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• FOREWORD

This report presents the theoretical analysis and a computer pro-

gram to predict the transient response of band-pass filters with differ-

ent input signals. This is an interim report in the continuing effort

• to evaluate channelized receivers.
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SECTION I

INTRODUCTION

One of the most powerful methods of measur ing frequency of s’~veral

simultaneous signals, with limited frequency resolution required , is by

using a bank of contiguous filters . If the incoming signal is continu-

ous wave (CW), the frequency is relatively easy to determine, since the

insertion loss characteristics of the filter are known. The relative

• outputs of two or more adjacent filters then identify frequency. If the

incoming signal is pulse modula ted , the output is a complex function of

time, and requires more sophisticated detection schemes. To optimize the

filter bank and the detection scheme, one has to know the output from

different types of filters . It is time consuming and expensive to build

the circuits and measure their performance (Reference 1).

The purpose of this report is to present an analytical procedure

with computer calculations which determines the time response of the

output signals , given the filter transfer characteristics. With this

method , a large number of f ilters can be analyzed for the design of a

channelized receiver without going through the construction and test

phase. To document the validity of the analytical calculations, they

are compared with measured performance of various filters.

The computer program is written to handle several kinds of band-pass

f ilters , includ ing Butterworth , Chebyshev , and a combination of two of these

in cascade. The three kindS of pulsed carrier input signals used in the

ca lculations are a square , a compos ite, and a sine square. The square

1 
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pulse is assumed to have infinitely sharp leading and trailing edges . The

composite pulse has finite leading and trailing edges that can be selected

independently . The sine square pulse is commonly used to approximate a

short signal with slow rising and trailing edges.

SECTION II

MATHEMATICAL MODEL

In the calculations , the transfer functions of the filters are first

predicted from the insertion loss versus frequency measurements; then the

t ime domain impulse response of the transfer function is derived . The corn-

puter program then calculates the convolution of the input signals and the

• filter transfer function .

1 . FILTERS

The filters are eitt~er specified or measured and their transfer func-

tion analytically fitted to the data, using a Butterw rth or a Chebyshev

model. The basic equation used to determine the number of poles is

v .~ = (‘)
1%

)WALt )

where V is the output voltage of the transfer filter function, ~ is the angu-

lar velocity, and u0 is the center angular velocity of the filter. For a But-

terworth filter , the poles are located as follows:

~ 
(
~~ 

(2k~1+fl 
i T)  + j sin ( 2k— 1+fl ) J (~ )

where

k 1 ,2,...,2n ,

Aw — 2it ‘~ bandwidth of the filter ,

n number of poles of the filters .

2
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Only 
~k 

with positive real parts are kept , and the poles corresponding

to a band—pass filter are

Sk~~~~
— (3)

For the Chebyshev filters ,

— Au (tanh v sin Uk ÷ jeosuk) (~~4)

— ~~
— (2k—i) (5)

v — ~~ sinh 1 
(~~~~

) 
( 6)

and

— ~v
/
~~

f,io 
— 1 (7)

where k —

n — number of poles of the filters,

Rf= ripple factor in dB,

w — 2ii x signal frequency, and

• — 2iT x filter center frequency.

Similarly, only 
~k 

with positive rea] part are kept and the locations of

the poles are calculated by equation (3). The transfer function of the

filters is given as

n f l
H(s) (Au) S

(S+S 1 )(S+S2). . (5~ 52n) :
A 1 A 2 A2~ •(8)
s+S1 S+S2 S+S2n
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and the corresponding impulse response is

H(t) A le
_S it  

+ A?e
_
~~

t + . . .  + A2ne
S2flt (9)

• 2. SIGNALS

The general shape of the input signal can be written as

R(t) — R~ (t) cos ..~t — 
R0~ t) 

[
eiWt + e_iut] (10)

wh~~r~ . - 2” the carrier frequency of the signal and R0(t) envelope

of the input signal. For a square wave envelope input from t = 0 to t — t j ,

R0(t) — U(t) — U (t—t 1 ) (11)

where U(t) is the step function . For a composite signal as shown in

Figure 1,

R0(t) — DtU(t) — D(t—t 1)U(t—t 1) — E (t—t 2)U(t—t 2) +

E ( t — t 3)IJ ( t — t 3) (12)

1 1whereD — and E •
t 3 t 2

For a sine square input ,

R 0 ( t )  — sin2 -
~
-
~ - U(t)  — sin2 -

~~
-
~~

- U(t—t 1) (13)

4
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SECTION III

OUTPUT

The output from the filter is given by the convolution integral

ft
Y(t) — 

J 

R(t)H(t—t)dc (14)
0

1. SQUARE INPUT SIGNAL

For the square input , Equation 14 becomes

r t f t
Y(t) — U(t) J R(r)H(t—t)dT — U(t—t 1) 

J 

R ( r ) H ( t — T ) d T  (15)
0 t 1

For t < t 1

2n
Y( t ) — ~~ [~

Yk(t) — Yk(0) l  ( 16)
k—I. -~

and for t ~

2nr
Y(t) = 

~~ [Yk(tl) — Yk(0)j (17)
k-l

where

Ake kt I eB~~ e~
(T 1

Yk(T) 2 Lm~ 
+ 

~~~ 
] (18~

and

Ck = S k - j u
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2. COMPOSITE SIGNAL

For the composite signal, the output for t < t1 becotnes

Y01(t) - 
2n 

[DXk t - DXk(O)J (19)
k—i

where

Xk(-T) ~~ e
_Skt 

[e~~T(~
_ 

— —

~~~
-)+ e~~T(~

_
~ - —

~)] 
(20)

for t 1 ~ t < t2

2n
y ( t ) = 

~ [—DX k(0) + DXk(tl) + DtlYk(t) — DtlYk(tl)] (21)
k—i

for t 2 ~ t <

2n
Y( t) = 

~ [—DXk(0) + DXk(tl) + DtlYk(t) — DtlYk(tl) —

k—i

~~k
(t) + 

~~k
(t2) + Et2Yk(t) — Et2Yk(t2)J (22)

and for t 3 ~ t

2n H

y(t) = 
~ [—DXk(0) + DXk(t l) + Dt l Yk ( t ) — Dt lYk(tI) +

k—I.

~~k
(t2) + Et2Yk(t) — Et2Yk(t2) — 

~~k(t3) 
—

Et3Yk(t) + Et3Yk(t3)] (23)

6 ,
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J . SINE SQUARE WAVE SIGNAL

For the sine square wave , the output for t -~ t 1 becomes

2n r
Y (t)  — 

~~ [Y k(t) — Yk(0)j (24)
k—i

and for t~~~~~t i

2n r
Y(t) — 

~~ Lz k 1t 1 — Zk (0)l (25)
k—I

where

Ake Bkr
Zk(T) - 2 k~~~

2 stn2(~~~ - 2sin (
~

-) con (
~

‘ )+

+ ~~~ 1~-~-~- gin 2 (
~~~ t )  -

Bkt I J (~~ I

2sin (~~~) co:(~~~)+~~~~~]
~ 

(2k)

A computer program which calculates Equations 16 through 26 and plots th e

results has been written and is shown in the appendix . The following

section of this report discusses the computer program

.7
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SECTION IV

COMPUT ER PROG RAM

The flow diagram ot the computer program shown in Figure 1

presently set up to handle .~i maximum of n — 12 poles, buT with minor

changes it can handle a larger number of poles . Since only the envelope

of the output is of Interest , the program plots the envelope rather tha n

the RF signa l inside the pulse. The program will pick the minimum of 2~iI w

and 2 n / w 0 and use It as a standard t ime value. The first thirt y local

maximums .Ire fou nd using steps of 1/lOu times the standard value . In order

t~~ minimize computation t ime , subsequent points are found by incrementing

0.8 ot the standard value from the last maximum and then using steps of

I/LOu times the standard value to find the next maximum . The estimated

• error in amp litude is

/ 1  360\ — 0.005

or 0.5% with respect to the true maximum value.

SECTION V

CALCULATED AND EXPERIMENTAL RE SULTS FOR CONVENTI ONAL FILTER S

In order to cover all the possibilities , seven cases are calculated

with the results as shown in Figure 3a through Figure 5. In these Figures,

only the envelopes of the signals are plotted and their amplitudes are

normalized according to the peak value of each individual output . In

-~~ Figures 3a, 3b,and 3c, a 3—pole Chebyshev filter is used with a center

frequency of 300.8 MHz , bandwidth of 17.8 MHz and a ripp le factor of

0.25 dB. The input signals are all the composite waveform with I~ — I S  ns ,

12 — 190 ns and T3 — 200 ns. The center frequencies of the input used are

8
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301 MHz , 309.8 M}Iz , and 317 MHz , respectively. In Figures 4a, 4b, and

a 5-pole Butterworth filter is used having a center frequency of

300.5 MHz and bandwidth of 15.8 MHz. The input signals are all square

wave with a pulse width T of 300 ns. The center frequencies of the input

signals are 300.5 MHz, 291.4 MHz, and 292.6 MHz, respectively, in

Figure 5, the same 5—pole Butterworth filter is used . The input signa l

is a sine square with T1 — 20 ns and center frequency of 300.5 MHz. The

amplitudes of all the outputs are normalized to unity and the times used

are either 50 ns or 100 ns as shown in the figures. For a verification

of the calculated results, experimental measu’ements are made for the

same input waveforms. The RF pulse was generated by a RF switch and the

output displayed on a Tectronix type 7904 oscilloscope.

Figures 6 and 7 show the insertion loss vs frequency of the three

filters used for the analytical calculations above . The input signals

are shown in Figures 8, 9,and 10. Figure 8 shows the composite signal ,

with T1 = 15 ns, 12 190 ns,and T3 200 us; Figure 9 shows the square

wave signal of T 300 ns; Figure 10 is the sine square signal of 20 us.

The outputs are shown in Figures h a  through 13. The frequencies are the

same as specified in Figures 3a through 5. Figures h a  through 12a match

the calculated results very well. However, the results of Figures 12b and

l2c do not match Figures 4b and 4c as closely. By changing the frequency

from 291.4 to 292.86 MHz and from 292.6 to 293.444 MHz as shown in

Figures 12d and 12 e, they match the calculated results better. Obviously .

the frequency measurement, or the bandwidth of the filter measured , is

off slightly . At the center of the filter the shape of the o utp ut s ign. i l

is not very frequency dependent , but at the edge of the filter 
the9
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output depend s very strong ly on the frequency . In Figure 13, the measured

result  agrees with the calculated results rather wel l .  However , the

input signal , as shown in Figure 10, has some reflections in the time

domain; and is not a true sine square signal. Thue , the output may

deviate slightly from the ideal case .

SECTION VI

APPROXIMATION OF SURFACE ACOUSTIC WAVE (SAW) FILTER

A SAW f ilter with an insertion loss vs frequency as shown in Fig. 14

is used as the filter . This SAW filter was built by a cosine square time

doma in conf igura tion on a pedestal (Ref .  3). This f i l t e r  cannot be

properly approximated by a single Butterworth or Chebyshev filter. However,

it can be represented by two conventional f i l ters  in cascade . Both f i l t e r s

used in the analysis are Butterworth with the same center frequency of

343.5 MHz . One is a 7—pole f i l t e r  wi th bandwidth of 9.5 MHz , the other

is a single pole with bandwidth of 7.0 MHz. The input signal is a composite

one with T~ — 25 ns, T2 — 320 ns,and T3 — 340 na. The center frequencies

are 343.5 MHz, 335.6 MM; and 353 MHz. The calculated and measured results

are shown in Figures iSa, b, c,and 16a , b , c, respectively. In Figure iSa,

c,and l6a,c,the results match fairly well; however, in Figure 15b and

l6b the relative amplitudes between the two peaks are reversed in the

calculated and measured results. It is suspected that the approximation

is not close enough and may require a better combination of cascaded

filters. For some SAW filters , the analy tical model using Butt erwor th $

or Chebyshev f il ters must be modt f ied by incl uding the phase response in

order to obtain the true time domain performance. A number of SAW filters

ar e presen tly be ing measured to comple tely charac ter ize their f re quency

domain performance and subsequently their time domain response.

10 •
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SECTION VU

CONCLUSION

For the limited number of cases illustrated above, the computer

program does generate a very accurate result for use in predicting the

output of a filter . This program can be used to design receivers with

f ilters, especially a channelized receiver which uses many filters.

This program can also be extended to hand le low-pass, high-pass, and

band-rejection filters by using the appropr iate filter transfer

characteristics (Reference 2).

It also demonstrated that the transient response of some SAW

filters can be approximated by this approach . The particular SAW f ii-

ters that may be used in this approach are those displaying linear

phase response In addition to providing Butterworth or Chebyshev

amplitude response in the frequency domain .
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Fig . 2 Computer program functional flow diagram (Con’t)
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Fig. 10 Sine squared signal T = 20 ns

Fig . 11 Measured output of the 3—pole  Chehy shcv f i l te r

11 a. Input frequency 301 Mh z

- 22

2 ~~~_— ~~~~~~ =_.. = -~~ - - --.- ~~~~~~~~~~~
. . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .



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

-. .  . ______  -

11 b. Input frequency 309.8 MiIz

S

1 
lj  c. Input frequency 310 MHz



__
~—.~~.*(~~~2 ~~~~~~~~~~~~~~~ ~~~~~~~~ 

-
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

—
~
---.

~~
-- - -.---.-- 

~~~~~~~~~~~~ w-~~~----~~~~ ~~
—

_ _  — . -

I;

’

Fig . 12 Measured output of the 5—pole Butterwor th f i l te r

1 12 a. Input f requency 300.5 MHz

12 b. input frequency 291.4 MHz

24 

- ____________________________________ -

___________________________________________ - -=--
----



-~~ ~~~~~~ *-w—~~., 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • - ~~~~_  y

12 c. Input Frequency 292.6 MHz

~~~~

—  1,1

12 d. Input frequency 292.86 MHz

25



12 e. Input f requenc y 293.44 MHz

Fig. 13 Measured output of the S—pole Butterworth filter with a sine

squared input signal
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~ IS PAO!! IS ~~ST ~~~~~~~~~~~~~~~~~
5
’ ~~1 FUf~’4NISl~~ TO ~ IO ~~~~~~~~~~~

APPENDIX
C 

COMPUTER PROGRAM LISTING

PROGRAM FILTER ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C 
C THIS PROGRAM PROCESS~ SS AN INPUT SIGN~L THROUGH AN N POLE FILTER.
C THE OUTP’!T SIGNA L ‘lAS A RELATIVE AM~ LIIUCE AS A rIJ NCTION OF TI~~C TH~ PP Or .RA ’l IS W RITTEN IN WO R~ PAN IV EXT ENO~~

) 
~~~ 4 COC6€~OO .

C PLOTTING IS DONE ON AN OFFLINF CALCOM P PLOTTER,
C 

COMPLEX X i , X2 , X 3 , t4, X c ,X 6 , X 7 , X8 , X88
COMPLFX Of.
COMPLFX XEl,X62,X63,X?l,X72,X73
COMPLEX ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IY (3) ,SS( 24)
DOU8LE OFLT ,T
L OG ICAL IY ,IE,IFA ,IENO
LOGICAL IFP
DIME N5’ION AH 2OOU ,DATA (lo2L+) ,T 2 3 ~~~nplrwSIoN FF(5 ) , SV ( 5 )
COP1MON/VAPS/AH,AM0T,DELT,IVAR ,L,M ,T,Ti,TMAX ,XVA~~,XVA R j ,IYVA P ,V,01112,IFD,IFA

• N~ Msi.IST/VALIiF/KIS,SCF,Ti,T2,T3, ~F,N P ,FCF ,3W ,~~F,TM4x ,CT,IVA~~,xVr~R,I I  I YV AR ,IY ,IE,IFA ,IrNfl,ICF,IFP

OA T A IV4P ,IF.1fl ,tV , IE , IFA ,T MA X ,0I,X V4R ,Y V A R F ) , . T . , 3~~.F. , O. ,
I !.I4i5~~26535g97 q ,7.7c , 2 , 5F

SI N H I  ( X )  =~ LOr,~ X sS’ IRT(x~~~2#1 6)1)

C 
C EACH FILT~~ SIMIJLAT D MUST RE SPE~~IFtEO BY A /VALJE/ MAMEL ISt.
C NAMcLIST / F I L 2~ CA N ONLY BE SP ~FIEr) ~DR A ~Oh4~ DSITE FILT~.R A ND
C MUS T IM MEOIATELY FOLLOW ITS REL ATED FILTER’S FV#LUE / I9PuT ,
C THE INPUT °APAM ~ TFRS AR~ INP’JIEO T~IROUG H NAMELIST/V4L1 J~~ ANO A~ E AS

• C FOL LOW S ,
C ‘(IS = KINO OF INP’JT SIGNALS , MAY 1AV~ A VAL1J E FROM 1 THROIJ G LI 3
C IF 1, T ’W N THE SIGNA L IS A S~ UARE W A V E
C IF 2, THCN A Q4MQ 10 DEA K , PEAK ~O R SO~1E TIME, AND T’IFN 4
C NE GAT IVE SLDPE T)  

~ ~~LIT~Jr)~ A T S D M E LA T E R  T IME C

C IF , 1H~ N T HE W A V~ IS APPR~ YIMATED 3Y SINE SOUARED
C SCF SIGNAL CENTER FPS E0UZN ~ Y’ IN HFRT !
C ‘~I = TIME D U R A T I O N  OF SIGNA L FDR (IS = I OR 3 A~

h1D FOR <IS 2
C T ’~ IS THF ~NO O~ T~1r RA~I’ (PEA W!)
C 1. = TIME 0’JR~ T I O N  OF ~EA’( SI G~ A L P TI F~~~~ <IS = 2 ONL Y
C 1’ = TIME OURA TIO P4 OF MEGA TIV~ SLDPE 4 It 4 12 FOR ‘(IS
C ()ML V
C VF KINO OF FILTFR~~, MA Y 4AVE A VAL (IE ~F 1. O~ ‘
C I F  1, TH~ N THE FILTER IS A ~1JTTERWO ~ TH
C I F  ‘, THEN THE FILTER IS A rW E RYS IEV
C NP NUMR~ P OF PO LES FIR T’1~ FILTER (°RESENTLY LIMIT ED TO 1?)
C FCF 00FILTER ‘~ENTER FR E OU~N~ Y’ IN HERT !

I - C RW = RA9DW IITM OF TH E C ILT E~ (RE~ W r EN — 3 DR POINTS)
C PF = RIOPLE F*CTOR FOR ~H RqS9~ V F I L I F R
C TMAX MA XIMUM TIME flUPATION OF OUTPUT SIGM~ L. (SEE NOTE ~EL O W )

1. m~c~~z*~ P~~~ M L 4 ~~~~
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?BIS ?A~E IS 8~ST QUALITY PE&CTICAM~t
- 

~~ U 0~?I F~I~ USH~~ TO -~~~~~~~~~~~~~~

C CT = MULTIPLIcR WHICH IS THE NJMBER OF TIMES THE OUTPUT
C SICNAL EXCEE DS T HE INPUT SIGNAL (SEE NOTE BELOW )
C T V A P = NUM~ LR 0~ ITERATIONS THAT A RE USC0 IN CALCULATING Y (t)
C XV A P tENGT H nc Y — A X I S  OF °LDT (INCHFS) INIT !4LLY THIS VALUE
C IS RECA LCULAT ED IF TilE A H( I)  OP AL ( I)  ARRAYS AR E TOO
C LARG E
C YVAR = HEIGHT Or Y — A X I S  OF ~L)T ( INCM ES)~ DO ES NOT CHANGE
C ICF= I SINGLE ~ ILTER
C ICF=2 COMDOSI~~E FILTFR
C I’~ = OECISIO’4 WHETHER TO W°I~~E ~ JT Y AR R A Y
C IF .TRU E. THEN THE AR RA ! IS W~ ITT~~N OUT
C IF • FALS E.  TH EN THE A R RAY IS NOT W R ITT EN OUT
C I~ = DECISION AHET’IER TO W R IT E OUT LNVE LO’S O~ Y A RRA Y
C IF .TRUE. THEN THE A RR AY IS W R ITT~ N O UT
C IF . FA LS E. THEN THE A R RA Y IS NOT W R I T T E N  OJT
C IFD =FRFOUENCV PLOT — —- P LOT IS DONE IF •Y RUE.

• C IFA = DECISION W MET H’ R TO WR ITE OUT rR!~ UENCY ARRAY
IF .T. T HFM AR RAY IS PRINTF O

C IF •F. THrN ARRAY IS NOT PRINTED
C IFN~ = OFCISION WHETHER THERE IS ANOTHER S ET 0? OATA TO BE RUM
C IF •TRUE . THEN AP ’OTWE ? SIT IS RUN
C IF .FALSE. THEN THE °R’) RA’4 TERM INATES
C NOTE IF TM? X !S SET AT ~~, lIEN I’44X = ~~A~~1 (T1,T 3)’CT , AN D
C IF IWAP IS SET A T 0, TIEN IVA R = A XI (FCF,SCF)~~2.~~PI~
C ‘0,~~TM~ Xfj ,
C FOR COMPOSITE FILT~~~S, OARA METNS FOR THE SE~ ONO rILTER ARE INP’JT
C THRO,Jr.H NAME LIST IFTL?F ANO APE AS FDLLOW St
C K~ Frr
C ~W QF SEE NAM~ LIST IVA LUE I FOP EX ’LA’NA TION FO
C P A R~ M !TERS.
C F O R M A T OF NAMELI ST IPIP’J T I~~t
C C~ L I
C COL — 7 ~h7AL Lr’ O~ ~~F I L 2
C COL 8 RLA ~’K
C COL ~—~ C O A M TER NAME ~OLLO WEO ~Y EDUA L SI~~ FOLL OWED BY

• C °4 RA~~~T ER VAL U E.  S E° E R A T ~ DA PAM ETERS BY C O M MAS AN D
C EMO W T T ~ A DOLLA R S t G ~.C IF (*JE CA~ f) I~ IPJSUFF ICI!WT - IP’JT ~ A Y  RE CONTINU ED ON OTH ER
C CA R DS (

~~T AP T TN CDL 2 ) ,  BREA KING ‘ A R A M E T ER LIST AT A NY CO M MA.
C 

CALL PLOTS (DAT 4,t024,4)
CA L L  PLIT (O.,c.,— ?,
WRITE (C.,2t~rhI)

• 1 T STA Rt =S r CO N D CO
°~ A~ fF ,VAL,)r,
F~~(1)=K~ ~Fr(,)=RW .

~Fr (3)=N) t F F ( 14 ) = R ?  ~F F ( 5 ) = F C F
5 C O N T T ” I ~• IFDJV’.GT .12) GO TD  7U ~

W~ TT~ (c,V~ L’Jr)
OMI??. ~‘~I’F”~OMr C,A I CP4PLX (0. ,OMI)
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I 
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• 

THIS PAGE iS BE3 TQIJAIJITY P~JI~CT1~CAaL~~I 

~‘.)kX I t~1Ski~~ TO 1~DIQ ~~~~~~~~~~~~~~~~~

• OU SJ~~?. . C T ~~Sf r

~MFr~ AJ =CM~ L Y (1. flt4J)
NP?:
TFPM 1?flW~~7.~~DT

GO T O  ( j~~,
5
~ ’) ,~~F

• C -
C CALCULATIO N O~ ‘“‘ V iL UES Ffl~ ‘~(J~~T~~RW 1 P ? T 4  F ILT r R
C 

IC 00 II I=I, ’~U’
TFPM ?~ FL (ItT ( “I—IeN~

) 1FL OA T ( P ~~~)~~~~) ~~~~~~

TPP=_ ERM1 .CDS(Tr~ M?)I PT T F RM 1’ S I N (~ ‘~

~U) =r- Mm Lx ( ’~)R,T r Ir)
11 WPIT’ (ç ,3~~rI~~) I,”(I)

(-0 TO 3f~
• (S 

C C A L C I ’ L A T T O M  O~ ~•~‘•• V A L U ES F f l~ ~~~~~~~ y~~~W :~ j ~~~~~~~~~~
C 

2C EI ./ S D R T ( 10 .~~~
( ’F/ 1~, . )— 1 . )

V : 1 . / F LOA T ( N D )~~STNH !tI)
DO ?1 I=1, N~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TPQ:TANHfV )~~SIN ((J)’T~~~M I

P( T) ~rM~ LX ( T P P ,T~~t)

~1 
W P TT ~ (~~,3Or I 1 T , ”(:)

C 
C C A L C U L A T I O N  OF “

~~~ V %1 l~~~
C 

3(1 J f l
0(1 31 I:’,NO’,?

IMI~~I—1

~ (I) = Pf I ) / ’ .— OMt r ,AI
~ WR IT E (

~~,3~~C 1) TM~~,S (I— 1),I,c(I)
GO TO (15, l.fl),(.5C)ICr

C - I
C

C rALC~;LA TION OF A’ VA LUrS
C -

15 CONTINUE
DO ~? 1 1 , ’IP,
ST = — S ! I )
TF R M~~:CMPL~ ( 1., 0.)
DO ~~~~~ J =1, W”
IF (I.E D.J GO T O 13
T FRM 4~~T~~RM4~~( ST P S (J ) )

33 ClINT I~IUF
ST2 =ST !~~NP
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2 03 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A (I) =ST~ ,Tr~~M4
32 WRITE ( , ,~~~C 2 )  T , ~~( I )

(S 

C CA LC IILA TION OF ~TVAP AND ~ TMA Y” I? NEC~ SSA RY
C 

IF ( FLnA T ( t~~A R I . c r . c . . A w n .T~~Ax .~~T. 1 .)  ‘rn Ti ~~• IF ( T MA X . r , T . 0 . )  ~,Cl TO t,j
T M A Y = A M~~X 1 ( T 1 ,T 3 )  ‘Cl
IF (IVA R .GT .0,) GO TO 4C

t41 ~~~~~~~~~~ (CPII,OM J ) 4 ~~.~~T M A ’ < # I .

~
.v OFLT=T MAX IFIDATUVI ’R— 1)

W P1TF (
~,,2C~~2I IV~ R, f l ’ LT

r~rL T?:. ~‘AMTN1 ( 1. dFCF ,1. F~ CF)
T=DrlT
V (1) CMDLX (!~ • ,0 .1
GO T O (

~~(1(1,~~Q ( 1 , 3 C ),~~IS I
C 
C COMPO~ IT,~ rILT~ RS
C 

D~ ~,-10 T I~~I,N0~~
410 S~~(I~~~S(I)ICF=Icru

RE AD (~ ~ FIL2~
~Sr~~~~:N~ ~SF( L~)= R F IS~~(5 ) FC?

• G~ TO ~~~~ J= ND242~ FF(1)
IF (3 . GT . 4~~) G O  T O  7UC

• ‘(=NP2+1
DO 4F” t=Y ,- J
N SR = N~ P 

p 1
4f~P 5(1) =SS ( N S P )

IF(~~Ft ? )  .L T. RW ) ~W FF(’)

r,O TO 3c
C 
C CA L C”LATTON (1F O’JTDIPT SIGNA L FOP S~ UAR E WAV E IN’JT SI’NAL
C 

IOC !~(1 I~~1 I=2 ,TVA R
L M IM~~(’ ,I)H
TT =S NG L(T )

¶ flfl IC? 1j , W ”
• X 1 = C EY P (_ 5 ( J ) PTT )

ti • C OPIPIT ‘,‘X 1&’ ,Y 1,~ T= ”,TT
X 2 = S ( J ) PO M E’ AJ

I F ( T T . G T . T 1) G O  If) 103

36
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U p ~~crz~~~~~

X4=OMEGAJ ’TT
•1J C O~~~N1 ‘ , Xk-=”,X4

Y (L)=Y(L)PA (J)F’.’((CEXP (X4)—~ 1)FX’+ (CEX°(—X ’.)—~ 1)FX3)
GO 1(1 102

103 Y (L)=V(L)+A f J ) ~~?. ’X 1’ ( CF X ~ (~ 2’T1)—1.U 2~ (f’EXP (X 3eTI)_1.) FX3 )
102 CONTINUE

IF(.NOT.IY) GO T~’ j(1~
I M~ = I—i
IF (I.EO .?) WRITE (6,2001) IM1,Y(Ihli )
WRITE (6,2015) X,Y(L)

C 
C CALC ULATION OF EPJEVELOP

C C 
1C5 CALL ARRA Y

IF(T.CT.TMAX )r,O TI c o o

101 T =T PO ELT
GO TO ~3Q

• C 
C CALCULATIO N t~ OUT DUT S IGNAL CO O COMPOSITC WAV ~ tM”JT SI’~P~iA L• C 

20~ 0=1./Ti

00 211 I 1 , N°?
P ( t 1 = S ( t ) + O M E G 6 J
C (I)=~’1I)—O ’4EGA21.1 W P I T F  ( 5 , 30 ( 1 4)  1, q (1) ,I, f ( T )

- 

I 

W R I T E  ( , 3 f l f ~3) ~~~~~
00 201 1 ?, IVAR
TT=SNr.L T)
L—M IPir (3,!)
V (L) =CM P LXC C’ • ~~~

t’ S I
~~~~ ~~?x 1 =rExP — 5 (J~~~TT
X? =C EY Pt O M~ G~ .~~T T )
X 1=C rx p (_ O MFGA J .T T )

• XL.=1./R(J)”2
IF(TT.Lc .T 1)GD TO 2~ 3
Xf=CEXP (P(J)’TT)
X 7-=CEXP (C(Ji*TTI
X~~1 CFX ° (p (J ) ’T i)
X7I= Crxo (r(JI~ TI)
IF (T T . Lr .T? GO T O ~~4

IF (TT.L~~.T 3)GO TO 2 05

X ’1:CrX1 (r (JIPT~~)
GO Tv) 2~~

- 
I 2 0T  V ( L ) =Y (LI, rl .A (J I  f ’ .’ ( ( V 1 — Y 2 ) ~~K4 PX 2 ’T T / D (~I) + ( X 1 — ~~3) ’X ~~~V 3 ’ T T / t ’  ( j )

CO TO ~~2

37
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VIII P&GZ I~ BIST QUALITY PBACUVABLI
J** ~).PX JU~~Is~f~~ TO DD~Q .~~~~~~~~~

204 Y(L) Y (L)+fl’AtJ)/’.~ X1’((X51’(Ti/P(3)—X4)+X7i’(T1/C (J)—X5))+
I X4PX54TI’((X5—X6j)FR (J),(X7—xrj),~~(J)))

GO TO 2 C 2
205 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I 4-T1’ ((Xf—X61)/8(J)+ (X7—X7i)~ C (J)))—FP (X€, (T/8(J)—X4)+X7’(TF
7 C (J)—V5 )—Y6”-(T?/P (J)—X4)—Y’2’(T?FC (J)—X5)-T2’ ((X5—X52)/
3

CO T O 20?
2(6 Y(L)=Y (1)~~A(J I/?. Xi’(fl’(X4’-X,PK61’(T1/~~(I)—Xf ~)IX71’(T1/C (J)—X5 )

1 +T1’ (tXE ~— X51I /9 (J)i(X7—X71) / C (J ) )  1 + E’ (X 62 ’ (T 2 ~ R(J ) — X 4 ) + X 7 2 ’
7 (T2~ C (J)—X5)#T2*((X 6—X62)/B(J)+(X7—X72)/O (J))— (63~~(T 3/B (JI—
~~

202 CONTINI,e
IF(.NDT.IY) CO TO 21~IUI=I_l
IF (I.FI.2) WRI~~ (E, ’003) IMI,v (I41)
WRITE (6,2015) I,V(L)

C 
C CA LC ULATI ON OF ENFV FLOP
C 
2 1~ CALL A RRA Y

I F ( T . G T .T P4 A Y ) G O  Ti E3’~201 T=T .i DFLT
GO TO 500

C 
C CAL .C~ L A TION O~ OIJT PUT SIGNAL FOP SINE SOJA RE D HAV E IN~ UI SIGNA L
C 

3(10 00 1C’5 I 1,N0?

~ (t)~~~(I)+O~ ECA.J
C(T)=S (t)—OME GA J

305 W PI’F (c ~,?o04 )  I, ~(I) ,I, C( I)
00 301 I=2, IVAR
L=M IM’(3,I)
V(L)~~~M0LXt0.,C.)
TT ~~~Nr-L ( T )

H Of) ~‘C2 1 1, NP’
IF(T I.GE. T 1)GO TO 3(13
V l= C EX O t—O M EG A J PT T)

• X2=CEXP(OM~ GAJ ’TT) •

R1=T1,~0t
X~ =P(J)’R1
Y4 =C (3 ) ’ R I  - C

DDDI!TT/Ti
O2 SIP ( D 1)
03=C0S (D1) I 

•

0LI X1~ fl2~ D2_2.1D2*O 3)(R C E X P ( _ C ( ) ) P T T )
X !-=?, ’PI /(R(J ) ’T l I
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2’flis PAaz IS ~~~ QUALITY FR.LCDIC.LR.r,~
- 

I 
CO±~Y 1~A~ IS~~~ TO DD.C ~~~~~~-

X S ~~~X9’ ’I”1
R 2=4 S ’PI’ ~ I’ll
Y(L) =V(L) +A (J)’ (V c . X 7 — X 8 R /  (~3f  l1’~~~~.xqPR2’8(.) j) —~~88/ (X9 C (J) ~$3
1 tR~ ’C(J)))C GO T~ 112

303 X1=A (J)’CFXP (—S (J)’TT)”I
X ?=~ U) ‘T I

R 1 T 1”l
R2=PI’Pt
P~~:R 1~ R2
X le=CFX P(X 2 )/ (Y 3 ’ R lp 1+ ,’X 2)
X5=R2f(Y3~ Pj4.4.~~R~ PX?)
X 2 C (J) ‘TI
X l= C(J )” l
X6=PFXD(X2) /(Y3’R3+4.’Y2)
Y7=~~2,(Y3’R1ft..’P”Y2)
V (L)=Y(L)iX1’(X4~~ 6-X5—X7 )

302 C ON I I N U r
• IF( .NOT.IY) CC) T O 3C6

IMI 1—1
IF (I.E~ .2) WR ITr (€- ,‘OCl) IMt, VU MI)
WR ITE (6,2015) I,Y (L)

C 
C CA LNJLA TTO N OF E~1JEV tOP :•
C 
306 CAL L ARRA Y

IF(T. GT .T M A X ) G O  Ti 501
101 T =T Pf l ELT

500 IF(.MOT.IE) GO TO 6t0
WRITr (6,2Oql .)
00 ~O1 1=1,9

503 W PIT~ (6, 2305)  I, AH ( I) ,I ,TH ( I)
C 
C DE TFPMINATION O~ A IS ILUTE MAX IMt J4 AMP _ ITLJOE OF A R R A Y
C 
600 CALL M A Y A W ~ 

C

• WRIT ! (S,200~) A M°T
C 
C CALCUL AT ION flF A R RAY COOPOINA T rE FOR CALCOM P ‘LOITER C

C 
CA LL COf) Rfl

C 
C OFtt INc CALCO’4P PLOTTING DO’JTIWE
C— 
602 CA LL G R A ~~H t K I S , SCV ,T 1,T? ,T3 ,I CF , FF , SF)

W P ITF (6 ,VAL ’ IF)
IF(I~~ND1 GO TO 4

2 WRITE (6 ,23 131
CALL PL f )TE ( NAME )
WR ITE (6, 23141 MA’IF

39
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THIS PAGE IS BEST QUALITY P~A~W1AMi&

7~0M ~ i1 I~~US~~ I~Q ~~Q ~~~~~

TcTOO=~~~C ON o (“n)
()~ LTA T=TSTO’—TSTA ‘T
WRITE (6,~& 00l) TSTART ,TS1O3 ,fl~ L T A T
~ TIP

4 IVAR ~~
T M A Y = ~~.
I C F — I
T CT O P~ S~~CO PsJfl (O~~l)

nrLTAT TcTnp_ T~ T A~ T
WPIT~ ( C ~~t~~~1~~) TSlAPT, TSTD~~,0 LTDT
Gr’ TO I

7( 0  WPl~~~(E,4C(11)
~ TO P

4~~~j FORUAT(~~ I) T 11IE NLJMfl F O~ ~0LES 1~ 1W FILTE~ ~~~EE DS THE ALL OCAT ED
1DIMF NcION~ / )

?0CC FO~ UAT (IH1 ,*THr ?OLLiWIP~G PO~ TL0N ‘~~ THI~ ~‘~ INT OUT IS THE OUT~~tJT
A ~~0TI ON’)

2)02 FOP’~AT (1 H’~~~~/’ IVAR = ‘,TT, lC ’X ,’ D? L T  ~ ,t’D17.1J/)
20~ 3 FO P MA T  (1Hl, ’!H~ COLL O W ING OUTPJT tS THE CiI’LEX V FOR EAC I DELTA

A TTME ~~~~~~~~~~~~~~~~~~~~~~ v t ’ ,Iv,,~ =

?0C4 C O O MA T (1H1, ”H cOL L OWING OUT~ J T  IS TH E A~ RA v 1~ L O C A L  M~~~IMUM5
• ASU~SET OF COMPL!Y VA R IABLES ) ~ND TIME’/)

?J~~ 
CORMAT (jH ,PA H(4,14,PI ~~~~~~~~~~~~ TI(’,I~~,’I = ‘,El q.lo)

230~ F0~ MAT (tlJj, ’TH~ ~OLL OWING OUTPJT IS THE A- RRAY OF LOCAL MI9rM JM S
AcI~’SFT OF COM DLEX VA °IA~ LES ~P1O T 1ME~~/ )

20~ 7 FORMAT (1H ,‘AL (’,14,’) = ~ ,1’~
r19.1G,~ T_ (’,14,’) = ‘,El q •lo,

2~) J P  F O O M A T  (IHCF/F’ ARSOL IJTE ‘~AYI9U M A’i~~LITIJO~ IS E~~iAL TO ‘,1’E17 . 1O )
2013 FOP MAT (~~ H()~~ // F~ 

THIS STATEM IT TERM INAT ES IllS RUM’)
?flif+ COOMAT (1I4O ~~/~’ TWF ‘JUM3ER OF ~...OCK S ON TH~ ‘LOTTING TA °E IS ‘,I5
?~ 1C FORMAT (1)4 ,‘V(’,16,’) =

• 31~~ FO RMA T (IHG ,’P(’,T2,’) ‘,1P2~ 1~~.1~~3( 1Oj  F0P~~A~ (1PO,~~S(P ,T2,~~) =‘,l’?j19.10,’ S( ,12,’) =‘,2E1~l.1~j)
‘002 r O R MA T  (IHO, ’A (’,T2,’) =~~,1P 2~ 1~~.1O )
3O~ 3 FOP PAAI (1HG, ’O = ‘, IP E 1 9 . 1 0 , ’
300(~ 

FO O M A T  t1H1 ,’B(’,12,’) =~~,lP2ri~~.1),~ ~ (‘,I2,’) =~~,2E1~~.10)
4000 FORMAT (IHC ,’THIS RUN STA PT~ O AT TIME ‘,~~7.3,’ AND ~MOED AT ‘,F7.3

A ,’ TAKI NG *~~F?,3~ SECONDS TO ~~~~~~~~~~~~~~

cL’RPOLJT INF AR RAY
C 
C ROUTINF TO LIMIT O’JT°LJT OF FNVFIOP ARRAYS
C 

COMPL
~
X ‘q ( 3 )

C) CIJ PLF OELT ,T
0IMF N SIO~I AH(?000),TH (?000)
4~OMMO PJ ,VAP S ,A H ,A Mfl T ,O~’LT , T V A P ,L, M,T ,T 14 ,T M A X , X V A R, XV AR1 ,

A V V A R ,’,flELT’ ,IF~~,IF~
IF (L.E~~.2I GO TO 7
I~ ( L .N F . 1) GO I f )  7

- H YMAX=AMAX 1 (PEALt V (L— ’)),O FAL (YL—I)),~~EAL (Y(L)))
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~ iIS PAGE IS BES T QUALITY P &CtL~~~TI~B
I I - 

- I - - .  - 
71~~ ~uk~ I I~ikI~j) TO DDIC _

IF (YM*X.EC ).RFAL (V (L~~1))) GO TO ~
T O ~

3 TF (V(L— ’).EO.CMPL~~(0.,0.))GO ItO C

M= ’4+ 1
IF(M .CT .2CO~~) CO TO ~
TW(M1=SlICL (1)
A H (M)=R!AL(V (L_i))
IF(M .LE. 1(1cC) T O ~V (L—1 ) V(L) CMPLY (0., C) ,)

T=T+OEL’2—C)EL’
C W P I T E ( 6 , 3 0 0 0 ) Y ( L — 1 ) , T H ( M )

2 M 1
T).UM )=S¼ 1r,L (T_OELT )
AM(M 1=RL AL ( V (L—1 ) I
RrTuP~

,
5 Y ( L— 2 ) =“ (1— 11

I
I 

Y ( L—1I~~Y ( L )
Q!TUR

~
I

6 WR ITE (
~~, 2 3 O Q )

STOP
7 W RTT~ (6, 200 1)

5~TOP
2000 FORMAT 1l~1,.THr ~LOTTIN (- AR O~ v rX~

r r
~~c TI~ A L L V~ATEf) DIMEN SION r~~

A 2000’)
2001 FORMAT (iHl,’EPRO’ IN TI1~ CA L (JL A~ ID! tO~~ L

3000 FO RMAT (~~X,SV =’,1O’Ej Q .10, ’J 4A X t - ’ ,E1~ .tO
3001 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MI1 T :~~,~~1O ,tI1I

F

SI,qROUTINF MAX A MP
C 
C ROUT INE TO CA LC ULATF AE3 SO LUT~ MAX S IC’ IA L A MD Lt T U D E
C 

Co MpLrx Y(31
D OU R L~ OrLT,T
OIME NSIfl’J AM(?C0C ),TH(2J00)

A Y VAP ,Y, D~LT2,IF~~, !FA
A M PT= AH (i)
fl~

1 AMPT=AMAX I (AM OT ,AI1(I))
R r TU QM
FP.’O
!Uc1R OUTINF COO RO

C 
C ROUTINE TO CALCUL AT E PLOTT ~ P COO ~ rII”AT E P’ T N ’ l?S

• C 
COMP LCX Y ( 1)
DOURLI O ’ L T ,T
flT4 !NS IO~l A M ( 2 0 0 0 ) ,T ’ l(? O C O )
CO MMO N/V4 RSf ,A Mf l T , D E LT , IV A P ,L, M,T ,T H, T M , ( V A ~~,X J~~Ri,

AV V A P ,V ,rIC LT~~,IFO ,T FA
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THIS PAGE IS BEST QUALITY P1~LCTI~AB~&
~OfY 1WØIS1I~~ 

TO ~DQ

2 IF (CL0AT(M_ 1)._ c .XVA R1 ~~1 (1C .)G1 to I
XVA PI=X ’ IA RI’ l . l

• GO T O ~
I UPIT~ 

(c , 2 0 0 0 )  XVAR I, V V A P
7300 FORMAT (1)~0FFIF’ LEt’~GTH OF THT X — A X I S  IS ‘,~~S.3,’ INCUES, A’I r) T H’

A HFIGWT OF TW ~ Y— AW IS IS ~~~~~~~~ I’1C’~~S’)
C Nfl
ctJnROI)TTMF GRAPH VIS,~ CF ,T1,T ? ,T 3,I—C ,FF ,SF)

C 
C POUTTNF TO PLOT AR RA Y S
C 

COMPLrX Y (t) C

OOUflLC OCt..T,T
• LCG !CAI IFP,IFA

OIMr NC IO~ F F c ~~,5 r( r)
OIMEP4SION AM(70001 ,Tt-l (2flO’)
flIMCN~ ION IT(~~),ITL (5)

C ;  COMM ON/VAPS / ,A MPT ,OFLT , I V A R ,L, M ,T ,TH, T H A X , X V A R ,X V A R I ,
1VVAP ,Y ,1~~LT? ,IFD ,rFA
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S~~U4R ,2I4ED,

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
DATA (111(1) ,I=1,5)/e,g,12,11,~~,A H ( M 4 1 1 = T F 4 ( * 4 , 1 ) = 0 .
T H(M .9) = T MA X / X V A P I

C ALL AXIS (O.,_ YVA~
1,15HTIM~ (MSE O”DS),—15 ,XtIARI,0 .,T H (M+1),TH(M.2,

11
TV ’I=YVA~ ’?.CA LL AX IS C) . , — Y V A R ,1~ HP r L AT I v ’  A~~~LIT ,po ~~,1s , T Y V ,qo., _ 1,,. 4)
CALL PLOT (C),,(1,,1)
CA LL PLOT (XVA R1,~~.,21
CALL °L’) T ( “ ., V . , ’)
CALL LINr(TH ,AH ,M ,1,O.,~~)

I 

• 

nO 2 T=1, P~
2 AH(3)=— 4M(I)

CALL L!Nr (TU ,4F4 ,M ,i,O.,4,
XPLtIS=X VA P1+ 3, 25

~ T~I~ UT S Ir.NAL

• C ALL ~YM0OL f).5,~~3,7,H,1~~WI,JP’PT 5IG’JA L I ,3,,i 3)
V ALL SYMDOL (?.3~~,_3.7,H ,tT (Kt S),o,,rT1cvIc))

• “ALL SYM POL (2,37 ,_3,q,H,34c = ,f,• ,1)
CALL cYM~ f)L(,.44,

_ 3.9,,G7,jI.4C,(1.,1)
• F C 5f’C

CA LL ~UMc3 E~~(2 ,77 ,_3, q ,H,F~~,fl,,~ )
V ’A LL SY M RO L( 3 . ! 7 ,_3.9, H,~~w M H7, 0 . ,7
CA LL SYM~IOL (2.37,_4.1,’4,T)1T i= ,~ ,,Y)
Y 1 1  I
CALL NIJ’4”ER (2.7’,—4,j,W ,XT, 11 , 3 )

CA L L ~V M~ OL( ! .57 ,—k.i , H,4WM ~~C~~,C . , c.)

42

I -~~~~~ 
___________ ______________________________________ ~~~~~~~~~~~~~ II



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

T ± ~~~~~~~~ ~~~~~~~~~ :- T T ~~~J~~

I - • 
TBI SPAQE IS BEST QUALITY FRLCX1CAI~~~

- 
:. - “~‘~ ~~~ ItJk~&IS~i~) TO Di~Q ~~~~~~~~~~~~~~

IF(T2.E0.C.)GO ’fl S
0AIL ~V’lOOL (~2.1’,—4.3,H, “4 T 2 ,9. ,3)
VT T?
CALL “tJM~ FR (~~,7’ ,—4, 3 ,H, VT , L. , 1)
C A LL ~v Moc ~L( l .57, — 4 . 3 , H, Mcr ’~,Q . , .)
IF(Ti.E0.t.)GO TO 5
C A LL c Y M f i c ~L ( ? . ) 7 ,—4.5,H,~~)4Tl ,(1, , 3)
~T=T ~C A LL ~) t l M B F R . (~~ .77 ,_ k . 5 , W , V T , C . , ~~)
C A LL 5Y~~~fl~ (~~~ •

C~~~ ,_4,~ ,H,
1~’4MSE’~, ~ •

C FILTC R
C CA L L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Kr=r ru )

~‘A LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CA LL SV~lOOL (5.6,— 1 .9,H, ’I-~ ~~~~~~~
C ALL ~ Y h4 R O L ( 5 ,7 3 ,_ 3 . 9 , .07 ,1HC ,0.,1)

I
I 

CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0A LL SY M P O L( 7 .1,— 3 . ~~,H,3HM’ I7 ,O . , 3 )
0D LL NUMPF R(5 ,~~,—~..1,H,F F(3 ) , ) . , — 1)
CA LL  SY UO OL ( 5 .9 , — a .1,H,IT ( S I , ) . , 5)
C A LL ~V MPOL (c ,6,_4.3,H,3HI1W ,1., ~
CI”LL NI,MPF (6,j,_

~40 3,t1,Fc(2), ’,,2)
4 ( ‘ALL ¶ Y M P O L ( 7 ,1.— 4 . 3 , H ,31U’H7 ,~~.,1)

IF(F F (4).FtO.).)GO TO ~
4 CA LL ~V MRO L(5.~~,_4.~~,~~,5HRF , (1• , 5)

CALL ~U E.R(6 .?, —~..5 ,H,F F ( 4 ) , ’.,’I
8 IFIICF ,Efl . 1)GO TO 1(1

X = 7 . 5 •VV — l . 7
C A LL ~V OL (X ,XV ,4,7HFIL! RT ,.,7)
Y= Y#1.I
C A LL S Y 4 O O L ( X ,Y V ,I,IT (2 ’KF+~~

) ,Q. ,I’ ( ‘< F+3) )

CA LL SVMOO LtX ,XV ,H,3HF = ,0. ,~~)
CA LL SY M P O L ( X # .I l,XV ,.C7 ,lHr’,-~., 1)

CALL NuMn~~~cx,,c ,Xv ,H ,Fc,Q,,?5
C A LL ~VM~ OL (X +1,E,XY ,H,’HMHZ ,., 3)
Y v = Y v _ . ,
CA LL Mt P ER (X ,XV ,~l,SF(3),~

1.,—1 ) C
CALL SYM~ OL (X,.~~,XV ,H ,IT (8),0.,5)
XY=YY— .~
CALL ~VM~IOL (X,XV ,M,1H~1W ,0.,3)
c’r=Sr(2)
CA LL JUMRE~~(X4 .c ,!Y ,H, FC, ).,2,
C A LL ~YM~ OL (XI1.~~,XY ,H,1H M H 7 ,).,3)
!F(!F(L~I.F0 .0 . ) G O  TO 10
yY=YY_ .,

CALL ~YM POL (X ,X~~,M ,3HRF= ,0.,1)
CALL MuM qFRtx+ .c,~~Y,H,SF(4),C.,2)

TO 

~

_
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THIS PAGE LS BSST QUALITY FRACTTIi’~ff~~
-

-- 

~~1 ~~ -~‘*W ~ ~~Q ~~~~~~~~
.—

00 20 I=1,IM
20

AH (M)=A4 (M+1I=AH ( 10)
IPq=M— 1
nfl 30 I=I0,IM

30 AH (M~~111=At 4A Yt(AI.4(M+11 ,AH(I) )

OPINT ~~~~
“ A $ l ( M) = ,A H(M) ,’ A l (M# 1 ) : ”,A H ( M +j )

~~~~~~~~~~~~~~~~~~~~~~
:1 CAL L A Xl~~(XVAR1 ,

11.,j5I4FRtO1J!w~ v IN HZ,_ 15,YV 4R,~~9,,A 9(M) ,A .t (MI1))
H CALL DASHLM (TH(1O1 ,A H (jO),IM—~ ,1)

TF(.P!UT.IFA)r,O TO 4(1
WPI’E (6,50)(I,A ’4fl),I,TH(I),T=13,I’l,

5C FO PMA) ( ’ l  T H~ FOLLOWING O UTO~JT IS O~~~U T ’ )  SIG NAL ~~~~~~~~~~~~ i i
1. (

~ FP(’ ,I4,~~) = ‘,E1~ .10,’ TH ( ’ ,14, ’) =

40 CA LL OLOT (X °LUS ,0.,— 3 ) t •
RrT UR~I
EP”fl ‘

I

_ _ _  
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