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* ABSTRACT
FAULT ISOLATION IN LINEAR ELECTRONIC CIRCUITS

BY UTILIZING THE FREQUENCY RESPCHSE AND
THE MOEBIUS TRANSFORMATION

A method of isolating (diagnosing) a single fault inb'a conven~
tional linear electronic circuit, where only 'bhe input and oubtput ter-
mﬁals.va:'r"e available foi' test _méasurements , is described,. o |

A faulty circuit element is idenﬁ!;ifiéd by comparing the méas-u
ﬁred’lmaghi'bude and phase response c.>f ‘the faulty cireuit, at é. selected
set of test frequenéies‘, with a pfecdmputedfset o;t‘ cmyves cdrreSpqnd- :
ing to all'poss*ble single faultvconditiOns. These 'cui'ves are shown -
to be arcs of circles, where the straight line is cons:.dered to be the
speclal case of a circle with an inf:m:.te rad:ms. Although the state
equation approach - is used in calculat:.ng 'bhe n-port parame'bers re-(
quired for the pz‘ecomputed curves, other methods such as topologlcal '
| fo:n’mwlas g »vEGAP(m.ectron:Lc Circuit Analysis Program supplied by IBM)»,
or laboratory measuremen’c.s could also be utilized. ' - |

: The success of the Moebius transfoma’clon method :’Ln 1denti- ‘
fy:mg faul‘bs ) -Was demons trated by laboratozy measuremen'bs and digi‘o-‘ ‘
- al computer s:hmlations. The results of fault d:.agaosis in several
test circui’cs are presented., - o '
| V This new approach to fault dlagnos:r.s prov:r.des a visua.l (graph-i‘k'
ical) 1dentlcatlon of “the faultv component and 2 precise efvaluatlon "

" of the i‘aulty componen'b value.
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INTRODUGTION

Motivation for the development of new fault isolation techniques
Prior to the introduction of a wide variety of complex electron-
ic equipment, a technician could aoquife adequate experience with the

oircuitry of the equipment in order to ‘repair it effectively, However,

with todays rapid change in eircuitry, it is dii‘ficul’o i‘or?technicians‘ '

“'to .-'g-ain thié experience and oi;ﬁer methods must be introduced as an aid
to the technician,

Another difficulty experienced in the fault diagnosis of a cir-
cuit is due to high p'ockagﬁng density of modern equipmeﬁﬁ "i‘hé m'p'foce- |
dure of problng the signal pa.th has become d:_fflcul’c even in the dlS-
crete component c:.rcultry. In an integrated clrcult however once the
device has failed, it is impossible to probe the signal path unless
'l';eS'b‘ points haveu>been provid_ed; Test points are generally undesirable
since 'bhey“caﬁse a deterioré.tion in the high frequency-perfomance an’d
vconsequently, are usually not provided, . Although an mtegra’ced cu*cu:.t
: cannot be repa.lred the manufacturer nay wa.nt to. 1den'b:_f'y 'I:.he fault in.

order to modn_fy the manui‘acturmg process,

Statemen'b of the problem and :mherent assumptlons

The problem ’ohat will be considered is the one of 1d~nt:.f’3r:mv é
s:l.ngle fault in a linear, 1umped tme-lnvarlant network m’ch a known
topology and a set of known nominal component values, Identlflca’cn,on_.

of a Fault requires that the faulty element and the value of the ele=




'meni'; be de‘l_:erm'ned. Ii‘ test points are_lrequired for enique fault ident-
ification,. only a minimum number will be pennitted; if possible, only
the normal :'aniﬁ; and output terminals of the network will be used for
- test purposes, | | ‘4

The solution of the problerﬁ is based on the following essump-'-
tions: ‘ ,

(1) The faui'b is not intermittant,or the fault 'persists throﬁgh-

out ’ehe teet measurement period,

.. (ii) Only those catastrophlc failures, hav:.ng a non-zero response
~at some tem:mal, can be identified unlquelJ, e*ccept in -bhe case where
a zero response at all terminals is unique 'l',o one fault
| (iii) Mutwal :mductance and the transfomer tums ratlo cannot
‘be isolated as faults, since they v:L_ole.te the single element fault as-
sumption, However, circuits,with rﬁu’cu_al ﬁnd{lcta.nce" and/or transformers
with turns ratios, can be diegnoeed if these paramete‘rs are excluded as |
p0351b1e faults, -~ | | |

Ii‘ the value of the i‘aulty parameter is not requlred aesumptlon
(i) above can ‘be relaxedva.nd' restat.ed as:: |

(:Lv) The fault persa.sts long: enough to- peml’c one s:.gnzi‘lcant
'best measurement v

A v:Lolat:Lon of assumptn.on (11) above,will be observable durlng
the dnitial. a;alyms of the eircuit, and test po:.nts could be mserted
~ :Lnto the clrcult 'bo satisfy the assumptlon. |

Rev:.efr oi‘ previous work

Seshu and Wa:mans have: given a solution to the problem by recogn-' '

1z:.na that the transfer functlon magnltude W’lll chanve at some: frequency ‘




if a circuit eiemen’e chwges._ In 'Eemﬁs of the Bode plot, this will Ee
'observable by a change in the location of the break Afrequencies,or the
é;ain cvonste_mt, or both, ’I‘hue by precomputing the gain between the break
frequencies for all possible fault conditions, a fault dictionary of
gain signatures is obtained, The inagni"cude ‘_ response of the faulty cir-
cuit is then measured and compared to the list in the fault dictionary,
‘and the faulty element is identii‘ ied,

Since the nunber of transfer functions that must be evaluated
for a reasonably complete feult dictionary is large, the symbolic trans-
- fer fenetion is derived by topelogical, fomules,and tﬁen,ﬁhe 'faulfb. sig-
natures are calculated simply by substituting the epprop'riate values,
"I'his technique is necessary to shorten the comput_ation time of' the di-
gital eo_xrtputer. V | |

‘ The method of Seshu and Waxman was investigated »by Maenpaa s

Stehman, and Stahl 2 and epparently ‘pz;oved to be quite successful,
H'owever, some of the problems encountere'd were: ‘(i)» the computation |
btime and storage space required in the digital computer becomes @ite
large as the network size increases, (ii) no method is prov:.ded for in-
terpolat:mg between fault values if a measu.r_ed fault ha.ppens -to_ fall
between values l:Lsted ln the dlctlonary.‘ » A - |

Neu h has developed a method Whereby a quantl’oy k(xl) remams _-
invariant from one n-port parameter to a.nother :li xi ‘is the c:chuJ.t
A Aeljement that has changed, If x; is a,nother per\..ll'b‘ element. (i.e. one
i’:w}ﬁch could not Prbdﬁce ‘the observed changes in the n-port ’pai'emeters)"?
, k(xl) will be dlfferent for dlfferent n-port parameters. The quan'blty

"k(xl) is defined as:




2T(x3)

Vk(X.) - aXi
+ AT
where k(xi) = the "constant! of Neu's method

X; = circuit element i
T = the n-port parameter
AT -z the amount T has changed fzom its nominal value
To 1solate a fault, baT(x:) mist be compu’c.ed for al] circult
.;{1 .
elements and for two or more n-port parameters, The change in the cor-
‘responding n-port parameters due to the fauit is then measured and k(x;)
is computed._ That circuit element x3, for which all ‘the k(x3) arevvcon-
stant, is then the favlty comoonent
‘The amount axj, that 'bhe faul’by component x;,_ has changed i‘rom its

nom:mal value, can then be caleulated from "'he equatlon-

Ax; = Qg -
; vZQP{l';—l“

‘where Q‘isﬁ either ‘the Theveniﬁ immittance ..or fransmifte.nce a.t‘x.i .
'Neu only dlscasses res:.st:.ve netwozks, al‘bhough tne procedure could
: -.probably be ey'bended to mclude capacltors and :I:nductors by using n‘las-rv=v'v-
or ’analys:LS_. The evaluatﬂ on and measure*xerrt of several n-port pere.-
mefere.' is stiil required, however,-- and a technique »based on a smgle_;k .
n-perf parameter would'.prc}ba;bly be _plrefemble. | |

-




Moroz 3 has shown that the coefficient of each power of s , the
Iaplacé transform variable, of a transfer or driving point function

can be written as:

k= *Ei_i'__?. B (1.1)
cxy + d ' '
where: ~ k is any pbwer of s of the ’gransfer‘funcﬁion (dr driving

point function),
x; is any network parameter other than mutual in&uctance _
or a transformer turns ra’c.lo , and | |

a, b c, d are real constants. independent of X:.-

: The. cons’oants a, b ¢, and d-mst-be computed for each power of s, for
- each eircuit component, If the symbolic transfer function is used, the -
' constants can be obtained directly by subs‘cltu’olon. If a numerical cir-
cuit analysis technique is used, a, b, ¢, and 4 can be calcula'bed by
‘solving equat:u.on (1.1) for four values of k correspond:;.ng to four val-
ues of xj. Three solutlons are adequate in obtaining the ratio of three
of the'constants to the fourth ;one.-, The array of all coefficients a, b,

¢, ‘and d is known as theccoefi‘iéient -signature.. o

The coefficlents of the transi‘er fu.nction of the fa.ulty netva'ork

’ nmst e computed from test measurements and a curve flttlng procedure. :
The measursd coei‘i‘1 cients are then used in solv:mg equa.’olon (1 1) for |
xi. - This produces as many solutlons for' each x; as there are’ :Lndepend-
. ::ent_ coei‘f:.cients in the. transfer i‘unctlon polynominal rat:.o. If xi is
the faulty cam;mnent wh:l.ch caused the nom_mal transfer functlon to

~ change to the new value, the solutions. for xi mll all be constant and

o ‘eqc‘;al"to'f'bhe.new-value‘ of Xi. Ifx§ is not the’ faulty component . the:




solutiOns for x; will vary. “As was suggeS’é,ed by Moroz, the solutions
of the faulty x; are not exactly constant, due to errors in the meas-
‘wrement procedure and in the curve fitting method. The xj, which exhib-
- 7"its the least variance in the solution, is th_en chosen as the faulty

component,

‘ S:.gnificance of the new technlque '

One of the problems associated with the fault dlc’clonary isola-
tion. technique is that of inte:polatlng between 'bhe listed entr:.es(galn.
‘ 51gnatures) in the dictlonary when a faul'b falls between those hsted
Sinee each elemen"a could fail with any valuev between zero and infinity, ‘v
it is impos'sible to list all possible feults, and. intezpolation between
- the discrete s‘lieps’ of listed faults will often be ‘-required' The new -
- teclm:v.que which is developed in the nexh sec'bion s perm:rbs a d:.rect-
calculation of the value of the faulty componen'b~ the gain s:.gna’c.ure

need no’c. be evalunated and, therefore, the m‘berpola'blon problem asso-

- o o
[PREI

cia.ted m.'bh the fault s:.gnature method is a.voided...
Tt is shown t’qat 'bhe use of' +he Moeb:ms transfo*mtlon method

substarltlally -reduees the number of n-por’c parameters that must be e~

valuated, Consequently,'it'beeomesf practical to use numerical evaluation
- of the n-port parameters' bff the‘ fs’ba’oe 'eque;tien 'te'ehnique, rather ‘than '

" - by the topological anproach, m.uhout an increase in co"muter co*rputatloﬁ
v t:.me. Sznce the state equatz.on method requ:.res much less storage t’“lan |
the topologlcal fomu.la method the new teclmn.que also eliminates 'bhe
.' large storage problem of the fault d:Lc-b:Lonary dlagnoals.

If the network which is being investigated has two or more "'porbs, -




P

more than: one- n-port pafmneter describing its behaviour exists. A two-

port, for example, could be described by:

V| = [m1bp | I

To|  |ho1 hop| [Ty
where, in vgeneral; the hybrid para.tﬁeﬁeréi hq, hlg,‘ hoy, hoo, 21l differ,
Seslm‘ and Waxman® use only one of the h-para;heters, ‘in the above case,
to determine a fauity element. However, in so‘me;. caées; the same fre-
quency signature exists for several different faulté. k!L‘Lthough a fault
dictionary for ancther of the h-parameters might identify the fault u-
niquely, thé eomputa’oion time, required to cémpute ,theh-pammé‘ber and
éompile the additional fanlt dictionary, would increase significantly.

The state equation technique of circult analysis, which is impractical

1o use for compiling a fa'alt dictionary, generates all n-port pa"amet- B

ers similtaneously. Consequently, the new technique of fault dlagnosis s

which is suitable for state equation circuit analysis, can be used to
investigate all of the h-parameters with only a small amount of addi-

tional computation,

An outline of the diagnosis technique

It is shown that the locus of an n-port parameter of a linear B

electronic network, as an element varies from zero to infinity, is an

~arc of a circle. This holds for all components except muatual inductances

and transformer turns ratios, Since & c¢ircle is uniquely determined by
any three points on the circle, we must evaluate or measure the n-port

para.meter for three values of each circuit element at each test fre-

- _quency. Although any method may be used 'bo evaluate the n-porb para-




meter (e.g. ‘ECAP, toﬁologicai formala, state vequat’ibns or 1aboratory‘

ﬁeasurements) , the state equation approach was chosen as the ﬁlo.st‘ suit-
' able , for reasons discussed in part IV. After the n;port parameters‘ |
' have been evaluated for three values of each component, the coeffi-
eients of the Moebius tranéfomatioﬁ are 'used in ealculating the loci -
of the n-port barameters’. _ The loci of the n-port parameters, at the |
test frequencies, are then plotted on graphs with one tesﬁ f;e&;uency

plot per graph.,

::“‘Tl‘le magnitude and phase of the n-port pgirameter of" the faulty -
circﬁiﬁ are measured at the test frequencies and plotted on fhe T(x3)
'_ >graphs. Thé plots are‘ examined and the cdmponent xl, which corresponds
to the n-port parameter arc on which the mea;sured n;-poz't' parameter of
- the faulty circuit falls, is the. fanlty component, After the faulty
element has thus-be‘en detected, the coefficieﬁts of the Moebiué_ trans-

-

formation are used to caleulate the value of the faulty component,




II
APPLICATICH OF THE: MOEBIUS TRANSFORMATION TO NwPORT PARAMETERS

| Some of tne nropertles of the well known Moebius transfoma-
t:wnl 8 are developed in the follcm.ng sectlon. The development
' wh:l.ch_ is not essent:Lal for an understandlng of ’che fault diagnosis
technique, is ineluded for completeness and ease of i'efezfence; The
results ei‘ the develepment are used in “the ;f'aultv isolation computer
progran which is included in Append::.x A, o

The Moeblus transformatlon |

" The Moebius- transformation, which is also known' by the names,
bilmear transfomatlon s fractional linear transformatlon and linear

subsb:rbutlon, is a transformation of the form:

W'= 'Az.;-B AD-BG ~;—10 - _ (2.1)
: ,‘6z+D' ' ‘ ‘ ’

Where It A._:é ch}' are complex numbers and Z is a comple*c variable. The ’
condltlon AD-BC f O is necessary, as otherm_se w will reduce to a con-
. stan'b In genera], the transfomatlon depends on three essential con- - -
stants namely, the ratio of any three of the constants ‘A, B, C D to

the fourth one. If we choose three wy correspondlng to: three zi, :

then  (rw)(ipany) = (am)(ipay) o (2:2)
' : (w3} (wp-1p ) ~(z-z'3) (zp-23) - ' B

The R.H.S. fraction is known as the cross ratio of four numbefs z; zl, |
o _22, 23 and the I.H. S. is the cross ratlo of w, wy, w2, W3. Thus,.:.f we

know W and three Wi correspondlng to three z;,_ we - can solve for z. - ch :
do this we note that there is a one to one correspondence between equa-.

) MthI’l (2.2) and the following equa_tion:“
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where 5

'W'2 = 3 -Wi.( Wé -W 3 )
Wiy =w3(wp -W1)

and T= [22"23 | -21(22423)]
| zp-z1 - -23(22-21)
then | 7 = T’lsw
- where -l :» -23(22—21), z1(29-23)‘
- -(zy-27) (22—z3)

T.hen by the one to one corresnondence

7= qW + b | P - (2.3)
' ew + d o
where . a »f ‘g b - ‘I‘-ls

Solving (2.1) for z and equating o (2.3) we geb:

= Dy-B = aw+ b
CWtA ew+ @

. If » is real, z = z, where z is the complex conjugate of 2z

that is ' aw + b= faw + b ;
oW + d cw+d

Cross multiplying and. smol:x_fym we geu- 7
(ac—c-)lwlz ¢ (a3-cB)w + (bG-a2)7 +(b3-ab) = O I ¢V
Mul’clplymg the mumerator and denominator of the last term by (ac-ca)

‘(ac-c;) |w|2 + (ad-ca*r + (bc-dajv + ac(bd-d'a - ca(bd-d—) =0
(a"c-ca) :

Addlncr and subtractmg bbcc a.nd aadd to the numerator of. the las’c- term ’

and régrouping terms we: rre’c

(ac-c_) le2 +(ad-c‘5')w + (bc-d:?.')w + (ad-’b) (ad—cE') (ad-bc)(éﬂ-bc)
= (ac-ca) (ac-ca)




Dividing by ac-ca,nrov:.ded ac-—ca ;f 0 :

|w| + (ad-cB)w + (ad-'“b)w + (3d=eb) (ad—cB') (aﬁ-bc)@&-ﬁé}‘

(ac~ca) (z2c-ca) (sc~ca)(ac-ca) (zc-ca)(ac-ca)

Therefore:

.(w + v(Ed-'c'b)) i? + (a&'—-cE')): (ad-bc)'('éa';'-B'c‘)’
(zc-ca) (ac-ca)) (ac-ca)(ac-ca)

But since ‘ (w+m (W-}-") (m—m)-(vﬁm = heml 2

we have:
IW + (3d-cb)| 2 = la.d-bc 2 |
~ (zc-ca) ac-cal

After ’c;aking‘the square root of both sides we note that we have the .

equation of a circle:

ad-~bec|
ac-ca

v + (ad-cb)
(2c-ca)

2.5

- with centre:  (ad-ch)

(Zc—ga)
and radius: (ad-bc)
' (ac-ca) -
However,if ac-ca = O, ' | IR - (2.6)
'equa’olon (2. h) becomes |

(ad-cE’)w + (bc-d2)w + (bd-d‘E') | o (2.7)

.wh:Lch is a straight line in w.

 The initial assumption that ad-bc # O :melles.
(1) 3T #B5 |
('ii) a and ¢ are not both zero
] b(‘iii_).jrg'ahd'a are not both zero
(iv) d and b are not both gzero -

" (v) T and b are not both zero
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Assume that adw-ch = 0 S L (2.8)

Then, since d and b are not both equal to zero we can write:

a ='9§_'
d (2.9)
or c =ad (2‘16) :
b o

Because of points (ii) and (iii) above, (2.6) can be rewritten as:

‘a=ac (2.11)
c

;Or _"' ck=‘g: '(2;12)
a.

A substitution of (2.11) or (2.12) into (2.9) or (2.10) de'pend-

‘ing which ‘equév'bions exist, produces equations of the form:

2=b (2.13)
c d L
or ad -1, ‘»(2.11;)
[ '

But since the initial. assumptlon that ad # be implles that ad #'be,

Aequatlons (2 13) and (2. lh) are :nval:l.d and therefore the assumptlon

(2 8) that ad-cb =0 is :.ncorrect . | |
Equat:.on (2. 7) can then be solved for 'bhe real and imaginary ast '

‘f;inﬁercepts oi' W, - written as wg and wy respectively:

'WR‘= =Imag(bd) =  whereu = a'a'-;c?_,-.‘ o - (2.15)
wp o= Imag(d  wherew=ad-B A0 (2.16)
o Real(u) o S ST

_A.ppllcat:z.on to n-port: para.meters

Many authors 3,5,7 have used the qublus ' reoresentatlon of the

neport parameters of- l:f.near active networks:
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, :,ng-;B S - (2an
) oy o o
ﬁhe’re .T.i's ’che--n-pcrt parameter as a fu'nction' of the Laplace
transfomaﬁicn variable s, |
" ¥y is any circuit element ‘(exclucsiing mutual inductance and
the tums ratio of transformers) va',]‘.u'e_or_'thev mltiplier of a depend- "
ent souice and A, B, G, D. are polynominals in s and any of the network
components other than =, | | o | | |
_ After the well knowm subsi;ltu’o:.on ci‘ s Jq:, A,B,C,D and T be-
come complex numbers and x; isa real number. It is noted thafe‘qua-—
tion (2.17) is equation (2,1) with T and x4 correSpondj'.ng- to w and z |
respectively, ' | s k
' Sinee the circuit parasnetcr, xl , can only have positive values
(except, perhaps, in certain , special cases such as_negative resis-
.tc.nce), only the portion of the locus of T' corresponding to values of
x; between zero and infinity, is of interest. Tms, from eqaé.tion (2.17) |
we geb: A . o
‘ ~1(0) =B/D . __ | ,. o
Ho) = a/6 o o
where T(O) is the limit of T(x_.,_) as %y approaches zero and T(oo) is
the limit of ‘T(xy) as x; approaches infinity, | |
L Summanz:.ng the procedure used in determjn:mg the circles (the
- stra:.ght 11nes are considered as being. clrcles with an :Lnflnlte radlus ,
. and~ a centre at ini'—:mlty) : | e
. (2 At each tes’o‘fre'ciuency‘ | coﬁe méthcd 1a uséd""bdv 65%:5:{13 t’hfecf 2
N values Ty, Tp, T3 of an n-port parameter correSpondmc to the three |

values xl, x2, x3 of the circuit parameter Xie f




B 1
(i) The coefficients 2, b, ¢, and 4 for xy are computed from:
Cofan] = [~x3(5€2-X1) x1 (xp-x3) ',[Tz-Ts -T:L(TzéTs)} (2.18)
cd -(xg-:q_) (x2-x3) To-T3 -T3(‘I’2~T3) '
~(111) The arc of the circle of T or the straight line of T is

~calcvlated~ if ag-cd # 0, we have a circle centered at ad-é'b _and md:.us
- ac-ca

of ad-bc with the ends of the arcs of :Lnterest at T(O) = -b/a, and
Ec-ca v : .

T(OO) ‘d/c, however, ir at-c3 = O ‘we have a stra:x.ght 1:me mth

v -~-~-fthe real axis mtercept TR =TImag(bd)  and the imagmary ams ine h
R o : Imag(aa-cE)
tercept Ty = =Imag(bd) .
Real(ad-ch)

(iv) Steps 1, i, iii are repeated for all of the circuit .

o parameters, xl, wh:.ch are not mitual :mductances or turns ra.tlos.

The d:.gltal compu'ber program, used in steps 11, iii and iv,
. a.bove, is included in Appenchx A, o
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FAULT DIAGNOSIS

‘Test frequency selection

As was pointed out by Seshu and waxmanfé, a change in a circuit
parameter causes a shift in one or more of the bregkpoints'(poles'or

~zeroes) and/or a shift in the gain constant of the n-port pa?ameter.

At complex poles or zeroes, a change in a circuit parameter may result

in no change of gain or location of the breakpoiht.bnﬁ only in the va=-

1ue'of the resonant dip or peak. In order to detect the change corre-
éponding to any possible change in the breakpoint,or gain, ﬁe can choose
test frequenciés as follows: one test frequéncy below the lowest non-
‘zer§'breakpoint; one frequency above the highest finité breakpoint, and

at least one frequency between successive breakpoints, In addition,there

‘must be at 1éast one test frequency at each complex pole or zéro. Gén— :
erally the test frequencies between successive breakpoints are chosen
at the logarithmic midpoint between the breakpoints,

Although the above scheme of chosing test frequencies isiéuffie 

- Qient'in detecting alllunique’faults (except perhaps if we-requife'a
certdin ampunt»df redundancy), fewer test frequenciéS'may be sufficient .
to diagnose the faults. Since, generally, the number of poles of -a cir- =

cuit equals the number of reactive components, the poles should be ad-

~ equate in identifying the reactive elements, One or two additional test
frequencies shou1d be sufficient in detecting +the components which =
arégnot frequency debendent, The éufficiency-condition for theftest

.- frequency selection is: the test frequencies mist be chosen in such a




1%
manner that, at.least at one frequency,a change in a,ny circuit para-
me:"ber‘ proﬁuges a significant qhahge :m'bhe n-'-pérﬁ.ipé.mmeber. A sigqi;i;
-cant change is here‘ défined as one which is readily distinguishable
' from a change in another component or from no change at all, Em_nplés
of non-significant loci are shown in 'Figures'l ‘56 3, For ejcample,
in Fig, 1 , the locus of T(x), as xj_“va:ﬁ-ies from zero 'Vtovz‘.z’a‘riﬁ;ity,'
is almost a point coinciding with the nominal ﬁlue_ of the n-port

parameter, and cennot be distinguished from the nominal value, -

/ /T(xé)
e
Fig.l' x) - ~Fig.2. Part of T(x)  Fig.3. Do T(my)
2 "point® - a "point® almost comcidlng

That part of 'bhe T(xl)locus in Fig, 2 deno»ed by "at is very short '
‘and a value of T(xy) on that part of the curve could not be aisting-
ﬁished from »'Ehe 'nominai.'l‘(xl) Thus the curve ccmld no’c. be used to
| identn.fy a fault of x]_, ‘that corresponds to a faul‘by n-porb parameter
- TF, wh:r.ch is on part "a* of the 1ocus. The loc::. of T(xl) and T(xg) in

_ .'A.Fig.3 'nearly- ;;ir;ciAde and s’ince a' change in x]_ could not be d:LS‘-‘-v
*ti.ngu:.shed from a change in xp, loci of thls fom are ‘not cons:.dered
.signif:.cant In some cases T(xy) and T(x2) co:an:Lde at all frequenc:.es
and’ a different n-—port parameter must be chosen to dlstmoulsh between
a .t‘a:alt's of xj and x2. Sometlmes no- dlstinctlon may: be abtalnable re-

gardless ‘of the n-port parametcr chosen. A.n example of this is a cir-
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cult with parailel fe'sietors. In these cases we must resort to"oeet
points in order to isolate all faults,

S:mce the plots of T(x) indicate whether the test frequencles
which have been chosen are adequate for isolating all faults, we need
not rely on a method that computes the critical frequencies of a net-
| ﬁork‘. We can choose a set of frequencies, plot the loci ef T(xi), anc;i ,
if some are of no signific’:ance', disregard them, An examination of the
loci also indicates whether we have choeen the test poi»nﬁs so that all
~ faults can be isolated. Although :this trial and error method may not
| .be eppealing if an analytical 'solutibr‘l can be readily used, .'bhe meth-
od could be used 1f no means is available to compute the crifice.i fre-
' quencies- or for lai'ge networks where the ﬁroblen‘y of finding the poles
and zeroes becomes difficult., |

Test frequencies were selected by the criteria of Seshu a.nd
Waxman., The graphs were plotted and exa.mined for significant changes
of each- element - If some of the test frequenca.es were not required ‘

for fault di‘a.gnoeis, they were:dis_regarded.

- Idemt:.f:;.cat:.on of the faulty c:.rcu:r.t parameter

'Ihechrves oi_‘ T(xi)b i=1,2, - " ( where n is. the number .‘
‘of clrcu:.t ‘parameters );' are plotted for each 'best frequepcy.
| Mme_ n-port parameter of the faulty cirouit is then measured
| . an& plo’oted for each test .freq'uency'. : ?Since it 'is assumed that enly ‘oﬁe
fault has occured "Ip, the faulty n-porb paraneter will only satlsfy
those T(xl) ‘where some. value of that Xy could produ.ce Tp, i.e. some

‘C1rcu__tt parameters» can’ be eh_m_nated '.'a.s_ poss:Lble_fanl’cs and




in some cases there is only one possible faulty parameter.

Calculation of the value of the faulty circuit parameter

After 'bhe faul'by component has been identified, :Lts value can
‘ ‘be caleulated using equation (2.3):
xpe &p+d . ¢ 5]
QTF +d ' :
where.  Tpis the measﬁred n-port parameter; -
' xFigthe_ value of the faulty component a.nd

ta,b,e,d, are given by equation (2.18);

omple #1
B:t.g:vbal computer similation was used in faul’c. 1solat10n of the

'network showm in F:Lg. ke The critical frequencles of 'bhe nomnal 211 are:

 p—— o Element No. :
R Cy Lo = A
-— o h - Rh S 0,1la

Flg. h, Gircu.:.t for Emmple # 1

zeroes--l '
poles: -0, 1 -10.

The test i'requenc:.es of 0,01, 0.3, 3. 0, and 100. radlans/second were .
. chosen and’ the result:mg Z]_]_ 1oc1 were compruted and plot'bed in. Graphs "
- Ito IV The 211 for the s:mmlated fault Cl = 12f was. calculated a.nd

R plot,ted.-,as "X on the ;graphs.'. Graphs I, II, and ITI "ident;—i‘y Gy 33 be- o
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.ing faulty,but Graph IV is not usei‘ul since the d:.fference between the
nom:mal Z11 and the :E‘aulty 211 cannot be dlstingulshed Graph I 1dent-
,_:zi'n.es Gy the most distinetly since this is the test frequency at which
“the "X" is farthest from the other T(x;) loci. The value of C]_ is de~ .
termined by solving equation (3.1) with the following data: |
_ S, o
Xo = 15.
- x3 =10, ;
Ty . 1208 - 513256
= ,098727 - 3.055678
| 933 = 1006} - 3.075143
" The solution of (3.1) is xp = 12. 0 as expected |
‘ Although the four ‘best frequencies may be useful in obta:_n:ing . |
good defm:.tlon in the fa.ult detectlon (e.g. Graph T def:med the fault

of C1 most clearly) the choice of Graphs IT and III would be adequate

dn locatlng a]J. faults. Graph II would :_ndlcate faults a.bove and be=

- low the nommal value for conponents Cl, R3, Rh, but could not distln-_
guish between one end point of the 02 locus and ‘the nom:mal Zl]_. Sim- |
-ilarly, Graph III is adequate for faults of C]_, Co, and Rh but not for

. Rj. Thus the test frequencles of 0 3 and 3 O radians/second wonld be

».selected as the test frequencies for fault 1solatlon in th:.s circu:l.t




Iv
CIRCUIT ANALYSIS TECHNIQUES

The n-port parameter of & circuit must be meesured or computed
for three values of every circuit element, if the Moebius transforma-
tion technique of fault isolation is used. Although, in theory, any
method of circunit analys:.s can be used hand computations are imprac-
tical for large networks, The pract:c.cality oi‘ usmg measurements..and
the digital computer analysis techniques of ECAP, topological formla.s ’

and state equat:.ons is examined in the following sections.

The measurement method

The n-port parameter c:n.rcles can be determned by vary:.ng each
of the c:.rcm.t components and measuring the n-port parameters al the
test frequencies, The technique of measuring the n-port parameters -
corresponding te three values of each component is feasible, though
'tedieus. The calculatlons that must then be performed are simple -
and small in number - a small computer or even a desk calculator can
be used. . Stray elements are accounted for in this way and, provided-
that the measurements are ‘made precisely, the coefficients of the
| Hoeb:ms transformation are more accurate than those obtained by a.na.- ’
1yzing a model of the circuit, : o _ » ‘

- Any c1rcu1t whlch has only physically accessible components .
: presents no problems in the measurenent procednre.' However devices L

such as transio tors have :maccess:.ble mtemal parameters such ass:- .’

tmnsconductance, résistance, and capacitance. ‘In order to vary
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-these parameters, a model of the transistor must be constructed and
t!}e deﬁendent generators mist be replaced by independent sources which

- are ‘regulated manvally according to the dependence condition,

A method for simulating the change in a transistor parameter _

- . * ‘-
INFUT v g J_ B -
| el ® =6 1FRO LOAD
.| czeouzz | | T |
i . — - v
\" AR
TRANSISTOR

Fig. 5. Transistor equivalent circuit 4
~ The components B, G, Rm Go, in the transistor equivalent
circul'b shown above, can be varied by placmg exi;ernal elements in

parallel. mth t_hem, but gn mst be varied by modelling the trg_:c_z_s:.s-v '

toi"with.-é.cces.‘sible components. "mis'ié ‘achie"fred by bréaking i
, théff: -eircuit -ab a-a ‘and msert:mg ada:.’oa.onal _eompenents a5 showm O

‘below, The- compoznents cl and Rl are used to load the input cir-

| mevT

| TRANSISTOR

‘Fig. 6.Circuit for simlating a change in gy




cuit the same way tﬁat the ﬁraneistor'would. The voltage V is measured
axid the independent source V, is adjusted to the value kV. Thus, if

k =1, the circuit is unchanged.; changing k hes the same effect as

. changing "gm.- Although a mofe elaborate transistor mode:} would make

- this technique more difficult, a similar'procedure'coﬁld still be ap-
plied, / |

For integrated circuit networks the above method wonld 'not be

app'licabie, althcugh the extemal components used in a eirecuit could

be analyzed by the measurement method,

 Computer methods

'If the measurement method of obtaining the coefficients of the
Moebius tfansfor*aation is mnot. useci such computer methods as ECAP,
- tcpologlcal fomaulas , and state equations must be considered as possi-
{ble altemafc.lves. of prme -importance in choosing an analysis method 3
are: (i) the compu'baticn time used by the éompute'rf in ealculating the |
: necessary n-pori: parametefs 3 (ii) the corputer stcregé ‘Space freqc.ired |
in the solution. | |

The mmber of n-port parameters that mist be evaluated will be
a factor in estimating the computation time, For the Mosbius tzjansfpr-

mation method, Ny = (2n-1)Nyp n-port parameters mst be determined,

26

. ivVTheI"e Ny is the number of times -the'-n-por’c;'?amme’cer is calcvla"bed*” o

I - is ‘thie number of ne'bwork parame’cers, and NTF is the nmnber of test

frequenca.es used Al'bhough _Lt was prenously stated ’c.hat three 'values
: of each X; are requ:.red at each test frequency in order to- obta:m the

. coeff:r.c:.en'bs of the Moeblus transfomatn.on :Ii' one value of each X
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is the nominal circuit value, only two addltlonal values of x; are re-'v :
quired, Therefore the: number of n-port parametev's is (2n-l)NTF as'
previously stated, rather than 3nlgp.

~“The number of n-port péramet'ers reqdired_for the fault diction-
‘ary technique of Seshu and Waxman is Ng = briqy, where Ng is the num-
ber of tines the n-port parameter is caloulabed for the fault diction-
ary 'beclm:x.que and b is the number of faults. lisied in the flaillt dic-
| tlonary for each component. Since h is generally larger than two (e..,. |
anh of nine 'is,tynical) the fault d:Lct,:Lonary technique requires the |
| e‘valuatlon of more n-porb pamm»ters than the Hoebius transformatlon N
techm.que. For large networks, h(the mumber of discrete faults listed
" per component) mst be 1ncreased because the shtm’c.lng effect oi‘ many
elements make the n-port para.meter T(xi) s less sensitive 'bo a cnana'e
in X Thus the difference between Ny and NS increases mth an in-
crease m‘nettrork size. \ ‘ }

If ECAP is nsed“’i'n fmdlng the Ny n-port. péra:axéteﬁ :vé.lues,ﬂ‘ '
'_then Ny 's}e:p'arateA dalc’ﬁlé.ﬁionsmust Ab,evma'de, ~since‘ ECAP calculates “
the respon'se 'af. a fixed freqﬁenéy only. If the ’»ﬁetwofk is not too
' Large, and :li the available computer storage is small EGA.P is a Stite
ableanalysis techn:.que.

 An increase in the size of the c:s.rcuit inereases the ‘Ng of
the faul‘b dlctlona,ry ‘bechm.que considerably. The computatlon time
may then be reduced: by f:mdmg the symbollc n-porb pameter us:Lng
', ;I_vt°P°1°glca.1 i‘or"m.u.as and mak:mg “the required subs*brhutn.ons for clrcu:rb

-elements and test i_‘r.equenci‘es. Tl_le topolo_gical.solutlon requires a
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‘large amount of storage since é.ll trees ‘of‘ the network must be listed,
Only one of the n-port parameters is generated per ca.léulation, thus,
if two or more n~port parameters are 'required for distiﬁguishing be-
tween faults, the .soluﬁion (excepf for the tree generation) must be
repeated for eachAn-porb parameter, |
| The state equation approach of analyzing a netwosz ‘overcomes
the problem of large storage reqairemeritﬂ and the single n-port gen~
eration feaﬁpre of the topological solution, All of the n-éort para-
'me'ters :é.re genei'ated numexjicé.lly in each solution, e.md‘ substitution
--can be used for the different test frequenéies. The time s required in
finding the two solutions for each circuit element by the state -equa-;
 tion method, would, generally, be less than that required in finding
the syﬁx'bolic n-ébrt parameter by topological formla and then substi-
» tuting the' ‘two componen‘b‘ values, Thus, - the state'equatidn a.ppx"oa.chv,
s supe‘rior.lbo' the -topoiogical solution in the analysis of 't‘lvze network
as required in the Noebius transforn fault identification, = |
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“EXPERIMENTAL RESULTS

"The response of several faulty circuits was simulated on a dig-

ital compu'ber, and the fault diagnosis technique was applied. Labor-

atory measurements were also performed on several circuits. A s’cate

-equation computer program, written in Fortran v, was used :f.'or circuit

analysis., Similation of the per.forma.nce of a circuit m.th a faulty com-

- ponent was done by evalua‘blng the magnltude a.nd thase response of the

transfer: (or dr:.v:mg point) functlon, which was’ computed by the state

analysis program, at the des:Lred test frequencles. Laboratory measure-

ments were made using a Wavetek Model 750 ‘phase mefer tﬁo Hewlett

Packard Model hOOE AC voltmeters and an Advance Instruments Model TG9A

frequency meter.

Component values were measured at 1 KHz., m.th a Gen=-

: eral ‘Radio Type 1650-A imoedance br:z_dge. |

Test Clrcu:.t # 1 L

The voltage transfer functlon Av = '_Z  wWas. selected for di-' .

agnosing faul‘hs :1.n the R—G network shown below.

Gl Rl | ,32 P _.____.____.ElementNO-_«'

o .\"' °"‘ “ | v | . | 3 o + ‘ 1 - cl = o 0985f"
S ;71' ' ‘-.-C '<’,- _ Vs - 2.-0Cp =0, 1.f |
. . TC3 4’::R_2 fj'RB. | 3. 03 - 0 lOlpf'}_fA

: . - h - B =1000.a

o,

Fig.7. - Exper:unmtal Circuit # 1

_-.._.%.',-' | 'S =By 25210, .
6 - R3"1000 xL’,”
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The frequency was scaled by a factei' ef 10"5 A root-finding
program was used in finding the following roots of the nom:mal volt-
age- 'bransfer f‘tmctlon— | |

zer_oes: 0,0
poles: -0 .0277, -0,00L66, -0,00152

For laboratory test purposes R3 was changed from 5210 ohms to
3820 ohms s to represen'b a change in’ R3 of 7. 5 ‘The vol'bage transfer
funetion, Ay, was measured at the test frequencies, 18.)4; 39.’9, W3.6
and 202_7. Hertz ’(Which corresponds to the SGaled radian frequenci'es _
0,00115, ‘o 0025, , 0.009 and 0,127 radians/second), The ‘.Loci of Av(xl)
i=1, 2 eee 6, a.'b the above test frequenc:Les were calculahed and the
| results were plo’cted on Graphs V to VIII The measured transi‘er func-
tion of the faulty cireuit was plotted as "X" on the graphs. |

An exammation of Graphs VI and. VIT, :.rnmedla'bely el:un:!nates all '
Xy except X0 and x4, although a p”xase measurement error of 5% could -
4resu1’o in the incorrect conclus:.on that X3 or Xy is the faulty element .

: Gfraph VI indlcates that xp is the fe.ulty component ‘and Graph VII ndi-
ca'bes X4 as faulty. Smce the graphs of t.he voltage tmnsfer functlon
d1d not prov::.de a clear-cut faul‘b 1den‘b1f1catlon the drlving po:.n'b
'impedance Zy3, was chosen for test purposes. The plot of the 1oci oi‘
' le(xl) at the radian test f“equency of 15 radlans/second ‘which is e
: shown in Graph .LX identlfa.es X4 as the faulty component " |
'I’he value of x6 was ca.lcula'bed us:v.ng “the coefi‘lcients cox;re-
A"sponding to Graph VII, s:mce it was on th:Ls gra.ph tha‘b the "X" came o
: closest o coinciding with the T(xs) locus._ The compute_d value of x4 - |
; _ ;I.s 3820, + js2. ,ohms,_ as compa’r‘ed to ‘.."‘.he-',r_r.xeesm_'ed. fra‘.lue o;t‘. 3820.’"_43_ Jo.
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ohms. The non-zero imaginary part in thé- sélﬁ.tion ié present béc_ausé
some of the ciréuit components oi;,her than Xé are not at their nominal -

- value, or 'bc_acause the measured value of Ay does not quite _iie on fhe

- xg) locﬁs. Ii‘ we assume the latter, we can "correct™ fhe Ay meas-
urement so that it is on T(xé) -and recalculate the value of x5. The
values of x4 computed at the other test frequencies are: )18k, + jus.,
hoh2, + j162, and 2027. - 3618 0., The d:.sagreement between the compuu-

" ed-and- measured values of X4 can be expected since the measured values

| .of Ay do not lie on ‘the T(xg) locd in Graphs V, VI and VIII,
. The results of the. computer analysis of this example are includ- .
‘ed in Appendix B. The components of this exan_rp]_.e'we're used in a’: tran-

’ 'éis’cor arﬁplifier cireuit which was tested more extensively; see test

| civcuit 2.

 Test Circuit # 2
| The toltagetré.ﬁsfe:‘ function, Ay - V2 , was selected for di-
» agnosing faults in the transistor a.mpl:i‘ier c:.rcu:r.t shorwn below.

Element No.
2- 01 --.h?spf

3- 0= v
R 583;,1",_

, S-mEshma
P, Tomeomen

g~ ﬂ- 12'7

| -rq,-slécn

Flg. Be Experimental Circuit # 2 . RS 5 ’n’.‘ ‘
T . wsssls.
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The 'EranSiétor equivalent circuit that was dsed is shown in Fig, 9.

Eﬂ.ement No.

Chge 4 Goe = 208
i > [ 6 - By = 36100
| q 9 = Linge = 35.7kn
| 12 - hpe :.{.0,0_0029
Y S— |

13 - hre = 10,
Fié. 9. Tré.nsisfor équivalent' circuit
The frequency was scaled by 3.0"’5 A root-f::.nding program wWas
‘used in i‘nndlng the follomng roots of the nominal voltage transfer
| funcbions: -

zeroes: 0, 0, -0,01h6h -
poles. -0 002236 -0.00260)4, -O.h280 -156 he

' In the digital computer similation, Ry was cha.nged fmn 5210 |
ohms to 3820 ohms, The test frequencles of 3 18 38 h, 98,5, 1270,
. B8 x ].05 and 25.11 x 106 (wh:t.ch correspond tc the scaled radia.n i‘reu-

. quencies of 0.0002, 0. 00242, 0. 0062, 0,080, 36, l; and- 1600 radians/

second) were used, The loci of 'A‘v(xi'),' i=1,°013, at the: above
'» te'sf“frequencie's were calculated, andvthé' results were -piot'ted ‘on‘_
Gi'éphs:x to XIV. The transfer function of the faulty circuit was
-‘plotted as "X" on the graphs, ’ |
_An examlnatlon of Graphs XII and X111, irmned:.ately el:mn.nate :
all xi excep’c X0 and xll The other graphs show that we cannot d:.s-
t:mguish between a fault in xg and xll at a,ny test frequency. Thls

is reasona.ble s:mce the components Rh and R5 (X10 and m) of the R

ampl:.fier are. effect:.vely parallel load res1stors. At the t,est fre-. '
quency of 0.08 ‘radians/second , the two possible fault ,solu.tfionsti' are:
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Ry = 3760, ohms, and Rg = 3820 chms, Thus, the similated fault is cor-
rectly identified, but the ideﬁtificatioﬁ is not wnique, and another
n;port parameter mist be chosen for a unique fault diagnosis,

A% a low frequency (w =..0002 rad/sec), the loci of T(x1) and
(x,) are a "point”, as is indicated on Graph X, The loei of T(xp),
T(x3), (x,) T(xg), T(x7) .and T(xg) ave tpoints® at the high frequency
~ of 1600, radians/second., These results,.that Cog and C3 have little
_ effect at low frequencies, and that Gy, Cp, C3 and consequently Ry,

Ry, B3 have little effect at high frequencies, allow the test design-

| er to s:.mp]ify the c:chu:Lt nodel at some frequencies,

The circuit was tested in the 1aboratory for the faults (1) Co
= 0.25 £, (ii) 03 = 0,h65 £, (iii) 63 = 1 0f and (1v) RE = 3820 ohzns.

B Graphs XIT and XIIT, for the similated tes’os show that test frequen-
cies(unscaled) of 79.9 and 1000. Hertz are adequate for .1$olating the
above inéntioned faults, - The loci of T(xi); at the test fi'equencies,

are plotted in Graphs XVI and XVII, Fa‘ul‘b (:.v) is ma.rked on the Graphs

,withian nge, The-faul’cy transfez_' func.tlons__were measured as-:-

Frequency  Tp for Fault »N‘o, g - ,, o
- e . (i) (ii) o , (iii)_ L | (iv)
79.9 Hertz | 1. 884.100 2.0’3[-115. 2.2&[5-102.7 ‘ 1..72[_‘-_19’_@;-'.. S

1000 Herta - 10.96/=102,9  7.7/-107.5 15.74-1ou. ' 9.23/-106

The faulty compcnen’c can be m:.quely identified from the plots

in. each oi' the cases.- The computed valnes of the components are. o

Frequency  Valueof Fawlt No. . ~ . . G
| o @ @ @) @)
| 79.9 Hertz  .209-3.001  .L8745.002  1.03-jo.ok3  38L7-383

1000 Herts  .12945:052  (hB543.021  1.05430.053 395he3208




w7
' The measured and calculated results agree 'qui’ce well, except that
the computed value of 'G2 at 1000 Hz. is .129 - j.129 instead of .25 -

Jo. This difference can be expected, since Tp, the measured transfer

“function, and Ay on Graph XVII, do not ccincide.

Fest Circuit # 3

The iol‘bage transfer function, Ay = V2/V1 ’, was selected for
digital computer simlation of the fault diagnosis technique of the

M FIF.F.‘ amplifier shown below. . The ‘transis.tor equivaleﬁt ‘circuit that

Mo Ch,
| v ' .:—J —g—*
¢, 1 i@ 2 IB $ 5
. T 0
‘ B -
L
4
e i ' ’ -Bv.. .
'Element No. o ' Element No.»’ ao
= g=.o1f . T B3=20
viosom o emim
2-€3:z7008.pf 9 -BRgaoB92
5 c&:.,faopfp S Li".-l_}'g,7 H
6Bzl o Lys27H
. 6~ Ryz2® M 20.33H
Q@ hoals ' | =

F:Lg. 10 Expemmental C:Lmult #3

o Rl, BQ and hz_e -are parallel resistors for A G analy51s and a,re comb:med

-




was used is shown in Fig., 11, o
' | Element No,

+ o - : o 6 = hie =1.5Ka
v1 . ' 1 _ 7 - 1/hoe = 80Ka
) . . = =G |

1 ne 30T e - ‘[‘ 16 - gn = TOpU

v h - Cée :1.5pf_ '
F:.g. 11 Transistor equlvalent c:r.rcu:.’t.
Faults which would affect the operat:.on of the clrcult near the -
IF, »_frequency of 10,7 MHz, were analyzed by comput_ex_- sumzlatlons.
' Siiii:e, as ﬁoted from Gfaph XV of the previ'ou.s test circuit;- Ath‘e-:cc_m‘-
' ling capacitor acts as a short circuit at high frequencies, the emit-
ter 'res;istor. is neglected in analyzing the circuit, Frédqehcy scal-
“ing of 10"7‘ was used and the roots ,ofv' the volta‘gé_transfer function
were found to be: | |

zeroes: 0 ,0 ’ '
poles. -.103, -.ooh3-35.13, -.ooh3+35.~3, = -.0088-36 82
: ~,00884 36, 82 -310..

'I’he test frequencles chosen were: 0. 01, 1 0, 5 13, 6 O “and 6 82
-rad:r.ans/second The loci of T(xi), which are plotted on Graphs XVIII

to XXII, do not appear to :.solate many faults mz.quely, s:mce the 1oc:.

of two or more T(x;) are almost the same in many cases. . However, ,:i.f» S

the graphs a.re examned systematlcally, the fatﬂ.t separat:.on can be -
improved For emmple if a tra.nsfer function measarement TF, ;cor-’-_"% .

| 'respond:mg %o T(x9) mth x9 faul’c.y at wz 5.13 radians/second (Graph ffa
| ._'_XX), is found -to be near.the loci A'T(;.c-?) , T(xg). a_nd‘ T(x16), then th?f"'

faulty component is either xq, X9 or x4, but Graph XX does not indl-
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cate vhich one. An examination of Graph XXI allows us to él%ate
xlé(if: T is not near the nominal transfer function point), An exam-
ination of GraphXXIT is then used to eliminate x7, leaving us with the
/'unlque 1den'b1flcatlon. x9 is Laulty. _ Similar methods must be employed
in. 1solatmg other fanlts of this circuit. The computer output oi‘ this

example is included in Appendix.B.'

i
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|
i
i
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|
|




VI
COMPARTSON OF THE VARIOUS FAULT ISOLATION TECHNIQUES

Oi' the four methods of faﬁlt isolation consn.dered none appears
to surpass the others in every aSpect
' The Neu method was presented only for resistive networks,and
a complete comparison with ths other three methods must vbe based part-
1y on conjecture, since "bhe addition of frequency dependent elemen’os‘
might alter some of the -procedufes. ‘The Neu method is the only me’c.hod_ .
based on more than one oi‘ the n-port parameters. Generally the other
- methods have the advantage of being based on analysis of oniy one of
| the 'brz;nsfer or driving point functions,_ aithougfx_ as was pointecf out,
_ previously, additional ones may be required on occasion. The Neu *neth-
od,as well as the coefflclent signature and the Moebius transform meth-
ods _permit the value of the fanlt %o be caloulated directly and are mob
_v -'subaect to the mterpolat:.on problem of."bhe faulty dlct:n_onary -'b’eclfmique. .
The coefficient signature method of Moroz 3 R which was studied
“in - some detall did not appear as favourable as 'bhe Mcebius transfom :
| method ‘One of the problems, encountere'd- .Was‘ 'bhat oi‘ f:x.ttzng- a ra'b:.o»

‘of po];ynom:nals to the measured da'ba. Several methods of curve fn_t’c:mg '

were exa.nu.ned, and, al'bhoucrh the linear programm:.ng method appeared 'bo

| .,be adequate, this method (or probably a.ny curve flttmg method) TE- ’.;
qu:.res that a large computer be avallable after the-fault dlagnos:.s_ o
measurements have been completed. However, the method could be at- o
-tracmve fOI' large firms or :mtegrated circul’c. manufacturers havmg‘. -

~access to su.:;_t:_.able 'c;onzp_uter facilities, 'I'he fault d:.cta.onary




~method, presented by Seshu and Wa:mané- is the only method which
isolates faults on the basis of the magnitude response measu:c;ement one-
- ly. This reduction :‘Ln' ‘the number of test measurements is counter-bal-

anced by an increase in the analysis requlrements.

.The new method presented in this thesis, is the only one whlch :

presents a graphical picture of the be}iaviour of the n-port parameter

- for all possible 'faul'bs. Some of the advantages of this graphlcal ap=- -

proach :mclude- (1) the response of the network for the extremes of

-parameter behaviour ( short circuit or open circuit) is immediately a-

_ vailable-; (i1) the gfa.phs ' indica‘be whether 'bh'e test points »which- were
' selected are adequate in :Lsola’omg all the faults or whebher some of

. the test frequenc:.es are redundant this permits ’chc test des1gner
to cnoose ‘the required tes'b frequencles without f:.nding ‘bhe poles and
_ 'zeroes of the circuit to be tested a.nd to reduce the nmnber of test
frequenca.es to a minmum by ellmmat:mg the 'renixmdant frequencles,_
'(iii)' the gsanhs show the test measurement error which is pei'rrxissible» )

for correct fault detect:.on, (iv) if the fault is in’c.emttant in such -

a marmer ‘that the value of the faulty component changes in va.lue between

test measurements , the faulty component could still be identlf:.ed (ale-

-though not evalua.ted) since the graphlcal technique is based on 'bhe ‘

N
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: compar:x.son of the T(,.i) loc:. (rather than a. Speczflc T(xl) po:mts) m.th
| the feulty Tp(x), RS | i

Althcragh both phase a.nd ma.garbude measurements must be used for

. ~—'bhe new method of :t‘ault d:.agnos:x.s s thls dlsadvantage is. offseﬁ by a re- o

: duction in the number of “test measuremen’cs that must- be perfemed For AR

_ " example, if mv_Emjmple #1 (page 18) the test .frequency' of Graph # 1 j
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: had been sélected .‘L"Qr the first measufemeﬁt, f,he fault C1 = 12f would
have been isolated immediately and the 'remaining test frequencies would
have been unneccessary. It was pointed out, 'previously,y ;bhat‘ Nﬁ , the
number of transfer or driving point functions that.must be evaluated ..
for the new technique, is typically less than 20% of Ng, ‘the number
required for the fault dictionafy technique. The coefficient 'signa{tﬁre
method of Moros also requires Ny transfer functions, and it would
appear that the method of Nea would require more trénsi‘er fxmction‘ cal-
culations since‘ it is based on more ’chan a single driving point or trans-
fer function, | |
| Ti'xe reduction in the number of transfer function caiculations;
'_'permits the use of th_e state equa'bion technique of circuit analysis
'withcm’c an inerease in ihe computation tjme. The previbuslisr discussed
é.dvantages of this analysis téghnique, namely, a dec@se in. compﬁt‘ér
storage, and a sirmltanecus solution 6f all n-;pbrt 'pérazneters; are of
significance. |
The method descnbed in thls the31s is the only ‘one of 'bhe fouxr-

: ) which is feasible for mplementatlon vmshout the use. of a large com—

puter, Measurements and s:mple calerlations can be used for the fault

) d:.agnos:.s precomputatlons.

The value of a faulty componén.i; v.is‘ calcuiatad preci_seiy 1n each R
of théinetﬁod_s, except in the faulb 'digtiQnary metiiod_where_ the value |
‘can only be determined as to the nearest discrete valus listed in the -
diétionai‘y., Thus the Moebius tra&zsf'ox‘m mé‘bhbd avoids the int‘erpoj.atiion;i o
problem a.ssoc:.ated w:.th the fault dictionary method, | -

Although cerbain applicatmns may favor the use of any one of |
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the fault diagnosis methods considered, the versatility in the imple-
mentation of the new method presented in this thesis, and the advant-

ages in its use, should make the Moebius igransfomation method the most

‘widely used.




Vir
. CONCIUSICNS AND RECOMMENDATIONS FOR FURTHER WORK

The results of simulations and laboratory measurements indicate

thet this new procedure of isolating faults in linear circuits is pracf-
icals An attractive feature is the variety of methods that can be used
in the initial computation procedure: ECAP, topological formulas, or
state equations may be used in analyzing_ the ecfui_valent 'circﬁxif of the

network; the actual circuit may be analyzed by performing measurements -

if most of the elements are accessible,as :’m the case of discrete com~

ponent networks, The calowlations in the new fault isolation tech-
| \nique can be done with a small digital computer {or even a desk cale
cula'bor) if the circuit is analyzed by 1aboratory measurememts.. How~
| ever, a computer analysis of the equivalent circuit of the ne’cwork is
prefemble 1f a 1arge compu‘ber is available. , o
- The visual ind:.ca tion of the behaviour of the network func'blcn
3 with a var:.at:.on of‘ parameters is highly desirable. It provzdes a meth-

 od of setting a confidence limit for the dlagnosed faults , and prov:v.des

an indlca‘blon as to possible modifications to the c:.rcui‘b for a desired

response. The graphs indicate which’ test. frequencies are s:.gn:i‘:.cant

and thus provide a means of eliminating rechmdant tests. )

The. precompu‘bed coeff'? cients of the Moeblus transfomatlon per->

m:.t a direct computation of t.he fault value wi‘bh a desk calculator or. |
even a-sllde -mrule. This solves the interpolation problen of t.he i‘auli;,

dlctlonary me’chod . _ _
' The problem of isola‘!::mg 2 fault vhich also changes the value




 of a bias dependent parameter remains to be solved,'_as' does ‘the prc_éfjlem
-6f' those faults which cause non-linear circuit operation such as oscile

lation or clipping. The effect of ailowing the cOmponen‘bs_; which are

‘not faul‘by, to assume any value mth:m their tolerance Hmits , rather
than holding them at their n.ominal #aiua,. should be investigated.

This new method for fault isolation allows the ma.nv.facturér to
include a rela.tively_ simpie troubie—shooting guide m.th a ‘pie,ce of eqiup-

ment in order to aid in fault diagnosis, The calculations required in

éompiling the guide are feWer'i};han those of any other known ;tevchﬁimxei “

and can be performed in a variéty of ways. This method is also appli-
,cabie to .thé fault diagnesis 1n intlegra'bed circuits and couid be an aid
' .'tov the rﬁanufacﬁurer for process ’cérr'ec‘bion. Other épplicatior;'s,_ such -

‘as circuit modification and fault analysis in remote equipment, may aid -

in giving this new method widespread use.
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" APPENDIX A

The fault diagnosis comnﬁter<program :

fault diagnosis computations,

v

[

~ The Fortran IV computer program, shown below, was used for the

DIMENSION P1X(2,2),5(2,2),P1(2,2),T(203,71(20),T2(20),T3(20),
1 UORK(S,5),“(20),XNUH(20),XDEN(20),X(20,20),EL(20),XHAG!(20),'

1 TAKGL(G),F(20)

page 1 of 3

COMPLEX S,TI,TZ,TS,X,PlX,T,QI)DTX,DEN,CENTRE,RADJUS,TZERO,?INFIN

. COMNON PIX,PL,S

READ(5,1) NRTFCH,HNCTFCN

READ (5,2) Z,Y,TOLZER

READ (5,1) NFREQ
CFORMAT (212) :
READ (5,23 (F(1),1=1,HFREQ)
FORMAT (G615.8)

MAGN. OF TR. FCN. IS READ AS XNUM AND PHASE AS XDEN”

READ (5,5L0) (XNUM{1),XDEN(1),1=1,NFREQ)
FORMAT - (2G1Q.4)

DO 41 .1=1,MFREQ"

W{1)}=2,%3.14159*F(1) :

XDEN(1)=.01745329+«XDEN(1) - o
T(I)=CHPLX(XHUH(!)*COS(XDEH(I)),XNUM(I)*SIN(XDEN(I)))

READING THE COIMPUTED TRANSFER FCNS. FROM STATEEQ PROG, FOR ELEMENT

VALUES OF X1,X2,X3 .
READ (3,3) HNOELEM o
FORMAT (12) : . _

READ {5,&) (EL(1),1=1,NOELEM)

D0 21 L=1,NOELEM o
X1=Z*EL(L)

R2=Y+EL(L) .

X3=EL(L) .-

DO 29 LL=1,3 '
1FCL.GT.1.AND,LL.EQ.3) GO TO 13
READ(3,1)} MR,M :

IDEG=!+1 :

- DO 5 K=1,1DEG

READ(3, 1) ((WQRK(1,J), 1=1,NR),J=1,NR)
FORMAT (G15.8) ) .
XNU4 (IDEG=-K+1) =HORK(MRTFCN, HCTFCN)
READ(3, )  (XBEN(}4=K+1),K=1,1).
XDEN(IDEG)=1. . . :

Do 6 1=1,HFREQ -

R UER) :

CALL MAGCXNUM,XDEH, N, ML, XR, X!, XMAG, 1ER)

IFCIER.EQL1) WRITE (6,7) LL,i

EORMAT (' MAGHITUDE OF T',11,' (',12,' }IS INFINITE'")
LECIER.ME.1.AND.LL.EQ.1) T1(1)=CHPLX(XR,X1)
IFCIER.HE L AND.LL.EQ.2) T2(1)=CHPLX(XR,XI)

3
1n

28
29

.12

6

IF(IER.ME.1.AND.LL.EQ.3) T3(1)=CIPLX(XR,XT)
XMAGH( 1 )=XMAG

CORT INUE

WRITE(G, 28) » :

FORMAT (' MAGMITUDE OF TR. FCN. 1S")
WRITE(G,12) (X1AGI(1), 1=1,NFREQ)

CONT INUE _ - .

URITE (6,14)

FORIIAT (hX,' REAL T1',7X,! IMAG T1',7X,' REAL T2',7X,° 1MAG 127,

1 7X%,% REAL T3',7X,' IAG T3',7X,' REAL T VLTX,PIMAG T ')

WRITE(G,12) (T1C1),T201),T3(1), TN, 1=1,HFREQ)
FORIIAT (8(3%,G12.5))

DO 21 I=1,HUFREQ . )

TO.SEE IF THE TR.FCH.IS INDEPENDENT OF ELEMENT(J)

IF(ABS(REAL(TI(L)-T2(I))).LT.TOLZER.AND.ABS(AIMAG(TI(l)-TQ(j

1 .TOLZER.OR.ABS(REAL(T2(i)=T3(1)J). LT.TOLZER.AND.ABS(AIMAG

2 =73(1))).LT.TOLZER) GO TO 20
P1(2,1)=X1=X2
PI1(2,2)=X2~X3

(T

)
2

)
¢

AT




OO r
w

22

ly2

34

38

30

19

17

- 24

.20
21

16
2%

127

.25
26

't_Pl(l 1)=PI

$(1,1)=T2(
§(1,2)=-5(1
$(2,1)=T2(1)-T1CI )

(2
Pi(1, 2)=Plf§

ﬂva

. S(2}f)=-8(2,1)*T3(|)

CALL MULTCX
\VRITE (6,15) 1,L

CFORMAT (' PIX(H=",12,' ) FOR ELFHENT',IZ)
T PIX(1,1)=D,

PIx(1,2)=-8B,
(AX+B)/(CX+D)

WRITE (6,22) ((PIX(K,J),d=
FORMAT (2(3X 615.8))
Ql=PIX(1,1)- PIX(Z 1)*ELCL).

¥page)2fof 35'

c

e

PIX(2,1)==C,
1 2),Ksl,2)

PlX(2, 2)=A JF WE NRITE T-

IF (ABS(REAL(OI)) LT.TOLZER.AND,ABS(AIMAG(QI)) . LT.TOLZER) GO TO 18
DTX=(PIX(1,1)#P1X(2,2)=PI1X(1,2)%PIX(2,1))/Ql**2 o 100

Ql==-PlX(2, 1)/Ql
"GO TO. 42

QI =CHPLX(10.%%20,10.%%20)
DTX=CHPLX(10. **20 10.%%20)
DEN=CONJG(PIX(1, 1))*PIX(2,
RADIUS=P1X(1, 1)*PIX(2 2)=
lF(FABS(PADIUJ)*TOLZFR.FT.
CENTRE=(CONJG(PIX(1,1))%P!

1)- CONJP(PIX(Z 1))*PIX(1 1)
PIZ(1,2)*PIX(2,

CABS(DEM)) GO T0 30
%(2,2)-CONUG(+PIX(2, 1))*PIX(1 2))/(~ DEhN

-RADIUS=CI'PLX (CABS(RADIUS /DEN) N.)

TZERO==P1X(1,2)/PIX(1,1)
,TlNFIN=-PIX(2,2)/PIX(2,1)
VRITE(G,34) CENTRE,RADIUS,

FORMAT (40X%,' CENTRE AT',2(3X,612,5),°!

XINT=~A/AIMAG(DEN)

MRITE(G,38) XINT,YINT S -
FORMAT(/' REAL + IMAG."AXIS INTERCEPTS IN THE T=PLANE ARE:',

1 2(3%,612.5))
URITE (6,17) 1,Q!

FORMAT: (' THE 1/(Q+X) IN HEUS K AT W'

DTAPAGRCABS(DTX)

) \RITE (6,264) 1,DTX, DTXHAG" e : -
ORMAT (" PARTIAL OF T W.RJT. X AT W',12,' 18',3(3X,612.5)) -
X(L )= (PIX(I,I)*T(I)+PIX(1 2))/{P1XC2,1)xT(1)+P1X(2,2)) ~

GO TO 21
AL, 1)==1,
.CO”lINJE

WRITE (6,16)

FORMAT (' THE COMPLEX SOLMN.
URITE (6,23) ((Xx(t,d),Jd=1,NFREQ),

FORDAT (2(3x,012.5))
MRITE (6,27) NRTFCH,HNCTFCH
FORMAT (' TR,FCN.,Z,Y
URITE (6, 25)

. 105
TZERO,TINFlN " - C
RADIUS OF',2(3X 612, 5) /

1 WOX, " TZERO= ', 2(3X,612.5),' TINFIN= "*,2(3X,612. 5} s
GO TO 19 o . 120
TQ GET REAL + IMAG AXIS INTERCEPTS
DEN=P1X(1,1)*CONJG(PIX(2,2))= PIx(2, 1)*CONJF(+PIX(1 AP I
_ A=RIMAGC+P1X(1,2)+CONJG(P1X(2,2))) Sl
CYINT==A/REAL(DEN) : ' L 110

S12,' 1S ', 2(3X,612.5))

o

S FOR X(W,ELEMENT) ARE:")
1=1, NOELEM) ¥

,Z,Y, TOLZER

TOLZE ARF:',2|2 3(3X, G12 5))

FORMAT (! noIt. ceT. ELEhENTS ARE:')

URITE (6,26) (EL(!),
FORMAT (/10612 5)

1=1, NOELEM)

WURITE(G,26) (U(1),1=1, NFREQ)

CALL EXIT
END R

c. -

-page 3 of 3

SUBROUTINE MAG (A,B,N, OMEGA VREAL,VIMAG, VNAG,IFR)
?égENSION A{10), 3(10)

" COMPUTE REAL PART OF NUPERATOR‘AND DENOMINATOR

AREAL=A(1)
"BREAL=B(1)
S=1.

~ DO 100 J=2,N,2

JA=J+1 .

. §=2§

CREAL=S*QMEGA%*J )
AREAL=AREAL+A(JA)*CREAL
BREAL=BREAL+B(JA)*CREAL

COMPUTE IMAGINARY PART OF NUMERATOR AND DENOMINATOR

AIMAG=0.
BIMAG=0.

g1, el i

DO 105 J=1 N 2. ' . e
JAsJ+] ‘ .

§=~8 o

CIMAG=S*OMEGA¥*J

- AITMAG=ATIAG-A(JA) *CIMAG

BINAG=BIIAG=B(JA) *CIHAG

TEST TO SEE IF FUNCTION IS lNFlN!TE

DENOM=BREAL*#2+B [MAG**2
IF (DEHOM) 110,115,110
WRITE (6,120) OHEGA

1ER=1
RETURN

COMPUTE MAGNITUDE OF ‘FUNCTION

VREAL=(AREAL*BREAL+AIMAG¥RIMAG)/DENOM
VIMAG=(AIMAG*BREAL-AREAL*BIMAG)/DENOM
VEAGSSQRT (VREAL* % 24V IHMAG*%2)

RETURH

END

SUBROUT INE HULTCX_

COMPLEX A,C

"COMMON A,B,C

DlHFNSlON A(2 2), B(2 2), C(2 2)
A(1,1)=B(1, 1)*C(1 1)+B(l 2)*C(2 1)
A(1,2)3B(1,1)%C(1,2)+B(1,2)%C(2,2)
A(2,1)=B(2,1)C(1, 1)+B(2 2)%C(2,1)
A2, 2)-3(2,1)*0(1 2)+8(2 2)%C(2,2)
RETURN

END

FORMAT (lHO 29HMAGN I TUDE IS lNFlNlTE, OMEGA=, lPElS 8/)




APPENDIX B

Tn order %o relate the comﬁuter output to the description used

in this thesis, the significant output for Example # 1 will be listed.

The coefficients a, b, ¢ and d, of the Moebius transformation, are

listed as real and imaginary parts under the héading PIX., For exam-

ple, at test frequency # 1, the a, b, ¢, d ~corresponding to\xl are:

0.7225 + j2.3L8
-00795 - 320583
0.2347 - 3.0072
~0,2338 + j,00072

Lo oW
Mmoo

The centre of the arc of T(x)) is at 0.5998-3,00006i3 the radius of

the cirele is 0.50018; T(0) is 1.1-3.0000995, and T(w): is at_-.0999-

3.002998,

Computer output for Example # 1

|
|
i
1

The following owtput was obbained at the test frequencies

0,01, 0.3, 3.0. and 100, radians/second for the driving point imped-

ance, Zyy, of Example # 1,

‘PIXtMe 1 ) FOR ELENENT 1

072252750 23483419
«0e 79501562 =24 5831099
. 0e23474693E-01  -0,7225275%E-02
«0e 23382902E~02 0s72312355E-03
. CENTRE AT
TIERQ=

"THE 1/¢QeX) IN NEUS K AT W= 3§ I§ 0. 99045E-03
PARTIAL OF T woeReTe X AT W 1 IS =0, 19604E-02
PIX{Ww 2 ) FOR ELEMENT 1

=142217350 ~26 5791645
. 143515081 S 28321685
- ~Qe 77375710 0435651719
- O T6207280E~01  =0,38938522£-01
. . CENTRE AT
. TZEROS
THE 1/(Q4X) IN NEUS K AT ws 2 1S 04 909C0E~02

PARTIAL OF T WeReTe X AT W 2 1S 0o 1BOOGE~O1
PIX{N= 3. ) FOR ELEMENT )
«04356458347E-01 =0.469275978=02
0,401368745-01 0439006087602

" =Da6405S4E-04 RADIUS DF °
-0.99535E-04 TINFIN»

‘~0.29970E-02 RADIUS OF
~0s 29890E~02 TINFIN»

=0s1349359¢5-01. 0410995159

~0.1782258CE=32 -0.104587156-01

CENTRE AT

. - TZERO
THE 1/003X1 IN NEUS K AT w= 3 IS 0.99389E-01

PASTIAL OF T WeRel, X AT ® 3 1S =0a22172E-03
PIXCWs & ) FOR ELEMENT 1 :
~0433393735E-3% . 0.13969839£-0%
04333494975=06 - -0,209396326-06
~0e12227101€-04 - 0.33334455E~02
=~0e32992510E-34 ° ~0.34215065E-05 -
CENTRE AT

PIX(WETLTY FOR ELEMENT 2
0. 95367432€-08 0+25123359E-C4
~0414678710E-05  -0.274314235-C4
o0s 95367632E~08 0.11929929E~06
0.103C2847E-05  ~0422446329E-06

CENTRE AT
. TZERO=
R THE 17{Qex} IN NEUS K AT W= 1 1S ~0s47676E-02
. PARTIAL OF T -weRaTe X AT W 1 IS 0e13TOOE~0S -

PIXIw= 2} FOR ELEMENT 2 .
0,470701276-04 0, 74579683203
*0e23721374F=33 ~0,129078A81E~03
0o22143126E-04  =0,175813 70E=C5
- - ~0e18649719E-05 DeBT791§027£-08
) . CENTRE AT
- TIERQ=
THE 17{QeX] TN NEUS K AT We 2 IS 0.57022E-03

TZERO=
eneae v




*PIX{K= 3 } FOR ELEMENT 3

PARIARL Ul f WANele A Al W & 43 TVeAIPUIATWS . TWeLPIVLwA veaosrvi wa
PIX{We 3 ) FOR ELEMENT 2 - .
Ds49231052E-02 0e42111574E-02
«0:63799182E-03 - ~0a26136882E-03
0o12632608E~02 =04 14T768754E-02 .
0 47TTTQBLE~D4 Do 43692766E=04 . B B .
- . CENTRE AT 0051108E-01  ~0.3329SE=01 RADIUS OF - | "-0450002€-01
TZERD= 0010111 - =0s 33296E~01 TINFIN= © . 0#11051E~02
THE 17¢Q+X) IN NEUS X AT W= 3 IS 0.82565E-03 0. 27522 .
PARTIAL OF T WeReTo X AT W 3 IS  =0,151506-01  ~0422978E-01 0Qe275235-01
PIXIW~ & ) FOR ELEMENT 2 . - .
«0¢30329TT7E-03  -0411540577€~03
0430445153€~04 0411233B95E~C4 3 .
=0, 115421 60E-02 Ge30329898E-02 g d

=030320516E-05 =0411572993E-05 | )
) . CENTRE AT 0,50001E=01  =0,99990E-03 RADIUS OF - 0450000£-01
TZERO= 0410000 - «0e 99530E-03 TINFINe 0e 99085E-06

STHE 1/0Q+X) IN NEUS K AT W= & IS 0e99010 ' 0499009E-01
“PARTIAL DOF T WeReTe X AT W & IS =0e19606E-02 00 S57049E~02 0e99009E-02

MAGNITUDE OF TR..FCNe 1S5

e 59928 Ce 346502 Oul1186 0410946E-01
MAGNITUDE OF TRe FCNe IS . . L
1e 5824 0438316 0e11070 0e10946E~01 . o
REAL T1 IMAG T1 REAL T2 1MAG T2 REAL T3 IMAG T3 - "REAL T
0459815 . =0e25033E-01 1.5670 © =0422015 1.0901 «0.99110E-01 - 1e0858
C 0e25376 -0s23377 0e17050 =0e3206% Qe 19991 =0.30300, 7 017154

0¢93955E=-01  =0,607C9E~01 049248301  =0s608408-01 092853E-01. ~-0e60819E~01 0.92514E=-01

0s99210E-03 =0e10901E~01 0e99076E~03 =0.10901E~01 04 99130E-03 -0a.10901E=01 . Q.99079E~03
PIX{H= 1 ) FOR ELEMENT 3 . .

~0e23683467 0472261274E-01 . . B

0e234677T197E=01 * =0472498322E-02 :

04 72250366E-02 "0.23483515€-02

~0,23555696 «69913149E=-01 .
_CENTRE AT 0.99996E~01  =5,0001 RADIUS OF ]
TZERO= 0410000 -0,997276-04 TINFIN= - G.99558E-01
THE 1/71Q+X) IN NEUS K AT Wa= 1 1S 0498966E=02 0. 99010E=01 ST
PARTIAL OF T WeReTe X AT W 1 IS 0a 97049 ~0e19606 0.99010 -
PIX{W= 2 )} FOR ELEMENT 3 - .
0.859722506-02  =0a40723532E~02 - o :
=0s84675848E~03 0s43262076E-03 : . N
-0, 122172836-01
0.98951757E~02  =0.15321933E~02 . . : .
. CENTRE: AT 04999098-01  =0e1696& RADIUS OF 0416667
: - - TZERO= 0.99911E=-01  =0429950E-02 TINFIN= 0499910€-01
THE 1/(Q¢X) IN NEUS K AT W= 2 IS 0490000 0.30000 =

PARTIAL OF T WeReTe X AT W 2 IS ~Ce 80000E~0L ~0e60000E-01 0410000E. 00

0o 14901161E=05 . ~0.12211502E-04
0e19924482E-06 0411610391E~05
~0e36650896E€-03 44964254E-C4

0.36361016E-04 —0418179184E~04 . . . o
g . CENTRE AT - 0.91743E~01 -0s%4182E-01 RADIUS OF 0.166T4E-01
TZERO= 0s91721E~01 =04 27508E=01 TINFIN= -’ 0e91743E-01
THE 174Q¢X) IN NEUS K AT W= 3 IS 0099891 0. 33280E-01 .

PARTIAL OF T MeReTa X AT-W 3 IS  =0.11074E-D2 . =0s73893E-04 04 11098E-02

PIX{Ws & )} FOR ELEMENT 3 .
0418626451E~08

20638158BE~10 =04184297026-11

3341348E~06 0437252903€~08 . » 3

CENTRE AT 0e99077E-03  ~0s10991E-01 RADIUS OF - 0. 89536E-04
TZERO= 0 FB944E=03 «0a11080E=01 TINFIN= - 049903 0E-03
a 55864E~02 )

0:289502665—07 =0.36382177E-08

THE 1/7{Qex} IN NEUS X AT N-. 4 1S 140000

PARTIAL OF T WeReTe X AT W & IS~ -0.100045-05 6-369015-08 06 10004£-05 i
MAGNITUDE OF VRe FCNs 1S .

140448 0. 33668 0e64435E-01 0e10788E-01. . - - .
MAGRITUDE OF TRe FCNe IS . [N
Llel444 0039552 0s15439 04109746E-01 . R .
. REAL T1 IMAG T1 REAL T2 IMAG T2 .. REAL T2 INAG T3 REAL T
1.0401 . ~0.93035E-01 1.140% . . =0.99235E-0I . 1.0901 ~0.99110E~01 " 1.0858
014999 «0e30075 0424970 . =0a 30674 0419991 ~0+30300 . =0
0.50910€-01 - ~D.47631E-01 0,12585 ~0489429E~01 0s92853E=-01 ° =0.60819E-01 0.92514E-01

0e93079E-03
PIX{Ws 1 ) FOR ELEMENTY 4 R -
=0s25000283E~03 0.75057011E~06
0e24745381E=03  ~0,25495945E=C4
*00 484287 TGE-DT 0425063728E~05
=0e25019050E=03  =0e17371494E-05

0419261E=02  ~0,10615E~01 £.664726-03  -0,10956E-01 0991106703 ~ =0.10501E-01

CENTRE AT 0499037 ~494973 RADIUS OF. 49,874

TIERQ™ 0e 99010 ~0s 99010E~0L - TINFIN= ~12352
THE 17(Q¢X} IN NEUS K AT W= 1 IS =0e21376E-03 0.10025E-01 .
PARTIAL OF T WeReTe X AT ®W 1 IS 0499999 ~0s19997E£-02 0499999
PIX{N= 2 } FOR ELEMENT &
=04 24859793603 04224263 64E~C4
0, 18132007E~046  =0.7682223BE-04
0. 67129731E~35 Qe T4604061E~04
=0e27164TTOE~03 Qe 16974984E~04 : .
. CENTRE. AT 0410003 T =1e9661 RADIUS QF .
TZERO= 010000 =0.36000 TINFIN= 0. 99301E-01
THE 17(Q+X) IN NEUS K AT W= 2 IS 0, 89292E~02 0429983 : ..
PARTIAL OF 7 WeReTe X AT W 2 IS 0299730 ~0e59893E-01 099910

PIXCW= 3 ) FOR ELEMENT 4. . . e
~0.14036936E-03  0,16410521E~0% - ..
~0.53082586E-05  —~0+4855945CE~05 . . e

0449230992603 0.4211G542E-03 . LT

.. .. 0s12699257€-06  =0433361442€-06,

‘a0’
=0433295E-01

0.0
~0410001E-02

1MAG T
=~0,11840
~0s26088
=0455279€-01

=0410734€-01 °

0.0
~10.000

(-3 T
-0.33633

0,0 - )
~0e60856E-01

0.0 .
«04 10901E~01

IHAG T
-0411840
~0.26088
‘«0,55279E~01
~0, 10734E-01

0.0
-99.798

0«0 |
. =36323

=04 1549356TE-03 0 18002954E-03

CENTRE AT 0+ 11094E-02  -0.19996 RADIUS OF . - Qs16667
i T2ERO= ° 0.11101E-02 =0,33296E=01 TINFINw “L ~ 0011079E-02
THE 1/7(QeX) IR NEUS K AT W= 3 IS 082567 207523 -
PARTIAL OF T HeRaTe % AT W 3 IS 0676593 =0.50501 0291743

PIX{¥= 4 ) FOR ELEMENT 4
0.11542488E-06  -0.30329409E-06 . .
0430313525E<09  0.11576162E~09
=0e30329484E=04 =0e11542046E~04 .
CENTRE AT 0,99242E=06 ~~ -0, 59999E-02 RADIUS OF ~~° 0.50000€-02
TZERO= 0.11438E-05  ~0499991E~03 TINFIN= 0,99899E-06
THE 1/0Q+X) IN NEUS K AT W= 4 IS 949010 0, 99010 .
PARTIAL GF T WeRoTa X AT W 4 IS  -0a97049E-02  =-0.19606E-02  0,99010E-02
THE COMPLEX SOLNS FOR X{WyELEMENT} ARER

12.000 04 33456E~04

12.000 0.37037E-05

124000 0.23310€-04 o

12,000 ~04160C4E-04 R

609380 ~24.0C8 ., : . -
-19.719 -2.7063
0082911 ~0411406

140168 -0433866E-02
0.99960 ~0019991€-01

0473530 ~0e 44118 -

0.27049E-01 ~0.16216 . .

L. Qe13234E-03 =0s11587€-0%

0.95742E-01 =0, 19299E-01

$9862E-01 0e40151E~01

5454E-01 0.47814E-02

094262E-01  =0415295E-01 s

TReFCNasZs Yo TCLZER ARED 1 1 0450000 1.5000 . 0410000£-11 >
-NOMe CCTELEMENTS ARE: :

104030 1.9C00 1.0000 - 0a10000E 00
0.10000E-01 0302000 3,0000 100400

0.0
«0.36663




-~

C§mpu§er output for test circuit # 1

The following 'ou'bput was obtained at the scaled test frequen-

cies: 0.00115, 0.0025, 0.009, and 0,127 radians/ second for the vol-

tage transfer function A, of test circuit # 1.

MAGNITUDE 0F TR,
Ce27023€-01
¥AGMITUDE "GF TRe
Oe 75185E-01
- . RAGNITUDE CF TR,
B . 0.52628€~01
®EIL TY
~Ce18364€-01
: =0, 11543E~01
“ Q17515
Ca24899€-01
PIXfW= 1 3 FOR EL
De246539324E-04

- : Qe 72759576€-11

*042569C976E~03

FCN. 1S . )

0479203€~01 | 0,21037

FCNG IS

0.17537 0.33781 °

FCNe IS .
0a 146499 029366
194G T1 REAL T2

04 201CRE~01
Ge 78426E~01
Gell852
~0e 70566 =01
EMENT 1

=01136295
Gal5661410E-

~Ce32599€-01
Ce25263€-01
Ge33166 .
0el7818E-01

603

1o

Co 748C0E-0L
0.76200£-01
0e75920E-01

184G T2 REAL T3 IMAG T3
Ce65684E€+01"  =Ce 30932E-01 04 42578E-01
Qel9159 04 65327€-02 Qal14484
04 63111E-01 0,28288 0e957376~01

0 19654E-01

+0¢ 74088E~01

~06733326-01

-04312810301

4
CaI21IILTIE-Q4 04 56262026E-04

04 93532E-01 RADIUS OF

PANTIAL OF T WuRe

Te X AT M 1 1S

CENTRE AT 0.83978E-01
. . TZERO= Qe 116795-06 =0489255E~07 TINFIN=
‘THE 17€0+X) TN NEUS X AT W= 1 IS 0463566 2.0373 - i . .
PARYIAL OF T WeBeTe X AT W 1 IS -0.20782 0e46822 0.51219 .
PIX(d= 2 § FOR ECEMENT 1 . - .
. ~0.18829152F=33 =0a17904514E~03
~0, 29103233610 0414551515€~10
*D0449552542E-03 04568918256-03
0a39569242E-03  ~0419415684E~03 .
CENTRE AT 0,17493 0464680E-01 RADIUS OF
. 12570 =0s42562E~07 © 04 11781E-06 TINFIN=
THE LIAQEXY, TN NEUS Xo AY. us. 2 IS - 220376 4236 .
- PASTLLL. .OF To X AT w2 1S 0, 54859 - 1a1530 1.2770
PEIXIN= 3 ) LEMENT ) D
~0e 935 T9053E-04 041870105CE~03 :
0.271036320~10 =C.B81229246E-10
E - 0.29527201£~02 045834¢9431E-03
“0e1216244CE=02 04305753279E~C5 .
. CENTRE AT 0413006 -0, 95807£~01 RADIUS OF
- . i E— ~~0s49528E 0T TINFIN=
THE 1/02¢X1 [N NEUS K AT W= 3 IS 643754 .
PARTIZL OF T W.A.T, X AT W 3 IS 104228 0068942 15811
- PIXEwe & 1 FAR SLEMENT 1
. : 0. 84409273606 =0, 12075334E=-C5 ‘
. - *0a45eT47ISE-11 . -0,35375T86E-1]
- . =0.153393150-23  =C.99988850E~C4 .
0. 97437205695  -0.109206C5E~04 . .
: CENTRE AT D.411926-02 =0, 38194E«01 RADIUS OF
TZERGs =0e21039E06 04 ILBLE-CS TINFINs
YHE 1/0Qex] IN NEUS X AT Ww & [ 10,039 04784438 .
v PARTISL OF T W R,Ys X AT W 4 IS ~0.55130E-03 ~0e24374E-01 0460278E~01
MAGNITUDE OF TR, FCN, 1S R :
Ne30586E-01 0s1745% Cea 28036 0u 75878E-01
MAGRITUIE OF YR, FCNe IS .
CebsltataQl 0415999 0430297 0e759308-01
REAL TL lvag 11 REAL T2 1846 T2 REAL T3 126G 13
=0s23925E~01  C.19CE0E-01 ~C.279136-01 0.8C011E-01  =0,309326-01  0e42578E~01 _
*0.2%3726-01 ° - o 10C62 €a32755E-01 0415660 0. 65327€~02 Cel4484
0424574 0.13497 0429253 04T8841E-01 0.28280 04957376-01
Do 237426-C1 =Ge 72988£~C1 0+19290£~01 ~0eT3439E-01 - 0e19854E~01 ~~0,73332E-01
PIXEVe 1} FOR SLEMENT 2 .. N -
. =0, 40167783E-04 =0, 72002018E~C4
0.83864625E-11 04979494 10E-11
«0a$9201435F=23 0,303254 75£~C3 . -
. 0404862 55E~04 0435924139E~04
. . : CENTRE AT 0415216E-01 0433 78E-01 ' RADIUS OF
* . . TZERQw 0,133S56~06 =04 13692E~07 TINF{N«
. THE 2£0QeX) IN NEUS K AT W 1 IS Je4118 A.5714
~0s 91440802 042192 0.42202

EAL T
=0+30111E-01
“041€633E=01

0e26248

021 755E~G1

0.12570
Bel4953

0.18450
0a32589

0.21285%
Qs4026%

0.38419E-01
+0s14003E~01

REAL T
=0s30112£-01
~Ce10653E-01

026248 -

0a2375SE~01

c,461525-01
0.273886-01

0.0
TSGsAY9SAETEL

I™AG T
0a334426=01
Ce1388s
0.11358

-0 TO729E=01

0.0 ’
0.20078

d.0
0a 17447

0.0
“=0s 7532CE~01

tHeG Y
0, 3344 2€-01
0.13006
0,11358
~0s TO729E-C1

0.0
0.88103¢-01




PIXtWs 2 } FOR ELEMENT 2
" =0, 1094C409E=03 - 0422350680
=0 29103R839€-10 . * 0.0
3409667E-03
+19273537€-03

PIX{wWs 1 ) FOR ELEMENT 3

“0el3

€04

+162307156-02 .
~0,23049086€=03 . - -

CENTRE AT

) 35 ~0, 2255
“0+5612316756-06
-0, B2002953E~06"

‘0e82764018E~10 Be17644157E~09 . .
- CENTRE AT  =0421752E-01
Lo - . N TZERQ™ -0e36058E-01
THE 1/0Q¢X) IN NEUS K AT W= 1 IS Ge29501 8.9998S
PARTIAL OF T WeRaTe X AT w 1 IS 04 51687E-01" 00183565-01
-PIX{Ws 2 ) FOR ELEMENT 3 . .
«0451294281E~04 Ba41579566E-0¢4 .
Ce 5279004 7E-05 0e£8224897€-C5 - .
0e1101A524E~03 0. 78654429E-C4 v
0443655746E-10

~0e13387762E-08

THE 1/0Qex¥ IN NEﬁS K AT W= 2 IS

PIX{W= 1 } FOR ELEMENT 4

=1340,9768 -429.18970

~65,270462 37.715363 )
“0,322523126-91 0e15302849 .

0e47683T1 6E~06 De10728035E-05 |

THE 1/{Q+x} IN KEUS K AT we 1 IS

PARTIAL OF T WeRaTe X AT W 1 IS
PIX{W= 2 } FOR ELEMENY 4

~575843967 436143281
816496582 990, 046250
1. 2237282 1.1070366

=0s 12397 766E-04

THE 17{Q+Xt IN NEUS K AT W= 2 IS

PARTIAL OF T WeRaTe X AT W 2 IS
© PIX{W= 3 ) FOR ELEMENT 4.

0. 28610229E-05 -

0s4l8731C9E~0S
0.14670717E~04

0e10700E-01 . ~0s49935E-01

CENTRE AT
TIERO=
0422852E=04

00525206-05  0423288E-05

CENTRE AT
TLERQET
0,83275E~04

00 28045E~04 <04 13351E-04

0455825E-01 0.70051E~01 RADIUS OF

0454850E=-01

* CENTRE AT ~'=0432293E-01 - 0,74021E-01 RADIUS OF 0. 8076TE=01
| =0422024E=01., .

~0,20025E-02
=0, 35986E~01
0,10676E-03

=0,27290E-01
%0, 257018501
0,19737E~03

0.89575E-01
R . TZERO= =04255356=06 ~0452166E~07 TINFIN= 0410289
THE 171Q+X} IN NEUS X AT W= 2 IS .~ 6,8349 4361 . S
. PARTTIAL OF 7 WeRaTe X AT W 2 IS 0465239 0042996 0.78133
. PIX{We 3 ) FOR ELEMENT 2 -
00 20455234F=04 04286651 $8E~06
=0.14551915€~10.  =0,23283064E=-09 . :
0.13742819E-02 11166951€-02 .
~0e46522124£=03 . 28492743603 . ) R
CENTRE AT 0415396 -0410888E~01 RADIUS OF 0e15434
R TZERO= 0e56234E=05 04 35076E-05 TINFIN= 0430537
THE 1/71Q¢X) IN NEUS X AT W= 3 [S 945126 148642 . T
- PARTIAL OF T WeRaTe X AT W 3 IS 0431635 0448065 0457541 :
PIX{N= & } FOR ELEMENT 2 - .
. 0s1858006TE-07  =0«54388693E-07
042655635 TE-10 0.81B56523E~-11
=0s36121681E~04 =-0.11828518€-04
0e15413689E-05 =0e24406081E+05 :
s CENTRE AT 0488106E-02  ~0s37165E~01 RADIUS OF 0.37757€-01
. T2ERO= ~0433489E=05 =0 45035E-03 TINFINx 0418556€-01
THE 1/7(0¢X) [N NEUS K AT W= & IS. 99958 0415111 :
PARTIAL OF 7 WeReTe X AT W 4 IS  ~0.10930E-01 . ~0432772E-02 04114115+01 :
MAGNITUDE OF TRs FCNe 1S . .
© De5335%E-01 0415081 0434237 0414507 .
MAGNITUDE OF TRe FCNe IS .
0s5179LE-01 0413860 0425970 0.51114E-01 . S
- REAL T IMAG REAL T2 1MAG T2 REAL T3. INAG T3 . REAL T
=0s33526E~01 0i41504E=01  ~0428321E-01 0443362E-01  =043C932E-0)  0.42578E-01 © =0+30111E-01
=0s679T7E-02 . 0415066 0e17681€-01 0413747 ' 0.65327E-02 0a 24484 [ =0410693E-01
0429958 041455486 0,25503 o 0e490236-01 0428288 0495737E-01 0426248
0e58934E=01  =0+13256 Ce10502E-0L  ~0.50024E~01 0s19654E~01  =0e73332E-01 - 0421759€

04167316=01 RADIUS OF ° ~ 0427429E-01
Oe40134E~01 TINFIN= -

0415413

TINFIN
0,841564 1.7140 . N B
PARTIAL OF T WeRaTe X AT W 2 1S 0424278 =0.13310 0a27587 :
PIX{N= 3 ) FOR ELEMENT 3 - .
" Qe17362884E-03 0s17953315E~C3
«0029332518E=05  ~0,94645889E=04
0461353203E-03  ~2,11629947E-02 . .
04 13242243E-08  ~0.30267984E-08 - » - . L
. CENTRE AT 0.98813E-01 0417381 RADIUS. OF Ge19994
TZERD= ‘Ge28161 Oe 25479 TINFINw ~0e25059E~05
THE 17(Qe¢X) IN NEUS X AT W« 3 IS 247517 3.0970
PARTIAL OF T WeReTa X AT W 3 IS  ~De48360 =le 1401 le2384
PIX{W= & ) FOR ELEMENT 3 . .
=0e30147625E~04  ~0.27278162E-04
0e13007716E=04 04131944 96E-04
. ° ) '
~0s152140326-02 0418139379E~02
00 69849193E-09 00 23283064E-09 . -
. . . CENTRE AT. 0e22700 Qe 21542E~01 RAOIUS OF 0e22802
. . TZERO» 0445498 Qe 25987E~01 TINFIN= Qel1425E-06
THE 1700+X) IN NEUS K AT W= 4 IS Ge5655 1. 6150 . AN
PARTIAL OF T WaReTe X AT W & IS ~ ~0.30643 De 66972 © . DsT3649
MAGNITUDE OF TRe FCNe IS
" 0e53159E-01 Ce 15049 0o 34987 0e14578
MAGNITUDE OF TRe FCNe
0e51961E-01 0e13858 0e25432 0e51068E~01 B - ‘. :
REAL T1 IMAG TI REAL T2 1HAG T2 REAL T3° IMAG T3 REAL T B
~0s335L7E-01 0.41261E-01 -0 28282E-01 0e43590E-01 =0, 30932E-01 0e42578E~01 =0, 30111E-0L
~0.,86553E-02 Ge15025. 0419273E-01 0e13723 . 0465327E~02 014484 .=0410693E-01
0430345 Cel7416 Ce24997 0e46842E~0L 0428288 0.95737E-01 0426248
0e57743E-01  =0.13386 ~0e 733326-01

Ge 19654E-01

0, 26906E-01
~0e60840€-05

0417982E-01 RADIUS OF
© 0439643E-01 TINFIN=

0e57452E~05 -

0.73796E-01 RADIUS OF - 04 78683E~0

~0ell6TSE~04

© 00785876405 .

.. 0e21759E~03

0.0
Qe40301E~02

0.0
~0073643E-01

IMAG T

- 0e33442E=01
0a13C06 "
Ge11358

+=04707296-01

0.0 -
0462940E-05

[ 0e0 :
0.18333E-06

0.0
0428925E-06

HaG T
0433442E+01
04130C4
0,11358
=04 T0729E-01

o0 "
0443983E-05

0.0

0515247
0e31061E-04

19536,141 17565+ 766
~734.13579 -10283,621 N
601663361 -14,763718 R .
~0,15258789E-06  =0.45T763676=04 : .
CENTRE AT - 0.94316E-01  0.18710 RAOIUS OF 0420953 °
. . - TZERQ= 0.28215 0427994 TINFiN= ~0,22725€-08
THE 1/(QeX} IN NEUS K AT W= 3 S 0.32513E-03  0+33020E~03 ° : o D
PARTIAL OF T WeRoTe X AT W 3 [§  =0460352E-04 =0e12455E-03  0s13641E-03
PIN(W= & ) FOR ELEMENT & .
-280643789. -241643047 .
13073806 1274, 7839
~144556968 18,564072° . . A
0466 757202E-0% | 0438146973E-05 : i i .
CENTRE AT 0.24537 0. 26465€-01 RADIUS OF 0424680
: N Y 2IEROw 0e49213 0e30515E-01 TINFIN= Ve 4T483E-07
THE 17(0¢X) IN NEUS K AT W= & IS~ 04969426-03  0,15090€-03 B
PARTIAL.OF T WoReTo X AT W & 1S <~0430119E=04  0063123E-04 - Oe74485E-Cé . R
MAGNITUDE OF TRe FCNe IS B e e
0427964E-01 0. B4451E~01 c.21878 0eT4T64E-01
MAGNITUDE OF- TRe FCNs IS~ ) ) k
0,73414E-03 0413585 Ce33501 | 0476218601 L S
REAL T1 1886 TL REAL T2 IHAG T2 REAL T3 . IMAG T3 UL REAL Y
“0,19352E-01  0427184€-01 =00 357S6E-01 0464096E=01 =04 30932E-01 - . 0442570E=01 =0.30111E~01~
~0,12764E-01 0,83481E-01  0434816E=01 0s18254 0,653276-02 . 0. T4484 ~0416693E<01
0+18480 011332 T 0e32753 0eT0426E-01 0,28288 0ea95TITE~01 .  Qa2b6248
0.245436-01 -0, 70586E-01 0s1TBT5E~01  =0474092E-0L  0.19654E=01  ~0.73332E-01 - 0.21759E-01
PIxfWs 1 ) FOR ELEMENT § JERR X
753,07031 -105404387
0.73242186E-03  0.24414063E-03
343580017 © 0e%3705750
0434023911 0.51459378 N
. CENTRE AT Ce366562E-0L 0, 73688E-01 RADIUS OF

“TINFIN= Q6 05

0.92954E-08

0463260F

3 .
198276-05

IMAG T
0e33442E-01
'0.13006
0011358

. =0aT0T29E~01




0+80021E=01

L TRERO™ 0e18105E~07  ~0470781E-07 TINFIN= L 0e16366
THE 1710¢X) IN NEUS X AT Wa L IS 0013539€-03  0,25520€~03" T - .
PARTIAL OF T WeReTe X AT W 1 IS =0s15876E-04 . Qe44TOBE-04 -  0.47443E-04 :
PEXEWs 2 ) FOR ELEMENT S ‘ N .
~164634695 =129314305 -
~0a12451172E-01  0414648436E-02 e
~44 5435181 134833649
345091782 " ~148863371 . : o
. . CENTRE AT 0.15078 04 65769E~01 RADIUS OF - - 0416450 0,0
TZERD= —0442451E-06  0.42240E-06 TINFINe - 0423830 0420505
THE 1700+X1 IN NEUS K AT wWx 2 IS 0.31626E-03 0. 33569E-03 . -
PARTIAL OF T WeReTe X AT W 2 IS 0453090E-04  0e96842E-04  0e11044E-03
PIX{N= 3 ) FOR ELEMENT 5 M
=8969, 7575 145864926
04312500060E=31. =0414892578E-01
264 710709 3. 8626099 .
~11,119814 =0436230795 ; ) :
CENYRE AT 0.19520 -0411097 RADIUS OF - 0422453 [
: . TiERo= 0e16967E~D5  0a10990E-05 TINFINw . 0440981 ~0.44949E-01
THE 1710%X) IR NEUS K AT w= 3 IS De65674E=03  0430565E-03 .
PARTIAL OF T WeRaTe X AT W 3 IS  0s12636E~03 =-045359BE-04  0e13726E<03
PIX{M= 4 ) FOR ELEMENT 5
87.298534 ~115.97563
0433569336E-03  0,18310547€-03
=146047840 “0,99262524 .
0097543359601  -0410685271- - - - Vs .
CENTRE AT 0436377E-02 =04 38326E~01 RADIUS OF ©~ 0e38496E-01 040
. . . TIERO= ~0e38297E-056 =00 26062E~05 TINFIN®. 0e14175€-01 ~0e75351E-01
LTHE 1/(QeX) [N NEUS X AT W= 4 IS 0.98732E-03 - 0.751G9E<04 . . -
PARTIAL OF T WeReTy X AT W 4 IS. —-0,525856-05 —0s2406GE-05 0+ 57828E-05
MAGNITUOE OF TRe FCNe I . R : .
00 29738€-01 04 97282E-01 0026040 0475653E~01
MAGNITUDE OF TRe FCNs IS .
0. 65357E-01 G, 16712 0.31050 . 0475994E-01 - : -~
REAL T1 L. I4AG TL . REAL T2 4 IMAG T2 . REAL T3 " 'IMAG T3 © REAL T TMAG T
“0e2262BE~01 ~ 0.19527E-01 . =0,3C077E-01  0e61384E-01 ~0.30932E-01 0,62578E~01  ~0430111E-01 - 0433442E=01
=00 22797E-01 0s94676E-01 0423953E-01 Ge16364 0s 65327602 0o 14484 ~0.10693E~01 0413006  *
0422501 0.13108 0e36109 0.75870E~0L  0.28288 - 0.95737E-0L = 0426248 0e11358
0.217198-01 = -0.72449E~01 0s18953E-01' ~0e73593E-01 . 0d19654E-01 =0, 73332€-01 0e21759E-01  =0470729E=01
PIX{d= 1 } FOR ELEMENT & - R :
~75102.063 ~22€4284 50
0, 79125000602 "~ 0423437500E=01
«24,377823 11.058014 .
2.€131350 2.1105526 y : )
CENTRE AT ' 0s23410E-01 0. 49531E~01 RADIUS OF .. 0.547856-01 040
: . - - TIERO= Qe10356E=06 ~0415407E-09 TINFIN® 0.35918E=01  Q.10287
THE 1/(0+X) IN NEUS X AT k= 2 1S 0.52050E-04  Oo 761467E-04 K TP . e
PARTIAL OF T WeReTe X AT W'l IS -0.105926-05  0e82781E-05 0. 93456E-05 -
PIX(W= 2 ) FOR ELEMENT & . . ’ : b
«359201406 - -421934875 - :
=04 27734375 " =0478125900E402 * .
449723816 : Sls 728257 ° ) .
- 12,%527688 . . - -11,293242 : N - .
’ CENTRE AT*  0.78657€~01 0s69022E~01 RADIUS OF . 0.10465 040
- . . TZERO™ . ~0476412E=06 _ 0s68009E-07 TINFIN= Oe12838 0:16110
THE 1/10ex) [N NEUS K AT W= 2 IS 0s10934E=03 04 793496=04. . - Sl .
PARTIAL OF T MeReTe X AT W 2-IS  0412033E-04 = 0411446E=04  0,16607E=04
PIX(W= 3 ) FOR ELEMENT 6 .
219664063 T 164645475 :
0448750090 -0436328125
103,31097 =40, 304855 . .
~34,915527 104853562 - :
. CENTRE AT. 0416728 =0, 26498E-01 RADIUS OF . 016969 Qa0
. TZERD= 0s16205E~05  0.43918E=-05 TINFIN= ‘ 0e32889 0423254E=01
THE 1/(Q+X} IN NEUS K AT W= 3 1S Cel6B19E-03  0e439796-04 : )
PARTIAL OF T WeReTe X AT W 3 IS 0,10927E~04 ~0.10167E-04 = 0.14926E-04 } . .
. . - ! - 0 ’,
PIX(M= & } FOR ELENENT 6 v N N
292430078 -528.65625
0046142578601 0.781250008-02 - !
345472908 -1.5658989 ... - .- . :
0.17818272 ~0.23531759 = : L L .
. . CENTRE AT - 0.59815E-02  =0437733E-O1 RADIUS OF ~ '0,38134E=01 ~ 0.0 .
. TZEROs -0,247688+06 =04 74057E<04 TINFIN= - . 0,17531E-01 = —0,74076E~01
THE 171QeX} IR NEUS K AT w» & §S 0,191356-03 °  0.56481E-05 ) : - E . R
PARTIAL OF T WeReTa' X AT W 4 IS —0s40213E-06 =0el54456-056- 04430 78E-06
THE COMPLEX SOLNS FOR X(W,ELEMENT) ARES . !
0.82102E-01 0461341€-02 . z
0.934235-01 0473939E-02
04 33994E-0) 0.44614E-02
0e533086-01 ' -0.10144E-01 N B
Qe 79737E-81  0.535226-03
' 0475598E=-01 0s10569€=04
.Osb57165E=01 ~=Qe41592E-02 *
00234048201 © —0410599E~01
0.327472-01 -0418331
0458357E=01  ~0s 314SLE-01"
0.92107E-01 ~ =04 210516-G1 .
0010292 ~0442476E=-02
-217.21 -1695.5
579452 694460
929.95 192,11
20196 -41,752
821065 53,495
825456 734438
836459 - 564411 .
632494 -100.62 .
418440 117.77 E
40421 162435 ha
52,483
~517.78
Y, TOLZER ARE: 1 2 0450000 145000 0410000E-08
NOMo CCTLELEMENTS ARE: 4
0.98500E-01 0.1000CE 00 0410100 100040 100040 521040

0e115861E=02 0.25070E-02 0.90225E~02 0412736




o

cies: 0,00015, 0,0021, 0,0037, 0,009, 0,022, and 0,28 radians/sec-

The following output was obtained at the scaled test frequen:

ond for the driving point impedance , 737, of test circuit # 1.

MAGNITUDE OF YA
) 3890,0
2894, 3
- 228646

139143
691075

700841
. WAGNITUDE OF TR
N :
MAGNITUDE .OF TRe
5188.2
MAGNETUDE OF TRe

PIX{w="1 1 FOR EL

~0056849N07E-34

0437482351
i 040
~0e28943062E~01

THE 170QsX} N NEUS K AT W=z 1 [§

PARTIAL CF ‘T W,R4

PIXW= 2 3 FOR EL
0,122640626-01
~36ke 85951,

- THE 17(0sX} IR NE

PERTIAL OF T WiRe
PIX{k» 3 ) FOR EL
0e20¢8403%

-441,33130
0.1583%5935.
. 246447031

THE 1709+X1 IN NE
PARTIAL OF T WaRe

H . PIX{Ws & } FOR ELEMERT 1
Ge312624358-03

164493269
~1.8436509
632420947

THE 17(Qex3 IN NE
PARTEAL OF T W.Re
Plxtwe 5 ) FOR EL
*0.31397205£-01
Te 25865240
0,29372469
~53%.70368

THE 1/70Q¢x} IN KE
PARTIAL OF T WoRe

FCHe IS

T0.014

6

3358.2 2475.7 1424.0 720,98 -
FCN. IS : .
342443 248649 1321.3 700,41 704872
FCNe 1S
340143 249246 1359,2 703.99 704858 E .
194G 11 REAL T2 A6 T2 REAL T3 1KAG T3 REAL T I¥AG T
~423,53 51724 ~403.44 517244 ~403.48 368303 ~226.82
-2190.0 258543 ~2245. % 2582.1 ~2213.9 2405.8 ~15603.1
186349 155041 ~1944.8 159102 ~1918.6 1618.0 ~155846
~123%.7 627044 116248 646022 -1195,7 701448 =~109640
-671,28 270440 646011 260454 ~653;84 282480 =631430 .
-73. 731 34448 ~704789 345412 ~70.774 3.7632 ~TCuT41
EMENT 1 N
" =0,20015569E-03
1,0123472
0.72143972E-C4 .
=0437324524 :
«  CENTRE AT S177.2 ~404e48 RADIUS OF 408798 0,0 .
TIERD= 5172.4 ~403e57.©  TINFIN= S17346 =401.18
0.32373 0,88794E-02 S N
To 2 AT w1 1S, 04177C5 0684827 Q.88655
EXENT 1 -
0e 14674503
=345.27637 . .
-0,11968613% t .
160644719
. CENTRE AT 2472.7 -224048 RADIUS OF 112,64
T2ER0= 253%.4 . =2150.0 TINFIN= 243140
Us X AT We 2 1S 1.5971 3,1054
Te X AT W 2 IS 167,11 679431 - 699456
EMENT 1
0,57787326E=-01
273,35428
. =144343207 - -
2199. 5081 L
CENYRE AT 1492.% «1809.4 RAOIUS OF 148497 0.0
. TIEROs 163648 ~L7790 ,  TINFIN= 136740 -~1885.3
US X AT W= 3 IS 3.2738 3.9658 .
Te X AT # 3 IS -866403 760016 1185.6
0413516206
113.59562
0049723489
~2264,0430 - .
- - CENTRE AY 754493 -1111.9 RADIUS OF 13730 0.0
- TZERO. 836,95 ~1222.0 TINFIN® 628,42 ~1058,%
US X AT W= & IS . 643722 3. T169 .
To € AT o & 1S =823.36 808415 102046 -
ERENT 1 ;
00 20282269E-02 -
~24,422380
0 802960844
~514622070. -
. CENTRE AT 306,74 ~700.18 RADIUS OF 650148 0.0
. . " TIEROw 290,18 ~7159.867 TINFINe 296484 -638. 79
US K AT Me § IS 8.3103 2.6943
Te X AT ¥'S IS 249,89 248417 T 351.06




PIx{u= & | FOR ELENENT
0e 49540699605 » 0.177669785-05'
=0e13709046AE=33 0434770789€-03
0e43673952E-03  ~0.14007658E-02
0, 97701192E-01 0435620645€6~01

G i et DR S L

0.61951

70"

PIX{W= & ) FOR ELEMENT 3
~0486786076E~02 = ~0,28074384E~02

170. 24

"CENTRE AT 2,8395 ~T00922 RADIUS OF 040
TZERGS 2.2220 -70.972 | TINFIN® 344503° -70. 818
THE 17(Qex) [N NEUS X AT w= 6 1S 104123 0436790
PARTIAL OF T WoReToe X AT W 6 IS 0010846 ~0a44274° 045583
WAGNITUDE OF Ta. FCNe IS
a4, 445702 369143 22045 11152 106452
monnuns OF TR FCNo IS
61, 2685.7 1912.0 1051.5 566425 58,970 -
IEAL n tuaG TL . REAL T2 THAG T2 REAL T3 1naG T3 REAL T I4aG T
5209, 5 ~203,10 ‘512604 ~598. 66 5172.4 © o =403.48 388343 -226.82
3982.1 ~200243 1847.2 ~1945,6 2582.1 -2213.9 240948 «1603.1
2872.9 -231749 1149.1 -152842 15912 ~1918.6 1618,0 -=155846
1189,7 . ~1855.9 512,40 -918,18 646022 ~1195.7 TOLe%8 . .. . ~109640
399,89 -1041e1 . 228445 -516412 260094 -653484 282480 -631,30
s ~106042. 341452 -584 886 3e44l2 -70.774 3.7632 ~70, 741
PLxX (U= x f FUR ELEMENT 2 . . .
- 0a2748238, 0,96289486
.-1431.5333 -5016,6875
0,89531136 ~0426025391
e Taks 06641 . 236481250 :
CENTRE AT 3023.6 0.73604E~01 RADIUS OF 218604 L 0.0
. 4 TZERO™ . 521040 N TINFIN 837,21 -21,137
THE 1/10ex) IN NEUS X AT wx 1 IS 0,903656-01 _0.92227 : : .
PARTIAL CF T weReTo X AT W 1 IS ~V44,38 - =3963.7 4033,0
PiXfW= 2 ) FOR ELEMENT 2 -
2,0121536 -2, 5118055
=10483,301 130860465
- =33.251831 . ~23.79%088
303634438 §29442500 :
. . CENTRE AT 29635 =04 14625E-01 RADIUS OF 224645 - 040
- - TZERD 521040 0. 47587E=02 TINFIN= 730414 -243,07
THE 17(Qsx} IN NEUS X AT W= 2 1§ 641161 446101 :
PARTIAL OF T WoReTe X AT W 2 IS ~20413¢ 351641 20713,
PIX{M= 3 )} FOR ELEMENT 2 -
0.11184789 ~1,9299231 .
=582469312 10054, 887
~41,975708 0,444625966 .
© 24866.188 <13547.563 : .
P CENTRE AT 2892.0 ~0,64654E-02 RAOIUS OF 231840 0.0
. TZERO= 52100 ~0,17276E-01 TINFIN= 595,74 -316044 -
THE 1/1a+X) IN NEUS K AT W= 3 IS 840897 36032 : . - S
PARTIAL OF T WoRoTo X AT W 3 IS =13826, 937349 16704 .
PIX{u= 4 ) FOR ELEMERT 2 :
=0435508060 0443106937 : . . o \
1849, 9756 22645,8647
©20,483337 19,132980 .
140948438 -12937.656 . K
. . CENTRE AT 2771.5 ~0.12501E-03 RADIUS OF 2438.5 0e0 °
. . TZERD ..521040 ~0.162906-01 TINFIN= 351,83 - =302498
THE 1/00+X) TN NEUS K AT ws & IS 945106 - 148681 .
PARTIAL OF T WeReTe X AT W & IS =446745 794005 91110
PIX(Ws 5 ) FOR ELEMENT 2
0410366040 =0,49839973E-01
540, 06962 259, 64367
-5,3226156 12,575718
-2029.3320 ~361745664 . -
CENTRE AT . 269242 “0,14939E-01 RADIUS OF 251747 0.0
TIERD 520949 -0,17708 TINFIN® 186404 ~240411
THE 1/1QsX} IN NEUS K AT W= § IS 948905 0,82877
PARTIAL OF T WoRoTo X AT W § IS ~1083.7 403040 417301
PIX(Ms & ) FOR ELEMENT 2 :
' ; -
. R . .
. : . ' .
-0y BL3TES2TE~03 ~0e36716461E=04
442397003 0419237202
. =0, 45883983€-01 1.1880522
-41,582504 -4,8373566 . .
. - CENTRE AT 26062 ~0.16886E-02 RAOIUS OF 2603.7 . 0.0
. +TZERO® 520949 1,331 TINFIN= 2,7159" ~35,105 ;
THE 1710ex1 IN NEUS K AT wn 6 1S 9,9991 : 0,68506E=01 B : i
PARTIAL OF T WeReT. X AT # 6 IS~ =9.56967 356061 356074 n ;
MAGNITUDE OF TRe FCNo 1S .
. 51881 3363.6 24396 134001 740086 105011
MAGNITUDE OF TRe FCNe IS :
5188.2 3435.4 . 253042 1353.9 661,00 © 594210 - 2 :
REAL T1 T4AG T1 REAL T2 IMAG T2 REAL T3 IMAG T3° REAL T HaG T
5172.% 493,53 517244 403,44 " 517244 -403.48 388343 ~226.82
255648 «21R5. 6 260%a% ~224347 2582412 -2213.9 E 24098 =-16C3e1
1592.9 - -1847.7 157645 ~1979.1 . 1s91,2 “1918.6 - 1618.0 ~1558.6
725055 -112606 572449 122649 846022 -1195.7 F0Le48 ;7 —109640
.391.21 ~629.16 1844 60 634070 260494  © =6534864 ° 282.80 . =631,30
11,832 ~104445 1.7787 ~59,183 344412 ~70.776 3.7632 -70. 741
PIX(W= 1 } FOR ELEMENT 3 . . -
0059771424804 =0, 22102956E=03
© 0439836383 1.1191359,
0.0 . 0.36988407E-04.
«0,14741898E-01 =0, 15139099 :
: CENTRE AT 51827 ~404263 RADIUS OF 10292 0.0
: TIEROw 517244 -403.57 TINFIN= 517443 -398.55
THE 17(Q%X) IN NEUS K AT W= 1 IS 0415370 0,40872E-01 -
PARTIAL OF T WeReTe X AT W1 IS 0493663E~0L - 0483611 0.84134
PIX{W=" 2 1 FOR ELEMENT 3 . .
~0,83069205E~01 0415584338
=126.89156 $573302710
00 3N444241 . 0.T4010849E~01
-913.93311 614447656
CENTRE AT 239245 . -2351.8 ‘RADIUS OF 237,98 0.0
. TLEROE 2525.4 -2160e3 TINFIN®. 23742 ~25940 8
THE 17(Q+X) IN NEUS K AT wsx 2 1S 0,67691 145327
PARTIAL OF T WaRoTa X AT W 2 IS 440, 98 ~581.12 729450
PIX{We 3 ) FOR ELEHENT 3
0419838479 0428213477 :
-679, 28506 -252. 73654 . :
0.65771979 - =0452351761
388,29688 197849766 } )
: CENTRE: AT 1283.6 ~1875,7 RADIUS "OF 310,59 0.0
1ZEROs 1575.8 -1770s4 TINFIN® 1104s7 212946
YHE 1/19+X) N NEUS K AT W= 3 IS 12965 241257 :
PARTIAL OF T WeReT, X AT W 3 IS =~182¢34 ~1307.8 132044
PIX(W= & ) FOR ELEHENT 3
0436173970 0,62575238E-01
=346,37598 114082666
-0.29318691 -1.5117250 _
2095.9141 132432031 ) . e
o . CENTRE AT 495,57 =942, 60 RADIUS OF 294456 0.0
. . TZERO 783,23 -1006:0 TINFINn 226465 5 =106248 .
THE 1700+X) IN NEUS K AT W' 4 IS 207527 3.0939 .
PARTIAL OF T WeRoT, X AT W 4 IS =1566s% -932.18 182247
PIXiv= 5 ) FOR ELEMENT 3 . .
. 0.25107236 ~0420944273 . .
~35,045364 225455469 .
-24 7229261 ~242135887
1105,7595 -114141953 i
S CENTRE AT 281,91 - -408,47 RADIUS OF 246026 0.0
TZEROm 52250 ~461403 TINFINe 39,366 ~451e11
THE 1/(QeX) IN NEUS K AT Wx 5 IS 5.2768 4.0597 ;
PARTIAL OF T M.RoTo X AT ® 5 IS~ ~199243 199945




L g S L + L At LN E ) P ¢ Do L I S Y PR

M . " .
. . . ' + .
4206 76849 Qe ¥5865250 . : . S - : o . 71
=0433977419 1e1151047 - : L . . .
. TR «39,740189 -12.407211 Ll . . -
. : . N CENTRE AT~ 228,46 -32,583 RAGIUS OF 228,24 0.0
- ) . .. s TIEROs 436465 =37T4260 TINFINe 0.24479 | - =33.713
“THE 171Qexs IN NEUS K AT W= 6 IS 948291 04 760306 Lo
PARTIAL OF T WeReTa X AT W 6 IS =584077 36219 347,09
. MAGNITUDE OF TRe FCN, 1S : : : . : .
s184.1 3405.0 251446 1378.2 664,96 < 700349 - . e g
MAGNITUDL OF YRe FCNe 1S R . .
c - $185,1 339648 247302 1358.9 731.91 70,928 : .
. REAL T1 . IMAG T1 REAL T2 IMAG T2 REAL T3 IMAG T3 -, REAL T HAG T
. : $172.4 403,48 5172.4 © =403.48 517244 403,48 388343 -226,82
25641 ~2211e3 25153 -221%.0 2582.1 . ~2213.9 240948 -1a03.1 .
. : 1808,2 ~1933.1 158040 ~1902.8 15912 ~1918.6 1618,0 -1558.6
- 611,84 -1235.0 6794 24 -1177.0 -1195.7 701448 © ~109640
217,00 ~628456 277,84 -677.12 =653486 282,80 -~631430
446092 70,399 3.0375 ~70.863 ~70.774 3.7632 =704 741
_PIXiM= 2 | FOR ELEMENT & .
: 336425740 209899, 19 .
. .. - ~0,91961958E 10  0.68825825¢ 10 I
~88,117183 654441895 : -
. 1580160.0 . 1515342.0 . - . .
. : CENTRE AT . 257244 ~217443 RADIUS OF 40,815 0.0
. . - ) . TZERO= 2595.8 - -2207.7 TINFIN= 253904 . =2150.3
THE 1/(Q¢X) N NEUS K AT W= 2 IS 0,63810E=04  0.17459E-03 ’ : .
. PARTIAL OF T WeReTe X AT W 2 IS ~Dal3B40E-0L  =0.34034E~02  0414252E-01
. PIX{d= 3 } FOR ELEMENT & . . Cee E
4187317.0 823754940 -- AR S, N
0491720486 10 04215732476 11 : : .
. e ~2875,8516 ~666401563
o : T 5891543.0 ~4026112.0 e )
: .. © . CENTRE AT 165442 -1861.9 RADIUS OF 844723 - 0.0
T - TIERO= 1631.0 =1943e4 . . TINFIN= 163606 .- =1779.0°
THE 1/10¢X)_IN NEUS K AT = 3 IS 0414242603 0n24697E-03

PARTIAL OF T WeReTe X AT W 3 IS ‘~0,28008E-01 Qe 31093602 0e41847E-01
. PEX{u= 4 § FOR ELEMENT 4 -
- M ~161661924 . =4230271.0 - -

©0,15105348E 11  ~0,18536825E 11 . . .
: 683,47266 10267.699 )
. : . -7 =13118752. ~7758208.0
. S ol - ) CENTRE AT 728468 -130246 RADIUS OF - 135,00 0.0
. . o . TZERG= 593468 ~1302.0 TINFIN= 836493 -1222.0
THE 1/7(Q+eX? TN NEUS K AT W= 4 IS 0.32456E-03 - 0,33009E-03 - oL .
- PARTTAL OF T WeReTe X AT W & IS 0o705648-01  0s54436E-01 0, 89121E-01 .
. © PEXtW= S } FOR ELEMENT & .. ‘
’ ~1689252,0 11133361, . . .
~0,69927690E 10 . =0,25596355€ 10 .. . - ; .
135210367 -1004+9570 . . . -
=302401840 . . 10553696. R el
e -~ CENTRE. AT 193413 72086 RADIUS OF | 95,337 - - Q0
: TZERD= 131,58 ~648406 - TINFIN® 280.22.7 - - =759465
THE 170Qex} -IN NEUS K AT W= S.IS 0.57529E-03 . 04392976-03 R -
PARTIAL OF T WeReTe X AT W 5 I5 0 52668E-01  ~0e53296E-0L 0474929E-01 EREIR N
PIKtW= & ) FOR ELEMENT 4 o ER
108184500 - =271264313 ° . . . :
164443600 6C34688,00 L . . - B : . ,
~382,11548. -143422662 : . : . - -
11013.526 268064543 R . -
. CENTRE AT ‘143626 -624304 RADIUS OF 8.7218 0.0
. - . . TZERD= 0487206 ~53.596 TINFIN= 242160 . ~70.984 o
. THE 1/71Qex3 IN NEUS K AT W= 6 IS 0,99344E-03  0.70974E-04 K . i B . |
PARTIAL OF T WeReTa X AT W 6 IS  -0s12023E-02 =0429506E-03  0012380€~02 - . :
, . K MAGNITUDE OF TRe FCNe IS : -

5191.1 3401le4 2372.4 1218.0 631.72 T0.678 . '
MAGNITUDE OF TRe FCNa IS . . .. - PR

 S145.2. 345648 261404 : 1434,7 - 731.61 70,001

rtaL 11 16 11 KEAL 12 1MAG T2 ° REAL T3 1HAG T3 REAL T tHAG T
s 51754 51695 ~402469 . . 517244 | ¢ =403.48 ©3883,3 . =226482.
2449, 4 7 -2140.2 ‘258241 -2213.9 2409.8 -1603.1
137.0.7 ~195%,1 . 1591.2 =191846 16168.0 . =155846
R prratty -1264.8 646022 -1195.7 701.48 ~109640
25235 255450 Ttasse 260.94 -653, 84. 202480 . -631,30 : :
) oo . - : 3444 - - ’ i
. - B I L 40327 . 4012 U eT0NTH 3.7632 700741 !
1641407, 0 -430797, 84 ’ : !
=0, T290U115E 10 - 0, 2B115615E 10
- : ~23,437500 -63,720703
. 138891.00 324430,00 .
- . B - . 352;35 AT g}g:-: -337.93 RADIUS QF 674870 . | - Oe0 R
. : - -404069 TINFIN -
. WHE 1/(0¢X) IN NEUS K AT we 1 IS 0,4B127€-05  0.44704E=06 * e 03 A3,
PARTIAL OF T WoReTe X AT W 1 IS  =0,58609E~02  0414658£-02  0e60414E-02 -
PIRgM= 2 } FOR ELEMENT S .
~466132080. ~18T748464e
0.20546611E 12 -0,12711979€ 12
339, 68750 361944438
~872952324 =012226861E 09 - |
‘ ) gs:;gs AT ;907.5 ~2642,8 RADIUS OF ~ 538,32 " 0.0
. . - 3714 =2594.5 TINFIN= - T
) . THE 1/10¢X1 [N NEUS K AT W= 2 IS 0.26960E-03  0.32264E-03 - 338704 239808 '
K _PARTIAL OF T WeReTe X AT W-2 IS - 0,27673 0.20997 0034737 C : :
SR PIX(4= 3 ¥ FOR ELEMENT 5 - : ’
- . ~49770928, 34866832, R . S s .
<0.19221250F 11  =0,14448873E 12 - - L ’ :
L 40326,563 . 291634086
~0415166610E 09 374123524 : :
) . : SENTRE AT . 1520.9 -2422.8 . RADIUS OF 509406 0.0
s . = 4 =2129.6 TINFIN= - -
- THE 170QeK) IN NEUS K AT Wa 3 IS 0,42548E-03 04 350526-03 * " 20293 23952
. PARTIAL OF.T WeR.To X AT W 3 IS 0435345 =0449270E-01  0.35687 '
PIXLu= & '} FOR ELEMENT 5 - b . e
R 2049184, 0 25206800, . :
L =0427253871E 11  -0.35353027¢ 10 : . CoEe
35135.653 -186784938 . R
- 386U208,0 - 64386496 - ) . .
. . . CENTRE AT 3113 ~1365,0 RADIUS OF 331,08 0.0
- : - 6065 -106248 ° TINFIN | 674433 -
THE 3/104K) IN NEUS K AT W 4 IS 0,656236-03  0,30587€-03 * g T3 THATAR
- PARTIAL OF T MeRoT. X AT W & 1S 0410358 “0,17403, 0020252 :
PEX(M= S ) FOR ELEMENT 5 : ’ : !
.. . N 68235484,0 509654440
~0e25643901E 10 0426125394E 10 '
7022.3438 -21505.859
146441240 100687734 . "
CENTRE AT - 2172, -637,T1 RAOIUS OF 189,46 0.0
- - -451.12 TINF -
THE 1743eX1 IN NEUS K AT W= 5 IS 0,81550E-03  0.239856~03 - e B TR
PARTIAL OF T WeReTs X AT W 5 IS =0, 77376E-02  ~Da905556~01 0,90885E-01 :
PEXUM= 8 ) FOR ELEKENT 5 . . . . s :
3852,8125 -13996,090 - : N : .
- 499047,00 . . 141104.00 : ’ : ’ e
: =420, 78833 ~924399597
7440, 4531 ~282270 230 ) '
CENTRE AT Oggels . —53.373 RADIUS OF 17.650 0.0
. - 475 -35,724 TINFIN= -
. THE 174Q¢%) IN NEUS K AT W= 6 1§ 0.99728£-03 *  0.35116E-04 * eI 22100 704939

- LPARTIAL OF T WeReTe X AT W & IS  =0e12221E~02  =0a20740E~ -0z -
. RAGNITUDE OF -’N’l.. FEN. 1s : : €03 Oe123966-02

2601.% 2187.6 18377 118447 65,68 - .
NAGNITUDE OF TRo FCN. 1% ‘ * sose 70804 . ) *
17485 4017.0 27496 1413,3 715430, 70873




REAL T1 * INAG T}
259%5 “101.45
19867 =91%5. 82
1513.1 “104249
T60.41 ~908,52
T 318,37 =584461
4,3983 =T0e 668

- PIX{We 1 ) FOR ELEMENT 6

=0433916330F 11 . 0,80582369E
Oe -

0.23488102E 09
128398,00 5065944 00
=0e33916211E 11 ' 0.80582328E

THE 1/14Q+X} IN NEUS X AT W= 1 IS
PARTIAL OF T WaReTe X AT W I 15
PIXfus 2 ) FOR ELEMENT &

Qe 43045625€ 10 0,896850225E
Qe15C99494E 929 0e13421773E
1%84914.0 ~110466040
0s43047281E 10 0.89851208E

THE 31/71(Q+X) IN NEUS X AT wWe 2 IS
PARTIAL OF T WeReTe X AT ® 2 IS
PIX{uw= 3 } FOR ELEMENT &

04 33534723E 10 0e25257206E
«262144000 =19922944,
5447404563 =11976%7+0

0e33534653E 10 0,252571C8E

THE 17(Q+X} IN NEUS K AT W= 3 IS5
PARTIAL OF T WeReTe X AT W 3 IS
PIXiW= & )} FOR ELEMENT &

0e75838614E 09 28379648,
=199229%44¢ 148111364
=101307.56 ~495147.419

28376768

0+25806310€ 09

THE 1/7(Q+X) IN NEUS K AT W= 4 IS
PARTIAL OF ¥ WeReTe X AT W 4 IS
PIXiW= 5 } FOR ELEMENT 6 .

0e10475955E 09 "=38875648
108134400 . 419430440
«86317.,313 =125212.38
«38858048.

0e10476360E€ 09

THE $/00oX} IN NEUS K AT Wx 5 15

PARTIAL OF T WeReTe X AT W S IS
PIX{M= & ) FOR ELEKENT &

193464000 ~11690%e13
=14528,0C0 3328,0000
~165947529 ~199.81882

~117105481

182744, 891

THE 1/7(QeX) IN NEUS K AT W= 6 IS
PARTIAL OF T WeReTs X AT W 6 IS

REAL T2 IHAG T2 REAL T3 :
769601 899,99 517244 . ~403,48
2569.2 - 308840, 258201 =221349
1452, -2334e6 1591.2 ~1918.6
570,97 -1292.8 646022 ~1195.7
2360 66 -675.01 260494 -653,84
3.1213 -70,804 3e4412 -70.774
10
10 ; - - . :
CENTRE AT  =0,19429E-01  =-33356s -  RADIUS OF
TZERO= 0.65553E-02  0415575E-02 TINFINw
0.13835E~05 0 14B64E~04
0.97964 -0415377 0,99163
10 :
09
10
CENTRE AT ~0414620E-01  =261247 RADIUS OF
TZERO= =0, 18698E-0L 0w 78473E-02 TINFIN=
0.96813E-04  0,81S61E~04
0.65057E-01  ~0e42121 0042620 -
10, .
10
CENTRE AT 0.25C37E-02  —1619.2 RADIUS OF
TZERDS 00784286-02 04 34088E-04 TINFIN=
0.13332€-03  0.70682E~04 | .
-04.423296-01 ' =0422494 022889
CENTRE AT . 0413203E-01  =772.49 RADIUS OF
TZERO= 0,25513E=01 =04 20493E-01.TINFIN=
0.16813E-03  0,44052E=04 . T
~0037288E-01  =0s56933E-01 04 680S7E~01
CENTRE AT = 0430634E-01  ~379,02 RADIUS OF
.~ TIERQs 04 77688E-01  =0468860E=01 TINFIN=
0.18233€=03  042409CE=04- NI
«0413241E-01 ~0,12571E-01 - 0o18258E~01
CENTRE AT =0,90711E-02  ~35,413 RADIUS OF
TZEROw 0.4568176-01  0,11693 TINFIN®
0.191816-03 .  0,26031E~05
-0.18410E~03 =0,17963E-04 ~ 0.18497E-03

THE COMPLEX SOLNS FOR X(W,ELEMENT) ARE:

T IMAG T3

REAL T
388343

2408.8

1618,0
701448
282,80

S 3,71632 -

333564
997,78

2612.8

831437 |

1619,2
665411

172447
355466

TU378495 .
180,61

35,530
2.4804

1MAG T

~226482
=1603.1
~155846°
~1096.0
=631430
=10e 741

0.0
666974

0.0
=5089,7

0.0
-3104.2
0.0
-1458.2
.

0,0 .
-712.18

0.0
=T70e855

72

i
i
b

~2,7710 0.79284 e
~0,63135€-01 0418376
~0464289E~01 0450337€-01
«0s152626-02 - ~0s15948 R I . -
0.24890 0417428 : - -
0.85970E=03 . 0,17336E-01
Qa11329 =Ue4duln
0.11189 -04 36519E~01
0410961 ~04234506~01
0,10597 ~0.121906-01 “
0410359 -04698156-02
Q.10906 ~0s205A8TE=-03
-549634 1.6384
0415347 0426447
=04 75395E-01 0467429E-01
0e45586E~01  —0.16594E-01
0.%9956E-01  =0.10976€-01
0,10093 ~0492977E-03
10000 0.0 v
=132444 5609.2
~104142 5348,0
169647 © 113447 .
922.80 342445
19416 254874 -
903,55 22119,
900418 119344
758473 659473
732420 317.71
T75.77 151.82
793,24 124399
- 3900.0 © 04875856-03
3900.0 0.721C0E-03
3900,0 0416840€-02
39C040 =04 84028E~02
3900.0 =04 18717€=01
390040 =04 52120E=01 . :
TReFCNe»ZsYs TOLZER ARE: 1 1 0. 50000 1. 5000 0410000E-11
NDMe CCToELEMENTS ARE:
0498500E-01 0. 10000E 00 0.10100 10000 . 1000.0 521040

0.15000E-03 0421 0,37

0.90000€~02 0,

1 0.28000




' Computer output for test circuit # 2

0,0002, 0,00242, 0,0062, 0,080, 36.L;, 1600, 0,00502, and 0,0628 radians/-

The following output was obtained at the scaled test frequencies:

second for the voltage transfer function A, of test circuit #"2.

MAGNITUOE OF TRe FCN, 1S
0.16549E-01
12190

19
RACHITUCE OF TRe F

Bu16ase0l | 1oals
. - <2189
mAGHITUDE OF Ta, FN. 1S 22850,
. 0.14564E=01 ~ 142190
WAGNITUDE OF TRo FeN. 1S 2.28%
. 16540E-01  1.2190 2,2850
REQL 11 18ae T2 REaL T2
Ba15144E=01  —~0.24808E~02  0.16352€-01
C0a19707 . | =l.2029 0e19701 -
~0.975¢3 ~2,08665 © <0.97506
R -3, 9847 -124624 =3.9857
269,957 7.3225 —83.548
~Z.6181, 13,357 ~0. 30082
PIXCu= 1.1 FOR ELEMENT 1
0.321907256-15  =0.54024913E-16
~0o513227596-17 0.16947781€-17
- T0e25992103E-09  ~0.434814556-10
~0e&127171T6~11 . 0. 136301396-11
.
* - .
- - .
A
S
: {
- - CENTRE
T2ER0%

THE T78Q+X) TN NEUS K AT We 1 IS
PARTIAL OF T WeRaTe X AT W 1. 15
PIXEN= 2 § FOR ELEMENT 1 -

Qa433156684E~17

0 19885593E-15 .

=0e23245815E-12
0.15963371E-09

THE 2/(0ex} TN NEUS K AY W» 2 IS
PARTIAL OF T MeRaTe X AT W 2 IS

©+100CDE 21

~0.166C0604E~15
0.379E5603E-16
~0413245607E-09
04258552T6E-10

PIXEMw 3 } FOR ELEHENT 1

~Q. 1 7930258E-16
Qe 42456831E-16
*=0.23655687€~-10
0s12597197E-10

THE 171Q+X) IN NEU.
PARTIAL OF T WaRaT
PIxiu« & ) FOR ELE

0. 17196539E-14

«0,10213910€~13
Qe §2396750E-11
0e13569879F~03

THE 1/7(Qex) IN NEU
PLO.VIAL OF ¥ W.dlT
PIXEu= 5 ) FOR ELE
~0,15628693£~10
«0.10%548456-03

~0s1819376RE-05
Qe I969839E-08

THE 1710eX] IN NEU
PARTIAL OF 7 WoRoT
PIXtus & )} FOR ELE
0.13937743E-11
©. 982795658E~-10
©.20442421E-05
0.29103830E-10

THE RZ1GeX} IN NEU!
PARYIAL OF T W.ReY.
KAGHITUDE OF TR, F
0.92853€-02
MAGHITUDE OF TRe F
Ce24722E-01
‘REAL T1
Ca82296E-02 =
Be3364L -
- 6645
«4933
-$Te476
~0u 67326
PExtw= 1 1 FOR ELE
«04 89586 TR2AE-05
»0a88449957€~10
0.43939199E-05
=0s30259634E-05

0.10000EF 2%

- - DL.&) = D,389300~C3

13,238 - 10,379
13,229 - 674054 -
13,239 . 89,098
_IMAG T2 REAL T2

=0,25157E~02 . 0.163476-01
~142030 0419702

L =2.0665 =0, 97506
124625 ~3.9852
214397 5670473
406036 - ~0.67323

AT ~0.44118E-02 -—0.12568

0+16366E~61
0.10000€ 21

0.10000€ 21 °  0el4142E 21

~0e25181E~02 TINFIN=

.

e .

4e8134 -
649019 e
195 13 REAL T .
“0s25150E-02.  O.16347E-01
~142030 0,19702
=2+0665 «0s9T506
~12.62% - - =3.,9852
14,329 67,473
648690 =0.67323
'
.
.
RADIUS OF  0.12491
0016356E=01

0.964985E~04,

IMAG T
=Ce25150E-02
=142030
~2,0868
-12.625
144889
548650

0.0
~0.25165E-02

i
i

AT - =0,88452E-02  =0.31190

CENTRE AT 0419694 ~1.2030 RADIUS OF 0.0
TZERQ= 0419701 ~1.2030 -TINFINS 0.1970% -142030
0,10000€- 21 04100008 21 - i
0,10000€ 21 0e 10000E 21 0.14142E 21
~0,29010759E-16 .
~0,65339883E-16
-0417355866E~10 i
~0466262220E-10 .
N CENTRE AT =0.97505 ~24066% RADIUS OF 0,17337E-04 0.0
. . TZERQ= «0,97507 ~2.06585 TINFIR= =0.97506 ~2.0665
S X AT wx.3 IS 0.10000€ 21 0.10000E 21 . A .
« X AT W 3 IS €410000£ - 21 0410000E 21 Oe14142E 21
MENT 1 - . ) . :
0.13522241E-14 . :
0427097021€~12 . - o
~0.11157963E~10 . it
~0.61209704E=10 . . . .
. CENTRE AT 4o 0295 - =12.510 RADIUS OF 0. TO46TE-O1 0.0
TIERO™ «3,9642 -12.6424 TINFIN= =4, 0242 ~12.614
S K AT We & 15 0,10000E 21 © .0.10000€ 21 o
« X AT W & IS 0« 100008 21 0410000€ 21 Da141428 2} .
HENT 1 .
=04 20205084E-10 * .
~0e144254 78E~08 -
—-0413T7576T2E-C5
~0e 23283064E~CB . . o
. CENTRE AT ~35,383 ~0,22223E-01 RADIUS OF 35.384 0.0
TIERO= ~704759 ©  ~0.8108%5 TINFINw 0.110626~02 =0 44478E-03
S X AT We § IS 18839, 85121,
« X AT ¥ 5 IS 0.25385€ 07 0e54429E 07 0480239E 0T
MENT 1 .
0,52048643E-12 : )
043686015¢E=10 .
=0.54895991E=05 K
0.29103830E~-10 . .
CENTRE AY ~35.384 <0,52241E-03 RADIUS OF © 35,384 0.0 - .
TIERO® 70,769 ~0e1861TE-01 TINFIN= 0,29222E-05  =0483898E-05
S K AT W= 6 IS 0,38097E 04 37333, . . R
. X AT W s IS 0.51292€ 06  ~0.25917€ 07 04264208 07 :
Ny 1S
Ce 74596 1.8721 13,046 - 89,096 609019
CHe 1S .
T 144685 244004 13,301 69,096 649019
1NAG T1 REAL T2 1446 T2 REAL T3 144G T3 REAL T tHAG T -
0.957€BE-03 04 26281E-01  -0.465086-02 0,16347E=01  =~0.25150E-02 0.16347E-01  =0425150E-02
0e66577 -0 53396E~01 ~1.4675 0.19702 ~142030 0.19702 - © =1e2030 . i
-1.4539 =1.236% ~2.0253 «0,97506 ~205685 «0.97506 :
2124570 . =6e1532 ~124636 ~3.9852 «126625 =3.9352 ;
14,873 ~87,471 14,894 67,473 14,8859 . =aTeA73 i
8436590 -0.67321 648690 ~0.67323 648690 - ~0467323 608890
MENT 2 . .
Q,27704609E=05 :
042262723)E=-10
0.138267C6E~04
00320431 T4E~CS . )
. CENTRE RADIUS OF . 0al1224 0.0 |




THE L7(QeX} IN NEUS K AT W= 1 IS

| =4a8172

. . Tltkue. -u.rqu:oe-o, 0o 21163E-00 : TINF IN®
THE 1/1Q¢x) IN NEUS K AT w= 1 IS Qe12561 15 . Sl
" PARYIAL OF T WeReTe X AT W L: IS 0.33623 -0.77&405-01 0o 34503
PIXtWs 2 ) FOR ELEMENT 2 IS
04349489T4E=-03 0.144320€9E=03
0.23283056E-98  =0,61113044C-09
0,26533306E=02 . =0465193474E-02 . .
0012443196E=01  -0437163754E-02 N - . L
: CENTRE AT =0458491 ~0e 71343 RADIUS OF
TIERD® «0450455E-05 0,386126-05 TINFINe
THE 17{0#X) IN NEUS X AT W= 2 (S 92356 104285 . .
PARTIAL OF T WeRoTe X AT W 2 1S.  =10.070 «164083 18,976
PIx{We 3 ) FAR ELEMENT 2
0.13257493E-03  =0.19261033E-03
~0,69849193E-09  =0e%56566129E-08
~0,94350949E~02 =00 60879290E-02
<0,76503828E~02 _ -0427236234E~0L
n CENTRE AT  =0496868 ~04 80622 RADIUS OF
TZERO= ~0,14711€+04 Do 13752E~04 TINFIN~
THE 1/7{Qex) IN NEUS K AT w= 3 IS 174431 Te4932
PAPTIAL OF T WeRaTe X AT W 3 IS ~18,887 0.95512€-01 184887
PIxiw= & ) FOR ELEMENT 2 E
Q.46722273E-05  =0e12761258F~04
0415110709606 =04596046645E=07
=0, 77500939E=02 =0, 10561266E-02 .
~De21476064E-01  ~0410275251 . :
. . . CENTRE AT ~=445318 545172 RADIUS OF
. . YZERO= =04 B5300E-02 -0.138\25-02 TINFIN=
THE 1/¢Qex) TN NEUS X AT W= & IS- 204624 0.73756 .
PARTIAL OF T WeReTa X AT W & IS = ~10s485 ~0480627 104516
" PIX(Ms 5 } FOR ELEMENT 2
=0, 174331 94E-07 0.59872036E=-08
=Ce?1013499E~06 ~ 0o583240T6E~06 4
53243944E-04  0e24882890E~03
o 73010139E-02 04 15594683E-01 :
C CENTRE AT =~ =62428% 13,764 RADIUS OF
: TIERGs ~560977 . 13,888 TINFIN=
THE 1/(3¢X) TN NEUS K AT We 5 IS 200924 0431483E-01
PAPTIAL CF T WeReTe X AT W 5 IS ~  070873E~01  0s32673 * 0.33433
‘PIX(Ws & } FOR ELEMENT 2
=0,10658141E~13 04544 T4691E~09
0437402367E~08 0e36675374E~09"

6971 946E-06 0463378313€~07 .
85328725E-06 =04 38680546E~05 : : : .
R L CENTRE AT =0.67326 648601 RADIUS OF

: . - TZERO= 0467312 68672 TINFIR=
THE 1/7(Q+X) IN NEUS X AT W= 6 IS 20.962 ' 0041427
PARTIAL OF T WoRaTe X AT W 6.1S 0474230E«03 =04 30595E-04 04T4293E~03
MAGNITUDE OF TRe FCNe [$ o n
Oy B2946E~02 0479333 1.9809 ©13.221 694095 649019
MAGNITUDE OF TRe FCNe IS .
0424699E~01 144093 243582 13,243 694096 649019
REAL T1 ™MAS T1 REAL T2 IRAG, T2 REAL T3 IMAG T3
04 92459E~02  =0488757€~03 0.241995-01 ~0448479E-02 0.16347E-01 - ~04251506-02
0437536 . ~0449891 “0,43762E-01 . - =1s4087 . ~142030
0032674 ~149538 " =1e2304 “2.0665
=3,5350 124712 =4,1010 ~124625
-s1.~13 144884 ~670473 14,889
=04 4732 608690 ~0e67322 648690 _=0e67323 - 608690
PIX{W= 1 ) FOR ELEMENT 3- : S
<0, 76861324E~05  04267113056-05
7366126E-10 . 0412562396E~10
5336859E-05  0e15733051E-04
=0e27974329E-05  0411694738E-05 N
CENTRE AT «0.55895€-02  -0.90729E-01 RADIUS OF
TZERD= «0448421E~05  ~0448331E-0T TINFIN=
,
1 : -
THE 171Qex) IN NEUS K AT W= 1 IS 0.19328 2.0312 T
PARTIAL OF T MeReTe X AT W 1 IS 0435837 ~0.89117E-01 0436928
PIX(¥= 2 } FOR ELEMENT 3 :
" 0 27051987€-03 0.56096585E~04
0,13949839E-08 =04 24 738256E~09 R
0.13922751€-02  =0466558234E~02 :
0s10440922E-01  ~0,40628389E~02 ’ . ol
CENTRE AT - =0s44841 0469108 RADIUS OF
’ . TZERD=- ~0e47694E=05 00190356~05 TINFIN=
. THE 1/(QeX) IN NEUS X AT W= 2 IS 124255 11l.182
PARTIAL OF T MWeReTe X AT W 2 IS 110449 =14.434 184423
PIXI{N= 3 ) FOR ELEMENT 3 . o
0.585087116-06  ~0,13766113E-03
=D,2095475BE-08  ~0s93132257E~09
~0,87536709E~02  =0,37331081¢-02
‘=00 84BB185TE-02 = =0421451429E-01 ) : .
CENTRE AT ~0.85048 ~04 86198 RADIUS OF
. ‘TZEROw  =0425044E-06  0e¢1532BE-04 TINFIN=
THE 1/0Q+X) IN NEUS K AT W= 3 IS 19,953 740271
PARTIAL OF T WeReTe X AT W 3 IS ~16.928 17508 17.019
‘PIX{M= & ) FOR ELEMENT 3
=04 14091638E=05 =0, 63906336E-05
0415739352E-06 =04 584404 92E-07
=04 52274801E-02 0411971761£+-02 . e
~0437626427E-01 =04 602566 756~01  ~ L Lo .
. : CENTRE AT . ~242178 ~64254 RADIUS OF
. . TZEROw L0e35417E-02 -O.ZSLlOE-Dl TINFIN=
. THE 1/0QeX) IN NEUS X AT W= 4 IS5~ 224400 0.61271
PARTIAL OF.T WeReTe X:AT.W. 4. 1§ =748064. 241559 841013
PIX{W= 5 ) FOR ELEMENT .3 . -
0,75879143€-09  ~0.28503564E-08
0, 48345028E-06  =0430596857€-06
0.238189026-05 04 68139052E=04
0,11755447E-02°  0445620352E-02 *
CENTRE AT =68,380 14,903 RADIUS OF
TZERO= ~694109 144363 7 TINFIN=
THE 1/10eX) IN NEUS K AT W= 5 IS 224402 ~0e56553E-01
PARTIAL OF T WeRoTa X AT W 5 IS  "0.16205E-02 . 0s10267. 0.10268
PIxiW= 6 ) FOR ELEMENT 3 - .
=0456319038E~09  Ou 948500396-09
0,61358598E-08 00450 T0010E~08
0,25919002E~06 04 85067484E-07
0, 75881610E~06 -=0417231077E~05 . .
: . CENTRE AT -D:67320 548689 RADIUS OF
TZERQw ~De67325 ' 6e8688 TINFIN=
THE 17(QsX} IN NEUS X AT W= 6 1S 21.825 148944
PARTIAL OF T WeReTo X AT W 6 IS - 0o44804E~03 ~ 0.88479E-04 0445669E=03 "
MAGNITUDE OF TRe FCNe IS - . .
0,16519E-01 142110 241636 7.0713 694250 64902L
MAGNITUDE OF TRe FCNe IS . .
. 0416529€-01 142347 2.4778 194153 69,043 6.9019
REAL T1 IMAG T1 REAL T2 _TMAG T2 REAL T3 THAG T3
0416311E-01  ~=0,26106E-02 0416352E=01 =0, 24142E-02 0.18247€-01 =0, 25130E-02
0410623 . 142063 0.28724 ~1.2009 0,19702 " .=1,2030
142628 147569 ~0.69688 243778 -0.97506 ~240665
246504 ~645558 642579 18,098 T =3.3852 12,625
=674778 140199 «670368 15,117 -6Te473 144889
04 67330- 648692 ~0,67320 648669 ~0. 67323 648690
PIx{ss 1 ).FOR ELEMENT 4
0.25119949E-07  =0424126075E-06
0,240272476~09  0439879886E-08
0,10683443E6-05 ~0.17852744E-06
~0.186336379€~07 0453203166608 B :
. CENTRE AT 0.16028E-01  ~0.25491£-02 RADIUS OF
TZEROw 0e16250E=01 . =04 26878602 TINFIN=
0.18232 :

=041594201

0e 92255
=1e1555

142603
‘=148876

141287 ;
ek I43

543090
-674469

Qe 89668E~D3:

=0e 467319 .

REAL T -
0.16347E-01
0.19702

~0.97506
-3,9852 ,
670473 "

=00 67323

0e90901E-01
“0e10495E~01

0.82380

T =0e489921 .

1.2109
-1.7024

806110
-“330,3

0,90783
-674472

0412054€+03
7321

0. 163‘75-01
0.19702
=0497508
=3,5852
. =bTe4?3
~0e87323

04325996~03
0.151155—01__

[ s0e22391

7h

0.0
=le43584

0.0
~le8687

0.0
~126646

040
144905

0.0
648650

B

MAG T -
~0,25150£=02
=1.2030 '
~240665
. =12.625
14.889 H
6.8690.°

0,0
~0.18150

0.0
-1.3806

0.0
=12.519 . |

G0
14e894

0.0 .
648690

126 T . N

_-0.251505-02
1.2030

12,625
14,889
48690

0.0
-0.23583€-02




PARTIAL OF T WeReTe 00 60803€~03

X AT ®# 1 1S 0e29483E-02  0430103E-02
PIX(W= 2 } FOR ELEMENT 4 R . .
~0420979154E-03  ~0.37380769E~05 . Y
0476492633605  «0.253967226~03 .
0e1922194%L~-086 Oe 3839 7506E~04 Y N
=0,60898648E~03 =0, 18119812E~04
CENTRE AT - 0.41974 844071 RADIUS OF
. TLERD 0014888601  =1e42107 TINFINe
THE 1/104X) IN NFUS K AT We 2 IS 0.96485£-01 0,17898
PARTIAL OF T WaReTe X AT W 2 IS 246504 0479726E-01 246516
PIX{We 3 } FOR ELEMENT &
~0,63841185E-03° 0.72809123E-03
~0.20510287€-02 0.21057043£-03
31881 779E~03 0457350844E~04
0,13057739€-02 04127196 726-01
CENTRE AT ~17.221 ~16.874 RADIUS OF
. : TZEROw ~145599 104492 TINFIN=
THE 171QeX) IK NEUS X AT W= 3 [§ 017594 . 0.27986
PARTIAL OF T WoReTe X AT ¥ 3 IS 8.2878 ~9.,0930 - 124303 R
PIX(Wn & ) FOR ELENENT 4 . :
0064294115E~-02 0.12071241E-01 .
0413966620€-01 0430572653E-01
e323674Q8E-01  ~0420345569E-01 E
244464979 -1.1176100 R . )
CENTRE AT = =~360424 -243091 RADIUS' OF
L . YZERQ= . =204530 =0e14953 TINFIN=
THE 17(0+X) IN NEUS K AT He 4 IS 0469008 246208 . .
PARTIAL OF T WeReTe X AT W 4 IS ~54,072 ~170.03 176442
PIX{We 5 } FOR ELEMENT & . ; R
«0s107123056=04 Q¢ 7TT416189E~05
=0.23465504E-04 0418596649E=-04
0 6857503 26-02 04157916p2€-01 .
0e 70636475 0.95368713 . : .
CENTRE AT ~364406 0, 71196 RADIUS OF "
T TIERO= ~242631 0410047 TINFIN=
THE 170(0¢X} IN NEUS K AT W= 5°[S 144675 0.16150 -
PARTIAL OF T WeReTa X AT W 5 IS 425752 10,034 114030
PIX(Ww & } FOR ELEMENT 4
=0,13207000E-08  ~0. 222456 72E=08 .
016142621 E-07 0, 76100832E~08
0416629992605 =0 35824723E~05 . L
-0423488024E-04  =0,13834418E-04 - : N
. CENTRE AT . -0.66395 648736 RASTUS OF
TZEROm 0465598 - 648671 .- TINFIN=
THE 171Q¢X} IN REUS K AT W= 6 IS 144720 =0e11711 . o
PARTIAL OF T WeReTs X AT W 6 IS 0o11345E-02  =0.21717E-02 00245026-02
KAGNITUDE OF TRe FCNe IS e . .
. 0e15283E-01 141650 242550 13.238 T 69096 649019 ©
MAGNITUDE OF TRe FCNe IS C
: 0417006E-01 1. 2377 242947 12,239 695096 649019
REAL Tl HAG T1 REAL T2 1HAG T2 REAL T3 THAG T3
0,15123€~01 -o.zz:qse-oz 0.168018-01  =0+26207E~02  0416347E~01 ~«0¢25150E~02
0423312 141414 0418309 142241 0e19702 -1.2030
~0,90164 ~2.0669 -0,99993 ~240656 =0,92506 240665
=3,9502 -=12.634 ~349969 ~=124622 ~3,9852 . =12.628
~574473 144889 ~670 473 14,889 . =6T.473 144889
0. 67323 608690, “0.67323 " 6e8690 0467323 648690
PIXiue L) FDR ELEMENT S :
392043, 920464563
5s.sezsoo 174480459
360214279 . =7.9755096
=0.62140566 0424535835 . .
. CENTRE AT - =0.90478E-02 ~0411255 RADIUS OF
TZERQ" 0018749E6-03  =0e73690E~06 TINFIN=
THE 17(Q¢X) IN NEUS K AT W= 1 IS 0,9756BE=05  0»64000E-07
PARTIAL OF T WoReTe X AT W 1 IS 0ol4084E=07  ~0432506E-08 0,14454E-07
. v - i
PIXtW= 2 ) FOR FLEMENT S - -y -
125136960 380038440
. 272040000 ~192,00000
104243992 190245439 .
2569.0500 ~1031.3799 e :
. CENTRE AT ~0.57127 0471124 RADIUS OF
TZERO™ =04 19474E=03 00 74486E~04 TINFIN=
THE 17(Q¢X) IN KEUS K AT W= 2 IS 0410153E-04  0+43554E-06 Do e
PARTIAL OF T WaReTa X AT W 2 IS  =0,42837E-06 ~0466923E~06  Do79459E=06
PIXiW= 3 ) FOR ELEMENT S .
2690688, 0 ~653277040 -
~926440000 - 1534, 0000
-226141594 ~34,020432
-=23254%5806 ~4738.5508 .
: CENTRE AT =0, 93167 =04 82292 RADIUS OF
- T2ERO= 0,700386-03  0.11296E<02 TINFIN=

THE L1/0QeX) IN NEUS K AT We 3 IS

0, 105G2E~04

0431799606 . -
0 T913T7E-06

0.16253E~07

PiX{We 2 } FOR ELEMENT &

PARTIAL OF T WeReTo X AT W 3 IS .~0,79089E-06 0o 27592E-07
PIX(W= & ) FOR ELEMENT & ' : - !
X ~67440.000 =303360.00
223232400 ~66560,000
-1098,3352 - 298, 60864
=8182.,5313 ~12655.113" -
] i CENTRE AT | . =243140 =645887  RADIUS OF : -
] . - TzERD= -0,531906-01 ~0,74769°  TINFIN«
. THE 170X) IN NEUS K AT 4= 4 IS 04106376-06  0.30856E-07 .
PARTIAL OF T WoRoTe X AT W & IS =0,372538-06 - 0.103L4E=06 0. 38654E-06
. PIX(W= 5 ) FOR ELEMENT 5 ; . .
33706.688 =54773.000
14592800 =4197760,0 .
345858154 12, 372063
426,14185 781431567 -
© CENTRE AT =674479 144890 RADIUS OF
: TIERD= | =67,480 144884 FINFIN=
- THE 1/(Q+X} IN NEUS K AT Hm S IS 0.10257E-06  =0.38953E~-06 - .
PARTIAL OF T WeReTe X AT W 5 IS  0,83129E-09  0a47159E-08 - 0,47886E=08
PIXIW= 6 ) FOR ELEMENY 5
Ja . ~921,66577 0.0
~620C4 49268 £330.,9180 . .
0019609928E~01 0.0
0013201805€-00  ~0413470060
REAL + IMAGs AXIS mrencsns N THE T-pLanE ARE:]  =7,3333 743333
THE 1/7(Q0+X) IN NEUS K AT v 0.709226=-05 0o R
PARTIAL OF T WeRels X AT W6 18 0e11975E-10 .  0.,11975E~10 - 0,16935E~10
MAGHITUDE OF TRe FCHe IS - o . -
0016756E=01 1.2411 243267 13,655 141428 13,807
MAGNITUOE OF TRW FCN, . IS . j
0a15251E-01 1.1977 202648 12,149 45,730 446009
REAL 7 1446 T1 REAL T2 6 T2 REAL T3 144G T3 77
osieseat-01 ~04254285-02  0,160626-01 -0.247495-02 041634TE-01 - =0,25150E-02
0020415 -1.2242 0419025 -1.1825 019702 -1.2030
-0.97735 ~2,1115 “0,97221 ~2,0231 ~0.47506 ~2,0665
~24 8955 ~13,344 ~428676 -11.783 -3,9852 ~12,625.
-135.15 294528 ~44,635 949499 -67,473 144885
-1, 13,744  =0s45181 4. 5787 -0,67323 648690
PIxtNe 1 1 FOR ELEMENT & : ;
2084,3707 ~299.98406
~34,103638 10,381451
0412682241 ~00 220221 28E-01
=0,22353865E~02 - 0. 73859899E-03 .
o CENTRE AT 0.419479E-01  0.20853§-01 RADIUS OF
. - YZERO= 0416730E~01. =0.25632E=02 TINFIN=
THE 170QeX) IN NEUS K AT We 1 S~ =0,783356-04  0.29141E-05 .
PARTIAL OF T WoReTe X AT W 1 IS  =0.136196-06 0.13741E-06 .

Te4075
6e7278

+ 21981
=10919

34,039
=694 736

34,148
=674153

0s104861E~01
~0e 67315

. LT
0.16347€-01
0419702

~0. 57506
=349852
«67a473

=0,67323

0e11292

0.17788E-01 .

0.91219
0.15208

1e2443
=140502

602633
~4.0202

0.0
=12+491

Ge0
~37.932

0.0
-9.3058

Gl0
154569

0
-6eB6BE

IMAG T
=0,'25150E-02

~142030
=2e0665
=124 625
14.889
508690

0.0
~0.28576E=02

0.0
=122670

0.0
240616

00
~124 615

0061466E-02

=674472

0. 163675-'01 .

Qe19702
=0 97508
=3,9852
=674473
~0e67323

0423576E-01.

0,18092€-01

Ce0
144889

1N
-0.25150E-°Z

648690

0.0 N
=0e26831E=02




. .
427894398 ~131091406

156247, 56 810664333
«0e 65948159 141929777 E . . . AR 76
0:856187016-0k 00 14907837E-01 5 . ;
. CENTRE AT - - - 3,5167 - =0,95916E=01 RADEUS OF - 3.4995 040 .
o " TZERO= 0,21168 ~1,2480 TINFIN® 0 0,20758E=01  De60119E-01
THE 17(QeX} IN NEUS X AT We 2 IS 0.93920E-0% 0.17406E~-03
PARTIAL OF T WeReTs X AT W 2 IS ~0,38560E-05 = 0s11557E-04 - 0s12182E-04
PIX{W= 3 } FOR ELEMENT 6 :
~203074145 ~2786640 56 :
- $77223.88 ~314691469
=0, 77223513 2.7%246017% ) g
~0.1049604TE~01  =0. 14633179601 . -
. . CENTRE AT 2.0608 ~242441 RA01US OF 31,0610 0.0
. . TZERG. -0,97903 -2,1582 TINFIN= 0.338926-02  =0.47273E-02
THF 170X} IN NEOS X AT We 3 IS 0e99746L-0% o.~03£75-05
PARTIAL OF T WoReTs X AT W 3 IS 0e14347E=05  0e24516E-04  0.26558E-Q4 :
. . PIX(Ws 4 ) FOR ELEMENT &
5059733.0 ~586332440
89561056 50674800,
~373.76343 -219,61230 .
-0, 41015625 0425390625 .
. CENTRE AT - 0,45566 -7,0847 RADIUS OF 7.1003 0.0
) TZERO= -1,6235 -13,874 TINFIN= =04519036-03  0.98429€-03.
) THE 17(Q¢X) IN NEUS K AT Wx 4 1S 0.19184E-04  0,49461En04
PARTIAL OF T WeRoTa X AT W 4 IS  ~0o56B05E-03  0.43930E-03  0,70238£-03
D - PIX(N® % ) FOR ELEMENT & . .
R 7062528.0 577936400
~0,19555463E 11 0,B8152140F 10
86249063 =174B84,840
«3, 0000000 =44 0000000 B -
: CENTRE AT ° =1207.1 -5310,0 RADIUS OF 544544 0.0 -
TZERG= 2649,0 -1465.1 TINFINS 0.24379E-06  0.51320E-04
THE 17(QeX} IN NEUS K AT W= 5 IS 0e28346E-03 0s17984E=05 T R
PARTIAL OF T WeReTe X AT W 5 IS 0.191536-01 =0.40991E-02 0s19587E-01
L PIX(We 6 | FOR ELEMENT 6 \
c < e - -58438.000 -12128,000 .
’ 0420263949 0% 3941081 6.
765, 77930 ~826342656
Qe 62 =0,39062 . .
- CENTRE AT 1731.7 173,20 RADIUS OF - 174044 0.0
) . : TZERO= 345806 43,380 TINFIN® 0,2262TE=06  0.75426E-05
L . TME_1/10eX1 IN NEUS X AT W= 6 1S 0.277456-03  =0.55015E-06 i
Lo e PAPTIAL OF T WeReTe X AT W 6 IS . 0,18301E-03 ~0.19062E~02 ~ 0.19150E-02
P KAGNITUDE OF TRe FCNe IS ’ ) R .
0,903006-02. 0480134 1,951 13,221 69,096 © 649019
WAGNTTUDE OF TRe FCNe 1S : : :
. 0422867601 1.4221 23757 13,243 69,096 649019
- REAL T1 INAG T1 REAL T2 IMAG T2 . -  REAL T3 - 1M&G T3 CREAL T tMAG T
OnE9563E~02  -010T09E-02  0.22493E~01  =0,411986-02  0.16347E=01 = ~0a25150E-02 ~  0a16347€-01 =Da25150E-02
. 0.34083 - =0.7252% ~0.31454E-03 . ~1.4227 - 0.19702 9702 21,2030
. ~0.34605 -1,9207 ~1,2345 -2,0298 ~0,97506 ~2,0665
SOl . edle2ny -12,713 - cae1036 12459} =3,9852 120625
S . [ =41e673 14,888 =47, 412 14, 890 874473, -574473 14,889
~0,87326 648690 ~0,67322 608690 ~0.67323 ~0,67323 508690
PIX{W= 1 } FOR ELEMENT 7 . . . .
-236512,88 72094, 688 : L.
- .- 109414063 ~0.52587891 ) :
5.7119161 0474358463
<0,49341303 0419386888 .
. CENTRE AT.  =0,876276-02 - =0,11117 RADIUS OF  0.11152 0.0 .
R . TZERGw T 0e81307E=08 " . 0425457E=06 TINFIN= 0.80599E~01  =Oo &4434E=0L
: THE 1700+X) IN NEUS K AT ¥= 1 IS 0.182356-06 0. 66799E-05 )
- : : PARTIAL OF T WeRaTo X AT W 1 IS | 0.14518E-05 ~-0433520E-06 - 0,14898E-05 .
PIX(W= 2 } FOR ELEWENT 7 : :
95867540 3875471.0
) .
o . i . . - ,
Z112. 60000 ~ 742000000 - .
. 247.50537 ~1193,8132
.-209546177 ~631432568
CENTRE AT =~0457134 =~0.71120 RADTUS OF 0,912,
3 _ . .91228 0.0
_;::T!:m‘“ IN NEUS K AT We 2 1S ousnichen, 312724808 0.25753E-05 TINFIN- ~0485597 ~145779
S pIntwe 3 ) FORELEENT 3 "2 TS TOs44230E-0 T -0.69111E-04 - 0.820576-04 R i
. : - 3192400,0 ~547111600 :
- ~30.090000 164020000
~170943438 -843,79272
. ~1481.8093 -4491,5742
CENTRE AT . -0.93170 0062366 RADIUS GF 1
T ZERO: - - *2436 0.0 B
’ THE 170060 18 NEUS X 4T u- 3 15 ool liROn L D5ST963E-05  0.66355€-05 TINFINe  =107400 -1.7687 i
L OF T WeReTo X AT W 3 IS - =0,8167SE-04 ' 0,2849! :
PIX{W= & } FOR ELEMENT 7 284956-05 - 04817256-04 B
-42831,000 ~286758,00 - . )
270450000 210880000 .
. *110841641 251.99902
=1961. 7695 ~12776.973 -
CENTRE AT =2,2194 ~642460 RADIUS
: ! oF 546188 0.0
T2ER0 - - - _ : . q
THE 1/00rK1 TN NEUS K AT Wa 4 15 0.105008-03.  Do3oissnnes. Ut I7900E-02 TINFINe —4e3384 -i2.316
WeReTe X AT W & IS  =0,38468E=04 0. 10649E-04 i .
PIX(M=_5 ) FOR ELEMENT 7 . . 0439914604 i
-979,18359 ~204.00000 ° ' :
~68629.000 £93,00000 . .
2, 7523041 12914648 :
278,04224 830,38184 . . .
N | CENTRE AT ~674191 14,827 - RADIUS OF - ©
o cent = . . 28802 0.0
R THE 1700aX) IN NEUS K AT = 5 IS PR I 14,575 ° TINFIN= —6Te4T2 14,893
. . T WeReTo X AT W 5 IS 0.10024E=06 0. 45283E+0 :
. PLXCH= & | FOR ELEMENT 7 . =06 G.46350E-06
: =34, 424561 224439658 :
15182000 387.53052
. 0226740134E-01 0,30875266E-01 -
0_023008335 ~0.16289192 . . .
. - CENTRE AT ~0.67323 658690  RADIUS OF - 0,69163) q
. . ’ . T2ER - . < De£9163E~05 0.0
. THE 1/004X) IN NEUS K AT U= 6 1S 0.113356-03  Dubessii-0s 000 o TINFINe o -0uel3zz - én0e30
,ﬁAG;;YthFo; ;R‘:';Er«f ?; 6 1S 0.11395E-08 0428732809 0.117526-08 B
. 0,297186-01 202429 i : : )
MAGNITUDE GF TR. FCN, 15 4a1146 13.427 69,095 629019
0011457E~01  0.84707 8 '
REAL T1 vag 11 RESL B2 Hikas: S300e .. 629019 . s :
0.293676-01 ' =0.455086-02  04113316-01  ~0r168976-02 -~ OF 1034700 aG 13 L REAL T 1HaG T
0.26624 ~2.22T1 0415084 <0, 82529 SrioresT 0 "0;2slstEm0z. ¢ OuleelE-0l  ~0.25150E-02° ~
-243426 ~3,3826 0047441 =1.6189 o 9702 ~142030 .
-6.0485 Z11.088 0 L. ~0497505 7506 2666
-87.472 Yeenae - —aviers 12855 359852 29852 13,625
~0.67323 608690 067323 68090 - 7:,‘,‘7,’ 874473, 14,889
PIXtY= 1 1 FOR ELEWENT 8 e 467323 648690 ..  ~0.67323 608690
. 505, -110,00195 : :
~71.635513 244029648
-4, 5022192 0.63527591
0.27537346E-03 . 04 99670514E-03
. CENTRE AT - 0419981 101282 RADIUS OF ‘ :
- TIERQ . 1.1455 0.0
THE 1/00vX) INNEUS K AT M 1 IS 0.686596-03 Ovedpere-os  ioooceTOl TINFINe 0430443E-04  .0,25264£-03.
PARTIAL OF T WeRoTe X AT W 1 IS ~0s14484E-04  0423501E-05 0e14673E~04 . . .

PIX{u= 2 } FOR ELEMENY 8
=312673.211 =27281.500
421691494 226014688




.323. 15894

~314523422 :
3,8200684 . =89.117752.
CENTRE AT 13,921 ~0¢ 78968 RADIUS OF 12,730
- TZERQ= . 645873 -12.397 TINFINe 0,21301
THE 1/(Q+X} IN NEUS K AT W= 2 1S 0,92432E~03  0440235E-0% o -
PARTIAL OF T WoReTe X AT W 2 IS - ~De33261E~04  0411043€-02 0211048602
PIX{k= 3 } FOR ELEHENT -8 -
=33600437 =664445000
114614475 ~1346511,0
433, 46604 434, 28467
~$70.39600 48.168213 -
: CENTRE AT 224568 -27.897 RADIUS OF 34,950
TZERO= -10:911 ~37,928 TINFIN= 0.60114
THE 1/(04X) IN NEUS K AT We 3 I$ 0.95486E-03  0.28390€-04
PARTIAL OF T WeReTe X AT ¥ 3 IS 0a14666E~02  0.133876-02 Cs 19844E-02
PIX{Ws 4 } FOR ELEMENT 8 :
~208894750 130694188
=157854640 718720400 .
673483569 203, 68269 ;
392648203 862546445 .
. CENTRE AT . =43,193 ~135,92 RADIUS OF 129438
- . _TZERQ= 694742 =942943 TINFIN= “1.7943
THE 1/00eX) IN.NEUS K AT Wx & IS 0456724E-03  0.86193E-05
PARTIAL OF T WeReTe X AT W & IS 0021254E=-02. ~0s675886-03  0,22303E-02
PIX(W= 5 } FOR ELEMENT 8
114444092 340994415
~726,03125 379453662
~0.99182129€6-01 o.«aaozxns-ox
640480236 494045291 - . . : .
. CENTRE ‘AT ~674470 144895 RADIUS OF 04 54165E-02
TZERO= 670474 144890 TINFIN= ~674473
THE 171Q+X) IN NEUS K AT W 5 1S 0e112116-02 0e20294E-04 R
PARTIAL OF T WeReTs X AT W'S IS~ =0.238B7E-06 - 0.10379E~06  D,26044E-06
MAGNITUDE OF TRe FCNo ‘IS
0e16237E-01 1.2066 242707 4 13,142 640844 628972
"HAGNITUDE OF TRs FCNe IS . s
0s16643E-01 142232 242898 13.271 70,437 649034
REAL TL IMAG T1 REAL T2 IHAG T2 - REAL T3 . - IMAG T3 - REAL T
0416051E-01 24474E-02 0o164488~01  =04253836-02°  0.16347E-01 0425150802 0.1634TE-01
0020249 -1.1895 0419513 -1.42076 0619702 -142030 19702
~0,96327 ~240562 ~0497903 699 ~097505 ~240665
4o 0948 ~12,488 ~349477 . 670 ~3,9852 “12.625 ..
-53,504 134110° =68490} 15,561 L =6744T3 144889
-0071849 648597 ~0e65610 608720 “0,67323 . 608690 =0467323
"PIX{Ws 1 ) FOR ELEMENT 9 o N o
-2278,3750 7024 64844
- =0e61401367 0427514648
3.4788904 ~0479193139 .
=0e55808951E~01 0422104968E-01 - . .
CENTRE AT =0491751E-02  -0,11348 RADIUS OF  0Q.11388
-~ _TIERO= =0+28010E~03 . Q¢34382E-04 TINFIN= 00 16654E=01
THE 170Q+X) IN NEUS K AY W= 1 IS Ce27487E-04 0.37989E-07 S .
PARTIAL OF T WeReTe X AT W 1 IS 0e843156-08 ~0.19393€-08 0, 86516E-08 .
PIX{W» 2 | FOR ELEMENT 9
59852,000 42878, 000 .
1840,0000 =680400000 :
=64, 007950 =160402997
206495512 -474272720 )
CENTRE AT . ~0488103 ~0. 75866 RADIUS OF 1.1660
TIERG= *  —04149376-01 0022062601 TINFIN= 0.19126
'rne 171Q¢X) _IN NEUS K AT u- 21s 0e27719E~04  0.1T7676E-06
PARTIAL OF T WoRyTe X AT W 2 IS =0415709E-06 _ -0438111E-05 0e41222E-06
PIX(W= 3 ) FOR ELEMENT 9 .
42917.000 12361,000
~558, 00000 ~1920.6000
~139.49823 ~121.93411
.
¥ .t v,
. . ,
115454436 ~410406738 .
CENTRE AT -2.8732 0412480 RADIUS OF 248991
. - TZERQ= 04 264563E~01 0.37079E-01 TINFIN= 0498704
THE 1/(Q+X) IN NEUS K AT W= 3 IS 0.27827E~04 04 75940E~07
PARTIAL OF T WeReTe X AT W 3 IS . —0s332806-06. -0428828E-06 - 0o44030E~06 -
PIX{W= 4 )} FOR ELEMENT § N : . . -t
~993200,00 ~106128,00
57600,000 ~52736, 000
128643367 ~1629.7107
257760164 101064527 . . E
R CENTRE AT 2,0677 . “Te6442 RADIUS OF Te8561
TZERO® 0,517305-01 . =-0458625E-01 TINFIN= =3.8709
THE 2/70Q+X) IN NEUS K AT W= 4 IS 0027797E-04  =0431464E-06 :
PARTIAL OF T WoReTe X AT W 4 1S 0431343E-05 . =0e38216E~05 0049425E=05
PIX(Wx 5 ) FOR ELEMENT 9 . :
0.10136733E @9 ~76113664,
524288400 393216400
~45348,293 197544059
~292540040 219410440 :
. CENTRE AT  ~0.99635E-01 159,88 RADIUS OF 159,88
. TZERO= . 0451707E-02  0.33688E-05 TINFINe =704936 .
THE 1/710+X) IN NEUS K AT w= 5 IS 0e26167E~04  ~ 0.40576E-06 S

7

0.0
~0,89574E-02

0.0
=0.71343

0.0
=13.343

0.0
14,889

1A T
=04 25150E-02
=1.2030
~2,0665
-12,62%
140389
648690

2

0.0
=0425860E~02

0s0 -
~le2167

0.0
~2.0768

‘0,0 -
12,761

0.0 .
17,048 R

PARTIAL OF T WoReTe X AT W S IS  =0,11766E~03 0 54675E-04 0e12974E~03
PIX{W= 6 )} FOR ELEMENT 9 .
=39184, 000 128627.¢€0
18736,020 595240000 . *
538.11621 112.789C5
1113.5437 ~3630.1760 .
) CENTRE AT = -0, 14175€-01 3,5399° RADIUS OF 343927 040
. . TZERO= - -176185—02 Q.14818 TINFIN= =~ =0s62778 648777
THE 1710+X) IN NEUS 'K AT 'Wa &7IS T0.27962E=0% 0. 19075E-0. .
PARTIAL OF T WeReTe X AT W 6 IS 0412701E~05 0.25143E—06 0412947E~05
MAGNITUDE OF TRe FCNe IS .
0483295E-02 0. 70009 144600 848070 47.284 608631
MAGNITUDE OF TRe FCNe 1S :
0s26575E-01 1e 5983 2.8012 15,906 31 454 449116
REAL T1 iMAG T1 REAL T2 IMAG ¥2 EAL T3 IMAG T3 REAL T 1MAG T
04 82583E~02 —-0,10863E-02 0424206E-01 ~0e42568E=-02 0. 153475-01 =00 25150£-02 0.16347E=01 .« =04 25150E=02
Qe 20753 -0.66862 0. 91004E~01 ~1e 5957 . 0z ~12030 0019702 =142030
~1e3749 =le3511 ~2«4538 K 97506 =2.0665 ~0s97506 ~240665
=8e4286 ~448937 ~154135 ~3.9852 ~12.625 ~349852 =12, 625 .
6.7591 ~T84 734 20,873 ~6Te 473 14.88% =672473 14,889 B
584 7920 ~0s 56688 648883 T=0.67323 848690 =0e67323 . 648690
PIX{wW= 1 ) FOR ELEMENTlO | -
=10066%5,25 246884133 .
=4e 7368164 16577148
0.59220886 0. 79845715
=0+32310903 0411753702 i
CENTRE AT  -04203156-01 =0,18647 _ RADIUS OF 0.18758 .o 0e0
TZERO= =0, 481 95E~0% 0s464T8E-05 TINFIN« 0498559E=01 " =0433149
THE 1/10+X1 IN NEUS X AT wWw 1 IS " 0040214E-08 0e 85004E~05 . . . . o
PARTIAL OF T WoReTe X AT W 1 IS 0431274E-05  =0,82328E=06 0431889E-05
PIXtu= 2 } FOR ELEMENTIO -
1999594,0 4185419,0 .
136, 00000 9+ 6875000
243450342 ~361e36182 .
1451, 3022 544143908
CENTRE AT ~1e7127 -0.89812 RADIUS OF 19339 Oe
- TZERQ= ~0e 14524E=04.  0.25555E-04 TINFINe ~1s7582 ~248315
THE 1/71Q+X) IN NEUS X AT %= 2 1§ 0s54013E-04 Cu47182E-04 .
PARTIAL OF T WaReTe X AT W 2 IS <06 2B8771E-04

PIX{N= 3 ) FOR ELEMENT10

4189321,0 305825640
~99.000000 14000000
=274.9399% =~775.99487

. *3606,9807

1773,7302 |

~0.18021£-03 0.18249E-03




THE X/€Q¢X) IN NEUS K AT W= 1 IS .

PARTIAL OF T WoRaTe X AT W 1 IS
PIXtW= 2 ) FOR ELEMENTIZ

0.10000E 21

0.10000€ 21
0,10000E 21

0.10000E 21 O.14142 21

=0e21228965E~11
=0s39835954E~10.

T 0s33505171E-10
~0.91481493E-11

Q17283952810

0413830004E-09
Ca13187673E-10

o.ueazns!-lo ) -
CENTRE AT

" -3.3308

- RADIUS OF -

P . RADIUS OF 443253 0.0
E AT =4,2603 0,7489¢ R ~3.4940 78
. : $3en0e 0.13597E-04  ~0.13745E-08 TINFINe 3e4102 s 8
. - 0e29943E=-04 . .
N NEUS K AT w= 3 IS 0.86742E~04 3 03
e e heys S AT W 3 IS =0.26849E-03 - 0. 19674€-03. ' 0.25903€
4 ) FOR ELEMENTLO .
P 1336000 21676352, .
~1280,0000 1280.0000
~1333. 6484 A kpt41 0 RADIUS OF, 191,70 0.0
960594625 - o RE AT ~184470 »36 - T =25.098
ﬁ::o- -o.nloxsggh -o.nzaae—m TINFIN= 808990 o
€-04  0,34085E~
X3 IN NEUS K AT W= 4 IS 0,97423 - 069€-02
:ﬁ::::qss l‘lu.n.r. X AT M & IS =0s436196-03  =0¢12319€-02 013
)} FOR ELEMENT10
"“:;zgmse. ~6405521¢0
~28672.000 -0
~24013457% 5396, 5625 0.0
152,02 o
~248038040 181789840 148354 o1 RADIUS OF - 29,9467
552;25 A v3l495E-03 0.151595-03 TINFIN= 11452 .
- 0.20929E~04
N NEUS X AT W= 5 IS 0,10639E-03 - 36336-02
::-Etﬁtaa’surlu.n.r. X AT W 5 15 —0,57397€-02  0e2THT4E~02  0eb .
We 6 } FOR ELEMENTI1O0 | .
"‘:4;633.000 124335444 -
=30,000000 480 000000
$26400220 ;’gzzlggzg 3.4613 RADIUS OF 344674 0e0
1203,2092 ~3586e AT ~0,92854E-03 . . 609170
. ' - Snee -0:419755‘23 -0.100588-03 TINFIN= 0.35188 E
; . : E-63  04915486-0 .
X} IN NEUS K AT Wx'6 1S 0.19518 2 3487E-04 .
;’A‘:T:({OSF'TlN.K.Y. X AT W 6 IS 0s62283E-04. 0,12309€-04 0.6 -
TUDE OF TRe FCNe IS 470602 - 608641,
e g o 70044 1.4679 B+ 8669 ° foo1e
MAGNITUDE OF TRe FCNe 5.842 814150 - -
0024753E-01 1,5955 27904 <« }nlc T2 AL T3 THAG T3 - REALT -o 251505-02
REAL T1 Taae 1 oﬁt‘.‘iéé 01 - -0 h32546-02 0.16347E+01  ~0+25150€-02 g-ig?l’t;;E o1 153030
_ - -02 -01 - =0, z
0.81980e-02 -°'§2$Z?.Er 0.62578E-01 0.19702 -0.97506. ~2.06865
0.2124% % -1.3512 ~0.97508 -3,9852 12,625
~0,48787 143845 Cle3sta +3.9852 it 14,889
~2.5680 -8.4889 TThe462 672473 4 ~0,67323 648690
.;w.xoz 6:9[:33 0056913 548879, ~0e67323 6-36 e
1 ) FOR ELEMENT1l - .
'":‘t';agu. 3 27034,328 .
= -5e1096191 . - 2.1:;;::; ;
€.32997131 0,94 - . 0.17883 0.0
~0.33493298 0.12277710 “0.189886-01  -0.17762 -  RAOLUS OF .. O 02  -0.35615
S ) . SEeE AT 33399606 0.574316-05 TINFIN®  =0.55597€-02 B .
€-05 . 0,88598E-05
N NEUS K AT W= 1 .IS 0012216 . 8 $89E-05
I‘.'E,}i{"éi'r'u.a-v- X AT W1 IS 0.31064E-05  -0a62609E-06 a3l
PEX{W= 2 ) FOR ELEMENT1 .
222507540 43130510
161.00000 2.6375000
. 257493408 -318129’;‘;‘: . " o.88272 RADIUS OF 108437 0.0
148442627 e 1203 A 146187 ~0s - ~2a7206
%i’élﬁf ¥ -o.isssas;os 04292526-04 TINFIN= 1.7652 -
- - 0e4B8536E~04 .
NEUS K AT H= 2 1S 0453383E~04 6 £-03
:ﬁr}ﬁ%?r‘:.“fr. X AT W 2 IS . ~0o310028-04  =00176256~03 = . 0.17897
PEX{W= 3 } FOR ELEMENTIL
435074340 300472440
showile  moocde
~289, 35669 =799 . . 0.0
174344094 . ~3655,9194 CENTRE AT ~600607 0465272 RADIUS OF 41128 .
. . . P
TZERO= . 0.66%61E-05 ~0s11966E=04 TINFIN= ~3+3534 =3.3988
THE 1/7¢QeX) IN NEUS K AT W= 3 1§  0.86663E~04 0430462E~04 to.
::izu‘o: :u:';&;«s;‘rﬁ W3 IS - ~0e16556E~03 =0,18787E-03 - 0.250416-03
-
T 8s517686.0 21752320, .
=1280.0000 1535.0006 .
~237143242 =4402.8789 -
96315, 438 ~12137,875 .
. L CENTRE AT =176,57 8,794 RADIUS OF 183418 . 0,0
. T2ERQ= =04 412476-06 -o.navz.e-m CTINFIN= | =8,72458 ~244593
THE 171QeX} IN NEUS K AT W= 4 1§ 0s97319E-04 0,34214E~05 :
::::::L’m: :u:'eisne:r:; W& IS  -0s420276~03 - -0.1I809E-02  Q412535E-02
854821904, 65257120, !
~8192.9000 8192,0060 -—
~24439.191 5678,8261 - -
~2487838,0 18234980 . . . ‘ .
CENTRE AT = =1,68365 01 RADIUS OF 152,02 0.0
T2ERO= 0.10726£-03 -o.xszot.s—oe TINFIN= -113.03 48349
. THE 1/0Q¢X) IN NEUS K AT W= § 1§ 0,10600£-03 . 0,20057€-04 .
h :ﬁ::nbaf :0:.::;;5:7.;11 W5 IS  =0s550026-02  0s263296~02 - 0.609T8E-02 ’
- ;
=41609,000 1243854 31
~47.000000 32,0G0000
526,356035 146436133 .
1201.0859 ~3587,9534 . . .
CENTRE AT  -0,92895E-03 2.4672 °  RADIUS OF 344676
Y2ERD= =0039343E-03  -0,40704E-03 TINFIN= ~0435871
L THE 1/1Q#X) IN NEUS K AT Wa 6 IS 0.19108E=03  0,87724€-05 - - ST .
. ::lé;:;:.‘ogFO; ‘:RR';EN‘ ll\; W6 IS 0-59634?00’0 0u11795E-04 0. 50838E-04
- ] . =
— 0ul6526E~01 12182 2.2637° 13,227 68,526 649012
MAGNITUDE OF TRe FCNa. IS !
0.16553€~01 1621980 -1 22863 ~-v=* 13,250 - 89,778 e 639026 v s oms e .o e
REAL T1 IMAG TL . REAL T2 4 IMAG T2 REAL 73 IMAG T3 REAL T 1MAG T
0416334E~01  -0,251276-02 0.J63260E-01  ~=0+25173E-02  0.16347E-01  ~0,25150E~02  0.1634TE~01 0. 29150E-02
019697 -1.2022 0.15707 -1.2038 . 0419702 ~1,2030 . 0419702 © =1.2030
~0.975463 ~0s97548 -240677 =0e 27506 ~24066% "0.97506
. =4+0039 ~349665 ~124643 =3.9852 =12,625 ~3.9852
-66.850 ~68,108 15,185 ~6T,473 14889 670413
";?‘.‘_sgo? o ELEHENT:Z “0.66645 6.8703 =00 67323 648690 ~0.67323
=0.56730147TE-12  0.99079978€~13
 0.90107094E-14  -0.30414156E-14
. ~0e63199224E~10 0410735857E~10 ° .
0.95820574E-12  =0.31716296E-12 : Sl T
csmns AT 0430615601 ° 0,79114E-01 RADIUS DF . 0. 828668-01
TZERGw 0,163226~01  ~0.25106€-02 TINFIN= 04155656-01

. .0 §
~0423T44E=02

3.5437

ceNTR S .l 0e0 "
- 0196 ~1.2014 TINFINe. | =
THE 1/40ex} TN NEUS K AT we 2 1§ ~440833 " 0,77612 o et 0n13193 Ov7e0685-01
PARTEAL OF T WoRuTe X AT W 2 1§ - 0034829 ~504896 545007
PIXtW= 3 } FOR ELEMENT12 U

0.177839696-10 0. 51871856E~10

~0s89739799E~10  0,87240853E~10

0.60481398E~10 0e13830004£-09

‘00 26194690E-09  ~0.41836755E~10 : :

R CENTRE AT =19,795 443732 RADIUS OF 19.891 0.0
| TIEROw . =0,97421  TINFINe ~0,17594 . 1.0940




THE 17(0eX) TN NEUS K-AT Wa 3 (S
PARTIAL OF T WaRaTe X AT W 3 IS
.. Pix(uWs & ) FOR ELEMENTL2

- 0e93568815€-08

“2¢ 1456 022576 )
=2.9078 =8,4973 " 8e9809

78992812E-09 '0475181106E-09
e 126%1955E-07 =0469202706€-08 .
~0s135514T1E~QT - . ~0.56668805E-00 - '~

0458207661E-0% .

RADIUS OF - 7.2173

CENTRE AT ~  1.0094 N =7+ 4151
TZERQw ~4e0224 -=124589 TINFINe 0460293
" ¥HE 3/4Q+¢X} IN NEUS K AT Wx &4 IS =5.3819 - «124371 . L
PARTIAL OF T WeReTe X AT W & IS 128491 =123+58 178,58
PEXCWs S ) FOR ELEMENTI2 N B
002686701 7E-07  -0412615732E-07
T "0e15989426E-05 =0e12204446E-05
0415974365€-03  ~0.12203382E-C5
~0.67055225E-07 04596045645E-07 o
CENTRE AT = -0.36112E-0} 160413 RADIUS OF 160,12
TZERO= =664238 l4.322 . TINFIN= 044450 7E-01
THE 1/7(0¢X) IN NEUS K AT We 5 [§ =674423 . 144907 R
PARTIAL OF T WeReTe X AT W § IS =4330.2 2010e6 . 4TT4e2
PIXiWs & ) FOR ELEMENT12 -
«0228508485E-09 ~De55832063E-10
«0s $79489796-09 0.19190942E-¢C8
~0455297278€~09 0e17976731E-08
=0,815B1675E-09 =-0.25738700E-09 .
. CENTRE AT 0s43487E~01 342420 RAOIUS OF 346971
: TZERO= - =0.68677 &a 8663 -TINFIN= 043271 7E=02
THE 1/(2¢X) IN NEUS K AT W= & IS -0.66570 © beG%ll . ) "
PARTSAL -OF T WeReTe X AT W 6 IS 46e 723 92328 4748267 2
"MAGNITUDE OF TRe FCNe 1S : .
0e146467E-01 lel127 2,1371 11.980 34174 . 344506
BAGNITUDE OF TRe FCNe IS . .
0e17274E-01 1e2589 243389 134632 © 104479 10,354
REAL T1 J4AG T1 REAL T2 IMAG T2 REAL T3 IMAG T3 REAL T
0el45%6E-01 =D421554E-02 0417069E=01 = ~Qs26566E~02 041634TE-01  ~0,25150E-02 0416347€-01
0020881 T ~140929 Ge19106 =142443 0419702 ~142030 197¢C
~0e89372 =1le9413 ~1.0053 ~241118 ~0.97506 - =2e0665 7506
-503396 . =10e724 . =343294 =13.219 349852, ~12,425 «349852
=33,348 Ta4663 ~102.40 224259 ~6Te473 144889 . =670 473
=0.33999 3,4338 =0,99970 - 10,206 ~0:67323 648650 ~0e67323
PINEW= 1 ) FOR ELEMENT13 . - . .
«0e 87246895 0. 20343781

*0.8L300735E~04  0427447939E-04
0+56243692E-01  ~0.10813359E=-01

=0s10579268€-02

THE CONPLEX SOLNS FOR X{W,ELEMENT) ARE:

04 25980E-05  ~0,90911E-09

U 256V6F~0% O THOTLE-OT
0e256206-05  =-0,20531€-06
0e25985[-05  ~0.584C0E-08
8+ 2600CF-0% ~0.26325E6-11
0.260CNE-J5 .
0.47800E-01 0421092E-07
Qe 474G0E-01 04 29459E-07
Ce4780NF~01 ~0+109856-0T
Qe 47B00E~0L =0e71707E-06
0,47753E-01 04 81246E-04
0a47164E-01 0. 68361E-03
Qe 4460GE-01 0.29092E~08
0e44600E~01 ° ~0,19477E~07
00 44600E~01 0e37429E-07
0 44601E-01 41933E-07
0, 46655E-01 o 1951 3E~04
0.3956LE~01  ~0487370£-03
0s68301E~01  ~0.92852£-06
0468300E-01 0e638436-06
0.68300E~01  =0463529E=-06
0.68300E-01  ~04 4T445E-07
0.649301E-01 04 31916E-05 -
0e 67886E-01 =0e710406-03 ..
0. 97851
241604
~641018
-14. 712
«2725.9
=425984
=0s11351€-01
0e35448E-01
0e15173E-01
0499731E-02
~0e 20406 E-02
0e21771E-02
9250.0 . 00

0a37658960E=03

CENTRE AT - «0,23618E-01 . ~0.20803 RADIUS OF 0e20937

. X R T2ERC= ~0,95337E=04 ~ 0492299E-05 TINFIN= .. 0,18719E-01
THE 174Q+¢x} IN NEUS'K AT Ws 1 IS 0.83955E-02 0448500E-04 ) B
PARTIAL OF T WeReTe X AT W 1 IS 0s19935E~04 ~0438767E~05 = 0s203096~04
PIX{W= 2 )} FOR ELEMENT13 Coe :
164402054 © 374476807,
. 013354492 =0415594482E=01
=00 30384445 =3,5767555 )
408286228 0422026300 .
CENTRE AT =1,8807 . =0,92471 RADIUS OF 2,0962 -
TZERQa =0,95963E=03  0431434E-02 TINFIN= ©.17500
THE 1/(QeX) IN NEUS X AT W« 2 IS 0s87027E-02  0.2781BE-03 - . -
PARTIAL OF T WeReTo X AT W 2 IS =0,15484E~03  =0411559E~02  0s116626-02
PIX{W= 3 ) FOR ELEMENT13
25,374023 28.778564
0.24414063E~01  —0,31445313
=2.6569967 ~41572189 | .
643343248 - ~104321203 L
CENTRE AT =7,6690 243698 RADIUS OF - 8,0305
TIERO= - 0.57267E-02  0.58976E-02 TINFINs -1.0723
THE 17(Q¢X) IN NEUS X AT s 3 IS 0489528E~02  0495570E-04 . :
. .
PARTIAL OF T WoReTe X AT W 3 IS  =0e84793E-03 =0,12795E-02  0.15349E-02
. PIXtux & ) FOR ELEMENT13
v =165841680 316473047 '
3,1875000 ~4e36875C0
36323212 =674917648 ‘. .
1027.3301 401.28833 - o .
CENTRE AT 143698 =743759 RADIUS GF Te4986
TZEROw 04 13024E~02 =06 32453E=02 TINFIN= -le8961 "
THE 1/40+X} IN NEUS K. AT W= & IS . QeBTILSE=02 ~0s165356-02 .
PARTIAL OF F WeReTs X AT W 4 IS  0,17359E-01 —0,17709E-01 0424798E~01
PIX{N= 5 } FOR ELEMENT13 :
19164564 00 ~39716, 809
~29,007000 18, 000000
416674072 2,7258301
=1154074 56 526814633, .
s . CENTRE AT -1259,5 554702 RADIUS OF . 568844
. TIERG® - 0.164286-03 - ~0,600656-04 TINFIN= 267542
THE 17¢Q¢X}) [N NEUS K AT Wa 5 IS =0,21041E=03 =0.59677£-04 Sl
PARTIAL DF T WoRaTe X AT K 5 IS  =0,66386 0e14227 Ce67894 .
PIXIN= &6 } FOR ELEMENT13 :
1747, 2671 ~185894 094
. 0225000000 0.58593750E~01
=0,35171509 ~0073242188E~01
1215.7249 236, 10406 ) R
CENTRE AT 1726,3 172466 RADIUS OF 173449
X - TZERO= - 0418714E-05  =04136256~04 TINFIN® - - 3448,0
THE 1/(0+X) IN NEUS K AT W= 6 IS . ~0.21051E-05 0.19130E~04 :
PARTIAL OF T WaReTo X AT W 6 IS =0e63434E-02 0e66076E-01

00 663796-01

0.0
~0e 26927

0.0
~0433122€~02

0.0
=0e45482

IHAG T
=0e25150€-0.
~le2030 -

648690

8.0
=0e29904E-02

-

0.0
=1.3351

0,0
=202084




TReFCNe o2

9ren.n 7
92900
924949
929946
8351.0
10N040
100040
1000, 0
10000

0e28990E~03

0.28997€-03
0.29904E-03
028997€-03
0,29900E-03
002901 26-03
104400~
104490
104400
10400
106400
106,0

Ne2A8) W02
=04 J3523E-0%
0o 46FB4E~DL
-114,07
151244
~042202%L=03

0. 6060TE~0D4 -

0e10621€-03
0424591E~02
214193

G0

.
Ge83509
De$4633
074276
=0e"7700%

‘=0s13491

601462
~0442501E-03
~0,901023£-03

0s23546E-03
00 59426E-03

. =0e&7544E-02

0s 11591

0441507€~03
0428712E-02
0s118835~02

G.0
~0.11252€=01 °

0.14039
~0410631E-08
0.62187E~07
~0.14T72E-06
0. 40589E-07
=0 %0768€E-09
0 2T036E-06
0413145E=-04
0442978E-04

~0e22481E-03
042539404

[ 0.0
+YyTOLZER ARE: 1 2

NOM, CCToELEMENTS ARE:

©0026000E=05 0.47800E=01 0444600E-01 0468300E~01 94000,

521040 - 0.29000E=03 104400

o

2 0.

73399E-03.

0410000E=-11

9250.0  ° 1000.0

35714,

" 510040

i




MACNITUDE OF TR,

FCHe 15
2 19,563

MAGKITUDE OF TRe FCN. IS 3
PeQT?T 10. 564

MAGNITUDE OF TRe FCNe 15
240797 104563 : )

REAL T1 THAG T1 REAL T2 MA
«0.T220A =14 9503 -0. 72211 -{.'IEO:Z
=341016 -10.098 ~3.1022 ~10.098

-PEXLEW= 1 3} FOR ELEMENT. } N
~B.19642707E-15  -0.45127851E-16
e T3829178F~16 ~0sTORYTID2E~16
=0e ZT8L T4NAE-10 =Ue34713732E-10
‘BabTHISCELE-10  —04 79320744E-10 .
- $ENTRE AT -pD.72211
. . ZERCa ~0,7221
THE 2/(Qsx) IN NEUS K AT W~ 1'IS 0.10000E 21 o.mooo;

PARTIAL OF T weRleT, X AT W 1 15 04100
PIXti= 2 ) FOR ELEMENT 1 +100008 21

o BAI4LILBE-15 0e61406119E~15

«8a34412340E-14 0,108876776~-13
«0e99182894E~11  ~0,1B8596680E-10"
- Oal5692869E-09 ~0.15611352E-09
- v CENTRE
T2ZERQx=

THE -L/€Qex? 1IN NEUS K AT W~ 2 IS
PARTIAL OF T WoRaTo X AT W 2 IS
WAGNETUDE OF TRe FCNe IS

04 10000E 21

THE T/60+X) IN NEUS K AT W= 1 IS

PARTEAL OF T MeRoTe X AT W 1 IS  ~Da84774E-06 =0411391E-06 0e85536E-06
PIx{w= 2 } FOR ELEMENT 5 .
=§91950,000 ~377086, 00
51456, 000 ~38144,000
-3820. 3802 263468262
~63772305 =10412.832 . g
CENTRE AT =1. 7959 ~540503
. TIERO= ~0469061E-01 . =0s15112
THE B/(Qex} IN NEUS K AT W= 2 IS _ 0+ 10637E~04 0.37709E-07 . N
PARTEAL OF T 'WeRoTe X -AT W 2 IS  =0s37992£-06 - 0498501£-07 0239249E-08

MAGNITUDE OF TRe FCNe IS
201174 104843
NAGM!IUDE OF TRe FCNo IS
2,0431 10,248

C+10000E 21 )

. 0e30446E-04

Tezon2
-3.1014

AT

0410000E 21

21
0e10000E 21

010000 21

REAL T3
=0e72211
=341019

=1.,9503
«1e9503

Oel4l42f 21

=10,085 "
=10.097 -

19,398
uAcurrusa OF TR FCN. IS
_ni %1 104615 - B .
IHAG T2 - REAL T,
=0-53771E-01 . ~1.6038 Jicotoss ' -leesce R
-2.6233 10,061 =3.2652 ~10.101 2341019
PIXCMe 1 ) FOR ELEMENT 2 PR T
0.21528662E-93 ~0.19157799E~03 .
036961 865E-08 0256113 71E-08
=0 TECH244DE-02  —0eBLI34594E-02 *
=0.61043701E-03  ~0426719276E-01
’ . CENTRE A" -0.500%0 ~0.77233
. . - - -
me truseo oo < wa s el HESTH
T WeReTe X AT ¥ - -
PIxtus 2 8 fOR ELENENT 2 | L 20.160 341967 200412
0a649411236-05 =0, 15671831E-04
- 0e38649867E-07 =04 20954758E-07
~0a T5354092E-02 »80141729E~03
=0.19012954E=01  =0478932166E~01
> 552;35 AT -3,2878 87
. - - -
::E'}::aa:’rxn :E$S X AT We 2 IS | 20,606 og;fgéaae o2
WoReTe X AT ¥ 2 - -
MAGNITUOE OF TR 'FChe 1S s 10.197 0+ 33956 10,202
10, 542
uAsuxrune OF TRe FCNa IS
F ota .
IMAG T1 REAL T
-o;a::zgs-ux -:3723; '-1.01102 -;r339{2 -055251{3
e =104 -] -
PIXIU= 1 ) FOR ELEMENT 3 2.2199 10.065 =3.1019
0.113258865-03  ~0.151541626-03
0.21245796E~08  =0,30267984E~08
~0.78055896E-02 ~0,58477111£-02
~0.26 1E-02  ~0.2194 -
. CENTRE AT ~ =0,78407 " =0a61855
- .
B
TLZLRO= ~0e17336E~04
THE- 1740+X) TN NEUS K AT W= 1 IS 18,861 82074
PARTEAL OF 7 WeRoTa X AT W 1 1S =18,578 ~1.0171 184606
PINIM= 2 ) FOR ELEWENT 3 -
-, 14N AN F =05 =la A2 ANS2 ONF=0% . -
0a42375171E~07°  =0e23050234E-07
~0.533266488E~02 - 0410772943€-02
~0.29160823E-01 . =04 49564004E-01 )
. . CENTRE AT =1.7581 . 82
: . TZEACH ~0,17167E~02
THE I7€0exX) IN NEUS X AT W= 2 1S 224390 0477839
PARTEIAL OF T NoReTe X AT W 2 IS ~749545 2.0920 842250
uAunIruus OF TRe FCNe IS
547598
-nAcn:ruoE 0 TR Fehly 15
- 15,314
lEll 11 INAG T1 REAL T2 THAG T2 REAL T3
~0,97317 -1,7550 ~0447657 -241477 =0, 72211
244155 ~542288 —4a4261 -244660 ~341019
© PIXGWe 1 § FOR ELEMENT &
=0.56556030E-03 o.aezsn#21s-o:
$0a14194616E-02 =0+ 31330809€-03
0.209119176-03 0o 70441514F~04
~0.25T3D038E-02  0.71277842E-02 . :
CENTRE AT . -12.214 162496
. . TZERO= -1,2316 -1,5619
THE 1/40¢K) TN NEUS K AT W= 1 1S 0416298 0425023
PARTEAL OF T WeReTe X AT W 1 IS T.2794 -5.7513 942772
“PIXta= 2. ) FOR.ELEMENT 4 :
" Oe38324429E~02  0o102B4044E=01 B
0.T4286453F=02  0.259124R4E-01 )
0.2178C014E-01 0. 1C468900E-01
16284256 =0s 66681786 .
CENTRE AT ~364307 -249336
’ TZERO= - ~204488 -0419022
THE 1/6Q¢x) IN NEUS X AT W= 2 1S 0050663 2,08682 -
PASTEAL OF T WeRuTs X AT W 271§ ~294920 -138,68 141487
nAau!tqu OF TRe FCNe IS )
104562 .
ulanltuos OF TRe FCNe 1S
o 564. : .
uEAL 1: THAG T1 REAL T2 INAG T2 - REAL T3
-o.szczs -1,9372 =0074887 149536 -0e72211
~3.0 -10.107 ~3,1138 -10,095 =3.1019
PIXCU~ 1 a FOR ELEMENT S
56243640 -723430440
3728, 0060 ~665640000
~2480,1707 4620 65991
«10224 5764 -507202695
. CENTRE AT~ ~0,8788% =0,78378
TZERQ= ~0,83625E-03

0436336E-06

0e14142E 21 ]

IMAG T3
~149503
=10.098

RADIUS OF
TINFIN=

RADIUS OF

TINFIN=

INAG T3
=1e9503
=10,098

RADIUS OF

~0s18871E-05 TINFIN=

e 51 RADIUS OF .
-0- 16319E~02 TINFIN=

IMAG T3
“1,9503

+=104098

.

RADIUS OF

0050252€-06 TINFINe

RADIUS .OF

%098
-D. 54533E-02 TINFIN=

IMAG T3
«1.9503
=10,098

"RAOIUS OF
TINFIN=

RADIUS OF
TINFIN®

. tHAG T3
~1.9503
~10.098

RADIUS OF

0411177603 TINFIN=

RADIUS OF
TINFIN=.

0,15680E-01 0.0

-341378

- - 1

RFAL T IHAG T ‘
~0e32646 - 514
204468
0,29174E-04 0.0
=0472212 =149503

~3,1155 -10.100
S LB
D REAL T tHaG T
~0032646' ~1.8514
~204468 «104683
11927 040
~1,7802 ~1.5868
.
505641 0.0
~3.5965 -10.092
REAL T ° aG T ’
=0032646 =148514 !
244468 . ~104683
R .
11335 - 0o
' £
.
~1.5700 5146383
. 542833 0.0 S,
=3.4535 N -9.992[ - .
REAL T IMAG. T
~0a32646 ~148514
204468 © =10s683
18,537 . 0.0 L
“345559 ~32.887 .
32,969 0.0
690104 ~11.782
REAL T~ IMAG T
0,32645, “1.8514
244468 -10.5683
11770, 7L, 00
0. 80355 =188
5.2040 - ‘0.0 -
-10.088 "




RFAL T3 iMac 11 REAL T2 IMAG T2 | REAL T3 l‘HAG 1%

T =0eT2337 =149902 ~0.T2044 =1.9118 T =0,72211 © o =1e9503 |
¢ =244207 =100 569 - =346764 T =945660 =3.1019 co L =10.098
PIX(W= 1 } FOR ELEMENT & .
«1222%.901 “24%5T7T43A. o
490071, 56 =202675,00
=0 74830151 25492706
0.19531250E~01  =0,34103394E-01 L
- . CENTRE AT 225656 =240740  RADIUS .OF
. TZERCa ~0s72416 «2403286 - TINFIN=
THE 1/(04+X} IN NEUS X AT W= 1 IS Qs 9B826E-05 0+33068E~05 .

PARTIAL GF T WeReTe X AT W 1 1S 0.81781E-06 0021744E~04 0.217595-0"
#IXtwe 2 ) FOR ELEMENT & . : .

318640640 ~3652400.0
45555616, 31090240,
. =192434546 =109437646
0. T6125000E~02  =0,58593750E-01 o .
CENTRE AT 046470 ~546682 RADIUS OF
TZERCe ~le6411 ~10.951 TINFIN=
THE 1/10X) IN NEUS K AT W= 2 1§ 0. 15714E~04 0439353E-04

PARTIAL OF T WoReYe X AT # 2 IS  =0434B68E-0Q3 O 26075E~03 0e44T66E~03
MAGNITUDE OF TRe FCNe IS

1e6853 104 540
MAGNITHDE OF TRe FCNe 1S
261992 104568 . D .
REAL Y1 IMAG T1 REAL T2' IMAG T2 * REAL T3 : IMAG T3
-n 11116 T wlef812 -1.0101 -1s9535 ~0s 72211 " =19503
367 =104179 =342226 =104065 -34101%9 -10.098
nxw- 1 1 FOR ELEMENT 7 .
55406560 -5554283.0
=~120,C0000 . 32,000000
~1465, 9197 «123041431
~263402002 =4481e9531 . .
. : CENTRE AT  ~0.87892 =0478342 RADIUS OF
g TIZERO» 0,13690E~04 e 79483E-05 TINFIN=
THE 1/{Q+Xf IN NEUS K AT W= 1 IS 0.B88167E-04 0437512E-04

PARTIAL OF T WeReTe X AT # 1 IS  =—0,87547E-04 —0411764E-0% 0488334E~04
PIX{We 2 } FOR ELEMENT 7 - ‘

=70053,000 =372539,00 .
177640000 ,=800,00000
=1131.170¢ . 223,03369
«$14349336 ~10529%168 . : :
. CENTRE AT -1 7754 ~4.9826 RADIUS OF
. . TZERO= ~0.12083€=-02 : =0s49945E-02 TINFIN=
THE 1/7¢Q+X) N NEUS K AT W= 2 IS Q¢ 10794E~03 0e38352E~0

5
PARTIAL OF T WeReTe X AT W 2 JS  =0439235E-04 04101 75E~04 0e 4053304
MAGNITUBE OF TRe FCNe IS .

348009 - 104985
MAGNITUDE OF TRe FCN, IS
144996 -+ 106528 . “ . )
REAL T1 TMAG T1 REAL T2 IMAG T2 - REAL T3 THAG T3
-1.1595 -3,3638 ~0e32842 14632 =06 72211  =149503
5424 ~9, 6536 ~243583 ~10e260° 2341019 : =104098"
1x¢ x | FOR ELEMENT 8 = :
~334004063 120074500 S .
275552431 ~1140593.0
326,88843 © 463416284 .
~391.01953 «944 768086 - :
CENTRE AT 21,609 . =19459 . RADIUS OF .
TZERO= 345660 =32 867 TINFIN=
THE 1/(QeX) [N NEUS K AT W= 1 IS 0.95011E-03  0.32445E~04

PARTIAL OF T WeReTa X AT W 1 IS 04 11456E~02 0e14500E~02 O.IBGBOvE-OZ
PIX(W= 2 ) FOR ELEMENT 8 .

REAL T IMAG T
=0432646 ~1.8514

T =2e4488 U 100683

342901 0.0
0.14387E-01 0a34384E-02

5.6870 0.0 -
~0e10021E-03 . =~0424765E-03

REAL T HaG T
=0s32646 =1e.68514
~204488 . =10.883
141774 0.0
-1.6108 -1,7057
52846 0.0
~3,4616 —9,9907
.
CREAL T 1HAG T
=0s32646 .. =854
~2.4468 . - =10,683
28.460. -

0453433

=1569.55322 =T769431226

-22735.125 - - 10857, 563
- «169906440 482250400
69810571 | =140.83755 - . e n e f e .
. ’ K . . .
. . ,
90, 597 RN
2068, 1303 7290, 3977 CENTRE AT ~3240618 =146490 RADIUS OF 13993 0.0
.t TZERO= 694102 ~11.789 TINFIN® ~0,82298° - 104609
THE 171Q+X) IN NEUS K AT H- 2 IS - 0.96676E-03 0.8067TE-05
PARTIAL OF. T WeReTe X AT 15 00 22073E-02 =04 4T626E-03 0s22581E~02
NAQ“lllIUt nr TRy FCle 15
. 104495 -
KAGNITUDE OF TRe FCNe 1S : . . .
2.0 104586 : - :
RFAL n ™as T1 REAL T2 IMAG T2 REAL T3 IMAG T3 REAL T THAG T
«0, 71020 -1.9398 0472613 ~1.9539 -0, 72211 =1,9503 «0e326406 - =1e8514
=3.1686 ~10,00% ~340791 ~10.129 ~3.1019 ~10,098 . =2e4468 =100 683
PIXtw= 1 )} FOR ELEMENT 9 .
492844000 10340,000
1773.9000 -4£10540000
=140,87862 - -125.37416
142,40878 =368430957 -
. . CENTRE AT -2.1626 -0031185 RADIUS OF 2.1817 . .0e0
TZERO= -0+17720E~01 0.87010E-01 TINFIN® ~0.73426 149609
THE 1/4Qsx} IN NEUS K AT W= 1°IS 0s27819E-04 0e19276E~06
PARTIAL OF T WeReTe %X AT W 1 IS  «0433673E~06 ~0e29605E-06 0s4483TE-06
PIX{W= 2 ) FOR ELEMENT 9 :
=-529760.00 - 608040000
355440000 ~145444000
. 7B4.39T46 -1101.4941
. 136034398 - 465247773 . .
: CENTRE AT 2.1876 -8.2128 RADIUS OF 645629 0.0
- : VIERO= —0,64494E-02 -0.27528E~-01 TINFIN= ~3.0327. ~10.190
THE 17(Q+X} IN NEUS K AT W= 2 15 0¢27618E=04 - «0424494E-06 . C
PARTIAL OF T WiRaTq X AT W 2 1S~ 0519032E=05=0o25913E~05-— -0 32151E-05
MACNITUDE OF TRe FCNe IS . .
1.3068 7.0247 .
MAGNITUDE OF TRe FCNe IS . B
2.5728 1269 . .
REAL T1 INAG TL REAL T2 IMAG T2 REAL T3 THAG T3 REAL T . IMAG T
~0,31381 h -x.zeea ~1.0680 ~243606 . w0y 72211 -1.9503 =0e32645 148514
~1.9725 07420 ~3.8255 124104 ~3.1019 «104098- ~24468 -7 ~10.683
PIxiW=_1 } FOR ELEHENTlO ) X - T .
409261040 318059240 . .
234000000 ~264000000
_=159.12158 ~743425708
1971.5393 -286244802 :
CENTRE AT 345464 0420421 RADIUS OF 345523 0.0
TZERO= ~0.62562E~06 00 66837E-05 TINFIN= “341395 ~343247
THE 1/(Q+X) TN NEUS X AT W= 1 1S 0.82063E=04 0.34905E-04 A
PARTIAL OF T HaRaTe X AT W 1 15 =0415041E-03 =-0419716E-03 0 24798E-03
PIX{W= 2 ) FOR ELEMENT1O : . P
67715070 17317024e . . R
758400000 . 484000000
=103443059 ~3461.1133 .
617064250 -450634117 y o
CENTRE AT =127.63 33,680 RADIUS OF 132,00 0.0
y TIERO= “0e17446E-04  0437527E-04 TINFIN= ~Te 0642 ~204056
THE 1/(Q+X) IN NEUS K AT W= 2 1§ 0497327E-04 0.39547€~05 . N .
PARTIAL OF T WeReTa X AT W 2 IS . =0e346256=03 =04 98491E-03 0e10440E-02
mcnnuos OF TRe FCN. IS
. 740724
uncuuuos OF TRe FCNe IS .
245633 12,643 : . .
REAL T} IM4G TL REAL T2 INAG T2 REAL T3 1HAG T3 REAL T ©INAG T
-o.sosw ~1.2762 =1.0704 243291 -0.72211 ~1,9503 =~0e32646 -1.8514
-6, 7888 ~3,8123 =12.054 - ~341019 =10.,098 “204468 =104 683
'mu- 1 ) FOR ELEHENTIL . ’ . -
42847140 3136533,0
=17,000000 =9,0000000




1958.2507 =2924.8928 .
AT . CENTRE AT =3.3776 0.14171
TRERD~ | 0e35844E=-08
THE 1/1QeX3 IN NCUS X AT W~ 1 1S 0JB8LYS9E=~04 0435554E=-04

PARTIAL OF T WeReTo X AT W 1 IS =0s14876E-03. =0,18882E-03
PIX{w» 2 | FOR ELEMENTI]

0e24038€-03

686754040 173745924
256400000 656,00000
=100448613 =352342969
61860,219 ~453364387
CENTRE AT ~121. 70 31.860
- . TZ2ERD= ~0+37691E-04
THE 171Qex) IN NEUS K AT We 2 S 00 97223E~04 0.39801E-05..
0010014E~02

PARTIAL OF T WeReTe X AT W 2 IS  -04333996-03 =0¢94407E-03
MAGNITUDE OF TRe FCNe IS ) .

240785 10,556
MAGNITUDE OF TRe FCNe 1S
240809 100571
REAL T1 | IMAG TL REAL T2 IMAG T2 REAL T3
=0e72174 =149492 . =0e72248 =1e9515 «0e 72211
=3s1136 -10,086 “3.090% =<104310 . =341019
PIX{We 1 } FOR ELEMENT12
0.15656046E~10 0.48202539E-10
~0e82606713E~10 Qe 65270248E~10
0e60481338E-10 00 .
0438403414E-09  =0,12926193E-09 : .
. CENTRE AT -4.1989 =0.81943
. TZERQ= =0e72137 - ~le 9480
THE 1700+X) IN NEUS K AT W= 1 IS 0410000E 21 0.10000E 21 .

PARTIAL OF T WeRoeTe X AT W 1 IS 0410000E 21 0+ 10000E 21
PIXIW= 2 ) FOR ELEMENT1Z '
=0¢ 696361 84£-09 0.49620130E-09
=0.65500885E~08  «04344956181E-08 1
«0e70522219E~08 - . =0.152156846E-08
=0461263563E-08 0e46129572E-08

0414142E 21

=544191

. CENTRE AT 145995
. T2ERO= -3.1253 -10.074
THE 1/7(Q¢X) IN NEUS K AT ‘Ww 2 IS 0.10000E 21.  0,10000E 21

PARTIAL OF T WeReToe X AT W 2 IS 0e10000E 21 0410000€ 21
MAGNXTUEE UF TRe FCN, IS . L

02 14142E 21

AADIUS OF
52342E-06 TINFINw

RADIUS OF "
=0.16390E~06 TlNFlN-

IMAG T3
-1,9503

«10.098

RADIUS OF .

TINFIN=

. RADIUS’ OF
TINFINa

IMAG T3

“=149503

=104098 |

RADIUS OF

RADIUS OF

=00 41903E~02 - TINFIN=

9.7094
uAcmruue "o TRe FCNe 15 . : .
21317 10,839 : e .
REAL T1 . IMAG TL. REAL T2 IHAG T2 REAL T3
-o.s&sxs -1.az1z =0e75124 -1.9949 -0,72211
=3, 9 ,8532 . ~2,6984 | ~10e498 ~3.1019
i p FOR ELEHENTIB :
204256846 284417725
0,10473633" -~ =~0,25585938 . .a
[ =2440865179 ~4.0878905
. 805148649 ~8,5312053 :
; CENTRE AT =4.7600 0465796 "
. TZERO= 0426829E=02 ~. 0635436-02 TINFINe
THE 1/(Q+X)_IN NEUS K AT W= 1 IS 0089244E-02  0,15586E-03
PARTIAL OF T WeReTe X AT W 1 IS  =04B81308E~03 =0412587E-02  0e14985E-02
PIX(N= 2 ) FOR ELENENT13 ; :
- «880,60986 ~118, 83203
2,9609375 ~3.35564688
25.028214 . 434914474
535, 73218 . 205,55446
CENTRE AT 1.4022 ~5.9589
" TZERO= 0.27922E=-02
YHE 17(Q+X) IN NEUS K AT W 2 IS 0.B8517E-02  =-0.13057€-02

PARTIAL OF T WeReTe X AT W 2 IS 0410809E-01  ~0a117462E-01
THE COMPLEX SOLNS FOR X{W,ELEMENTY ARE3 .
0e10678E~05 04289786~06

—DobhB) TE-04 f.2304r-04

. 0e32703£-01 0.95527E~03
‘0u16308E-01 0.970326-02
0,28892€-01  =0,103476~03
0.12905F=01 0,51955F-02 N
0s94508E-01 034977E=01

. 0eT12€3E-01 0.53596E-02

14200, 829.58 )
341208 . - 198942
575404 -20639
1727.8 234481
5960,9 145,71
27196 10%a4
1192, 6 167466
139642 =394.52
1002.9 131.42
~5525,4 860,04
396%46 857,67
53653 821458
4011.9 866426
S482.1 858444

=0223054E-01 0e41139E-01
0763416202  -0.55661E~04 .
224102 18,833 B
211.93 545639

0415974E-01

TReFCNovZy Yy TOLZER ARE:z 1 2 0. 50000 1. 5000 0+ 10000E-08

NOMs CCTLELEMENTS ARE:

0e26000E~05 0o47BO0E-0% 0¢44600E~01 0,683006-0F 94000, 3605.0 9250.,0

100040

521040 0,29000E-03 104,00
0e50203E-02 04628256~01

33808

040 .
=3,0908 -3,2287

125,80 0.0
~609283 ~19.651
REAL T MAG T
—0432546 -1,851%
=2e4468 ~10. 683
3,5561 8.0

—843496 21372
_ 6.6328 0.0
- =0e 69522 04804611
REAL T 1Hag T
~0432645 - -1,8514
. =204468 -10.683
448070 0.0
-0481576 ~240899
.
601170 ¢ 0.0
-1.7150 -11,222
. .
' ..
35714, 5100,0




rouit # 3

' " Computer output for test ¢

= The following output was obtained at the scaled test frequen-
cles: 0.01, 1.0, 5'.13, 6.0 and 6,82 radians/second, for the voltage
: transfer function A, of test circuit # 3.

-

KAENITUDE OF TR. FCN IS
: 0.221736-07 . . .

. : 0o 242546~04 : 3 - : [
! . N 0415906 ) : . - !
! L t 0,16580€-02 3 i o ) :
i C : €4 747406-01 : o

Lo L - HAGNITUDE OF TR, FCN. 1§ .

i . 0a11990E=07 = " 0.,12354E-0h  0.307326-03  0.13743E-02  0,47062E~02
o : i . : . WAGNITWOE OF TRe FCNe 1S L

; R ’ 04332426-07°  0.35722E-04 ~ 0.
© ' MAGNITWOE OF Tz, FCu, IS . .
.- 00221 736-07  0o24254E-Ck. 0415906 0016580E-02 - 0. 74T60E-01

20526-03 . 0,955376-03 . 0.12738E-01 L

REAL T2 Iuag 11 REAL T2 IMAG T2 REAL-T3 IMAG T3 T OREAL Y IHAGC ¥ "
. . 0e110426-07  =0.10328E-08 0,330808~07  «0.33333E-08 0.22069E~07 . ~04214305-08 0.22069€=07 =04 21437E-C8
M - 0el2642E-05 =0e1228%€~04 0u 33791E~05 ~0e355625-04 04 23921€-05 “Ca2b136E=04 0.239CLE-05 =04 2413
=Je54334E=C0 =Ce35731E-03 =0e533556-05 0e920512-03 «0.15590 0e31547E-01 =Ca15590 0e31S4T7E-QL
. =00 247545=C4  ~0.13741E~02 C.51291E-C5 0.955335-G3 0a11614E~04 Q.18580£=02 1614£-04 0. 165£28~02 Y

- . . : ~3s5015AL~04 Ge®TOLIF~02 04286T71E~02 =0e412411E-01 0¢ 70890E-01 =0423742E-01 C890E~-01 =0e237426-C1 :
4 . o . PIN{¥x 1 ) FOR ELEMENT ) . . B
. . . . =0s35211551E-14 0.35227C91E-15 . - BN - N

e 23982372627 =0,3786532)E~28
" Qe 62458719E-14 0a30346A53E=13
=0.98283011£-19 0s19586U4HE~19

. CENTRE AT © =0e140435-06 -0,156095~05 RADIUS OF . 0.15672E-0% 0.0
- - N . - TRERQa- 00 568455E=13 =0431275E~14 TINFINe" ~0427919E-08  =0431221E-05
. THE 1740eX ) IN NEUS K AT wa 37 IS 0e10N0CE 21 0.13000E 21 . . .
c . . .. PARTIAL OF T WeRaTa X 4T W 1 IS 0+ 10000E 21 Ce1000GE 21 OGe 141426 21

PIXiNe 273 FOR

LENENT )

~0429520955€~12 0e358924R7E-11 - .. RS
- . Dub612644GE-22 0.26469TB0E=-22 - . ) R .

- 0.53185597¢~10 =0416804335€-09 .
. . QelBYII2IIE~L2 | 0421314B8IE=13

i CENTRE AT ~0,14362E~02 . =0.15441E-03 RAOIUS OF  0s1444SE-02 .0
. . . TIERO= ~3458190E~11 0418915E~10 TINFIN= ~° =0,753176~06 =~0463862E-03
THE 1/10¢X1 IN NEUS K AT We 2 I§ 464045 <108 d . .
PARTIAL OF T we2 Te X AT ¥ 2 1§ 0s26336E~02  =0,29082E~01 0e29201£-01 :
PIXtW® 3 ) FCR ELEMENT 1
. =0 99TTLISHE~OT 0.19797632E-07 Co . . . -
° 0.138777885~16 04 83266727616 - L . -
~0, 12471901 €~93 0.26992609E-04 .
0. 75975386F =08 04383143196-07 - . .
. CERTRE AT ~0,81150E-01 . ~0,10246E-04 RADIUS OF  ©0,3115CE-01 0.0
T2ERO= ~0.256459E=10 0a 82959E-09 TINFIN= ~0.461508£=06  ©.30702£-03
THE 1/000X} [N NEUS & AT M= 3 1§ 0.,12979E 06 0.83435E 08 S
PARTIAL OF T weoTa X AT W 3 IS 40087 94837, 0410295 06 -
. PIX{N= &4 } FOR ELEMENT ) . . ) . . . -
0, 70115125611, 0. 82239238E-0% . . .. - R
0.254787515~17  =0,2134323CE-18 : . S - : .
0. 15541655E-97 0416938751€-05 . - -
© 0eTT234397E-08 ~0.18645420E-10 . - : .
CENTRE AT * =0,13771 - 0.17937E-02 RADIUS OF . 0413773 0.0 .
. . R N T ZEROs 00233128=09  0.31001£-08 TINFINe 0, 57540E~05 - 0, 51707E-03
ol T . THE 1/0QeX) IN KEUS K AT we. 4 1§ 4007.9 164601 . ’ N
§ . . PARTIAL OF T wodeTe X AT W 4 IS —0,45057E=02  ~445727 45727 . . -
H L. .7 PIX(Xe 8 § FOR ELENENT 1 I . . :
: . 0,44001396E-07  ~0.$9900248E-08 . B .
| . . . 0e19620903E-15  ~0.12490009E~15 : s . _ L. :
. . . .
. . .




D4 SRASARI4AF N4

=N 1%711004C

0%
.- 0639914703E-07 00 256543276=-06 ’ -
. CENTRE AT 04 40353E~01 0. 27850E-02 RADIUS OF
T - -
:’:EJ(:O;:){N NEI'JS K AT Wee§ 15 ono'llfzo. lz;ﬁlgt:.‘?E 08 0s17461E=-08 TINFINs
Welt X AT w5 - - }
Moot ot Yptels x Al 1s 9954 30 1145.8 1517,7
Qe22247E=07 *  0,44500E~04 - )
 HAGNI vone or ot Fc:i. 29 0.77696E-02 04 40150E~02 011164
0422054E-07 0al6A3AF~06 0. 76362602 00104456-02 -
oug;; !,1 - IMAG T1 REAL T2 HAG T2 0;;2:1:5 o THAG T2
. 17E-07  -0.11583E~08 0421836E-07  =0431023E~08 0422069E-07  ~0.214306~08

0481825€-05  <0443741£-04

Qs 7NNOT-01 =0423742r-01
MAGNITUDE OF TRe ECNe IS

04221 73€-07 0024249€-04
MAGNITUDE OF TRe FCNe IS

0e 221 13E~07

REAL V1 144G Tl
022069E<07  =0421426E-08
04 24293E-05  —0s26127E-04

-0.16113 =CeIST57E-02

~0a £38A0E-05 “0el6325¢-02

* G4 67897E-02 0e 23904E-01
PIX{W= 2 } FOR ELEMENT 4

0a $42254693E~17

~0a3466A2997€-22

0238890332E~15

04 50979755E-2C

THE 1/00ex) IN REUS X AT W= 2 IS
PARTIAL OF T WeRaTe X AT W 2 1S,

PIX(W= 3 ) FOR ELEMENT &
=0,34108775€-11
' =0e36403611E-12
=06 12543438E~00
0212241230€~09

THE 17(Qex) IN NEUS K AT Wr 3 IS

PARTIAL OF T WeReTe X AT W 3 IS
PIXIWe 4 } FOR ELEMENT 4
-0 23835331E~14
=0e BHTOS444E~LT
=0e 15931 700E~10
. =0e18995222€~15

THE 1/4Q¢X) TN NEUS'K AT W= 4 IS

PARTIAL OF ¥ WeRoTe X AT ¥ 4 IS

PIX{W= 5 ) FOR ELEMENT 4
0e14572746E-10

136T144E-13

681 TRISE-06 = 90021655-0:
- -, =0e27249314E~1 -
0.62”2"!“ 12 * CENTRE AT 0439946E-01 0415894E-02 RADIUS OF
TIERD= Ge13777E-02 0e12089E~01 TINFIN=
THE 17(Q¢X) IN NEUS X AT W= 5 IS 0e15194E 06 0e40075E 06 -
S PARTIAL OF T WeRaTe X AT W 5 IS -202087, -24801. 320426
MAGNITUDE OF TRa FCN.
04221 73E-07 - 0-;39855—06 0. 12070E-0L 0.65697E~03 - 0443571E~03
#MAGNITUDE OF TRe FCI . .
e 221 T3E-07 N O.Z’«5ZBE-06 0,11790E-01 0431649E~02 0e43412E-03
REAL T1 1MAG T REAL T2 I1KAG T2 REAL T3 TRAG T3
0422069E-07  ~0,21430E-08 0a22069E-07  ~0.21430£-08 0s22069E~07  ~0421430E-08
0e23637E-05 «0s23868E~04 0e26170E=05 ~0e24409E=-04 04 23901E-~0S =00 24136E-04
«0s14071E-02 ° =0411988E-01  =0¢37058E~03 0e11T784E-01  =0415590 0431547E-01
Qe 62262E=06 0465697E~03 0.70184E-04 ~0431642E-02 0e 115614E=04 0. 16580E~02
? 04 43569E~03 0, 46528E~06  ~0e43412E~03 0. 70B9CE-01 - ~0e23742E-01

- 0o 434T1E-05
‘PIXIWe 2 ) FOR ELEMENT S
=0 87215459E~14

0e11056E-05

0.70190E=01

0.97652394E~18
10425030E=-21
=0412005371E-14

0s18396497E~20

0. 16142 0416125€6-02

0.14770 0.17060E-02  0.20261E-01 :
KEAL Y2 1RAG T2 - REAL T3 IMAG T3 B
0022068607 ~00214336-08  0422069E-07 '=0s21430E~06"
0.235086-05 -0.24144E-04  0423901E-05  ~0424136E-04

-0.13395" 0.622418-01  =0,15590 0431547€-01
0e31737E-04 _0al1705T7E=-D2 Dell614E«06 0a 16580E~02
0.58996E-02  -C.19383E-01  0470890E-01 = -0.23742E-01

CENTRE AT 0,2652T€-06 =0, 14708E-04 RADIUS OF

T2ERO='
0.10000 21
0410000E 21

-0428664415E=11
+57856B61E-12
Qe TB21 T905E~0T
04 19878144E~09

=0s54917SB4E=-14
61634 76E-17
§587620E-10
1615084E=-1T7

CENTRE- AT -o.sovzse-ol © 0411140E-02 RADIUS OF
TZERQ® 0414610 =04 46847E~0L° TINFIN=.
6565346 33569, .
204342, 503348 54327
CENTRE AT ' 0,208966-03 0.80957E-03 RADIUS OF
TZERO= -0.22500E=04 ° 0s15691E=~02 TINFIN®

~0e34155066E-11
=0e17146278E~12

De86403514E~13

=04 20665379E~1T  ~0e41256455E~18
=0 23500646E~12 0e240403536~11
0038963516E-18 G.112231878-18

0e10000E 21
0+10000E 21

=04 16401E-04

Qs 23901€-05  =0,24136E~-04
0

0. TOB20E-0L1

04 24849E-01

«0s237426-01 =0e23742E~01

04246B5E~05
0.10000€ 21
0 10000E 21

* «0e 2411 TE~0% TINFIN= -
0e14142E 21

0,10000€ 21

0410000E 21 0.14142E 21

0a40449€=-01
0BS5S TIAF=03 -

REAL T
0e22069E-07
04231901F=05

REAL ¥V

0.22069E-07
. 0.23901E-05
“+~0e15590

0¢ 11614E=04

04 70890E-01

Qe 96663E-05

"/ ~0e10232E-06

. Qe 60918E~01

-+ =04 88583E=05

’0.’22445E-02
,=0+60084E-05

0439977E~01
-0442300E-06

REAL T

0422069E=07 -

23901E~08

. =0a15590
‘0al1614E-04
Oe 7TQ890E~01

040
~Gu4snsnr-02

1HAG T
~0.21430E-C8
=0.24136(-04

~0052359E=C3 =0, 77520E-02 - ~0.217B66-03  0.74332E-02 =0,
0.52359€- - . . - -0.1559 0431547E=01 =0, -

. ::;g;;;;_g; g:;g:;;;gi g:;ggz;::g: _g.;g:;ﬁe-oz 0.11614E-04 0. 165406-02 o:ifzzgs-m g: ﬁ::;:-gé
ppaolEat s +25139€-01  0.70890E-01  -0,23742E~01 . . 0.70890€~01  ~0n23742E-01
001397966913  0.481112176-13 ) ' .

=0431909079E=21 =04 1069483 76~20
. 0042812021E-12  ~0412775718E-12
0s26366382E~23  =0,25849394E~24 :
CENTRE AT 041113¢E-07  0.111586-13 RADIUS OF o
cenrw £- R e11141E-07 040
;;*5,}({%;',!: :Egs o s 0.100005.21 O?igsgggezg1 0.159776-09 TINFIN= =0,58205E~11 - =0, 11331E~12
. x wiis : ) -
DITIAL OF T MeRaTe X AT 0+10000E 21 0.10000€ 21  Gu14142E 23
~0049274973E-L0  =0476196383E-10
0.16215944E-13.  0.59887770E~14
. ~0e22724596E~07 . © 0,60849231E-07 '
0e173472356-17" 0.051351145-13 : )
CENTRE AT 04118696-03 =0, 43214E-06 RADIUS OF ;
- 0.11870E-03. . 0.0 .
TZER - - .
;';5,;;1‘1;;',"* Neus K &7 we 2 15 901'::&0- 2:;?5’;“ 03 -0,114226-03 TINFIN= ' =0.31660€-11  0,29651E~10
WeReTe X AT W 2 1S = & 02 - ' '
DAATIALOE T MeBaTe X AT 0e44140E-03  0421658£~02"  0,22103E-02
=0,15817350E-04  0,28217601E-05
=0013564566E=07  ~04 60701 552E~07 .
~0,15680885€-02  0.31865924E~03
0032741809E-20 .  0411732482E-09 : ' : :
: CENTRE AT -0.80827E-01 . 0.15656E-02 RADIUS OF - 0.8
¢ - - . 0.80B42E-01 0.0
;::,,}::"3:','" NEUS X AT we 3 TS 7335520- 23;::325 03 -0038676E-02 TINFINs 0s54504E-08 ' 0475920€~07
WeReTo X AT W 3 IS 24
PIX(H= & ) FOR ELEMENT 2 12 604043 6s0.88
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