeccccccccc c c c c cc c c cc eec c c e c e cc 
! POLYNOM I AL MODEL FOR A SHcccceeceee ceeecceeccccccccc cccccc 

UP TO - UNT IMP ~ DANC E 
C rOUR ZEROS AND FOUR POLES C 
C (TYPE 13 CIRCUIT) c 
(5/21/86 c 
c::eteCCCCCCCCCCCCCC C ec c cc cc c c cc c c cc c c c c c 

CO~DcEX'16 ABCO (500 . 2.2) • ZERO cccccccccccccccc ccc cc cccccccccccc 

D OU8~E PREC IS ION PI2 .PR.PI .ZR.ZI 
CO~ON/NET/RLC(500 . 20) .ABeO.P I 2.ZERO 

""2-\1**2 
W3-wo'3 
\/h *.4 
ZR-RLC (N. 1) -W2oRLe (N . 3) +W40RLC (N. 5) 
Z I -WORLC (N. 2) -W30RLC (N. 4) 
PR-RLC (N. 6) -"'Z*RLe (N. 8) +W40RLC (N. 10) 
PI -W'RLt (N .1) - ... ,*RLC (N.9) 
I F (DABS (ZR) • LT. 1 • E -16) ZR-l • E -16 
.5CO ('. 1. 1) - \.0 
UCD (N. 1.2) -ZERO 
ABe~ ( •• 2 . 1) - OCt\PLX (PR. PI) / (RLC (N . 11) 'OCMPLX (ZR. Z I)) 
OCO(N.I.2) - 1.0 
RETURN 
EHD 

FUNC 10. SOURCE (N .... ) 
(((((eCteccccccccccccccccceececc ccccccecccccccccc ccccc cc cccccccc 
C RITURNS THE SOURCE GENERATOR FREQUENCY COM PONENT C 
( FOR THE Nth NET\lORK ELE MENT AT FREQUE NCY W C 
c TYPE 16 CIRCU IT - SRC. exper i mental da ta C 
( 3/11 /81 c 
mmeeececccec eccee cc c cee c c c cc ce c c cc c c ccc c cc ccccc c c c ccccc cc CCC 

COrtPLE.X* 16 ABeD (500 . 2.2) • ZERO. 50urce 
CO DLEX*16 EOCE (8192) 
CO~DN/NET / RLC (SOD . 20) • ABeD. P 12 . ZERO 
CDMON/T I ME/PER 
CDMON/ EXPTL/EDCE 

return .oure. Cn • .,) from uble l ookup and fold spect rum abt NF/2 

u- «( .... PER) / P 12) + 1 I inde x of frequ ency t e rm 

IX-, X 

SOURCE-EDGE (I X) 
ifo ld-r l c(n . 6) / 2 I fol d spectrum ab t 
1' (l x.ne. I .• nd. Ix. Ie . ifol d) source-2*s ouree 
i f (l x.gt. l fold)lource-O. 
return 
ond 

NF/2 
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I STUB 

SUBROUTINE STUB(N.W) 
eeeeeeeeeeeeeeceeeeeeeeeeeeeeeeccccececccececccccceeeeceeeeeetttcttcccc:. 
e SOLVES FOR THE A.B.e.o PARA~ETERS FOR A TRANS~ I SS I OH . NE SS e 
e FOR THE Nth NETWORK ELE~ENT AT FREQUENtY \I (TYPE 5 t lRtU ,) t 
e 12/30/ 85 • 
eeeeccceeeecccccceccccccccccccece eeeeeccccccccccctcccecccctceccecctccm~ 

10 

ZO 

50 

100 

COMPLEX*16 ABeo (500. 2.2) • ZERO. Z. Y. ZO. GAM. GA~J. A. c. Q. CON. Y 
OOUBLE PRECIS ION PI2.X 
eOMON/NET / RLC (500.20) • ABCO. P 12. ZERO 

CON-OC~PLX (0 .0. - 1.0) 
BC-W*RLC (N. 20) * (i.O+ALOC (I .0+\1< (RLC (N. 17) +-W*RLC (N . 18»» 
RT-RLC (N.4) 
XL-W*RLC (N. 19) 

QO-RLC (N. 16) 
IF(RT.EQ.O . O.OR.QO.EQ.O.O) CO TO 20 
QO-QO*SQRT (w) 
IF(QO.LT. I.E - 5)CO TO 20 
R-O.5*QOnRT 
I F(QO.GT.15)GO TO 10 
R-R/ (COSH (QO) -COS (QO» 
RT-R*(S I NH(QO)+SIN(QO» 
XL-XL+R* (S I NH (QO) -S I N (QO» 
GO TO 20 
RT-R 
XL-XL+R 

X-RLe (N. 3) 
O-RLC (N. 6) 

YL-CMPLX (RLC (N. 9) • W*RLC (N II) 
Z-OCMPLX (RT. XL) • 
Y-BC*OCMPLX (D. I.) 
GAM-X*eDSQRT (Z*Y) 
GAMJ"CON*GAM 
A-COCOS (GAMJ) 

IF (W.CT.i.E - S)CO TO 50 
Q-I.O+GAM*'Z / 6.0 
c· (Yl*A+Yi:X*Q) / (A+Yl* Z1tX *Q) 
GO TD lao 

Q-COSIN(GAMJ)/CDN 
ZD=eOSQRT (Z/ Y) 

;;~~L('A+Q/ ZO)/(A+ZD'YL'Q) 
N. I • I) -DCMoL X (J 

ABCD (N .I.Z) _ZERO .0.0.0) 
ABCD (N. Z • I) -e 
ABeD (N. z. 2) -DeMPLX (I 

.0.0.0) 

RETURN 
END 

IS I n e'ffect calculat ;OI\ 
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TE E 

IU.ROIITINE H (N.II) 

'r'·~ttcc.t:CCCtCCCcccCCCCtCcccccccccccccccec e e eee ce c c:::c ecc c ccce::::e::cc:: c::c 
~ ..•• so:..Vts FOR -.,£ k . e . c.D PAR AMETE RS FOR THE TEE CIRCU I T C 
. FOR THE htn Nrn.'ORK ELE MENT AT rR EQU:'NCY W (TYPE 2 CIRCUI T) C 
c 12111/85 c 
c':r::ct:Cc:c t: e c ecce c c: e c c ecce c c: c ecce c e c c e e e e c c c c eec e e ecce c cc cc cc ccc ec eec 
• tO~PLEX'16 ABCO(SOO.2 . 2) . ZE RO 

DOUBLE PRECISION PI 2 

I) 

t01\ll0N/NET IRLC (SOO. 20) • ABC O. P I 2 • ZERO 

RI·RLC (N. 1) 
RZ·RLt (N. 2) 
'·RLt ( ~ .) 
XlI.II'RLC (N.~) 
Xll·. ·.RLt (N, 5) 
at· RLt (N , 6) 
II I.RLt (N. 16) 

.,Lt(N.ln 
IF ( I.£Q.o.o)CO TO 10 
RT·RI'O.-( 1)"2)".25 
RACoftT-RI 
HI · RT 
JL l-U l+RAe 
1f(1/2.£Q.O,O)CO TO 20 
RT.RZ' (1.. (III I) •• 2) ••. Z5 
R.t·RT-RZ 
RZ- RT 

Xll·X Z-Hl AC lO Be) (XL I *G+Rl*BC) ) IA 
'BCO (N, I, 1) -OC~PLX ( (1 .+R I*C- ~;RZ _ G " XL I .XLZ- Bt. (R I *XL2+R2*XL 1) • 
• aco I., I . Z) -OC~·LX «R 1+RHC

I
) * R BcoR IOR2 - XL I .XU.BC) ) I B 

I (XLl+X HC* (R I*XLHRZ*XL + Ie 

AltO (N. Z. 1) -OCIIPLX (C . BC) G XLZ',ac ) (X L2*G+RZ* BC» I D 
'BtO( •• Z.2) .OC~PLX( (1.+R2* - , 
RE-URN 
E'~ 
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RAHSFORll 

SUBROUT I NE TRANSFORM (Ne.NF.NGEN) 
eeeecceccccccccccccccccccccccc c ccecc ccccccccccccccceccceccccecccccmc:t( 

c t 
c COMPUTES THE FREQUENCY OOMAIN RE SPONSE Of THE NET>~RK t 
c t 
cccccccccccccccccccccccccccccccccccccc cccccccccccccccceccccccccCCCCtctttt 

990 

220 

240 

260 

280 

300 

320 

330 

340 

350 

360 

380 

400 

DOUBLE PRECIS ION PER.P I2 
COMPLEX' 16 ABC01500 .2.2) .ZE RO . A(2 . 2) .B(2 . 2) .£11(5.32768). 
1 EG,GEN,GS IN,SQURCE 
eHARAcTER'6 NOOENAME (5~ ) 
COMMON/NET / RLC (500.20) • ABCO. P I 2. ZE RO 
COMMN/ MI SC / K I NO (500) • RGEN. NOUTeS) • MOllT . KD (5) • I (( 
COMMON/IIAVES/ EII.EOUT(5.32768) 
COMMON / TIME / PER 
~ATA I FLAG/ O/ 
IIO·P I2/PER 
TYPE *.' THERE ARE' . NF . I FREQ. TERMS TO COM.lITE ' 
type*. ' , 
DO 100 11- 1 .NF 
M,M-1100 (M. 300) ! busy msg process i ng 
IF ((NF .GT.300) .ANO . (M . EQ.O»TYPE 990 M 
FORMAT (' FOCAS. IS ALI VE & WELL • • • ;r-eq ' ,I' ) 
\oI-WO* (11- 1) term: v 
EG-ZERO 
DO 200 Kol.NC 
GO TO (220,240 .260 ,280 ,300,320.330.340 350 360 • 
I 380,400.420 ,440 460 480 - ' , , 
EG-EG+GEN (K.II) " .500.,20,540.560) ,K I ND(.) 
GO TO 200 IType 1 Circuit 
CALL TEE (K,II) 
GO TO 200 
CALL OEL TA (K, W) 
GO TO 200 
CALL L I NE (K,W) 
GO TO 200 
CALL STUB (K. II) 
GO TO 200 
CALL [AMP (K,W) 
GO TO 200 
CALL FlBER(K,W) 
GO TO 200 
EG-EG+GS I N (K ,W) 
GO TO 200 
CA LL lAM? (K ,W) 
GO TO 200 
CALL HPF (K.W) 
GO TO 200 
CALL XFORMER(K.II) 
GO TO 200 
CALL FILTER(K.W) 
GO TO 200 

ITy pe 2 Ci rcu i t 

ITy pe 3 Circu i t 

IType .. Circu i t 

IType 5 Circu i t 

IType 6 Ci rcU i t 

IType 7 Ci rcuit 

IType 8 Ci rcu i t 

lType 9 C j reu i t 

I rDe 10 e lreu t 

JType 11 Ci rcul t 

IType 12 CircU i t 



5100 
52CO 

CA,' SHUKT (~ . ) 
co TO 200 
(4. SER I ES( • • \I) 
CD TO 200 
:A.L S· f ( • \I) 
CO TO 200 
.p-.;+SOURtE (I. • \I) 
CO TO 200 
co~ INUE 
CO.-I'UE 
co ... I NUE 
CO,'TINUE 
COIIT I NUE 
~l·"C[N 
CAll ~OVE (l. N I) 
00 5000 K-l. ~OUT 
KOUT-NOUT (K) 
If(KOUT .EQ.N I) CO TO 5200 
HS-firl,," 1 
00 5100 I -N5. KOUT 
CA. MltO (A. I. I fLlC) 
IF(!Our.£Q.NC) CO TO 5300 
CA L ~VE (I . (KOUT+ I) 
tj2-"DUT",2 
I F(N2. CT .Nt) CO TO 5~00 
005500 I -N2.NC 
tILL lUI CO (S . I • I FLlC) 

!Ty pe 13 

!Type " 
IType 15 

!Type 16 

!Type 17 
!Type 18 
!Type 19 
ITy pe 20 

Eqk. - EC/(A (I.I) -~ (1.2) *S(2 . 1) I S (I . 1) 
CO -0 5000 

100 

EW(K . - EC/l (l.l) 
NI - OUT 
IF (lfL AC .£Q.l ) CO TO 6000 
COIITINUE 

RETURN 
1000 00 1 - 1.I ~ 

If (~.l .2001) CO TO 6100 
ENDOO 

l iDO Hf - 2"(I.1) 
RE URN 
END 
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TRANSr-ORM 

Circuit 

Circuit 

Circuit 

Circuit 

Circuit 
Circuit 
Ci rcuit 
Circuit 



XfOIWR 

SUBROUTINE XfORMER(N,W) 
CCCCC CC CCCCCCCCCCCC CCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcn 

C TRANSFORMER MODEL C 
C (TYPE II CIRCU I T) C 
C 4/ 11 / 86 C 
ccccecececeCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCC CC CCCCCCCCCCCCCCecceccceecee 

COMPLEX *16 ABCD(SOO , 2,2) ,ZERO 
DOUBLE PREC I SION PI2 
REAL 1'\ 
COMMON /NET / RLC (SOO , 20) ,ABCD, P I 2, ZERO 

M-RLC (N, 3) 
Q-w*M. 
If (Q .LT. l.E -20) Q- l.E - 20 
ABCD (N , I, 1) -RLC (N, 16) 
ABeD (N, 1,2) - DCMPLX (0.0 , W*RL e (N , 18)) 
ABCD (N, 2 , 1) -OCMPLX (0.0, ( - 1 . O/ Q) ) 
ABCO (N,2 , 2)-RLC(N, 17) 

RETURN 
END 

ILI/M 
III (L1 12/ -

I L2I11 

t 
t 
t 
t 

I 
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I FFTS42 

. .. -------------------------------- ----------------------- - - -----------
. IJaROIl1"IN:: ffTSI2 
, as- FO:JRI ER TRANSFORM FOR N-2**M 
: 01,:I.£X I NPtIT 

--_ .-- --- -- - - - - - -- - - - - - - - --- - ---- - - - ---- - - - - - --- -- - - - -- - - ---- -- - -- -- ---

7'nS PROGRAt\ REPLACES THE VECTOR Z-X+iY BY ITS F1NIT:: DISCR ETE. 
:)"~:li..:X fOURIER TRA~S~ORI'\ I F IN-O (FREQU::NCY DOMAIN TO TIM.E DOMA IN) . 
Th: NV:RSE TRANSfORII IS CALCULATEO fOR IN-I . IT P,Rf ORMS AS MANY BASE 
S - HU,- IONS loS POSSIB .E AND THEN fiNISHES WITH A BASE ~ ITERATION 
~ J., SASE: 2 ITERIoTION IF NEEDED. 

;ri: SUBROUTI NE IS CAL EO AS SUBROUTINE fFTS42 ( IN.N.X.Y) • 
• E lh'TECE R • (A POIIER Of 2). THE N R,AL LOCATION ARRAY X. AND 

T1'E, REAL LOCATION ARRAY Y MUST BE SUPPLIED TO THE SUBROUTI NE. 

DI~:NSION X (2) . Y (2). LOS) 
CO'll\ON ItON21 P12 . ?7 
EQUI.'UNtE (L15 . LO» . (LI4.L(2)). (LI3 . LO)). (Ll2.L(4)) . 

• (Lil.LIS)) . (10.L(6». (L9.L!7)) . (La.L(S)). (L7 . L(9)) • 
• (L6.L!10)) . (L5.L(II». (L4.L02)). (L3.L03)) . (L2 . L04)). 
• (l.L(15» 

PI2 - S .• ATAN(l.) 
PI - l./SQRT (2 . ) 
C0101-l.15 

- I 
,,- • 2UI 
If (N.EQ.In) CO TO 20 

10 CONTINUE 
TYPE •• ' N I S NOT A POIIER Of TIIO FOR F FT842 , 
$TOP 

20 "2POI/ • 1\ 

NTHPO - N 
f. - NTHPO 
If (IN.EQ . 1) eo TO 40 
CO )0 1-l.NTHPO 

Y(I) - -y(I) 
J; CON"I NUE 
~, .8- - N2POIIIl 

If (.8POII .EQ.0) eo TO 60 

>'0 11 8 PASSES. I f ANY. 

00 SO I PASS-I. NS-O\l 
"X7 _ 2** (N2POII - 3*1 PASS) 

"C~ - S_HITLT X (ll X (NXTL7+1) . x (I·NXTLH I) . 
C_U Rsn (HXTL T. NTHPO. LENeT. x (;~NXTL T+ 1) . X (6*NXTL H 1) • 

• XU-.X LFll. x (4_NXTLHI) ;' .. 1) Y (2*NXTLHI) . Y O*NXTLH1). 
• X(7-.X l Hll. yell . Y(NXTL y(6*NXTLH1) . Y(/*NXTLH I) 
• Y(4-HXTLT-ll. YCS"NXTLHI) . I 

iO CC, I NUE 



C IS THERE A FOUR FACTOR LEfT 

C 

60 I F (N2PO\ol- Y'N8PO\ol- 1) 50. 70. 80 

GO THROUGH THE BASE 2 ITERATION 

70 CAll R2TX (NTHPO. X (1) • X (2) • v(I) . V(2» 
GO TO 50 

C GO THROUGH THE BASE 4 ITERATION 
C 
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I Fn842 

80 CAll R4TX (NTHPO. X (1). X (2) . X (3) . X (~). V (1). V (2). V (3) . Y(» 
C 

50 00 110J-I'15 
l (J) - 1 
IF (J -N2POII) 100. 100 . lID 

100 l(J) - 2"(N2POII+ I -J) 
110 CONTINUE 

I J - "I 

DO 130 J I-I.ll 
DO 130 J2-J I. L2.l 1 
00 130 J3-J2.l3, L2 
DO 130 J4-J3.l4.l3 
00 130 J5-J4.L5. l4 
00 130 J6-J5.l6.l5 
00 130 J7-J6.l).l6 
00 130 J8-J7.l8.l) 
00 130 J5-J8.lS.l8 
00 130 JIO-J5.l I0. L5 
DO 130 JI I-JIO.lII. lIO 
00 130 JI2-JII.l I2.lI1 
DO 130 JI3-JI2.l 13.l12 
DO 130 JI4=JI 3.l 14.l 13 
00 130 JI-J14 .l15.114 

IF (IJ -JI ) 120 . 130. 130 
120 R - X(I J) 

X U J) - X (J I) 
X(J I) - R 
fl· Y(IJ) 
Y (I J) - Y ( J I ) 
Y(JI) - F I 

130IJ-IJ+l 
I F (I N.EQ . I) GO TO 150 
001401-I .NTHPO 

Y(j) - - Y(I) 
140 CONT I NUE 

GO TO 1)0 
150 00 160 l ~ l. NTHPO 

XU ) • X(I)/FN 
Y(I) • Y(I)/FN 

160 CONT INUE 
1)0 RETURN 

END 



( 
t .------.-- - - -- -- - - - - - - - - - - - - - - - ---______ _ 
C S~3~Oi.i I NE: R2T)" 

--------

~ R~OIX ~ -ERAiIO,," SUBROUTINE 
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R2TX 
R4TX 

----------------------

i····· ._--- -------------------------------------------------------------

c 

IUlROLITI N£ R2TX (NTH?O. CRO. CRI . CIO. CII) 
o _£'110' CR~(2). CR1I~ ) . CI0(2) . CII (2) 
DO 10 -1.NTHPO . 2 

R I - CRO (K) + CR 11K) 
CR I (K) - CRO IK) - CR I (K) 
CROCK) - RI 
f II - tlO (K) + C I 11K) 
C 11K) - C I 0 (K) - C I 11K) 
CIO(K)-fll 

10 CO'TlNU£ 

:------- - - - - --- - - - - - - - - - -- - - - - - - - - - - - -- - - - - ---- - --- -- - ---- - - --- ---------
: SLaAD IhE : Rt. TX 
C RiJIX , ITE RATI ON SUBROUTINE 
.. ~---- - ---- ---- -- ------ - -- - - - - - - -- - - --- -- - ---------- --- ------- ----- ---

SUaROLITINE R'TX(~HPO . CRO. CR1. CR2 . CR3. CIO . CII. t12. C13) 
0"~k510 CRO(2) . CR I (2) . CR2 (2). CR 3 (2) . CI0(2) . t il (2) . CI2 (2) . 

• CI)(2) 
0010 K- I .NTHPO.' 

RI • CRO (K) .. CR2 (K) 
R2 • CRO (K) - CR2 (K) 
Po) - CR 1(K) + CR) (K) 
RL • CRI (K) - CR) (K) 
fl1 • CIO(K) + CI2IK) 
112 · CIO(K) - CI 2(K) 
, ). CI1(K) + CI)(K) 
fL . C I 1(K) - C I 3 IK) 
CRO I • R I + R3 
Cia (K) • f II + f 13 
CRIIK) • R I - R3 
CI1(K) • f l1 - f l 3 
CR2 (K) - R2 - r I. 
CI2(r.) - fl2 - R. 
CR) (K) • R2 - fl . 
~13IrJ • r 12 - R' 

10 COli" NU£ 
RE N 
rt.o 



C 
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I Ran 

C----------------------------------------------------------------------
C SUBROUT I NE, RSTX 
C RAD I X 8 I TERAT ION SUBROUTINE 
C-----------------------------------------------------------------------
C 

SUBROUTINE R8TX(NXTlT. NTHPO. LENGT . CRO. CR I . CR2. CR). CR'. 
* CR5. CR6. CR7. CIO . CI I . C12 . C13. CI'. C15. C16. c l 7l 
o I MENS I ON CRO (2). CR 1 (2) . CR2 (2). CR) (2). CR' (2). CR5 (2 ) . CRo ll). 

• CR7(2 ) . C II (2). C 12 (2) . C I) (2). c/, (2). C 15 (2). C 16 (2). 
• CI7(2) . CIO(2) 

COMMON / CONZ/ P12. P7 
SCALE - P I 2/ FlOAT (l ENGT) 
00 30 J-I.NXTL T 

ARG - Fl OAT (J -I }*SCAlE 
C I - COS (ARG ) 
5 I • 5 I N (ARG ) 
C2 - Cl**2 - 51**2 
52 - ( 1*51 + Cl*$1 
C3 • Cl~C2 - 51*52 
S3 • C2*5 1 + 52*C l 
C4 - C2**2 - 52**2 
S4 - C2 *5 2 + C2*52 
C5 - C2*C3 - 52 *53 
S5 - C3*52 + 53*C2 
c6 • C3**2 - 53**2 
56 - C3*S) + C3*S3 • 
C7 - C3*C4 - 53*54 
57 • C4'53 + 5'*C3 
00 20 KcJ,NTHPO.lENGT 

ARO • CRO (K) + CR, (K) 
AR I • CR J(K) + CR5 (K) 
AR2 - CRZ (K) + CR6(K) 
AR) • CR )(K) + CR7(K) 
AR4 - CRO (K) - CR4 (K) 
AR5 - CR 1 (K) - CR5 (K) 
AR6 • CRZ (K) - CR6 (K) 
AR7 • CR) (K) - CR7 (K) 
A10· CI O(K) + CI 4(K) 
All • C I 1 (K) + Cl5 (K) 
A I 2 - CI Z (K) + Cli(K) 
AI) - CI)(K) + CI 7 (K) 
A I 4 • C I 0 (K) - C I 4 (K) 
A 15 • C I J(K) - C 15 (K) 
AI6 - CIZ(K) - CI6(K) 
A I 7 - C I ) (K) - C I 7 (K) 
BRO - AR O + AR2 
BRI • ARI + AR) 
6RZ • ARC AR2 
BR) • AR I - AR) 
BR4 ' " AR 4 - AI6 
BR5 • AR5 A 17 
BR6 • AR4 + A I 6 
BR7 • AR5 + AI7 



a iD - ~IO" liZ 
Bl 1 - All - AI3 
BI Z - ~IO - AIZ 
83-AI1-AI3 
a - A I ... AR6 
S5-A IS-AR7 
BI . - AI~ - AR6 
817 - ~IS - AR7 
eRO (K) - B~O ... B~ 1 
tle (K) - SI O - Bll 
If (J. £. I) GO TO 10 
tR1(K) - C4"(BRO-BRI) - 54*(BI0-B I1) 
CI1 (K) - C~'(BIO-BI1) ... 54' (BRO-BRI) 
CRZ(K) - CZ"(BR2-BI3) - 5Z*(BI 2+BR3) 
CI Z(K) - CZ*(BI2"'BR3) ... 5Z*(BRZ -B I 3) 
CR3 (K ) - c6* (BRZ+B 13) - 56* (B I Z-BR3) 
CI 3(K) - C6* (BIZ-BR3) ... 56*(BRZ+ BI 3) 
TR - P7*(BRS-BIS) 
: 1 - P7" (BRS+BIS) 
CRL(K) - C I * (BRhTR) - 51* (B I ~+T I) 
t l (K ) - C1"(B I -TI) ... 51*(BR4+TR) 
CRS(K) - CS* (BR"-TR) - 5S*(BI~ -TI) 
CI 5(K) - CS*(BI4-T I ) + 5S*(BR4 - TR) 
TR - -P7*(BR7+BI7) 
TI - P7* (BR7-B I J) 
CR6 (K ) - C 3* (BR6+TR) - 53" (B I 6+1 I ) 
CI 6(K) • C3*(BI6-TI) ... 53*(BR6+TR) 
CP.7 (K) - C7*(BR6-TR) - 57*(BI6 - TI) 
CI 7 (K) • C7*(B I 6-TI) _ S7*(BR6- TR) 
co TO ZO 

10 CR I (K) • BRO - BR 1 
CI 1(K) • BID - BI1 
CRZ (K) • BRZ - B I 3 
CI Z (I ) • BIZ ... BR3 
CR3 (1) • BRZ + BI3 
CI 3(1) • BI Z - SR3 
;R • P7* (BRS-BIS) 

• • P7*(BRS ... B I S) 
C~; (K) • BR4 ... TR 
CI 4 (K) .814 ... TI 
CRS (K) • 8R4 - TR 
CI S(K) • BI. - TI 
~R • -P7 * (8R7-B I 7) 
- • °7*(BR7-B I 7) 
CR" (K, • B~6 ... TR 
CI 6 (. • BI 6 ... T I 
CR7 (1 • BR6 - TR 
C' 7 (K) • BI 6 - TI 

20 COllT I NUE 
30 co. INUE 

RE'UR 
!h0 
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VI . ADDING A NEW NETWORK TYPE 
-------------------------

In order to add a ne~ network type to FOCAS. one mus: f i rst 
calculate t he cha i n matrix for the new network sect i on " 
descr ibed in section I I of this document. The def i n i t ions of 
A, S, C. and 0 t hus derived are coded into a new suorour l ne. 
SUBROUT INE NEWNAXE, the purpose of which is to compute the 
cha in mat~j x f or th is new network subsect i on type. The subrout lM 
wi 11 compute the ABeD paramete rs for the network at the freque,cr 
W based on the subsection l s c ircuit parameters def i ned In .rrlY 
RLC. 

In general. SUBROUTINE NEWNAME must have .s • m t "jm~: 

SUBROUT I NE XXXX (N. w) 
COMP LEX'16 ABCO(500.2.2) • ZERO 
DOUBL E PREC I S ION PI2 I - 2.0PI 
COMMON/NET / RLC (500 .20) • ABCO. P I 2 . ZERO 

I ~rog~ammer 
VAR"'RLC (N. ) _____ II 

I 
I 
I 

ABCO (N. I. 1) - -------
ABCO (N . I.2)_ ---- __ _ 

ABCO (N.2. 1) _ -------
ABCO (N.2.2)_ -- - ___ _ 

RETURN 
END 

.. .. .. .. ... .. .. 

Defined 

The variable N indicates wh i ch of 
i s be i ng anal yzed, and the I . the 'nout mode l' . lubucl ;ons 

oeallon of " t 
arr-ay. The var i able W i s th . I S ~.r.meter. I n t t. R C 

e rad I an fre ... ue . , . .., ncr , n wlg.r.d lan, /uccl'( 

The cha i n matr ix for th 
i n FOCAS as ABCD (N . 2,2) ~ Nth network $ • 

w i tn til f ec: ~ I on I . reDresentt.d 
e o ll ow l ng de" l n l t i on,. 

ABCD (N. I . I) 
ABCD (N. 1 .2 ) 
A6CD(N.2. 1) 
ABCD (N . 2 . 2) 

- A 
- B 
- C 
- 0 

Once th i s sub~ou - · h 
h 

~ In e as bee 
to t e ex i Sting rOCAS n cOde. 

cOde:::: $ • eVera l Changes .~e .00 
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A ft.-e (0· the two-~erminel -pa ir network with the first 
t~ret cna~~cter' being unique must be defined, e.g. NEW. 
~ext. the nput para~eters must each be defined by two 
c:"'aucter n.!"Its. Present array space wi II hol d up to 20 
"'nw:) .... pa·a-nete·s. The following chan .... ~s are now to be d 

lit rna e : 

SUBROUT INE INPUT 
-._-------------

I. "0::1 tne neloo tJetwor name (thr ee characters) to the NAI"IE arl'"ay . 

b. Aaa the two character parameter names to the NOATA ar r ay. ~ore 
tn.n two cnaracter, are ignored so the fi rst two must be unique. 
Tn, paramlter names must be on the line number cor responding to the 
locat ion of Natwor name In the NAME array. If l ess than 12 
P'''.I''!IUri Irl specified, fill to the left wi th the last parametel'" 
n ... . Tn l s maps the parameter values into the RlC array . 

c . Inc ...... Nh. I NO by one. 

7. SUB~OUT I NE PRECALC 

•• 

3. 

•• 

Plr(or .ny preliminary calculations which are desired to 
.. n1pullt. the Input data. set default values. or reduce 
c PUtlt l ona l overhead durin; la ter frequency dependent 
ca lculat i on._ 

SUBROUT INE TR 'NSFOR~ 

--------------------
. subroutine for the Network named 

"ad a cI I' lutement to thiS h same as the location of the 
above. Tna va l ue of K~NO 1$ ~A~~ rray in the INPUT subrout ine . 
tnra' charlcter name In the ~ a 

b outines and reli nk , includ i ng 
R,como l le .11 programs and su r . of FOCAS , supporting the 

"~E The new ver S ion 
SUaROUT I Nt NEWN. is no .... ready to run . 
n.~ "etwar subsaction type 



p a g e  1 1 2  

V I .  E N H A N C E M E N T S  

A .  C o m p l e x  F i l t e r s  6  R e s o n a n t  C i r c u i t s  

I n  t h e  p r e s e n t  f o r m u l a t i o n  o f  F O C A S ,  o n e  m a y  e n c o u n t e r  a n  
a r i t h m e t i c  o v e r f l o w  c o n d i t i o n :  

% S Y S T E M - F - F L T O V F _ F ,  a r i t h m e t i c  f a u l t ,  f l o a t i n g  o v e r f l o w  a t  P C " 0 0 3 D 6 2 s j ,  
P S L = 0 3 C 0 0 0 0 0  

w h e n  s i m u l a t i n g  n e t w o r k s  i n  w h i c h  m o r e  t h a n  t w o  s u b s e c t i o n s  h a v e  
p o l e s  a n d / o r  2 e r o e s  a t  t h e  s a m e  f r e q u e n c y .  A n  e x a m p  e  c '  s u e  a  
s i m u l a t i o n  m o d e l  i s  g i v e n  b e l o w :  

G E N  T R = . 0 5  P W = . 0 6 2 5  P E R = 1 0 0 0  A M P - 2  r - 1 0 0 0  
s e r i e s  a 0 = l  a 2 = 2 5  b l = . l 6  
s h u n t  a l = . 0 1 2  b 0 = l  b 2 - 2 5  
s e r i e s  a 0 = l  a 2 = 2 5 3 5 5 - 9 S  b l - . O O O O l 6 3  
s h u n t  a 0 = 1 0 0 0  b 0 = l  
.  o u t  
.  f d g  f f  
. E N D  T X = 6  D C = . 5  F S « = 3 .  

T h e  o v e r f l o w  o c c u r s  i n  s u b r o u t i n e  M A B C D  l i n e  2 0 .  w h e r e  t h e  c o e p l u  
m a g n  1  t u o e  o f  e a c h  e l e m e n t  o f  t h e  c h a i n  m a t r i x  i s  c a l c u l a t e d .  T h e r e  
a r e  t w o  o p t i o n s  t o  b e  i n v e s t i g a t e d  f o r  o v e r c o m . n g  t h i s  l i m i t a t i o n .  

f o r m a ^ t h e ' m L - ' r ! , 1  f l o a t ! n g  P o i n t  c a l c u l a t i o n s  t o  t h e  G  F L O A T I N G  
9 ° ™ « 3 5 r  '  ™  > »  '  n c  r e a s e d  f r o »  

?«i «2?2'«£j^rsr.its £ st'iE?'-'?" •? 
s u b r o u t i n e s  ( B P  F ,  S E R I E S  S H U N T  5  ^ s e c t i o n  
1 0 * * - 1 0  ( r a t h e r  t h a n  V k  '  *  S O  t h a t  « n y  o e n o m i  r f a t o r  l e s s  t W  
( a s  o p p o s e d  t o  , 0 * * -  l 6 )  i s  s e t  e q u a l  t o  10—10 

a r o u n d  r e s o n a n c e s  w o u l d  b e  s o m e w n a  t ^  l a - r  ' C  t h # t  r # # P ° n S e  

i s  n o t  a l t e r e d  a s  m u c h  i f  : t ^ J  a ' t e n e ° .  O u t  o v e r a l l  accuracy 
f i l t e r  s e c t i o n s ,  b o t h  o p t i o n s  s h o u l T h  n e c e s s a ^ to s i  »ua 1  te coaplei 
a choice is made. FOCAS ie » * ? ® be investigatec carefully befere 

d e s i g n .  T h e r e  a r e  s p e c  i  a  1  i  2 0 ! ? "  " ^ t e n d e d  t o  s u p p o r t  a e t a  i  l e d  f i l t e r  
s p e c  1  a  1  s o f t w a r e  p a c k a g e s  f o r  t h a t  purpose. 



So Opticil CIDle Spl' Ices 
._------------------

" sp li ce on tne OPticl1 f'b 
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~ ich I ntro~uce. I lo~s I e r ca n be m~d el ed s im 1 
-n i l type. of moae! wi~1 ' n l ~b. anc! a phase Sh if / ~H~S a/ect io n 
~ .... enG 0" ' he fOb e!; ec: t the e ff ec .. s f ' ra l a ns . 
o'''Ilv lor .~ ;he f~r er, but ~.,.j II provi de a ~US~ f U ~ efl ectj~ns ~ t the 
1'1 • • 100'0 ..... f h end (beyond t he sp!') apprOXi mat ion to 

• or IU: • model woul d ap pear a~~e 0 The two· term i na l -pa i r 

------------0 0-_-- I 
• + 
r I E - Ei ft exp {- Kl 

I 
0--.------+--------- - - 0 

In 10 
k • dD convera l on factor. . 0 .23026 

10 

~h' chl l n Natrlx elements f o r thi s s pli ce mode l are: 

, • ox. (Kl - J*PHI) B • 0 

t • 0 0-0 

t. Reduced T IMi ng Uncertain t y 

--------------------------
• I unc.rta j n~r i n voltape cro s s ing t i mes and ti mi ng j i t te r 
CI CU :,t onl can be reduc e d in cases in whi ch f ewer t han 
3:.168 ireCluen:y terms (NF) Ir e cal cu l a ted by inccr eas i ng 
t". valul of "'f I n aubrouti ne PRE CA LC to 32 .768 . However. 
th i s ching. wi II require substant i a l cha nges to t he numerica l 
. l ;or l thcl uled In lubroutine CR OSS to fi nd zeroes a nd ex trema 

of tttl OUtput waveforms 0 

-hi lICit I.dous cl'\anges will be requ ir ed i n t he extr emum 
c~=~t.t l on. wh i ch oresently us e emp i r i ca lly dete rmi ned 
vl l",e, to a scr i mi nate between ,.ea l e x tremie and s l i ght 
.... , ri u l onl i n the volt.ge l e ve l S due to the compoundi ng of 
""-.r i cal round i ng. It wa s not fe l t tha t s uch a ma j or overhaul 

Is raQ.u l r.d at prelent. 



O. Fiber Mode l s 
------------Mor e ge ne ral fib er mode ls are presented in sect i o I II 

and Append ices I I and I I I of th i s report. 

E. Graph ics Suppor t on MieroVax 
----------------------------

page II 

The standard , OCAS ou tput graph i cs files wi th the .tg . . f;. 
or .pg e xtens ions a re i n REGIS format. I n order to vle.w 
the output graph i ca lly on a mi eroVax . UIS format I. re~u l r.a . 
The da ta f i 1 es (. td . . f d . or . pd) are used as I nput to a up,rUt 
FORTRAN graph ing routine . CIRCU IT_GRAPH.FOR to ereate the UIS 
forma t graphs. This program i s li s ted In Appendix V. 
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APPEND ICES 
------- ---
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----------------------------------------------------------
LED/CABLE REfER E~CE D~TA FOR FIGURES I ~ 2 

ED S'EC'S. 

ED I. I 2 3 4 5 6 7 
------1-----------------------------------------------______ _ 

1 
f ~ 11 37 125 130 127 126 114 159 nm 

I 
LC 1128 1306 1280 1298 1291 1296 1340 nm 

CAlLE SPEC'S. 
._----------

CABLE I CABLE 2 
------- --- ----

Ltngth • 2.7 3.38 km 

Int.r~.1 

lat\dW' i dU'I 0.82 1. 127 GHz-km 

At:t"uatlon 1. I 1 0 .7 4 db / km 

lD 1357 1349 nm 

SO 9.27*10-5 9. 90*10-5 ns/(nm**2) -km 



pog. 111 
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~PP£ND I X I I . FISER RESPONSE ~ITH CONSTANT 0 

--------------------------------------------
Equation (1 8) Is used to def i ne 2! constant D. to approximate 
the valu. of the d i scersion coeffi c ien t ov er the source spectrum. 
- tie fiber response of equation (31 ) t hen oeeomes: 

e -.l'e -",..X"s,," -CJ...-L<-l"h'-." . W X""D(L-l.-<,) - K'"u (L -Lc)X"" 
(IH) P.(w) . e ~ 'I 

z. Jrr Cl. _ 

\oner e z. FWH 
IUDuttutlons: 

-00 

( 11 - 1) i s simp lifi ed by makin; the 

(11- 2) 0(,. K*r. * (X**Qa) 

(11-) p •• r~ ft (X**Qa) - jwOf: (X**Qc) 

(I H) 

(11 -;) 

Dd l nln; .-1/(: •• 2) and 
of tho I ntagral (I v-g) • 

b-P/ 2. (II-S) takes the form 

f '-Ca:J?' + :tbA) 
(11-6) 

(11-7) 

(11-8) 

111 -9) 

-10) 

(H1) 

P. (w) • 

P. (w) • 

P. (w) • 

-d~ -0( 

e. e. 
~ .J1T' 

-4." -<>I 
e e 
,2.J'IT' 

j e dA. 

2"-P.'/,{ 

e - d":... 0<.. + 2fJ/'t 

d • 0.1325""* (X"Qml IF I 

0( • tc.,. t: (X**Qa) 

(FU2) 

-------
1&(ln2) 

. { 

2 
Klfr t: {Xt:*Qal - jwO* (X**Qc) } 

oJ 

Sets Qa equal to Qc 
ed in FOCAS 

... e flSER ~odttl Implement
f 

ther restriction. 
In a.qultlon (11-11) .s. ur 
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f i BER RESPONSE FUNCTION FO~_~:~~~~_ ::~~ APP END I X II I , ______ _ -------------------------------- --
, '(22) Onto equat ion (31). the fiber 

Subst i tutIng equation I 

response funct i on become s: 

- d.' - 'K r;1. Go.. DO _ t L. -t<ll. ~ ~ i ,.;)1. '( 1..",) (L;-<.,. \- ",'r", \,,',,'1' I' 

(II 1- 1l Pe (w) - e e 5 e ~ 
.2J;r -eP 

( .~ ) (III_I) is simpl ified oy lubltitu~in;: 
where Z - f~HK/ 2Uln2 ' 

(111 - 2) 

(111-3) 

(I I 1- 4) 

(I I 1- 5) 

).. • L- Lc; 

Lett i n9 I t be the integra 1 in (111-5). Pe (w) bec:Oftle. 

exp ( - (d.*2) -Zo) 
(111 - 6) Pe (w) - - --------------- * II 

Z*SQRT (P I) 

Tne expression for 11 can be simpl ified by the SUbst i tut ions: 

(1I1 - J) 

(I I 1- 8) 

(11 1-9) 

0( - jw* (X**Qc) * So 

J -

Ag a in subst i tutions can make the ' Integral more man.ge.b l e: 

4 (I n 2) 
(111 - 10) )c. - [1 /(Z**2) J -0( - ---------

(III - II) J _ _ :~:~~_ 
2 

Kr..,* (X*.Qa) - J"" (X**Qc) *50* ()..),,) • ----------- -------______________ c.. __ _ 
2 



11 nOloo' hal the fo,,,, (I V-9) : 
pa ge 12 1 

(III - l l) 11. 

- -(J.).. .. t-~ )..l Ie d>- = 

f~k i ng the lubstitutions : 

To · .0(F.0 2)O(ZI • • Z)*( ln Z) 

(111-1 ) 

( 1- 1) 

(I I I -IS) 

(III -I.) 

(11 1-17) 

(II 1-18) 

(111 - 19) 

(111 -20) 

(111 -2 1) 

T1 • ZO(F'oZ) • ( Zl oZZ *Z3 - ZO(ZI"Z) *On Z) } 

T2 • (f"Z) • {(ZI.'Z)*Z3 - S*ZI*ZZ* O n Z)} 

T) • (r"Z)*(ZZo'Z) "Z3 

T4 • '.O[(ln Z)'"zJ 

TS • 4* (Z30"Z) 

T' • T2 -T3 

[quI t I on ( I I 1-6). now become s : 

(111 -22) P. (w) 
F*.xp{-(d**2) -Zo} ~ 

• • • ---------------- - 'wr 
Z ~"'''-l ) 

exp { 
To+Tl1': (1ooIlH{ 2) +j w1':T6 

------------------ ) 
T~+T5* (w*":2) 

£Quil i on (111 -22) . along with 
ter I can De uled to def i ne a 
cab l .800e l tn.n that us e d i n 

~he o e finiti ons of the intermed i at e 
~omewha t more gener a l i zed fi ber 
FI BER. 
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AP?~!;nu IV . U;>r:::GRAI,S &: 11A'l'''-mlATICAL IDENTITBS 
(Reference ~ ) 

(IV-l ) 
"" J -tl'~ e dt :0 J;l..T\ \ 

(IV- 2) 

~ -t.'h_ 
~ -

J cit. e.1"f ." e -- ;;!.. 
0 

(IV-3) 
bYa. jW e.-(~"- +:t"'~) 

' U e.("~C O;~ d.t. ~ ;L - O::- E2. 

• 
... >. 

(rv-<) J~\5 e-"t dt ertc. 2. = \ - e~ 2. 

z 
e~( - z) = - erf(z) 

(IV- 6) 

--
(IV-7) erfc(-z) - 1 + erf(z) 

(IV-8) er!c(z) • erfc( - z) = 2 

(IV-9) 
s .... e. -(o..t.~ +:l.bt) 



\ 

, 



ADPE NOIX V. _____________ C I RCUI T-GR~PH.FOR LISTING 
-------

p ~ogram ~irCuit-g r apn 
I plot c ircu it OUtput 

------------------

I 8-0CT- 1986 ~ike Tayl o-
Modified 3 -M~RCH - 1987 . An n Ewa l t 

~~se~ on an examp les i n tMe 
M . c~oV~S Worksta t ion G G rapni cs Programm i ng 
enerotes a graph of t he two input 

In t eger (a -z) 

c!rcUit_graph_cmd ! cld file 
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Guide 

imp li c It 
u ;ternal 
external 
.xternal 

l,oSget_f creign I 
c l i Sdc l_parse. cl i$present . cli5get va l ue 

include 'sysSlibra ry :u i sentry' 
Include ' sy,S'lbr a ry :u;susrdef' 

character*~ stri ng 
r.a l arrayt (350). a rra y2 (350) 
r .. 1 xx (l50) • yy (350) 
real largest_x. small es t _" . l argest_yo sma l le%:t y 
r.al wo~ ld_xl . world_,,2 . wor ld yl . world y2 -
,ea l Ical._x . sca l e_y - -
r .. 1 x. x2. hei ght. y 

CH~R~CTER.32 OF llE 
CHARACTER*2SS command_ I ine 
CH~RACTER*255 ve r b 
C~ARACTERft255 titl e. x_t i tle. y_title 

I get the name of t he i nput f i Ie from the user. 

Stltus. cl l Sge t va l ue ( ' S l lne ' . command l ine. command li ne s i ze) 
i f ( .NOT. sU t u;) ca ll Il bSs i gna l ( ~v81 ( status» - -
I type *, command_ l l ne {l :command_l i ne_s ize) 

status. c lt Sge t_va lue ( ' Sverb ' . verb, verb_ s i ze) 
If ( .NOT . status) ca ll ii b5signa i ( !tval ( status » 
I type *. ver e (1 : verb_s i ze) 

atetua _ cIISdcl_parse ( command_ line . circuit graph cmd 
I f (.NOT. stet us) ca l l li bSs i gnal ( %val( status »-
If (c: I i $p".sent ( I f i 1 e_ name ' ) ) t hen 

ce ll c li Sget_val ue( 'fil e_name ' .OFILE 

.h~ 
89 TYPE 90 

HCEPT 95 . DF I l [ 
end l f 



90 
95 
99 

1000 

pogo 116 
c i reu i t_grZll)h. for 

FORMAT (' ::nter 
FOR MAT (A32 ) 

continue 

h 's data f il e narne: ' .S) tne grC!? 

( , .. ' tIe' ) ) then 
If (cli5present .. , ('t'tle' t i tle 

call cliSget_va lue I • 

else 
ti t i e - ' , 
tit l e_s i ze -

endif 

Jf (cliSpresen,t( ' x_t itle'» ~hen 
call cliSget_va l ue ( 'x_t itle x_t i tle. x_t l tle_lize ) 

else 
x title -
x: t i tle_s i ze 

endif 

e l se 

T ime 
- & 

y t i t l e - I Voltage I 

r : t i t l e_s i ze - 9 
end i f 

the first col in fi Ie is t i me I n n.no-seconds O!'" frt.q\je~ 
in 11Hz (plot on X) 

the second col in fj I e is volts or ph ••• Sh i ft In rid 1 11$. 

or norma 1 i zed power (p 1 ot on y) 
f i nd the l argest and smallest of .rray 

largest_x - 0.0 
smal 1es t_ x - 0.0 
lar-gest_ y ., 0.0 
sma ll est_y - 0 . 0 

MCUT - 1 I number o f graphs 
po i nts .. 350 

OPEN ( U"IT-2I, fIL E-Of ILE, ST4TUS_ ' 0 O' ,RE400NcY 
DO 1-I,Points 

read (21. 1000) arra y 1 (I). array2 (I) I Inn hid. 20 IfU, 
IF (l ugest_x .LT. arrAy l(!) ) hrgest X. ''''''rl U} 
I F ( sma ll es : _ x .CT. arrayl (I) ) I~A ll ut :lt • .,1" . ylll) 
IF ~ l argest_y .LT. array2 (1) ) l arges:.;. Ir"y: 11) 

END~~ sma llest_y . GT. a r ray2 (1) ) Im.dl eli'_" . arr.y: IJ 

FORMAT (] X, f 20 ·3, <IIOUT> (! X f 20,3) I <mOUt>? CLOSE (UNI T=21) , 



10 
II 

20 

page 127 
circuit_Qraph . for 

type it, largest_x, sm211es l _ X • .c!: r gest_y . sma ll es:_ y 

crel:e the di$pl~y end wi ndow 

vd_id • u;s)create_ display( - 1 3. 0 .- 1 3. 0 .~1 0 . 0. 350 . 0 .2 40 . 0.200.0 
the ~ jr$t four numbers ar c the worl d coordi nates 
the wi noow size In centi met e r s 

wd_ld. ulsScreate_wind olo,· (vd_ id . ISysSworkstation ' . 
: ' foca . OutPUt ') 

I ma I the axis 5 times wi der than normal 
Clll u l .S •• t 1 i ne wi d th{ v d id . 0 . 16.5.0 ) 
Ca ll u llSPlot( Vd- l d. 16 . 0 .0.0,330.0) I draw V ex!s 
Ca ll ullSPlot( vd:l d. 16 , 0 , 0. 400.0.0 ) I draw X ax i s 

I the l egend of the g raph 
Call uisStexl{ vd i d. 0 , ti t l e 

2 190.0.).5.0) -

I let the ICII ing factor s 
I 330 II the coord!nat dist ance 
I c a l e_x. (ABS(largest_x) + ABS{small est_x)} / 400.0 
ICI'I_Y· (ABS(I.rgest_ y) + ABS(s ma ll est_ y» / 330.0 
I type *. Ica l e_x . sCll e_y 

I Informa t ion along the Y a xi s 
I Y II II""ay. between -1 and 4 (f o r nowl) 
00 20 I • ».»0.» 

y. (fl olt (l) III sc:ale_ y ) + smlJ l lest_y 
II (y . CEo 1 .0) then 

encode (4.11 . st r l ng ) y 
ah. 

eneode (lo . IO . st r i ng) y 
.nd l f 
y. float(l) 

lormot (f) . I) 
for .... (F }.I ) 0 ) 

C.II ulsSPlot( vd_ id . 16. O, y.-; . . y t i ck mlJrk 

' d 0 string. - 110 . 0. V } I value 
t.11 u i sStext( v d_ 1 , v 't it l e • -7 . 0. 3.40.0) 

C.l 1 ulsStaxt( vd7 l d . °
1

, - t h e X a xi s 
1 nform.tlon a on; 

ao 1.0 • "0, loOO , 1.0 + sma ll es t _ x 
y . (fl o.l(l) 11; scale_ x) 

n • y ) 
ancoda ( .30 , string n 
y .l loo t (l) 

for • • t (fl O.2) . 16 Y 0. y . -3 .0) I tick mark 
C.ll ulsSPlot( vd_ l d . • I U~ under the tick 

- 8 I cen te r the v a . g y - 7.0) I val ue y • y . d 0 s tr In. • 
tall ullStext( vd_ l . , 



pal' II! 
c i reu i t_or aph. f or 

Call uisStextC vd_ i d. 0 , x_ title . 200 .0. -12.0 ) 

! convert the i nput points to plo:: in; coor-din.tel 

do 50 j E I .Points 

xx(1) ., (array! (I) + ASS (smallest_ x» Isea l c_x 
yy") • (array2(1) + ABS (smal l os,_y» / sca l o_y 

50 cont i nue 

I set the 1 ine width back to normal 
Call uisSset line wi dt h( vd id , 0.16.1.0) - - -
do lOa i • 2.Po in ts I do the plot 

Call u ; sSPlot ( vd ;d. 16. uO-O. yy(J-I). u(l). yy (l) I 

100 cont i oue 

pause 

end 

back to DCl. use cont i nue to r et run to tne oro;r. 
if you run this from ln s i de a T?U IUDprocel' 
the pause doesn 't wor k . 
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9&.00 160.00 

or 4 5b PATTtRN 

and last puls~ cenerator overlap to Cive overshoot 
the .I.ctronic ca5. where voltage sources add, but 
resul t 1n I sint1e wider pulse for the optical case. 

pv.e PER-ISO TRo4 .4 rr-7 
PIIs16 Do.-16 
pv.e Do.-40 
pv.e Do.aG4 
PVc8 "»0.080 
pw-e 1Ic..-" 
P\I:8 DEl.- 112 
Pl/s16 ~0.-H4 

11l,'320 DC • • 5 rS-2 

- -.- -

2CS.OO 

~~ 5 COR-~CTED 16LlO 10010 100Ll 
?IGu,,", . 

. , 

'. 

, . 
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SUPBRPOSITlON OF 
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