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TRANSFER FUNCTION SYNTHESIS AS A 
RATIO OF TWO COMPLEX POLYNOMIALS 

by 

C. K. Sanathanan and Judith Koerner 

ABSTRACT 

Exper imenta l data for frequency response obtained 
from a l inear dynamic sys tem is p rocessed to obtain the 
t r ans fe r function as a ra t io of two frequency-dependent 
polynomials . The difference between the absolute magni -
tudes of the actual function and the polynomial rat io is the 
e r r o r cons idered . The polynomial coefficients a r e evaluated 
as the resu l t of minimizing the sum of the squares of the 
above e r r o r s at the exper imenta l points . The magnitude and 
phase angle of the t r ans fe r function a re evaluated at var ious 
frequencies by naeans of the computed polynomial ra t io and 
a re compared with the observed data. 

The numer ica l solution of this problem was obtained 
by using an IBM 704 FORTRAN p r o g r a m . 

The inethod presen ted he re gives an analytic de-
script ion of the comiplex t r ans fe r function super ior to that 
given by minimizat ion of the "weighted" sum of the squa res 
of the e r r o r s in magnitude. 

This method is applicable to both minimum and non-
minimumi phase s y s t e m s . 

1. INTRODUCTION 

It i s often des i r ab le to exp re s s the t rans fe r function G(s) of a 
l inear dynamic systemi as a rat io of two frequency-dependent polynomiials, 
namely, 

- , ,., Pn + P|O Ĵ-)) + Paljco)^ + . . . 
^̂ ^̂ ^ • ^TT-i;(j^irr"q,(jco)2 + . . : 

= Z M (I) 

''Setting q - 1, does not r e s t r i c t the problem in any way. 
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S e v e r a l methods '^"-^^ have b e e n d e v i s e d in the p a s t to fit t he e x p e r -

i m e n t a l d a t a wi th a funct ion such a s the a b o v e . In the fol lowing, one such 

m e t h o d i s p r e s e n t e d b r i e f l y a long wi th i t s d e f i c i e n c i e s . A p r o c e d u r e i s 

s u g g e s t e d to el imiinate the d e f i c i e n c i e s . 

The e r r o r a t f r e q u e n c y (1\ i s g iven by 

The p r o b l e m b e c o m e s qui te diff icult to so lve when the coef f ic ien ts 
p p , p , . . . , q , q , . . . a r e e v a l u a t e d as a r e s u l t of s i m p l y m i n i m i z i n g 
the s u m of I^k p a t a l l t he e x p e r i m e n t a l p o i n t s . If E q . (2) i s m u l t i p l i e d by 
Q(jtDk), the we igh t ing funct ion, t h e we igh ted e r r o r at po in t k i s 

- k = CkQ(J'^k) " G(jayQ(j03j^) - P(jJ3g , (3) 

and the sum of |^k I ^or a l l t he e x p e r i m e n t a l f r e q u e n c i e s i s 

n n 

E(Po.Pj,P2, . . . : qi = q2,q3, • • • ) - Z Nic Î  = Z '""kl M • (4) 
k - i k=i 

The s u m E i s p a r t i a l l y d i f f e r e n t i a t e d wi th r e s p e c t to e a c h p o l y n o m i a l c o -
efficient and equa t ed to z e r o . The r e s u l t i n g se t of l i n e a r s inau l t aneous a l g e -
b r a i c equa t i ons a r e a r r a n g e d in the m a t r i x equa t ion foriTi 

[A][X] = [B] (5) 

and so lved to ob ta in the p o l y n o m i a l coef f ic ien t s c h a r a c t e r i z e d by the 
"we igh ted" m i n i m u m m e a n - s q u a r e - e r r o r c r i t e r i o n . 

The above h a s the fol lowing de f i c i ency : 

The we igh t ing funct ion |Q(jti-k)| m a y v a r y c o n s i d e r a b l y a s cok i s i n -
c r e a s e d t h r o u g h s e v e r a l d e c a d e s , and at h i g h e r f r e q u e n c i e s m a y a t t a in v a l u e s 
c o n s i d e r a b l y h i g h e r t han t h o s e at l ower f r e q u e n c i e s . B e c a u s e of the h e a v y 
weight ing of the e r r o r s at t he h i g h e r f r e q u e n c i e s , t h e r e i s a g e n e r a l t e n -
dency for the c o n t r i b u t i o n s of the lower f r e q u e n c i e s to E to b e c o m e ine f fec -
t i v e . T h e r e f o r e , t h i s ine thod m a y be e x p e c t e d to give a poo r fit at l ower 
f r e q u e n c i e s , which it a c t u a l l y d o e s . 

It i s s u g g e s t e d tha t t he above de f i c i ency m a y be o v e r c o m e by e l i m i -
na t ing the we igh t ing by an i t e r a t i v e p r o c e d u r e . 

Equa t i on (3) i s mod i f i ed such tha t 

£" :. ^^^^L ^ ^kQ(ja-k)L ^ G(jj)k)Q(J^k)L P(j:i3k)L 

^k Q(ja3k)L. i Q(p3k)^_^ ~ Q ( j a y j ^ _ ^ " Q^J^k)^.-! 
. (6) 
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w h e r e the s u b s c r i p t L c o r r e s p o n d s to the i t e r a t i o n n u m b e r . As Q(ja)j^) i s 

not known to b e g i n wi th , it i s s e t e q u a l to 1. The s u b s e q u e n t i t e r a t i o n s 

c o n v e r g e r a p i d l y and £;^ t e n d s to be equa l to ej^, and the we igh t ing c e a s e s 

to e x i s t . 

II . ANALYSIS* 

F r o m E q . (6), 

|e^ P = |G(ja3k) Q(jtOk)j^-P{jcDk)Liy |Q(jcok)L.il (7) 

Subs t i t u t i ng Wj^^ ~ ^/ \^^3'^'k)LJ-1 I ^^ ^^' ^^^' s u m m i n g for a l l k ' s , 
and c a l l i n g the r e s u l t E ' , t h e r e i s o b t a i n e d 

n 

Z 
k=l 

t i , 2 

Z Kf W. 

k = i 
k L 

;8) 

w h e r e ^-y^ i s a funct ion of P Q S P . S P , ' • • . , q^, q,! <1,' • • • The s u m E ' i s now 

p a r t i a l l y d i f f e r e n t i a t e d wi th r e s p e c t to e a c h of the po lyno in i a l coef f ic ien t s 

and e q u a t e d to z e r o to e v a l u a t e the c o e f f i c i e n t s . T h i s y i e l d s the fol lowing 

m a t r i x equa t ion : 

:̂ o 

0 

^ 2 

0 

0 

X, 

0 

X4 

-^z 

0 

-X, 

0 

0 

-X 

0 

-x 

T i 

SE 

T3 

S4 

-Sz 

T3 

-S4 

T5 

-T3 

•S4 

-T5 

-S6 

S4 

- T 5 

S6 

- T , 

X. 

X, 

T i Sz 

•Sz T3 

T3 S4 

-S4 T5 

•T3 

84 

•Tg 

S6 

S4 

•T5 

•S6 

•T7 

Uz 

0 

U4 

0 

0 

U4 

0 

U6 

-U4 

0 

- U 6 

0 

0 

-U6 

0 

- U s 

Po 

Pi 

P2 

P3 

• 

qi 

qz 

qs 

q4 

e 

L _ 

So 

T i 

Sz 

T3 

. 

0 

Uz 

0 

U4 

e 

1 J 

*S ince t h e a n a l y s i s g iven h e r e i s qu i te br ie f , t h e r e a d e r m a y find i t 

he lpful to r e f e r to L e v y i ^ ) . 
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where 

Xi i = Z (^^k)'WkL ' ^1°) 
k = i 

n 
Si = Z (^'^k)'RkWkL ' (11) 

k=i 

n 
Ti - Z (^k)'ikWkL ; (12) 

k - i 

n 
Ui = Z ( ^ k ) ' ( R | + 4 )WkL " (13) 

k=l 

Here , R|̂  and Ij^ a r e the r e a l an.d imaginary pa r t s of the t ransfe r function 
at 00]̂  obtained exper imenta l ly . 

The coefficients q| q2, qs, . . . evaluated at i te ra t ion L - 1 a r e used 
to evaluate W^ for the next i te ra t ion . 

III. EXAMPLE 

The experiixientally m e a s u r e d data for the t rans fe r function of EBWR 
(Experimental Boiling Water Reactor) operated at a thermial power of 40 Mw 
and a p r e s s u r e of 600 psi a r e fitted with the t rans fe r functions obtained by 
the leas t m e a n - s q u a r e - e r r o r c r i t e r ion as well as the "weighted" leas t m e a n -
s q u a r e - e r r o r c r i t e r ion . 

As the r eac to r t r ans fe r function is believed to have an excess pole 
over the number of z e r o s , the numera to r polynomial is made to be of one 
degree l e s s than the denominator polynomial . In this example, the n u m e r -
ator polynomial is chosen to be of degree 6. 

The exper imenta l data consis t cf the magnitude and the phase angle 
of the t r ans fe r function at 24 frequencies ranging between 0,03 and 40 radians 
per second. The polynomial coefficients for the "weighted" minimum mean-
square e r r o r a r e obtained at the end of the f irs t i te ra t ion of Eq. (9), and 
those for the leas t m e a n - s q u a r e e r r o r a r e obtained at the end of the tenth 
i te ra t ion . In genera l , the number of i te ra t ions depends la rgely upon the 
nature of the t rans fe r function and the des i r ed accuracy in the values of 
the coefficients. The magnitude and the phase angle of the t rans fe r function 
a r e also computed at the exper imenta l frequencies from the polynomial 
coefficients = 
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The r e s u l t s a r e shown in F i g s . 1 and 2 and in Tab le I . It is to 
i l l u s t r a t e the insuf f i c i ency of the "we igh ted" m i n i m u m m e a n - s q u a r e - e r r o r 
c r i t e r i o n c l e a r l y tha t the a u t h o r s h a v e c h o s e n the s y n t h e s i s of a f a i r l y 
l a r g e t r a n s f e r funct ion such a s t ha t of a n u c l e a r r e a c t o r . 

12 
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/ 
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/ 
/ 

"' 

1 1 
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SQUARE ERROR 
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X> 

— 

1 

0 .03 0.1 1.0 

FREQUENCY, r a d / s e c 

10 40 

112-2074 

F i g . 1. Magni tude of the T r a n s f e r Func t ion vs F r e q u e n c y 

~r—T—n 1 !—I—TT-rn 

1.0 

FREQUENCY, rad /sec 

112-2073 

F i g . 2 . P h a s e Angle of the T r a n s f e r F u n c t i o n vs F r e q u e n c y 
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T a b l e I 

P O L Y N O M I A L C O E F F I C I E N T S 

E v a l u a t e d by the 
Weighted E r r o r C r i t e r i o n 

Po 

Pi 

P2 

P3 

P4 

P5 

P6 

^ 0 

^1 

% 

^6 

(iteration 1) 

9.2894 

1.7123 

1.1254 

1.0363 

1.6044 

8.8747 

4.7145 

1.0000 

2.1108 

8.7539 

5.6295 

1.0042 

1.1678 

2.5212 

2.2947 

10-1 

10-1 

10-1 

10-2 

10-3 

10-6 

10-6 

. 10-1 

10-2 

. 10-3 

10-3 

. 10-5 

• 10-6 

. 10-8 

Evaluated by the Minimum 
M e a n - s q u a r e - e r r o r Cr i te r ion 

(I teration 10) 

1.2768 

1.2803 

7.8233 

7.9181 

8.0884 

2.8947 

2.0136 

1,0000 

2.5314 

4.2697 

5.4644 

4.5364 

1.9840 

1.1446 

1.0519 

10-1 

10-2 

10-3 

10-4 

10-5 

10-1 

10-2 

10-3 

10-4 

10-5 

10-^ 

Note: Running t ime on the IBM 704 for the above problem was approx-
iinately one minute . 

IV. DISCUSSION 

In the example cited above, |Q(JCD)| 2 var ied from 1.0 to 6.25 x lO"̂  
through the frequency range . 

The p resen t method is not applicable to functions that have poles at 
the or igin . However, the exper imenta l data may be miodified to have them 
fitted with a function that does not have poles at the origin, and, then, the 
requi red number of poles at the origin may be introduced to this function. 
This p rocedure is c lea r ly i l lus t ra ted by Levy.l^') 
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Suitable scaling of Eq. (9) was n e c e s s a r y for successful computationj 
namely, Eq. (9) was solved by writ ing 

10"^ [A][X] = 10-8[B] 

The r ec ip roca l of the geometr ic mean between the first and the last ma t r ix 
e lements is a reasonable scale factor . The express ion for G(j (X)) obtained 
after the f i r s t i tera t ion cor responds to the minimization of the sum of the 
squares of the weighted e r r o r s , since Wĵ ĵ  is initially set equal to unity for 
all k ' s . 

Table I shows that the polynomial coefficients a re a l tered cons ider -
ably in the subsequent i t e ra t ions . 

V. THE COMPUTER PROGRAM 

An IBM 704 FORTRAN p rog ra m , TRAFICORPORATION, was devel-
oped for the numer i ca l solution of this p rob lem. This p rog ram is given in 
i ts complete form in the following discuss ion. 

A. Descr ipt ion of the P r o g r a m m i n g of the Computing P rocedure 

Symbols 
Used 

ALPA Absolute value of the rat io between the imaginary and the rea l 
par t of the n u m e r a t o r . 

ALTERl Absolute value of the calculated magnitude of the t rans fe r func-
tion in dec ibe ls . 

ALTER2 Absolute value of the calculated phase of the t rans fe r function 
in d e g r e e s . 

AMDA X 

BETA Absolute value of the rat io between the imaginary and the rea l 
p a r t s of the denominator . 

CDBM Calculated inagnitude of the t ransfe r function in dec ibe ls . 

CEM Calculated magnitude of the t rans fe r function. 

CONVl Convergence c r i t e r ion for the magnitude. 

IJERMAGlj - |ERMAG2|| < CONVl 

CONV2 Convergence c r i t e r ion for the phase , 

IJERFAZlj - |ERFAZ2t | S CONV2 

CPH Calculated phase of the t rans fe r function in d e g r e e s . 
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Symbols 
Used 

CPHR 

CURNER 

DBM 

EM 

ERFAZl 

ERFAZ2 

ERMAG 

ERMAGl 

ERMAG 2 

ERORM 

ERORP 

ERPASE 

ID NO 

L 

MAXPTl 

MAXPT2 

MAXPT3 

MAXPT4 

N 

NOLAMD 

Calculated phase of the t ransfe r function in r ad ians . 

If the e r r o r in magnitude exceeds the value (CURNER ° AL-
TERl) at a given point, the calculated value of the magnitude 
is substi tuted for the exper imenta l magni tude. 

Exper imenta l magnitude in decibels . 

Exper imenta l magni tude. 

Maximum e r r o r in the phase for i t e ra t ion L - 1. 

Maximum e r r o r in the phase for i te ra t ion L. 

Same as ERMAG2. 

Maximum e r r o r in magnitude for i t e ra t ion L - 1. 

Maximum e r r o r in magnitude for i t e ra t ion L. 

Absolute value of the difference between the exper imenta l and 
calculated magnitudes in dec ibe ls . 

Absolute value of the difference between the exper imenta l 
and calculated phases in d e g r e e s . 

Same as ERFAZ2, 

Identification number of the p rob lem. 

The cur ren t i tera t ion number 

Point at Avhich the maximum e r r o r in magnitude has occur red 
in i te ra t ion L - 1. 

Point at which the maximum e r r o r in magnitude has occur red 
for i te ra t ion L, 

Point at which the maximum e r r o r in phase has occur red in 
i te ra t ion L ~ 1, 

Point at which the maximum e r r o r in phase has occur red in 
i te ra t ion L, 

The degree of the denominator . 

Number of lambdas in the ma t r ix . 



S y m b o l s 
Used 

N O M E G A N u m b e r of e x p e r i m e n t a l p o i n t s . 

OMEGA 03 

P A B S Magni tude of t h e n u m e r a t o r , 

P A B S l R e a l p a r t of the n u m e r a t o r . 

P A B S 2 I m a g i n a r y p a r t of the n u m e r a t o r . 

P A B S Q S q u a r e of the m a g n i t u d e of the n u m e r a t o r . 

P H E x p e r i m e n t a l p h a s e in r a d i a n s . 

P H E E x p e r i m e n t a l p h a s e in d e g r e e s . 

QABS Magni tude of the d e n o m i n a t o r . 

QABSl R e a l p a r t of the d e n o m i n a t o r . 

QABS2 I m a g i n a r y p a r t of the d e n o m i n a t o r . 

QABSQ S q u a r e of t h e m a g n i t u d e of t h e d e n o m i n a t o r . 

R R e a l p a r t of the e x p e r i m e n t a l t r a n s f e r funct ion . 

S C A L E Sca le f a c t o r , u s e d to d e c r e a s e the s i z e of the m a t r i x 
e l e m e n t s . 

T H E T A l t a n " i ( A L P A ) , 

T H E T A 2 t a n " ! ( B E T A ) , 

UR I m a g i n a r y p a r t of the e x p e r i m e n t a l t r a n s f e r func t ion . 

W R e c i p r o c a l of the s q u a r e of the m a g n i t u d e of the d e n o m i n a t o r , 

V*''ALT If the e r r o r in p h a s e e x c e e d s the va lue (WALT • A L T E R 2 ) at 
a g iven po in t , t he c a l c u l a t e d va lue of the p h a s e i s s u b s t i t u t e d 
for t h e e x p e r i m e n t a l p h a s e . 

WX Initial value of W. 

B. The Computing Procedure 

Initially, the required X's, S's, T's and U's are computed and sub-

stituted in the matrices [A] and [B ]. The matrix-inversion subroutine. 
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ANF 402,* is used to solve the matrix equation [A] [X] = [B] to obtain the 
polynomial coefficients p^, pj, . . . , Pjsj_i> and q̂ , q ,̂ , , . , q-^. Here, q̂^ 
is set equal to 1. The magnitude, the phase angle, and the errors of the 
transfer function are computed at each experimental point as follows: 

-^ 1 

(PABS1)2 + (PABS2)2 
1. Magnitude of the transfer function (QABS 1)2 + (QABS2)2 

r r . . i /PABS2\ _ I / Q A B S 2 
2. Phase of the transfer function - tan TTTTTTTT' ~ tan I - . ^_.T 

\ PABSl/ \ QABSl 

3. The errors are computed as the absolute difference between the 
experimental and calculated values of the magnitude and phase of the trans-
fer function. The maximum errors in magnitude and phase are located. 

W - , ̂  . , . 2 7~r~~ TTz is used for the next iteration. If, 2. 
(QABS1)2 + (QABS2)' 

at this time, the convergence criteria are met, the iterative procedure is 
ended and the output is obtained; if not, the matrix elements are recomputed 
and the above procedure is repeated. 

Suitable scaling may be necessary for the successful solution of the 
matrix equation. The reciprocal of the geometric mean between the first 
and the last matrix elements is a reasonable value for SCALE. 

C. Input Information 

Card Set 
Number 

1 FORMAT (316, 2E12.5) 
IDNO, NOMEGA, N, CURNER, WALT 
Note: IDNO ^ 32, 768 

NOMEGA £ 250 

N £. 12 

2 FORMAT (3E12.5) 
OMEGA (J), DBM (j), PHE (j) J = 1, . . . , NOMEGA 
Note: The OMEGA's need not be in ascending or descending 

order. 

3 FORMAT (4E12.5) 
WX, SCALE, CONVl, CONV2 
Note: WX = 1,0 gives the polynomial coefficients with the 

weighted mean square error criterion at the end of 
the first iteration. 

*ANF 402, Matrix Inversion with Accompanying Solution of Linear 

Equations (FORTRAN II), Burton S. Garbow, February 23, 1959. 



D. Output Information 

The i te ra t ion at which the p rob lem converged, the maximum e r r o r 
in magnitude and phase , the point at which each occurred , the polynomial 
coefficients, the calculated magnitude, the calculated phase, the e r r o r s in 
magnitude and phase , and the r ec ip roca l of the square of the magnitude of 
the denominator for each frequency a r e wri t ten on-line on tape 6 for each 
p rob lem. 

E. Operating Instruct ions 

A s tandard 72-72 r eade r board, a SHARE 2 pr in te r board, and an 
underflow switch a r e n e c e s s a r y for running this p r o g r a m . 

SENSE SWITCHES: 

1,2,3,4 

5 UP: 

DOWN: 

Not used 

Normal 

6 UP: 

DOWN: 

ERMAG, the point at which ERMAG occurred; ERPASE, the 
point at which ERPASE occur red ; the numera tor and the 
denominator coefficients; and OMEGA, CDBM, CPH, ERORM, 
ERORP, and W at each point a re printed on-line for the 
cu r r en t i te ra t ion . 

Normal 

The ma t r ix e lements as they appear in the ma t r ix and the 
X's, S 's , T ' s , and U's a r e pr inted on-line for the cur ren t 
i t e ra t ion . 

TAPES: 

6 Blank for output 

RUNNING PROCEDURE: 

1. Mount and ready tape 6. 

2. Depress the underflow switch and set the sense switches as desired.^ 

3. Ready the p r o g r a m deck and the input ca rds in the card r e a d e r . 

4. CLEAR and LOAD CARDS. 

5. At the completion of a s e r i e s of p rob lems , wr i te an EOF on tape 6 
and remove for print ing off-line on p rog ram control . 



VL THE FORTRAN PROGRAM LISTING 

It is believed that the t rans fe r function of a nuclear reac to r has an 
excess pole over the number of z e r o s . Hence, the p r o g r a m RE 277A was 
wri t ten such that the numera to r polynomial is of one degree less than the 
denominator polynomial. 

If, in a problem, the form of the function is unknown, it is suggested 
that the observed data may be fitted by a ra t io of two complex polynomials 
of equal degree . The p r o g r a m RE 277B was wri t ten to do th i s . 

Both ve rs ions of the p r o g r a m use the same input information and 
have the same operating ins t ruc t ions . 

The output for the sample p rob lem cited in the a r t i c le is also given. 
The re su l t s of the f i rs t i te ra t ion (the r e su l t s obtained by the "weighted" 
mean square e r r o r cr i ter ion) were obtained by depress ing sense switch 5. 
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A, R E 277A 

RE277A TRAFICORPORATION 
C TRANSFER J L m i l I - i a M - £ l £ R £ i S £ a . A S . „ A J A . I J . Q QE I kO COMBLEX^ PHLY^OMXALS 

WHERE THE NUMERATOR IS OF ONE DEGReC LESS THAN THE DENOMINATOR 

£. _ _ . . _ _ - ^ .^-.^^ ^ 
DIMENSION O M E G A I 2 5 0 l , P H ( 2 5 0 1 f O B M I 2 5 0 ) , R { 2 5 0 ) , U R I 2 5 0 ) ? H I 2 5 0 I t A H D A I 5 

l Q } . V C 5 0 l , S ( 2 5 1 t T f 2 5 } , U I 5 0 I , A 1 2 5 t 2 5 l s e ( 2 5 ) , E M { 2 5 0 1 f P i I 5 ] a Q ( l 5 J , L a A 8 S 
2 H 2 5 0 l t Q A B S 2 { 2 5 3 l ? Q A B S Q { 2 5 0 ) s 0 A B S C 2 5 0 ) sPABSl f 250 ) f PA8S2 1250 11 PABSO 
3 C 2 5 O l t P A B S ( 2 5 Q ] i C . E J i 2 5 D J i C D a M t Z 5 ^ Q l t £ a Q l l M t Z 5 O ] , C P H ( 2 5 0 U I H £ T A l f 2 5 Q J „ 
l ^ t T H E T A 2 l 2 5 0 1 f E R O R P I 2 5 0 l , A L P A { 2 5 0 ) s B E T A C 2 5 0 l , P H E f 2 5 0 ) t C P H R C 2 5 0 ) 

t - . , . . . , . . . . . . . ™ ™ ™ ™ . ^ ^ ^ ^ ^ - . ^ ^ . 

C READ INPUT 

1005 F 0 R M A T T 6 E 1 2 . 5 ) 

1Q06 FORMAT 1 3 1 6 , Is E l 2^5.1 _. . ... . 
1000 READ 1006flONOfNOMEGA.NtCURNERtWALT 

^.^.^„^MLJMM...A^ LflJOHEBfl ....^ ^ 
1010 READ 1005 fOMEGA(J1 ,0BMIJ ) ,PHECJ I 

1500 READ. JQ05.tMX_t.SCALEj.C-QWl,.Cfi5iVZ . 
ERMAG1=0^ 
ERFAZI=0 , . . . . . 
MAXPn=0 

MAXEJi^fl___^, ^ ^ „ . . ^ 
ITER=1 
DQ 151Q.J _=-ItHOME&A „_.„.„_„_ . 

1510 W I J I = WX 

C CONVERSION OF EXPERIMENTAL G U ) INTO THE REAL AND IMAGINARY PARTS 
£...-,,„^ ^ ^ 

DO 500 J = 1,NOMEGA 
PHCJI = PHEf J)*1i017i*535 
E M U I = EXPF(DBMrij/8^685b896l 
R(J| = EMU)»C0SF.IPH.L4JJ „ .„ - . . . „ 

500 URIJI = EMIJ|«SINFIPHIJ}) 
„„„ ̂  NZ = N*2____ . .̂  ™_________-_ 

OZERO = U 
MOLAMD = N*2-l . . . 

C 
C COMPUTATION OF LAMBOAj.yj.T. A.m. S ...„ . ^ 
C 

? DQ 15 J ^ ™ L i l l 2 i 2 ^ ™™™_™. ^ - _ . . ^ 
5 TEMP = 0 . 

00 10 K = l.fiOMEGA -.„ . . 
Jl = J-1 

10 TEMP = OriEGA(Kl«»JI»MIKI±.I£HF 
AMDA{J) = TEMP 

ISi Jd*miJ±ll,..3^lM^ ._™_™_™™™™-™™™™™™™._.™^ ™.™.-™. _ ™ _ _ ™ ™ , 
20 DO 35 J = lfN2f2 
25 TEMP = 0. ..„ . . , 

DO iO K = IfNOMEGA 
JJ„=J + 1 . .. 

30 TEMP = 0MEGA{K}»*IJ1l«fRCK)»»2+UR{K)»«2)*WfK}+TEHP 
^-^ILIJJ--=.J:£MP ^ ^ .̂. ̂  „.. „ . 

55 UCJ+1I = 0. 
kO DO 53«J_.5._ls.y .... ._ __ .„ ..„.„ . .. 
H5 TEMP = 0. 

DO 5Q K .=„UM.OMLGA ... . _ „ „ 
J2 = J » 2 - l 

50 T£MP^ 3,.„QE£M1K„I * »I J2} »t jRiKl»MiM±I£HP -^ ^ - ^ ™ ™ . ^ _ _ _ 
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JO 70 K = ItNOMEGA 

?0 TEMP = 0MEGA(K»«»CJ2)*RfK}»WfK)+TEMP 
. 7S .Sl.n = TFMP ., 

80 TEMP = 0« 
DO SI .K..=..J.t.M.OJi£.GA 

81 TEMP = RIK)»WfK)+TEMP 
SIER 0 =. IEMR 

C 
C StiRSTTTtlTinM OP PROPER MAGNTTtinES TM THF MATRIX 
C 

DO 2000 J = !,N ...-
DO 2000 I = ItN 
K = I+J-1 .. 

2000 A<I,J» = AMOACKI 
...™.»,..™̂ .ASXJ„.= 1̂ +1 

DO 2020 J = MSTI,N2 
00 2020 I 3_ MSTUN2 
K = I + J-1-N2 

2020 At I, JI = um . 
DO 6000 I = 1,N 

^ ^ XM..r,^*I 
V U V - 1 ) = TCI) 

6000 VIIV I .= SCIJ 
00 6005 I = MST|,N2 
DO 6005 J. ?..Lt.M. 
K = I + J-N-1 

^ m S AlltJJ. = V.1KJ 
DO 6010 I = IfN 
DO 6Q10 .4 -.MMlsMZ 
K = I+J-N-1 

6010 A f 11J } = .M LK1 
C 
€ AS.STGNING f.ORRFCT STGMS TO THF MATRIX Ft.FMFNTS 

8000 DO 9010 I=L,N2f2 
JMfl,.=AlX»Ji-=-AJ_L*JJ ^ ^ ^ 

J=J+1 
I F 1 Nr J J.aiOJ),-.3DZQ^.8JlZQ 

8020 00 8030 1=1,N2 
fiO J Q Ai J + J J B-ALU^3J 

J=J+1 
IFtN-.H81f iQ.8035.8035 

8035 DO 801*0 I = 2 t N , 2 
8Q«10 A l I , J I= -AJ . I j - J . l 

DO 8050 I=LL,M2s2 
8050 4 l I t J l ? . - M l , J l 

J=J+2 
^.....^......^...^fiJrJiAiai). aaQ.a,*£Mfl . . 

8100 J=N+1 
BIOS Dl l . a i . i a . . I = 2jLfrl82 
8110 A I I , J I = - A C I , J 1 

. J=J,+2 -.-
IF fN2-J18500,8120,8120 

81J0 A f I t J ) = - A I I , J ) 
.D0,31M.,1TLJM2:,2 

81J*0 A ( I t J ) = - A ( l t J ) 
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IFfN2-J}8500f8150,8150 
8150.DO BX6M.-1=.X,.M.Z = - . . . . . 
8160 An,J)=-AlltJ) 

™-__™-J=J±J . ___.. „. ,. 
1 F C M 2 - J » 8 5 0 0 t 8 1 0 5 , 8 1 0 5 

8500 B U I . = .SZERO 
DO 8501 1=2,N 

„.85Q1 B I L L . = . .¥11-11 - . . . 
BIN4-I 1=0^ 

-.......^.—-MIMQ = H+2. ^ , ^ ..™.™...= .„.=. ^^.^ . .. 

00 8505 I=NTW0tN2 
., Jl=If;fcl...„ . -- .. - -. 
8505 Bill = UIKI 

.£. . _. ., - -. 
C PRINT MATRIX ELEMENTS ROW BY ROW IF SENSE SWITCH 6 IS DEPRESSED 
X ™ . ^ » „ _ ™=,™ 

IFCSENSE SWITCH 5)8510f8520 
...8SLQ..PRlNl.JZ5.5jJ.DN0iI.Ti.R. . 

IFISENSE SWITCH 6l8513fH520 
...851J .paiy.T„.85J.l .. 
8511 F0RMATIJ1.2H THE MATRIX ELEMENTS PRINTED ROW BY ROW/I 

DO 8512 1=1,N2 ^ .__, 
8512 PRINT3792fCAlIfJ)tJ=l,N2} 

C "'"'SCALE MAf'Rl'x ELEMENTS 

8520'"Do"8'7O0"F=?rN 2 "" "' 
^ Qil_filQ.Q„J=itM2 ^ : 

8700 AIItJI=ACIfJI»SCALE 
..^. .Ofl.J10U.= it.MZ. . 
8T01 Bfl>=BII}«SCALE 

'C MluT'l"oN"'6'F"MAfRTx""EQUATfoi '"" 
C . „ ^ 

CALL MATINVlA,N2f8,1,0ETRM) 
.„=J.E.ACi:i«llLlJ-0JS..0MEB£LilM„£5.iiî t.aa3il . . 

8530 IF QUOTIENT OVERFLOW 8550,85J1 
- 85M„.PJlMI..85.«l5j.mN.QAl.IEB 
85*15 F0RMATC9H1PR0BLEM I6?42H HAD AN ACCUMULATOR OVERFLOW IN ITERATION 

UJJ : ^ 
GO TO 1000 

. . £ 5 5 I L ± B J J 1 „ A 5 5 S J 1 J 1 M Q J.LIEE ., 

8555 F0RMATI9H1PR0BLEM I 6 f 3 8 H HAD A QUOTIENT OVERFLOW IN ITERATION 131 

.GJl„m.. iaOJ2 .... 
8531 PZERO = 6 1 1 1 

- M l i f c J . . ™. . 

00 2500 I=1»N1 
...2aaQ..E.tlL.H.-£i J . tL l . 

N1=N+1 
IMN=I-N 

gSO*; Q I T M N I = B I T ! „ . 

C 

£ £.ALCJJL4.I10E..Q£..IttE..ttl£MlI.UJ2ti£tl&S.E..AiyD..£gJfiB „ . . 
C 

lE.imm£mi.Z11231QjL2519^2.5m. „ . . . . 
2509 NSTOP = IN-11/2 

GO TO ̂ 516 . . ^ _ 
2510 NSTOP = N/2 

.2M.^..QS1.25.Zl.J..r.,l3MDM£&A , . . 
2515' TE«P = 1^0 

............ J3a.25.2fi..l..r..l»MS.IQ£ „ ....... , 
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K = 2«I 
2520 TEMP = (-U(i].*t.I_»OMEGAJ.JJ.»*Kt.OJ-K-l+.I£M£ 
2521 QABSl(J) = TEKP 
2525 IF tXm!lElMjailZhMlj.25M.s2322 
2529 MSTOP = (IM+1 I /Z 

GO TO 2555. 
2550 MSTOP = N/2 
2535 DO 2550 J = l^i-^OMEGJ .„ 
25ii0 TEMP = 0# 

DO 25»l5J_^_liMSTQ£ 
K = 2*1-1 

25it5 TEMP = -(-U)»»I»oaEGAiJ|»«K»O.LK.ltTE.MP. 
2550 QABS2(JI = TEMP 

DO 25fc0 J = ItNOMEGA _ 
QABSQfJ) = CABS1 CJI«»2+QABS2U)*»2 

_ HIJ> = UO/OABSQIJJ 
2560 QABS(J) = SQRTFfQAbSQ{J ) ) 
2600 I F C X^ODF I N^ 2 )) 260.5, ?.6.0.5„t.Z610_ , 
2605 NSTOP = (N-2)/2 

GO TO 2620 . .... _ _ 
2610 NSTOP = CN-1)/2 
2620 DO 2626 J = UNOMEGA _. 
2621 TEMP = PZtRO 

00 2625 I .= . liNSJ.O.P. 
K = 2«I 

2 6 2 5 T E M P = (-1 ,l?„»lt.QM.e.G.A.C.J.].*.»K.».P_t.KJ.t.IE.MP. 
2626 PABSHJI = TE«4P 
2650 IF (XMODF t H.l) I 2 6 ^ 0 . 26%Q. 26l4l ^ 
26%0 MSTOP = N/2 

GO TO 26i i5 
Zbhl NSTOP = (N-1 ) / 2 
2645 DO 2655 J = J.iiiO.M.E.GA . 
26116 TEMP = 3« 

DO 2650 I = UNSTOP . . 
K = 2 » I - 1 

2650 TEMP = -(-ltl*.%J.».QME£AtJ-L»».K-*.P-lK.L+LE14P. 
2655 PABS2IJ) = TEMP 
2660 DO 2670 J .=..].t.MOi-lEQA 

PABSQIJ) = PABSl (J)»*2-i-PABS2IJ)«»2 
PABSIJ) = SQRTF(PA8SQ{jn 
CEFCJl = PABSIJl/QABSCJ) 
CDBM.tJ.J.=d..6a5.aB.?4tJ.0.G£i.C£Mli.Ll 
ERORMCJ)=ABSFCOBMCJI-CDBMIJI> 
ALTEB-l..=..&flS.E.tClDJiM.tJ.J-l 
IF CERORMCJI-CURNER»ALTER1I 2661,266112663 

„2MA,J£1IT.£R-.1 )26.6...Î .2„fe.6Ĵ .2M5 
2665 D8MCJ} = CDBHIJI 

PRWL-26.6M.t.4 . 
266% FORMAT!///66H EXPERIMENTAL MAGNITUDE CHANGED TO CALCULATED MAGN 

lITyOE„AI.J..=..L%/J - -
2661 A L P A I J ) = A B S F C P A B S 2 I J I / P A B S 1 I J H 

TF QtiOTIEIMT QVERFIQW T3Sm±IMI ^ 
7301 T H E T A H J l = ATANF { ALPAC J ) ) 
?3Q»I BETAI J l = AJiS.e±QAaS2i.Jl/.QM5MJ.J.l 

IF QUOTIENT OVERFLOW 7302?T303 
T3Q5 IHEIJ\2LJJ...= ..AXAUF.iaEJM4JI 

GO TO 7^05 
__IiOO. THH:AJJJJ.r K 570796tt25 

GO TO 75011 
7 i 0 2 THETA2<.JJ.rJ*.5.r0J.9.6.l|2.5.. 
7J05 I F l Q A B S Z f J l ) 2 7 0 0 f 2 7 0 1 s 2 7 0 1 
2700 THET A2C 4 1...= ..•:.TH£I.AZL41 



2701 I F C Q A B S I I J ) 1 2 7 1 0 , 2 7 1 1 , 2 7 1 1 

27Jil.JMEIA2.U.L.5..3sJltl5a2J_rJHEIi2.LAl ... 
2711 IF IPABS2UH2720t2721 f2721 
77?a THFT&1I. I1 = - T H F T & l t J l ^ , 

2721 I F I P A B S H J l 1 2 7 5 0 ^ 2 7 3 1 , 2 7 5 1 

2I3ft...TH.E.TA.ll.J I = 3 .1» i l 5927-THETA1 C JJ . . 

2731 CPHRIJ I = THETAH J I - T H E T A 2 I J ) 

.CP.HiJ-L.=-CPHRiJ ) •57...2.?5.7795 

ERORP<JI=ABSFCCPH!J l -PHEfJ ) ) 

A1TER2 = A B S F I C P H U l l ^ _.^ . 

I F IERORPtJ ) -WALT»ALTER2 l2670 ,2670»2671 

. . 2 M l _ l F l l T E R - . l ) 2 6 7 0 , . 2 . 6 7 _ 0 j 2 6 7 3 

2673 PHEfJl = CPHIJ) 
P.R1NT 2672iJ 

2672 F0RMAT(///58H EXPERIMENTAL PHASE CHANGED TO CALCULATED PHASE AT 
1 >» = Ttt/> ^ ^ ......=, ...... 

26T0 CONTINUE 
E.R.M.AG2=..ER.0RM11 J. 
MAXPT2 = 1 
.D0..3.700..I._.= .2jN.0«e.G.A. .„_.„_„ 
IFIERMAG2-ER0RM(II13710,3700,3700 

--3I1Q^BM62= ERORM U I _ ^ ..... ^ . 
MAXPT2 = I 

. 3r.Qft„.CflM:j.̂ .U£. „ . 
ERFAZ2 = ERORPIlI 

. MAXPI«t...= .J ... 
00 3720 I = 2fN0MEGA 

- I F I ERF.A.Z2-ERQRg..LLLmi5.3720.,..31.20 ^ 
3715 ERFAZ2 = ERORPIl) 

M A XPIi|...= .1 
3720 CONTINUE 

C P R I N T " ' R E ' S U I T s " " b ? " T u R R E N T ' l ' f ER 'A 'F ION " I ' F " S E ' ^ ^ SWITCH~¥'TS"DEPRE'SSED 

£ „. 
NLESS1=N-1 

.lf...LS£mL...mi.l£..M..515.I5.Q.xa.Q.m. 
3755 F0RMATI/////111H11520/RE277 COMPLEX CURVE FITTIMG ROUTINE 

1 PPQBLEM .„tiiiM.B£B_„î i:/.l 
21H ITERATION IH/) 

3750 PRINT 3760.ERMAG2.MAXPT2.ERFAZ2,MAXPTi4 
3760 F0RMATI/18H ERMAG = F10,5,17H OCCURED AT J = Il̂ t 

l.lMi. .£ fi.P_45.E...= .£]-Q*.5^1lJi—IlC.CllR.eD..AT.-J...=..I % ] 
PRINT 3765 

.JM5-E.QR.MAI.t/-5.Qtt .MUJ£.8AI.Qii.XflE£fJC.l.e_MLS„.,ei0Jj.P i 1J t E J2J.t£LC*...IREl 
PRINT 3766,PZER0,IPII),I = 1,NLESS1 I 

3766 FORHATI/1PE20.5.1P6E15.5) „ 
PRINT 3770 

_ 31I0..F.QM.AJ.1Z52.H. .D.E.N.QMLN.AT.O.B...COEFFICIENTS .QI OJ ,Qf I ls.Q.LZlj.E.lC.*...mn 
PRINT 3766,QZEROfCOCI1,1 = 1?NI 
£RmL.177^ 

3775 FORMAT I/88H J OMEGA CDBM CPH 
-„... LEMEM ERORP _WZJ ^ 

PRINT 3 7 8 0 , ( J ,OMEGAIJ) ,CDBMIJ)?CPHI J ) tERORMCJKERORPIJ}?WCJI t J = 1 

. l j . M M £ l i M 

3780 F0RMAT{/li|,1P6E15.5} 
J£_lS.EJiS.E..SMlTiII±.4L.l.IflLt..9-0.QQ. „ „. „ . „... 

3781 PRINT 3782 
.̂ T.8̂ .£flBMATl./28.H LAMDAS ARE THE, F0LL0WLNGJ__, _ _ , , _ _ _ _ _ _ _ _ _ _ _ „ 

PRINT 3766,(AMOA(J),J=ltN0LAMD) 
..PR IMT..3.7.8.11 . . . . 

378% F0RMATI/27H SC0)sStl ) , S 12)?ETC« ARE) 
. .._e.ftJJiI..lI.6&ilI,ER0.^1S.LJ_ljLJ.=liJ4LE.iSJl .„ ,..., ..„. „.... 



PRINT 3786 
.5186 .EORmniZiM .Iinj.I.LZUT.t3.Jj.£Ii;^.AR£J. 

PRINT 3 7 6 6 s l T { J I ? J = l , N | 
EEXMI-JZaU ^ 

3788 F0RMATI/27H U{11fUI2)tUI3IsETCs AREI 
PRI.M.T..3L64i.iy.i3lliJ.r.lj-«21 . 

3792 F0RMAT{/1P8E15.5/) 

C TEST "FOR CON'VERGTNCE 

9000 IF{MAXPTl-MAXPT2l9100t9050t9100 
9050 TEST=ABSFCER.M.A.GJ-£B.MA6.21 

IFITEST-CONVI19051t9051t9100 
..9051 .lECMMPT3-«AK.eJ.M£l.Q0.t.9_052t-9J.0£ 
9052 TEST=ABSF<ERFAZ1-ERFAZ2) 

IFtTEST-CONV219010.i.9010.910Q ^ 
9100 MAXPT1=MAXPT2 

IM.P.Ur.M.A.Xe.Tk..... 
ERMAG1=ERMAG2 
£R.F.AXl = i-RFAI.2. 
ITER=ITER+1 

c 
£ M.81T£_.0.UieilL.X6P-£-.4 
C 
.901Q . MR 11E..fiUIP.U.T...TAe£..6j.3.l5.5-t.LOI40.tlI£B. 

WRITE OUTPUT TAPE 6, 3760, ERMAG2, MAXPT2f ERFAZ2f MAXPTi* 
WRITE OUTPUT TAPE 6.3.765 
WRITE OUTPUT TAPE 6f3766,PZERO,CPIUt1=1tNLESSII 

. , .WRITE 0U.Te.UL..T.A_P_£..6,.«I.Q 
WRITE OUTPUT TAPE 6,3766tQZERO,CQI11?I = 1,N) 
WRITE OUT.P.U.I..rAP.e_.&.ilLI5. 
WRITE OUTPUT TAPE 6,3780sUsOMEGAIJ)sCOBMIJl,CPHIJ)jERORMIJI,ERORP 

....-..̂ ...XUXtMUln J,= LLMM££AJ 
9999 GO TO 1000 

E N D f Q J 1 t.0j.O-iLil J 
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B . R E 2 7 7 B 

RE277B T R A F I C O R P O R A T I O M 
TRANSFER £lIM£IJ:£M...£l£8£S.S£a.AS..A..JiA.I.lQ.llF T«0 COMPLEX POLYNOMIALS. 
WHERE THE NUMERATOR AND THE DENOMIfJATOR ARE OF EQUAL DEGREE 

DIMENSION O M E Q A I 2 5 0 l t P H ( 2 5 0 ) f D B M l 2 5 0 l t R f 2 5 0 ) f U R { 2 5 0 l ,WC250I lAmMS 
10) t V I 50 ) f S { 2 5 Is T ( 2 5 I , U L 5 Q K A 1 2 5 , 2 5 1 , 8 1 2 5 K E M I 2 5 0 » f P ( 1 5 l t Q n 5 ) f QABS 
2 1 l 2 5 0 ) s Q A B S 2 l 2 j 0 ) , Q A B S Q I 2 5 0 } ? O A B S l 2 5 0 ) f P A B S H 2 5 0 l , P A B S 2 t 2 5 0 ) , P A B S O 
i C 2 5 0 l i P A B S I 2 5 Q ) , £ E M i 2 5 0 l . t C J 3 B M t 2 5 0 J t F R O R M C 2 5 0 l , C P H ( 2 5 0 l , T H E T A l C 2 5 0 ) 
l t t T H e T A 2 ( 2 5 0 ) t e R O R P I 2 5 0 ) t A L P A { 2 5 0 ) , B E T A ( 2 S 0 ) t P H E f 2 5 0 ) s C P H R f 2 5 0 ) 

C . ,, _ _ . - . 
C READ INPUT 

C 
1005 F0RMAT(6E12.5) 

1006 F0RMATI3I6fi+E12^5} 
1000 READ 1006fIDNO,NOMEGA,IsCURNER,WALT 
... .-.CajJJLQ..J.J= l.NOMEiia .._.. ™™™. ...... ...... .... -^ .™ 
1010 READ 1005,OMEGAIJ)tOBHIJ)fPHE{JI 
1500 READ 1005tWX.SCALEjCDNV1tC0NV2 

ERMAG1=0« 
eRFAZ1=0« _ . . 
MAXPT1=0 

...mMlA^ ^ _...„.=___... .....̂  ̂. 
ITER=1 
DQ 151Q J ..=_.ls!̂ OMEGA 

1510 WCJI = WX 

C CONVERSION OF EXPERIMENTAL G U I INTO THE REAL AND IMAGINARY PARTS 
£ _ ™ _ _ ™ _ _ ^ . ^ _.. _„.̂ _. ^ 

DO 500 J = ItNOMEGA 
P H f J I = PHECJJ»0a017 i t533. . . 
E M U ) = fcXPFf D B M U ) / 8 ^ 6 8 5 b 8 9 6 ) 

R U ) = eMJJlrC0S.F. lPHX411 

500 URCJ) = EHf J I » S I N F ( P H U H 

^ ... M 2 . ^ a „ l » 2 _ . ™ 
NOLAMD = N2+I 
MQUS = N 2 - L 
NPONE = N+1 
QZERQ ? 1*...-. 

C 
C -COMPUTATIQN OF LAMBDA.U.T AND S 
C 

7 D0J5.J. =..umLmaM2 
5 TEMP = 0. 
00 JQ M. =...UMmEGA 
Jl = J-1 

..IQ TFMP = flMFGAfKl««Jl»mK)-fTEMP 
AMDAUI = TEMP 

15 AMQAIJ+IJ ..= .Q.,̂ .. 
20 00 35 J = 1fN2,2 
25 !£»£..= .0.* 

00 30 K = 1,NOMEGA 

30 TEMP = 0HEGAIK)*»U1l»CRIKI**2+URfK}»*2l«W!KI+TEMP 
...UiAL..= .imP.. 

35 UCJ+ll = 0« 
%Q on. 55. ̂ ..=..UM.. 
hS TEMP = 0« 
. .. no 50 K = 1» NOMEGA 

J2 = J*2»l 
5 Q T £MP„„5..fiM££d.lK.i * •!J21S-.UB.IJiltMiJS1+J£»£-
55 TIJ) = TEMP 
60 DQ. I5..J.. =..UM. 



65 TEMP ^ 0^ 

J2 = J*2 
rn TFMP s q^^^,t I K\^*i,17% *a I i<,}*uiK%4rr^np ^ 

75 SU) = TEMP 
80 TEMP =.._CU 

DO 81 K = I.NOMEGA 
81 TEMP.,5„.RIJil»MlJSl+J:EM£ 

SZERO = TEMP 
£ ^ ^ ^ 
C SUBSTITUTION OF PROPER MAGNITUDES IN THE MATRIX 

DO 2000 J = I.NPONE 
.Dfl.ZOQQ I =J,NPi]ME 
K = I+J-1 

MSTI = N+2 
^Q._202Q ̂  .4. =..MSTJ j.M.OLMfi.— 
DO 2020 I = FSTIsNOLAMD 
K. =-J > J-irJ^Z 

2020 A<I,J) = U(K} 
„ aa...AMfl--X-= ifN ^ 

IV = 2*1 
VIIV-1]._=„XLI1 

6000 Vf IVI = SUI 
DO 60Q5 l̂ .=-_K.SXU!iQL4Mll 
DO 6005 -J = IfNPONE 

6005 All,J) = ¥IKI 
00 6010 L =_„U«£a»£ 
DO 6010 J = MSTltNOLAMD 

_ K = l+J-M-Z 

6010 A U f J) = VCKI 
£ „ ^ ^ 
C ASSIGNIiMG CORRECT SIGNS TO THE MATRIX ELEMENTS 

800Q 00 801Q.J?J§iO4_«ilLAaD_i.Z 
8010 AtI,J)=-A{I?J} 

J^J+J ^ . 
IFfNPONE-J)8100t8020f8020 

.„afl20_.ttO.-8.Qi.0,.I.=J.jĴ ilLAM.O... 
8030 A<I,J)=-AI ItJ) 

.. J.=J+1 
IF(NPONE-J181OOf8035,8035 

.^flf t l i D£LJiflM„J3 2 > H P QM£i 2 
80%0 A f l f J ) = - A C I t J J 

DO 805Q I = MIliR£Ef.a01,A.Miij,^ 
8050 A { I , J ) = - A I I t J ) 

J = J+2 
IFCNPONE-J 1 8 1 0 0 , 8 0 0 0 , 8 0 0 0 

.„aiQQ^ JrJlSXJ ^ 
8105 00 8110 I = 2sNP0''^E,2 
8110 A CI f J I =-A { I J J 1 

J = J+2 
IF (MOLAMD-J) 8500..812.QJ.81ZQ 

8120 DO 8150 I=1fNP0NE,2 
8130 A U f J } = - A ( I , J i 

DO 81»+0 I=MSri, ' ' -J0LAMD,2 
81l»0 A U , J l = - A ( I j J l . . . 

J = J+1 
IF(MOLAf^D-JJ.8iiO.O_,.815J2j.S.lM 



8150 DO 8160 I=1,N0LAKD 
8160 ACIfJJ=-MLi.J,J --- •-- . 

J = J+1 
IFC.MIlLAMIl=yifi5QQ.8l.0.S.aMilS. - _ ^—-^ ^ ^— 

8500 BCl} = SZERO 
00 8501 I = ZfNPONE 

8501 Bin = Vf 1-1 I 
B<N+2I = 0<. 
NTHREE = N+3 
0̂0._5505 I = iMTHREEjNOLAMO „ _______., 
K = I-N-2 

8505 Bill = UCKI 
C 
C PRINT MATRIX ELCMENTS ROW BY ROW IF SENSE SWITCH 6 IS DEPRESSED 
C 

IFlStNSE SMITCH 5)85J.0^852Q . . ^ .-™„ ^ . 
8510 PRINT 3755sIDM0,ITER 

IFISENSE SWITCH 6)d51ii85?0 
8513 PRINT 8511 
8511 F0RMATH+2H THE MATRIX ELtMENTS PRINTED ROW BY ROW/I 

DO 8512 I=ltNOLAMO 
8512 PRINT3792,IA(UJitJ,5liN0LAMia^-. ^ . ^ . 

C 
C SCALE MATRIX ELEMENTS „ . „ . 
C 
8520 00 8700 I = 1»N0LAM0 ^ . ̂, 

00 8700 J=1,N0LAM0 
8T00 ALL».Jl^AlljJJ^i£AL£- ™ ~̂.~--- -̂  - ^ — — ^ .—--.— 

00 8701 I=1,N0LAMP 

8701 B C I I = e U ) » S C A L E 

C 
C SOLUTION OF MATRIX . fQUATION 
C 

_ X A J J _ J l M l E l J A d m L A m i j J ; j J _ t D E T R M J ^ ^ ^ ^ ^^. . 
I F ACCUMULATOR OVERFLOW 65»*C,85iO 

8530 IF aUOTI&N.T OVtRFLOW 5 5 5 0 j 8 ^ 5 1 
85»*0 PRINT 8545 t IDNOs ITER 
851*5 F0RMATl9HlPROBLfcM I 6 j 4 2 H HAD A*"! ACCUi«!ULArOR OVERFLOte IN ITERATION 

1131 
GO TO 1000 ___. ^^ „ _ _ _ 

8550 PRINT 8555,IDNO,ITER 
8555 F0RHATC9H1FP0BLLM l6ti8H HAD A QUOTIENT OVERFLOW IN ITERATION 15) 

GO TO 1000 
8531 PZERQ = Bill 

00 2500 I = 1,N 
2500 PtlI_a™MI+lJ ^.^ --^ 

DO 2505 I=MSTlsNOLAMD 
II«N=1-N-1 

2505 QIIMN) = B U » 
C 
C CALCULATION OF THE MAGNITUOE,PHASE AND ERROR 
C -̂ ..— ^ 

IF I X N 0 D H N t 2 ) 12510?2510 ,2509 
2509 NSTOP = IN.-l 1/2 

GO TO 2516 
2510 NSTOP = N/2_ . 
2516 DO 2521 J = I.NOMEGA 

__251^TiM£„.S__Ufi.^ . . ™ ̂  __ ^ „ 
DO 2520 I = UNSTOP 
K = 2*1 

2520 TEMP = l-U0)»»I*OMEGA{ J?«»K»QCK)+TFMP 
2521 Q4BSJ iAL,= .imP. 



26 

2525 IF IXMODFlNt2n2530f2530,2529 
2529 MS TOP r._Ml-»-llj:Z . 

GO TO 2535 
253.Q, ASJilE-5- M/ 2 ^ 
2535 DO 2550 J = I5NOMEGA 
25«»0 TEMP = 0.8 

DO 251+5 I = ItNSTOP 
K = 2 « I - 1 . _ „ „ „ 

25«t5 TEMP = - ( - U )*«I«OMEGAIJl»«K*Q|Kl-»-TEMP 
2550. .SA8§2X11„^_1£M£ _™ ^ ,^^^ 

DO 2560 J = IfNOMEGA 
QABSQIJJ = CABSlLJJ.**2.+0AfiS2C J ) » » 2 ^ . „„ _ 
W i J I = U O / Q A B S Q r i l 

2560 QABSIJ) = SORTFJQA.e.SaiJll 
2600 IF IXMOOFIIMf 2 ) I 2 6 0 5 f 2 6 0 5 ? 2 6 1 0 

..26.05 NSTOP = N/2 _ _ . = ..̂  . - „ ^. ^^^ ^ 
GO TO 2620 

2610 NSTOP = I N ~ 1 | / 2 .„_„ . 
2620 00 2626 J = 1,N0MEGA 
2621 TEMP = PZERO _ . 

00 2625 I = 1tNSfoP 
.„. K = 2*1 ., -„ ••^^^•^ „.„ _ _ _ _ „ 

2625 TEMP = (-K )»«I»0MEGAIJ l»»K*P{K)-»-TEMP 
2626 PABSICJI =..TE_MP. _ 
2 6 i 0 IF IXM0DFfN ,2H26J*0 f 26it0,26»|.1 
26%0 NSTOP f U12 . .._ ... _ 

GO TO 26i»5 
2 M 1 NSTOE.,= i M + l i i 2 ^ ^ ™ _ _ __™.̂  , 
26%5 DO 2655 J = IFNOMEGA 
26%6 TEMP = Q, _ . . . . . „ . 

DO 2650 I = 1 ,NSTOP 
K = 2 » I - 1 

2650 TEMP - - 1 - 1 . ) » » I « O M E G A C J ) * * K « P f K ) + T E M P 

2655_£.4aS2i J1 = TEMp ™ _ _ „ „ 
2660 DO 2670 J = UNOMEGA 

PABSQU) = e A B S i i J . l t * 2 t P . A f i S 2 i . J l » * 2 . . 
PABSIJ l = SQRTFCPABSQCJ)I 

CEM(J | = PAt lS l ^ lZQ iaS-LJJ _ . „ 

CDBM(J} = 20«»LOGF{CEMUn»0«i«.3»*29%68 

^ ERQRMIJI ^ - A B ^ t P B H t J I - L P a t l L U J _ „ - ^ - ^ 

ALTERl = ABSFtCDBMIJ)) 
IF C ERORfii J J -CUMMEJ iMLLER l l 26 i i l t 26 .61s2663 _ 

2663 I F l I T E R ™ 1 ) 2 6 6 1 s 2 6 6 1 t 2 6 6 5 
2665 DBMCJI = C O & M l l 

PRINT 266l+fJ 
266tt FQRMft.O///_6AH EA^£SJii£NJAL__MAg.MJJlinE,CHANGEJ1_JJ3 CALCULATED MAGN 

l ITUOe AT J = 11^/) 
2661 A L P A I J I = APSFLPABS2i .J l /_PABSl lJJL 

IF QUOTIENT OVERFLOW 7 3 0 0 , 7 3 0 1 
T i O l T H E T A H J I =_ATANF1ALP.AIJJ L_ 
7301^ BETA(J) = A B S F { 0 A P S 2 U ) / 0 A B S 1 U H 

IF Q U Q T I E . N T ^ ^ m £ S F J L M - Z U ; 4 % 7 1 Q i _ _ _ . ^ _ _ . 
7303 THETA2IJS = ATANFlBETA!J)} 

GO TO 7^05 . _ 
7300 THETA1(J) = U570796H-25 

GO TO 7304 . . . . 
7302 THETA2(J) = K D 7 0 7 9 6 i t 2 5 
7305 IF { Q A B S 2 ( J ) 1 2 I 0 0 i 2 7 J 3 1 i 2 X 0 1 ^ _ _ _....„ . . _ _ 
2700 THETA2U) = - T H E T A 2 ( J ) 
2701 IF COABSH Jl].2..7.L0.,.Z.7.LliJI J . I . . . 
2710 THETA2CJ) = i « 1»^1 592r -THETA2«J ) 
2711 IF (PABS2C J n 2 7 2 0 f 2 7 2 1 t ? 7 2 l 



2720 T H E T A K J ) = - T H E T A H J ) 
2721 IF ( P A B S l { J 1 1 2 f 3 u 8 2 7 i 1 i . 2 I 2 J 
2730 r H E T A H J ) = i « 141 5927-THFTA1( J ) 
2731 CPHRiJJ = . T l l L l A J I J J = J l i E X A 2 J J l - --

CPHCJ) = CPHRfJ)«%7«2957795 
ERORPfJ) = ABSFICPHC J)-PHEU) ) 
ALTFR2 = A8Sf fCPHU) ) 
IF (EPORPfJS-WALT»ALTER2)2670t267Ct26?1 

2671 IFiITER-1)2670,2670.2675 
2673 PHECJ) = CPHUI 

PRINT 2672fJ 
2672 FORMATI///5HH EXPERIMENTAL PHASE CHANGED TO CALCULATED PHASE AT 

1 J = Ihf) 

2670 CONTINUE 
ERMAG2=ER0RMI1) 
MAXPT2 = 1 _„____.„_ ^ „ . . -. 
DO 3700 1 = 2,N0HEGA 
IFIERf«'AG2~ER0RMC I ) 13 710,3700,3730 

3710 ERMAG2=ER0RMIII 
NAXPT2=I 

3700 C0NTU4UE 
ERFAZ2 = ER0RPn} 
MAXPTt« = 1 
DO 3720 I = 2.N0MFGA 
IF(ERFA?2-ER0RPCI)13 715,3720,3720 

3715 eRFAZ2=FR0RPCII 
MAXPTi4=I 

3720 CONTINUE „ .._ ^ ^ „„ _ „ . ^ ^ .. 
C 
C PRINT RESULTS OF CURRENT ITERATION IF SENSE SWITCH 5 IS DEPRESSED 
C 

IF (SENSE SWITCH 5)3750s9000 
3755 F0RMAT(/////111H11520/RE277 COMPLEX CURVE FITTING ROUTINE 

1 _.„.„_____, PROBLEM NUMefR.„Ili//.I_ 
21H ITERATION Ik/) 

i 7 5 0 PRINT i760iERMAG2,MAXFI2i .ERFAZ2t f lAXPTt i 
3760 F0RMAT(/18H ERMAG = F 1 0 « 5 , 1 7 H OCCUREO AT J = Ik, 

l l ^ H ESPASe..= . - F l Q * 5 . J I H DCCURED AT J = I**) 
PRINT 3765 

3765 EORMMIXSHJJ i i i M £ f i A I i l B ™ i : i I E f £ J £ J J B X i ^ J J I ^ ilUPLZl ,.BJL. .AR.£J ___^ 
PRINT 3766 fPZER0 , ( P I I 1,1 = 1,fMI 

3766 FORMAT !£1P£2Q«5UP.6£15.»5.J 
PRINT 3770 

3770 FQRMAT.li.52H nEftlI lM,lMl.IQfi-Cfl£FFlCJENTS Q i O l , 0 1 1 I ,Q121 ,ETC* ARE) 
PRINT 3 7 6 d t 0 Z E R 0 , i Q f I ) f I = 1,NI 

PBIfiL^U^-™.. „ ^ ^ 
3775 F0RMAT1/88H J OMEGA CDBM CPH 

1ER0RM .... .. .ER.ORP... . ... W/l 
PRINT 3780,C J.OMEGAC J ) , C D B M ( J ) t C P H ( J ) , E R 0 R M | J | , F R 0 R P U ) , W C J I , J = 1 

l iNOMEGAI . . 

3780 F0RMAT( / I i t s1P6E15«5) 

I F I i £ M S £ ™ S M l X £ l i _ M l I f i J j L 9 i M H L ™ _ ^ „™.^ . . ^^ 

3781 PRINT 3782 
3782 F0RMAT1/28H J.AMIlM„„M£_.ItiE EULLDWINGJ 

PRINT 3766,IAM0AIJ),J=l5N0LAHD) 
PRINT i78il„........... . 

378% F0RMATI /27H SI 0 I , S ( 1 ) t S I 25sETC« ARE) 
PRINT .S766.SZERO. t S I J K . 1 = 1.N) , „ _ „ „ „ . _ _ „ _ _ ^ 
PRINT 3 r 8 6 

3786 F 0 R H A T | / 2 I t l J X l l i J J 2 1 i l L 3 J i E T C « ARE) 
PRINT 3 7 6 6 t l T ( J } , J = l t N I 
PRINT 3788 .,„ . 

http://FQRMAT.li.52H


3788 F0RMAT«/27H U l 1 ) , U ( 2 I , U I 3 ) , E T C * ARE) 
PRIMT „iI6.6-,.J.U.U-l.»-X=isJ^QJUSJ 

3792 F0RMAT( /1P8F15a5 / ) 

C TEST FOR CONVERGENCE 

9000 IF(MAXPfl-MAXPT2r9lob,9050,9ioO 
9050 TEST = ABS.F.C£fiilAGl-£RjaAG2J 

IF ITEST-CONVI ) 9 0 5 1 , 9 0 5 1 , 9 1 0 0 
9051 IFCMAXPT3TJlAKPIiLl51Mx£a52ju21flQ „ _ _ . „ . . . 
9052 TEST=ABSFCERFAZI-ERFAZ2) 

IFCT£ST-CONV2l901i3s.901Qj9100 . . . . . . . . 
9100 HAXPT1=MAXPT2 

MAXPT3=MAXPTIt . . . . . . . . . 
ERMAG1=ERMAG2 
ERFAZ1 = ERFAZ2 ^ . . .™ 
ITER=ITER+1 
GO TO 7 . . 

C 
C WRITE 0UTp.U.T_._T.4e£..6 . . 
C 

9010 WRITE OmRm...JM±-h^A155.sAmasIJE£ _™™.™ 
WRITE OUTPUT TAPE 6,3760,ERHAG2,MAXPT2,ERFAZ2fMAXPT% 

WRITE 0UTPUL.IAP.E.6.JX63. . . . . . 
WRITE OUTPUT TAPE 6,3766,PZEROtCP(I I,I =1,N} 
WRITE OUTP.UI.JAPjE..6i3.IZ0̂  
WRITE OUTPUT TAPE 6,3766,QZER0,(Q{I I,I = ItN) 
WRITE 0UTPUtJ:AE£_A*JII.5 „.̂  ^ 
WRITE OUTPUT TAPE 6 , 3 7 8 0 , f J , 0 « E G A { J S , C O B M f J } t C P H C J l , E R O R M ( J I,ERORP 

H J ) , W ( J ) , J = 1 , NOJHEGAJ 

9999 GO TU lOOC 
ENDlOsI tQjLQ.tJlJ 
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C. MAT INV 
C 
€ 

MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS 

SUBROUTINE MATINVI A,N,8,H,DETERM) 

ANF«*G201 
Ft to?ono? 
FJt02OOO3 

_EJtfi2Milit 

C 
C 
c 

c 
c 
c 

DIMENSION IPIV0T<25), A(25,25l, BC25,1), INDEX (25 ,̂ 2) , PIV0TI25I 
COMMON PIVOT, INDEX, IPIVOT 
EQUIVALENCE (IROW,JROW), IICOLUM,JCOLUH), lAMAX, T, SWAP) 

INITIALIZATION 

Fi*020005 
FW20006 
F^02&007 
eJt0.2.Q0.Q8 
F%020009 

..I.M2QmO 
10 DETERf«=1.0 
15 00 20 J=1,N 
20 IP IVOTIJ )=0 
30 DQ 550 1=1,N 

.5.EAR£ti FQR PIVOT EL£MMI. 

F%P20011 
. FitCaOOll 

F»iG200l3 
..,F%D2tiOl% 

F%020015 
Ft»020Q16 

%0 A«AX=0.0 
k5 DO 105 J=1,N 
50 IF f l P I V O T U ) - ! ) 60 ,a_JJ5 j „60 . . 
60 00 100 K=1,N 
70 IF L l P j y O T { K ) - L l _ . 8 f i j , _ 1 0 0 i J i t O . 

Fl+020017 
-.-.F.%02()018 

FJi-020019 
..Flt&.20020 

FM20021 
FH02Q022 

80 IF (ABSFIAMAXI-ABSF!A(J,K))> 8 5 , 100, 100 
85 |ROW=J 
90 ICOLUM=K 
95 AMAX=AIJsK} _ 

100 CONTINUE 
1Q5 

FIJG20023 
..F>Q2M2I 
F11020025 

..FM2i3Q26 
FJ*020027 

n o IPIVOT nCOLUM) = IP I V0TOC0LUM)+1 

INTERCHANGE ROWS TO PUT PIVOT E L Y F E N T ON DIAGONAL' 

IJO IF C I R O W - I C O L U M " ) ' 140, 260V 1>iQ 
»CL.DfJ.ER»1=-DETERM ^ ^ ^ ^ 

FUC20029 
...FtGlO.0.50 

FIJ020031 
..F.»»OJ0032 

FJJ020033 
_FM2Mi i 

150 00 200 L=1,N 
160 SWAP=AJIROW,LL . . . 
1T0 ACIROW,L)=ACICOLUMfL) 
20Q AI IC0 iUI« tL ) = 5WA„P.... 
205 IF IM) 260 , 2 6 0 , 210 
21Q- J2iL2M...l.£Xa_J 
2 2 0 SWAP=BiIROW,L) 
23Q BtIROW»L)=BlICOLUMtLl 
250 BUCOLUM,L) = SWAP 
26Q INDEXII j , l l = IROk 
2T0 INDEX<I,2)=IC0LUM 

J15 RLVQXUlsALIimiMxitnLiJllL 

F%02C.O35 

. . J 3 020.03.8 
Fi*020039 

EM2MM 
Fi+0200i»l 

.£k.C2Q.Q.^Z 
F»|.0200»*3 

,.eil02li0.itt 
F«»0200lt5 

±MZQQMA 
320 OETERM=DETERM*PIVOT(I) 

C 
C 
C 

DIVIDE PIVOT ROW 8Y PIVOT ELEMENT 

3 3 0 AIICOLUM,ICOLUM)=UO 

3 5 0 A< ICOLUM,L)=A(ICOLUM,L)/PIVOTII) 

3 5 5 IFIMI 3 8 0 , .380* .ifiH 
360 DO 370 L=1,f^ 
3 7 0 B11COLUFLSLJ = a C l C i l L U B j l i / £ l ¥ i l L l l L -

RgDUCE,=.NON=£iim:...RMS 

F%0200%7 

F%0200«*9 

.».e.2.ae.5fl 
Fii020051 

-EMizQaaz Fit020053 
.£kC2fia5.k 
Fii-020055 

Fite2G057 
F'»020Q58 

380 DO 550 n = 1jN 
390 IF IL I - ICOLUM) %00, 550 , %00 
HOO T = A ( L U I C 0 L U W 1 . 

F«t020059 
.f.M2M6.Q 
F%02G061 
,.EJlC2a0.62 
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%20 ACL1,IC0LUM)=0,0 F%020063 
%30 DC it50.X_=]..tN. fMQ.2IlMk 
mo A I L 1 , L ) = A { L 1 , L ) - A « I C 0 L U M , L ) * T F»t020065 
«J5S L E i m „ 550.. 5 a i I . _ M f l FttC,?QQ66 
t*60 DO 500 L=1,M FM20067 
50,0 8<L1,,.L 1 =e.LL.l^. l l -81LC0.Li iM^LltX EmZQM.Q. 
550 CONTINUE F«»C20069 

C . ̂.. £M20.fl7.0. 
C INTERCHANGE COLUMNS F«j020071 
C„, „ . _ . . .^ Ftt02G072 

600 DO 710 1 = 1,N Fii020073 
,.61,0 L=N+1-I . £|iLQ20-Qtt. 

620 IF UNDEXSL, ! ) - IN0EXCL,2) ) 630, 7 1 0 , 630 Fl*020075 
...6.30.- JROH= INDEXCL,. l l _EM20il7.6 

6«l0 JC0LUM=INDEX(L,2) Fii020077 
__Mfl_JHL_LQ5.,.K=.l.s.N, EMI2JM2fi. 

660 SWAP=AlK,JROW) FJt020079 
6,?Q.A|,KjJ.RQW).=A.L^.tJ.C.QLU.WJ £M20il8.Q 
700 A<K,JCOLUM) = SWAP F!»020081 

. . .105, CONTINUE EtQ2Qfl82 
710 CONTINUE Fl»020083 

_JM_-&E.tUJi.N F'*02O08» 
750 END < 2 , 2 , 2 , 2 , 0 » F%G20085 
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V I I , S A M P L E P R O B L E M 

SAMPLE PROBLEM INPUT DATA 

-2k. _Z_1^J1. .•±iliL_l. G„, _±M_ 
%.2 
5a6 
7«5 
1*,0. 
1«3 

- 0 2 3 .5 
..rQ2..2^1t. 
- 0 2 3«3 

. . r f tL .2 . i i . 
- 0 1 2«8 

_ = M _ l * k . 

8«2 

._J-.I 
2«9 

-5«1 
,.*a.L 

2«% 
3 i . 2 . . 
%.2 

7«5 
1*IL„ 
1«3 

.L.fi. 
2«»i 
3.#2. 
%s2 
5*A. 

" 0 1 3«0 
- f l l - 2 « 3 
- 0 1 - 2 * 1 
. - 0 1 - 3 . 1 
- 0 1 - 6 « 2 

-3-MA.. 

r«»«8__ 
-3«J* 
- L « . 3 . 

U 2 
^^3^ 

• 0 1 - 2 ^ 5 7 
. - . . -WLi i -

- K 7 7 
, . . . . T 2 ^ . 1 A . 

-9^7 
+ i * 2 _ 

+01 
..+J11. 
+01 

..+.ai.. 

1.31^ 

3.63 

""5^28" 

5«.22^ 

+01 
-+0_-l-
+ 01 

..+.0.1 
+01 
+01 

7 .6 

1«32 

2«36 
3 .19 

8^0 
.+.Q1 ..9*.8.-. 
+01 7.7 
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1520/RE2T7 COMPLEX CURVE FITTING ROUTINE 

ITERATION 10 
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NUMERATOR COEFFICIENTS PCO ),PITS,PC2),ETC. ARE 

1,27675E C'J 1,28033E 00 I«82329E-0I 

DENCMINATOR COEFFICIENTS QSO),Q<1),C<2»,ETC« ARE 

1.00000E 00 2.53138E 00 H.26968E-01 

1.05189E™')7 

J 

1 

2 

3 

n 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

OMEGA 

k.200QQB-(i2 

5»60000E-02 

7 „ 5 0 0 0 0 E - P 2 

1 0 . 0 0 0 0 C E - f 2 

1 ,30000E-01 

1 ,80000E-01 

2.»4-003aE-C1 

3 , 2 C 0 0 0 E - e i 

il^ZCOOOE-'"!! 

5«6000(»E-ri1 

T^SOO'K'E-ni 

I.OOOt^OE '^0 

1.300'3()E f>0 

1,800**0E !:« 

2.»*PoooE oe 

3 ,20010E CO 

i»,2Q000E 09 

CDBM 

2,0781CE 

2,C>*J«15E 

U 9 8 3 1 9 E 

1.87797E 

1,71676E 

U 3 7 3 9 8 E 

8 ,66108E-

8,2>t83«JE-

-9,73S»f9E-

-2.153625E 

- 4 . 1 8 3 8 1 E 

-5,81«tO?E 

- 6 . 5 8 8 0 6 E 

- 5 , 7 7 0 7 8 6 

- 3 . 7 2 7 6 2 E 

- 1 . 1 T 6 4 3 E 

1, l l2988E 

OC-

00 

oa 

00 

00 

00 

-01 

-02 

-01 

00 

00 

00 

00 

ocs 

Of 

00 

00 

CPH 

- 3 . 6 5 8 9 9 E 

-S5.85873E 

-6 .%5939E 

- 8 , 5 0 2 7 7 E 

- 1 ^ 0 8 3 6 1 6 

- U % 3 6 V 2 E 

-1 ,792H l tE 

-2 .1»t155E 

- 2 , 3 8 i t 1 8 E 

-2,«»1236E 

- 2 . 0 0 6 6 5 E 

- 9 . 5 7 1 2 5 E 

6 .10798E 

2^78866E 

!».21T72E 

5^032716 

5,3«»7i»5E 

00 

00 

00 

00 

01 

01 

01 

01 

01 

01 

01 

00 

00 

01 

01 

01 

01 

PROBLEM NUMBER 

ERPASE = 18«77125 OCCURED AT J = 12 

7#91805E-02 8«088ME-03 2.89*73E-0* 2«01356E-05 

5«*6M6E-02 %«536%0E-03 1„98396E-0»I 1,1%%6«»E-05 

ERORM 

l.«»2190E 00 

3 .558U9E-01 

l ^31681E 00 

1 .22032E-01 

n0832%E 00 

2#60163E-C2 

5«66108E-01 

2^382%8E 00 

1«12695E 00 

6 , 6 3 7 5 3 E - 0 1 

2 ,01619E m 

2 , 1 W 6 8 E - 0 1 

2.088I)0E 00 

9 , 7 0 7 7 9 E - 0 1 

3 . 2 7 6 2 3 E - 0 1 

1 ,23599E-01 

2 , 2 9 8 8 2 E - 0 1 

ERORP 

1.18590E 

8*55873E 

94,35939E 

2 ,302T7E 

5#73608E 

1.20308E 

7«77558E 

%.01553E 

6 , 1 t l l 7 9 E 

2 ,52863E 

1,03665E 

1.87713E 

7a29202E 

1,5866%E 

5»87723E 

1,79729E 

91 

00 

00 

00 

00 

01 

00 

00 

00 

00 

01 

01 

00 

00 

00 

§1 

6 ,7%522E-01 

M 

9 . 9 0 2 9 8 E - 0 1 

9 , 8 2 8 8 2 E - 0 1 

9 . 6 9 7 0 8 E - 0 1 

9 ,%7390E-01 

9 .1H213E-01 

8«%7559E-01 

7 . 5 7 7 9 1 E - 0 1 

6.,3782«»E-01 

5^05801E-01 

3«65853E-01 

2««|i*073E-01 

1,5«»589E-01 

9«85887E-n2 

5 . 5 2 3 7 3 E - 0 2 

3 . 3 1 2 5 6 E - 0 2 

2«03603E-02 

1 ,3577 l jE -02 



18 

IV 

20 

21 

22 

5 . . C'OO 

T.'..000 

1,1'OOG 

1 .5200 

1.8%01' 

' • 

c 

E 

i-

E 

r j 

B"I * 

n i 

•II 

I 1 

H.Hm69E 

B,11098E 

9,86%25E 

7.65339E 

6,8015aE 

Ot 

o: 

OJ 

OU 

00 

5^22161E 

•+.10505E 

1.30109E 

-5,98689E 

-1,39296E 

01 

01 

01 

00 

01 

23 2,5603- E .̂ 1 6,10519E OC -1^39577E 01 

2% 3,190f E CI 5,75582E OC -1.T6388E 01 

l».769»*9E-02 

K10976E-01 

6.%2St77E-02 

«»,66133E-02 

I.580H8E-03 

1.605%2E-02 

7.«J9%98E-0I 

%,10889E-0I 

1.13110E-01 

2.95832E-02 

9.9Ji5*5E-03 

8«67957E-03 

5.82577E-03 

2.39006E-03 

1««*1981E-0»» 

9.»»808§E-0? 

U55817E-01 

1»%225«iE-01 

3«87533E-02 

1.2T%20E-06 

1.598*9E-08 

UO 



ACKNOWLEDGMENT 

The authors wish to thank Mr. W. C. Lipinski and Dr, H. Thacher 
for thei r very helpful d iscuss ions and suggest ions. 

BIBLIOGRAPHY 

1. G. L. Rabkin, B . A. Mitrofanov, and Yu O. Shterenberg , On the De te r -
mination of the Nuinerical Values of the Coefficients of the Transfer 
Function of Linear ized Links and Systems from Exper imenta l F r e -
quency Cha rac t e r i s t i c s , Automation and Remote Control , 16, No. 5 
(I955y "~ 

2. E. C. Levy, Complex Curve Fit t ing, IRE Transac t ions on Automatic 
Control , AC-4, No. 1 (May 1959)" 

3. A. A. Kardashov and L. V. Karnyushin, Determining System P a r a m -
e t e r s from Exper imenta l Frequency C h a r a c t e r i s t i c s , Automation and 
Remote Control , J ^ , No. 4, 327 (1958). 

4. V. M. Rushchinskin, "Determining an Approximate Express ion for a 
Transfer Function of a Control Object from Its Exper imenta l Frequency 
C h a r a c t e r i s t i c s , " (in Russian) from a collection Product ion Automation, 
Acad. Sci., U.S.S.R, P r e s s , Ed. 2 (1958). 

5. G. I. Monastyrshin, P r o c e s s i n g Exper imenta l Frequency Cha rac t e r -
i s t i c s , Automation and Remote Control , 21, No. 3, 294-300 (i960). 

6. R. C. Nicholson and A. K. Orick, A Least Squares Approach to 
Rational Funct ions, IBM-704 SHARE Distr ibution No. 859 (March 9, I960). 


