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SECTION I
INTRODUCTION

One of the most powerful methods of measuring frequency of several

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 modulated, the output is a complex function of

time, and requires more sophisticated detection schemes. To optimize the
L § 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 filters can be analyzed for the design of a
channelized receiver without going through the construction and test
phase. To document the validity of the amalytical calculations, they

are compared with measured performance of various filters.

The computer program is written to handle several kinds of band-pass
filters, including Butterworth, Chebyshev, and a combination of two of these
in cascade. The three kinds of pulsed carrier input signals used in the

calculations are a square, a composite, and a sine square. The square
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pulse is assumed to have infinitely sharp leading and trailing edges. The 1

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 z
MATHEMATICAL MODEL

In the calculations, the transfer functions of the filters are first ?@
predicted from the insertion loss versus frequency measurements; then the ;:

time domain impulse response of the transfer function is derived. The com-
puter program then calculates the convolution of the input signals and the
filter transfer function.

1. FILTERS

el i i

The filters are either specified or measured and their transfer func-

tion analytically fitted to the data, using a Butterworth or a Chebyshev

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

v 1

wAw

= where V is the output voltage of the transfer filter function, o is the angu-
lar velocity, and w, is the center angular velocity of the filter. For a But-
terworth filter, the poles are located as follows:

- 2k-1+ p -1+
Pk—Aw [cos ('—zn_n-ﬂ)*-]sm (2)(23.1!1“)] (2)

where

k= 1,2;0updnn, 3
Aw = 2n x bandwidth of the filter,

n = number of poles of the filters,




Only Py with positive real parts are kept, and the poles corresponding

to a band-pass filter are

P
Sk = 55 - 45

For the Chebyshev filters,

P = Aw (tanh v sin ug + jcosug)

g = 3o (2k=1)

% sinh™! (%)

<
L}

and

Py 10R£/10 'y

1

where k = 1,2,...,2n,
n = number of poles of the filters,
Rg = ripple factor in dB,

w = 2m x signal frequency, and

wo = 2m x filter center frequency.

(3)

(4)

(5)

(6)

(7)

Similarly, only Py with positive real part are kept and the locations of

the poles are calculated by equation (3).

filters is given as

(Am)“s"
(5+S,) (S+32) e (S+Szn)

H(s) =

Ay 3 A 2 Azn
S+S, S+S, g S+Son

The transfer

function of the

(8)
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and the corresponding impulse response is

H(t) = l\)e~slt + Age-s?t . PR 4\2,,e-52"t 9

2. SIGNALS j,

| The general shape of the input signal can be written as ;

Ro(t) -
R(t) = Rp(t) cos wt = ~0; [ejmt + e jmt] (10)

where w = 27 x the carrier frequency of the signal and Rgp(t) = envelope

of the input signal. For a square wave envelope input from t = 0 to t = t),
Ro(t) = U(t) - U(t-t}) (11)

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

Figure 1,

i Al <l —ee

Ro(t) = DtU(t) - D(t-t)U(t-t}) - E(t-t)U(t-t>) +

| E(t-t3)U(t-t3) (12)
1 1
where D 0 and E -6
1 8
For a sine square input,
Ro(t) = sin? %f U(t) - sin’ {f U(t-ty) (13)
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SECTION III
OUTPUT

The output from the filter is given by the convolution integral

t
Y(t) = I R(T)H(t-1)dT
(o]

1. SQUARE INPUT SIGNAL
For the square input, Equation 14 becomes
t t
Y(t) = U(t) J R(T)H(t-1)dt - U(t-t;) [ R(T)H(t-1)dr
o t
For t < t,

2n
Y(t) = Z [Yk(t) - Yk(O)]
k=1
and for t 2 t,
2n
v = I [neen - Y]
k=1
where
Ake-skt eBkT eCkT
By = Sk + jw
and
Cx = Sk - Jw

(14)

(15)

(16)

an

(18)

T -

——

|
|
|
|
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2. COMPOSITE SIGNAL

For the composite signal, the output for t < t; becoimes

2n
Yor(t) = } [ka(c) - ka(O)] 19)
k=1
where
55 =Skt | BkT/T 1 Ckl/t 1
X() =5 e [e (3; - ;;;>+ e (E; - E;?> (20)
for t) £t <ty
2n
Y(t) = 2 [—ka(O) + ka(tl) + Dt Yy (t) - DtlYk(tl)] (21)
k=1
for t; <t < t3
2n
Y(t) = z [-ka(O) + ka(tl) + DtlYk(t) - DtlYk(tl) -
k=1
EX) (t) + EXp(t2) + EtpYp(t) - Ethk(tz)J (22)
and for t3 =< t
2n
Y() = Z [-ka(O) + DXp (ty) + Dt Yy (t) - Dt Yy (t)) +
k=1

Exk(tz) + Ethk(t) - EtyYp (ty) - EXg(t3) -

Et3Yr(t) + Et3Yk(t3)] (23)

F‘
|
!




e

A R o i S i e b SR L e

3. SINE SQUARE WAVE SIGNAL

For the sine square wave, the output for t < t; becomes

2n

Y(t) = ) [Yk(t) - Yk(O)] (24)
k=1
and for t £ t,
2n
Y(t) = 2 [Zk(tl) - Zk(O)] (25)
k=1
where
=Skt
Ayge Byt Byt
- = e 2(ELN L LS
Zk(T) 3 (Bktl 7 [ = sin (tl) 2sin (t,) cos (tl) 1
=
Ckt Cut
82“ + L 3 kbl gin? (!‘.T_) -
kb1 (thl) = = ty
m
bty W 2n
2sin (tl) cos (tl) + thx] (26)

A computer program which calculates Equations 16 through 26 and plots the
results has been written and is shown in the appendix. The following

section of this report discusses the computer program.

[}
|
|
}
'
|
|
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SECTION IV
COMPUTER PROGRAM
The flow diagram of the computer program shown in Figure 2 is
presently set up to handle a 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 than
the RF signal inside the pulse. The program will pick the minimum of 2n/w
and 2n/w, and use it as a standard time value. The first thirty local
maximums are found using steps of 1/10n times the standard value. In order
to minimize computation time, subsequent points are found by incrementing
0.8 of the standard value from the last maximum and then using steps of
1/10n times the standard value to find the next maximum. The estimated

errvor in amplitude is

1 360
1l - cos (—2' -1—0‘;) 0.005

or 0.5% with respect to the true maximum value.

SECTION V
CALCULATED AND EXPERIMENTAL RESULTS FOR CONVENTIONAL FILTERS

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 3¢, a 3-pole Chebyshev filter is used with a center
frequency of 300.8 MHz, bandwidth of 17.8 MHz and a ripple factor of

0.25 dB. The input signals are all the composite waveform with T, = 15 ns,

T, = 190 ns and T3 = 200 ns. The center frequencies of the input used are




301 MHz, 309.8 MHz, and 317 MHz, respectively. In Figures 4a, 4b, and

4c, 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 signal
is a sine square with T; = 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 measurements 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 Ty = 15 ns, To = 190 ns,and T3 = 200 ns; Figure 9 shows the square
wave signal of T = 300 ns; Figure 10 is the sine square signal of 20 ns.
The outputs are shown in Figures lla through 13. The frequencies are the
same as specified in Figures 3a through 5. TIigures lla through 12a match
the calculated results very well. However, the results of Figures 12b and
12¢ 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 12e, 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 output signal

is not very frequency dependent, but at the edge of the filter the




b |
F |

b o e ¢ it it e S 0 i o ORI s i i 0 S0 g B

output depends very strongly on the frequency. In Figure 13, the measured
result agrees with the calculated results rather well. However, the

input signal, as shown in Figure 10, has some reflections in the time
domain; and is not a true sine square signal. Thus, the output may

deviate slightly from the ideal case.

SECTION VI
APPROXIMATION OF SURFACE ACOUSTIC WAVE (SAW) FILTER

A SAW filter 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
domain configuration on a pedestal (Ref. 3). This filter cannot be
properly approximated by a single Butterworth or Chebyshev filter. However,
it can be represented by two conventional filters in cascade. Both filters
used in the analysis are Butterworth with the same center frequency of
343.5 MHz. One is a 7-pole filter with 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 Ty = 25 ns, T2 = 320 ns ,and T3 = 340 ns. The center frequencies
are 343.5 MHz, 335.6 MHz and 353 MHz. The calculated and measured results
are shown in Figures 15a, b, c, and 16a, b, ¢, respectively. In Figure 15a,
c,and 16a, c, the results match fairly well; however, in Figure 15b and
16b 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 analytical model using Butterworth
or Chebyshev filters must be modified by including the phase response in
order to obtain the true time domain performance. A number of SAW filters
are presently being measured to completely characterize their frequency

domain performance and subsequently their time domain response.

10




SECTION VII

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
filters, especially a channelized receiver which uses many filters.
This program can also be extended to handle low-pass, high-pass, and
band-rejection filters by using the appropriate 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 fil-
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.

REFERENCES
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Watkins-Johnson Co., Palo Alto, CA, 1973,
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Fig. 3 Calculated output of a 3-pole Chebyshev filter with fo = 300.8 MHz

f = 17.8 MHz, RF = 0.25 dB, the input signal is composite with

-

Ty = 15 ns, T2 = 190 ns and T3 = 200 ns
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fo = 300 MHz 20 MHz/div 10 dB/div

Fig. 6 Insertion loss vs frequency of a 3~pole Chebyshev filter

'U = 300 MHz 20 MHz/div 10 dB/div

Fig. 7 Insertion loss vs frequency of a S-pole Butterworth filter
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Fig. 10 Sine squared signal T = 20 ns

Fig. 11 Measured output of the 3-pole Chebyshev filter
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Fig. 12 Measured output of the 5-pole Butterworth filter

12 a. Input frequency 300.5 MHz

12 b. lnpuf frequency 291.4 MHz
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12 c. Input Frequency 292.6 MHz
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12 e. Input frequency 293.44 MHz

Fig. 13 Measured output of the 5-pole Butterworth filter with a sine

squared input signal
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fO = 343.5 MHz 20 MHz/div 10 dB/div

Fig. 14 Insertion loss vs frequency of the SAW filter
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Fig. 15 Calculated output from the SAW filter
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Fig. 16 Measured output from the SAW filter

16 a. Input frequency 343.5 MHz

16 b. Input frequency 335.6 MHz
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APPENDIX ; 1’

COMPUTER PROGRAM LISTING

PROGRAM FILTER (IMPUT,OUTPUT,TAPEL, TAPES=INPUT,TAPES=0UTPUT)
g g M SO
C THIS PRPOGRAM PROCESSESS AN INPUT SIGNAL THROUGH AN N POLE FILTER.

c THE OUTPUT SIGMAL WAS A RELATIVE AMPLITURE AS A SUNCTION OF TIME

c THF PROGRAM IS WRITTEN IN FORTRPAN IV EXTENOFD S3R A CNC6600,.

c PLOTTING IS DONE ON AN OFFLINFE CALCOMP PLOTTER,
c-------------------------------“---- DS S NS Wy - -

COMPLEX X1yX29X3y¥4yXS59X6yX74X8y X8B8

COMPLEX D&

COMPLFX XE19X62yX639XTP1y9X724X73

COMPLEX A(48),B(48),C{%8),0MEGAT yOMEGAJ,°(12),S(48) ,ST,ST2,TERMY, :

1Y (3) 4SS (24)

DOUBLE DFLT,T

LOGICAL IY,I=,IFA,IEND

LOGICAL IFP

DIMENSION AH(2000),DATA(1024),T4¢2000)

DIMENSION FF(5),S*(5)

COMMON/VARS/ AHy AMPT ,DELT,yIVAR,LyM,T, TH,TMAX,XVAR,XVARL,

1YVAR,Y,NFLT2,IFP,IFA

NAMELIST/VALUE/KISySCFyT1,4T2,T73, KFyNP,FCF4B3W,F, TMAX,CT,IVAR,XVAR,

1 YVAR,IY,IE,IFA,ICND, ICF,IFP

NAMFLIST/FIL2/KF yTH NP, RF,FIF

DATA IVAR,IFNN,TY,IE,IFAy TMAXPT g XVAR,YVAR/ Dy e Te y3%Fuy0ay

1 2.164153265358373,7.759245/

SINHI(X) =RALOGIX+STRTIX*¥2+1,))

ICF=1
c-------- ........................ S S e U S P S
Cc EACH FILT=ZER SIMULAT®D HUST RE SPESIFISD BY A /VALJE/ NAMELIST. 1
r NAMELIST /FIL27 CAN ONLY BE SPESITIEND FJIR A SOY2)3SITE FILTER AND
c MUST IMMENIATELY FOLLOW ITS RELATZD FILTER®S /VALUE/ IMPUT,
C THE TINPUT PARAMETERS ARF INPUTED THROUGH NAMELIST/VALUZZ AND ARE AS
c FOLLOWS®
C KIS = "KIND NF INPUT SIGNAL'", MAY HAVE A VALUE FOM 1 THROUGH 3
e IF 1, THEN THE SISNAL IS A SOUARE WAVE :
C IF 2, THEN A RAMP TO PZAK, PEAK FNR SOME TIME, AND THFEN A
Cc MEGATIVE SLIOPE T) C AMPLITUNK AT SOME LATER TIM:=
Cc IF 34 TH=EN THE WAYF IS APPRAXIMATED 3Y SINS SQUARZN
C SCF = "SIGNAL TENTER FREAQUIENIY* IN HFRTZ
Cc 71 = TIME DURATION OF SIGNAL FOR KIS = 1 OR 3 AND FOR €IS = 2 !
c IT IS THF SND NF THE RAMP (PEAK)
c T2 = TIME DURATION OF PEAK SIANAL ¢ T1 FIOR KIS = 2 ONLY
Cc T2 = TIME DURATION OF NEGATIVE SLOPE # T{L 4 T2 FOR KIS = 2 - -
€ oMLY 3
c KF = "KIND OF FILTFR*, MAY 4AVE A VALUZ JF 1 OR 2
Cc IF 1, THEN THE FILTER IS & RUTTIRWARTH
] IF 2y, THEN THE FILTER IS A CHESQYSHEV
c LU~ = NUMBER OF POLES FOR THI FILTER (PRESINTLY LIMITED TN 12)
C FCF = “FILTER TENTER FREQUINIZY®™ IN HERTZ
Cc BW = RAMOWIOTH OF THE FILTER (3ETWFEEN =3 08 POINTS)H
c PF = RIPPLE FACTOR FOR BH"RYSHZIV FILTFR
Cc TMAX = MAXYIMUM TIME DURATION OF QUTPUT SIGNAL (SEE NOTE 3ELOW)

3 T —— ‘
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CY = MULTIPLISR WHICH IS THZI NJMBEZR OF TIMES THZ OUTPUT
SIANAL EXCEEDS THFE INPUT SIGNAL (SEE NOTE BELOW)

TVAR = NUMRER OF ITERATIONS THAT ARE USFD IN CALCULATING v(I)

XVAP = LENGTH N¥ Y=-AXIS OF PLIT (INCHFS) INITVIALLY$ THIS VALUE
IS RECALCULATED IF THE AH(I) OR AL(I) ARRAYS ARZ TOO
LARGE

YVAR = HEIGHT OF Y=AXIS OF PLIT (INGHES)? DIE5S NIT CHANGE

ICF=1 SINGLE FILTER
ICF=2 COMPOSITE FILTFR
1Yy = NECISION MHETHER TO WRITE 2J2UT Y ARRAY
IF ,TRUE., THEN THE ARRAY IS WRITTFN JUT
IF +FALSE. THEN THZI ARRAY IS NOT WRITTEN OUT
Ir = DECISTON 4HETHER TO WRITE JUT ENVELO?S JF Y ARRAY
IF +TRUE, THEN THFE APRAY IS WRITTFN JUT
IF +FALSE. THEN THZ AQRAY IS NOT WRITTEN OJT
IFP =FRENUENCY PLOT =-=-=-PLOT IS NDONE IF ,TRUE,
IFA = NECISION WHETHZR T0O WRITZ NUT FRENUSNZY ARRAY
IF +Te THEN ARRAY IS PRINTEN
IF oFe THFN ARRAY IS NAT PRINTFD
IFNN = NFCTSTON WHETHER THERZ IS ANOTHER S=T 0% DATA TO 8I RUN
IF +TRUE., THEN AMOTHER SET IS RUN
IF (FALSE, THEN THF ORN5RAM TERMINATES
NOTE* IF TMAX TS SET AT 3§, THEN TMAX AMAX1(T1,T3) *CT, AND
IF IVAR IS SET AT 0, T4EN IVAR AMAXL(FCF,SCF)*2,*PI*
20" TMAXHY,
FOR COMPOSITE FILTERS, PARAMETFRS FOR THE SECOND FILTER ARE INPYUT
THROYLH NAMELIST /FIL2/7 ANT APE AS FIOLLOWS?

KE NO FCF
8W RF SEE NAMZLISY 7VALUE/ FOR CSXOLANATIAN FO
PARAME TERS,
FORMAT OF NAMELIST IMPUT ISt
roL 1 BL AMX

COL 2=7 °*SVALU=* ORP *TEIL2 ¢
roL 38 aLAMK
COL A-BC PARAMITER MAWMI FNLLOWED RY ENUAL SISN FOLLOWED 8Y
PARAMITER VALUE., SIPERATE PARAMITERS BY COMMAS AND
END WITH A DOLLAR SIGN,
IF ONE FAPD IS INSUFFICIFNT - INPJT MAY BF CONTINUID ON NTHER
CARNS (STAPT TN CNOL 2), BREAKING 2ARAMETER LIST AT ANY COMMA,

CTALL PLNTS (NATA,102L,4)
CALL PL"\T(Q.,G. Q-”
WRITE (A,20109)
TSTARTY=SFCONN(NO)

PrAN(F VALY

FF(1)=KF TFE(?) =AW $FF(3)=N2 TFF (L) =R°F SFF(5)=FCF
CONT IMNZ

IF(NP,GT,12Y GO TH 7¢°
WRITFE (5,VALUD)
OMI=2,¥DI*FIF
OVEGAT=CMPLY (0, ,0M])
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OMJ=2,%0T¥S0F
OMEGAJ=GMPLY (0,4, NND)

NP2=ND &2
TFRMi-AWeD *0T
M=
GO TN (10,20 ,¥F
(04 . o S A o S A o . o
C CALCULATION OF *P" VALUFS FNAR RUTTIRWIRTH FILT<R
[ D S P S L T L SRR i

10 DO 11 I=1,NP
TERPM2=FLOAT (2] =1 ¢NP) FFLOAT (102) ¥p[
TPR=="ERM{*CNS(TFRIM?)
TPI=TFRM1®STN(TER2)
P(I)=CMOLX(TPR, TNT)

11 WPITC (4,3000) T,7¢I)

e TN 30
S o e S ks S i 5, 0 A e e 0 o S o S
C CALCULATION QOF *9" VALUES FN2 CH:EAYSHIYV FILTER
c --------- o n ) e W O D O U G S N D A S B S O S U N DD W G5 O A s o U O W O S OB G s W W Sk G
; 20 EI=1,/SORT(10,%*(2F/10,)=1,)
| V=1, /FLOAT (NO)ESTNHI (T
, MO 21 I=1,NP
E | U=PT/ZFLNAT(NP?2Y*FLOAT (2*T-1)
.; TPR=TANHIV)I®*SIN(UY*TFIM]
E | TPI=COS(11)*TEQMY
1 P(T) =CMOLX(TPR, TOT)
| 21 WRITF (h,3009) T,°(])
C .......................................................................
C CALCULATION NF *S'" yALUE<S
c ..... Prappp e ——— S R D D WD e SR s R e G D G S SO P e D GD P Gh G EE D G D G P SR TS G G R U R D SR G R S ek R G T e W e =
3¢ J=
NO 31 T=24NP?2,2
J=Ae 1
{ IMy=1-14
! S(T=1)=z0(UV/72.4OM"GAT
S(I)=PL))/?2,-0MEGA]
31 WRITE (A,3901) TMYI,SCI=1V,T,S(I)
GO TO (R,400,L5C)ICF
(T T p— L S I g i Sl ddkndEesEd & e RN SRR R E RS REE AR &R Rt v B i v v iy i dlo W 5 W |
C CALCULATION OF A VALUFS
r‘ ............ - . - S - S s S G S S Gy R TR G R S S S R e e e
35 CONT INUE

no 32 I=1,MP?

ST==SItI)

TFQN“=CNPL‘(1.'0.)

NO 3T g=q1,N02

IF CTI.ENJY 6N T 33 ‘

TERMU=TERML* (ST +S I t
33 CONY IMUF

ST2=ST¥*NP

1 35
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4
r WRITF (5,2001)"ST2=",ST2,"TFIMy=", TFuy
2001 FORMAT(1X9AL,2f19,10,5X,L6, 2F19, 10) §
A(I)=ST2/TERMy _
32 MPITE (5,3302) T,A(D)
n--------- ---------- ----;------------- RS D R T T R T G ST e e
€ CGALCULATION OF *“TVAR™ ANN “TMAY™ IT NZGTSSARY ]
c------------------- ----- G G R R GG S T R R T T T O e e

IF (FLOATC(IVAR) ¢ T 400 o ANNGTMAX,S5Teds) GO TO 40 |
IF (TMAX,CGTede) GO TN LY {
TMAY=AMAX1(T1,T3)*CT
TF (IVAR,GT«0s) GN TN 4
41 TVAR=AMAV](OMI,OM ) *5,¥TMAX+1,
40 DELT=TMAX/FLNAT (IVAR=-1)
WPITF (65,2072 TVRR,NTLTY
AFLT?2=,9%AMTN1{(1./FCFy1,/<CF)
T=NFLT
YCi):C““L!(ﬂ..O.)
GO TN (1004200, 3C03),%IS

c--------------- ------- GRS S GhTE B TR EE G S R G e . - R GRS e e
C COMPOSITE FILTTRS
c--\.---------------------------------- ERERER D R TR S EES e PEEeEm G EEee e

420 nNe 410 T=1,NO2
410 SS(IVY=S(I)
ICF=ICF¢1
READ(S,FIL2Y
SF(1)=KF BSFL2V=RNW ISF(3)=NP $SF (L) =RF §SF(5)=FC*
G0 TN &
LEQ J=NP2+2%FF (3)
IF(IGTLB)RO TN TuC
K=NP2+1 WSOz
DO 46F T=K, )
NSP=NSP+1
LEn S(IY=SS(MSP)
IF(FF(2) oL T.RW) W=FF(?2)
NP= /2
NF2=
WRITE(A,2C01)(JySU), )=1,NP2)
60 TN 35
=eeececccccccccncececccccesmeccccccnrcce e e e cc e e e ——— - b
C CALCNHLATTON OF OUTPUTY SIGMAL FNR SIUARE WAVE TNOJT SISNAL
Cemnccnncncacser s ncnc o et n acecns crets con s e e e c e PR EE e BEe e e e
10C NC 171 TI=2,TVAR
L=MINC (2, 1) |
YL) =PMPLX(Pey(Cs) ]
TT=SMGL (T)
NO 102 I1=14ND2
X1=CFYP (=S (J)*TT)
¢ PRINT ®,%x1="y¥X1," T=",TT |
X2=S (J) ¢OMENAY
X3=C(J)=NM=7AY |
IFtLTTGT.T19GD TOH 103 {

I —
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il

X4=OMEGAJ*TT
PRINT ¥,% X4=",X4

YOL) =Y (L) #ACJI/2,® (CCEXP (Xt )=X1) X2+ (CEXP (=X4) =X1) /X3)

GO Tn 102

YUY =Y LY #A )/ 2, ¥X1% ((CFXD (X2%T1)=14)/X2¢ (SEXP(X3*T1) =1,)7X3)
CONT IMUE

IF(.NOT.IY) G0 TN 105

IM=T-1

IF (T.EN.?) WRITE (6520030 IMi,Y (I41)

WPITE (6,20135) I,Y(L)

(5 o o o e 2 0 i 0 i . . O o e e e e o o e i o ot o e

C CALCULATION OF ENLVELOP
c------------- ------------ hadhddh - R D e R R GRS G . ———————
105 CALL ARRAY
IF(T,ATLTMAX)IGRO TN £01
101 T=VeDELT
60 Tn €90

[ e e—— S cmceccccncn . a- . - 2 S
C CALCULATION DF OUTPUT SIGNAL FOR GOMPOSITE WAYS INPJT SIGNAL
gy B S S S g U RS U S
200 D=1./71
E=1,7(T3=-T?)
00 211 I=1,NO?
R(TYI=S(I) ¢0MEGRY
C(I)=S(I)-0OMERA)
211 HWRIYF (6,30086) T,9(I),I,C(T)
WRITE (5,3003) N,<
nn 201 I=2,IVAR
TT=SNAL(T)
L=MINO (3, T}
Y(LY =CMPLX (Nl )
ne 202 )=1,M02
X1=FEXP (=S (J)*TT)
. X2=CEXP (OMERAI*TT)
! X I=CrXP(-0MFGAJY*TT)
XE=1,/0(J)%*2
X4=1,/B(J) %%
IF(TT.LE.T1IGN TO 203
XE=CEXP (R(I)I*TT)
X7=CEXP(N(J)*TT)
! XE61=CFXO (P (.J)*T1)
X71=REXO(C(JIY*T1)
1 IF(TTLLELT2)GN TO 204
1 XE2=CEXO (P (J)*#T2)
X72=00XO(CCI)*T2)
IFITT.L=.T3)6N TO 205
X6I=CFXO (R () *T )
XT2=0F XO2(C(I)*T )
GO TN 206
203 Y)Y =YLV ENPTA(IN 72 ((X1=X2)¥XGeXP¥TT/R(II+ (X1 =X3)*XG+XI¥TT /M (U))
fO TO 212

S

S R S
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204 YL =Y (L)4DRACI) /72, X1* ((XB1¥(T1/R(I) =XG) #X71L*(TL/C(JV=X5)) ¢
1 XGeX5¢T1® ((X6E=X61)/7R(IV* (XT7=X71)/5(I)))
GO ¥n 2¢2

205 YOLY =Y (L) $A(JU) 72, X1 (DR (XL +XT4XB1* (TL/P(J) =X4)I+X71*(T1/C (J) -X5)
1 ¢TI¥((XE=XH1)/BIJ) ¢ (X7=XT71)/C(J)) ) =E*(XB* (T/B(I)=X4) +X7*(T/
2 CUI)=X5)=YE2% (T2/R(J) =XL) =X72% (T2/C(J)=X5)=T2* ((X5=-X62)/
I BN+ X7=XT2)/C W)Y
GO TO 292

206 YAALY=Y (LY SACIN/2,8X1* (DN* (XL eX5eXH61* (T1/R( ) =XG)¢X71#(T1/C(J) -X5)
1 +T1* ((XE=XH1) /B (I) # (XT=XT 1) /0C(J)) ) $ER(X62%(T2/3(J) =XHY+X72*
2 (T2/C(I)=X5)¢T28((XH=X62)/B(J) ¢ (X7=X72)/3(J))=XB3I*(T3I/B(IY~
T OXGL)=XT7IE(TI/C(II=XS)=-TI*((XHh=X63I) /BLI) (X7=X73)7C(JI))))

202 TONTINUE

IF(.NOTL,IY) GO TO 215
TMi=T1=1
IF (TI.FNe2) WRITF (€,2003) IMi,Y(Iv1)
WRITF (6,2015) I,v(L)

n-----------------—----—-------------- L R R R Y ek

C CALCULATION OF ENFVFLOP
c--------—O--------------------------- S D N S G EE s G R S T DS D DD D S e
215 CALL ARRAYV
IF(TGT,TMAY)GRO TN £91
291 T=T&DFLT
fO0 TN 520

T g S S g S Mg

C CALCULATION OF QUTPUT SINANAL FOP SINF SQUAREN WAVE INPUT SIGNAL
c------------------------------------. D EED D R G T T D G G ST A e e

3C0 NN 305 I=41,ND?
R(TI)=S(I)+0MERA)
F(T)=S{T)=-0MENRD)

305 WRITE (A,2004) I,3(I),I,C(I)
DN 301 I=2,IVAR
L=MINM(3,T1)
YL)=CMOLYX(0eyCo)
TT=SNGL(T)
DO W2 JI=1,NP2
IF(TTeGZ,Y1)GO YO 303
Y1=CEXP (-OMEGAJ*TT)
X2=CEXP(OMEGAJI*TT)
R1=T1/°1
X?=P ()) *R1
X4=r (J) *R1
N1=PTI*TT/T1
nN2=SIN(N)
D3I=CNS(N1)
DLu=xXI*N2¥N2-2,¥N2%D3
XR=CEXP(=S(N*TT)
XE=2,*PTI/7(R())*T1)
Y6=X2/ (2 ¥X 28X R )*(NL#XF)
DL=X4L¥N2*N2=2,%¥N2%D7
Y7=X17 (2, *XL*XLEB,,) ¥ (DGe2,*PI/Z(S(N*T))
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XBR=XAEOTEE T TXQ=T1*#3
R2=4 *PT*PT*T1
YLD =Y (L) $ACJ)® (XA+XT~XBR/ (BT 1) *¥28XGeR2%B(J)) =X38/ (X*C (J) **3
1 +R2%CCIN)
60 TA 02
303 X1=A(J) *CEXP(=S(JI*TTI*PT
X2=0(J) *T1
y3=a()) *s2
R1=T1%*3
R2=PI*PT
RP3I=R1{/R2
YU=CEXP (X2) 7 (X3%R Teh, $X 2)
XE=R27(Y3%R1 44, *R2%X )
X2=0(J) * T4
X3=C(J)**
X6=NFXD (X2) 7 (X3*R 344, ¥X2)
X702/ (XY3¥R1 +4, *R2¥X2)
YLY=Y (L) #X 1% (X 4+ XB~X5=X7)
302 CONTIMUS
IF(.NOT.IY) 60 TO 306
i IM1=T-1
3 IF (TeENe2) WRITE (€,2003) IML,Y(T41)
WRITE (65,2015) I,Y(L)

c-o-------—--------—------—-—--------. L R -Eaom oo - oo - -

C CALTULATION OF ENEV™LOP
c------------------------------—‘- ----- S G S EE G R A R G e R R D ED GS RS D SN NS WD WD GE R R G AR S S e -
306 CALL ARRAY
IF(T T, TMAXIGN TN 509
301 T=TeNELT
5C0 TF(LNOTLIE) 60O TO ACO
WRITE(6,2004)
N0 503 I=1,™
503 WRITF (65,2005) I,AHII)I,TH(I)

c------------------------------- - S @EE S oSS ST TS S-S - -
C DETEPMINATION OF ARSALUTE MAXIMUM AMP_TITUDE NOF ARRAY
D------------------------.‘------------ G TRED G TR T D G R G G T S ) D R R T D GE T D S D S S . -

600 CALL MAXAWD
WRITE (5,2008) AMOT

: e e e

C CALCULATION OF ARRAY CNORDINATFS FIR CALROMP °L3TT R

C----------------------_‘---- ------ B EEE T e - -- - - -

CALL TONRD

c-----------------.------------------- eeoeeeesccaccrTecrTeecetrencemee eane -e

& C OFFLINF CALCOMP PLNTTING PONTINE
c--------------------‘-'.---------_------‘------‘--------------. ---------

| 602 CALL GRAPHIKIS,SCTyT1,T2,T3,10F, FFySF)

WRITFE (5,VALYF)

IF(IENDY GO TN &4

WRITE (642013)

CALL PLOTE (NAME)

WRITE (6,2014) NAVE
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TSTOP=SECONN(°P)
DELTAT=TSTN?2=TSTA?T
WPTTE (/,L009) TSTART,ZTSTN2,D°LTAT
STHP

4 TVAR=C
TMAXY=C,
ICF=1
TSTOP=S=COND ("P)
AFLTAT=TSTNAR-TSTART
WRITT (A,0L3171 TSTART,TSTND ,D7LTAT
66 T 9

7c0 WRIT=(E4,4C001)

<YNP

LC01 FORMAT(®*NTHI NUMRER OF PALES NF THT FILTER IXCEZNS THE ALLICATEN

1NTMENSTINNE/)

2000 FOPMAT (1H1,%*THE SOLLAWING PORTION I5 THIS 2PJINT QUT IS THI QUTPUT
A SECTIONMN®)

2302 FOPMAT (1HX////% TVAR = %,T7,10X,* NFLT = %,1°017,13/)

2073 FORMAT (1H1,*THT FOLLOWING OUTPJT IS THE CIMILEX Y FOR EACH DSLTA
AT IME TNOREMENTE /2R Y (%,76,%) = %4122619419)

20CU FORMAT (1H1,*TH® FOLLOWING OUTPUT IS THF ARRAY 975 LICAL MAXIMUMS (
ASURSET NF FOMPLEX VARTIARLES) AND TIME®/)

200% FORMAT (1H ,*BH(*,IL,*) = ¥,1971QG,1],"* TH(*,I4,%) = *,519,10)

2006 FORMAT (1H1,*TH= FOLLAOWING OUTPJT IS THF ARRAY OF LOCAL MINIM'MS (
ASIMSET OF COMPLEX VARTAALES) AND TIME®/)

2007 FORMAT (1H ,*AL (*,T4,%*) = ¥,17°F1G,10," TL(®,I4,%) = *,210,10)

2008 FOPMAT (1HC///%* ATSOLUTE MAYTIMUM AMPLITUDS IS EQUAL TO *#,13°E17,10)

2013 FORMAT (1HA///77% THIS STATEMTIT TEMINATSES THIS WN¥)

201y FNRMAT (1HQ//7% THE NUM3ER OF R_0OCKS 0N TH= 2LOTTING TAPE IS ¥#,I5)

221F FORMAT (1H ¥V (*,T6,%) = ¥,1P2019,1C)

I950 FORMAT (1HC,¥P(*,12,%) =%,1P2%19,1))

001 FARMAT (1H(,¥S(*,T2,%) =%,192:19,10,"* S(¥yI2,%) =%,2E19.,10)
2002 FORMAT (1HD,*A(*,72,%) =¥%,1P2-13,.,17)

3093 FORMAT (1HG,*N = *,1PT19,10,* I =¥,E19,1D)

3004 FONRMAT (1HT,¥3(%,T2,%) =%,1P2F13,1),* T(%,I2,%) =%,2E13.,10)

4000 FOARMAT (1HC,*THIS RUN STARTED AT TIME ¥,E7,%,% AND INDED AT *,F7,3
Ay* TAKING *,€7,3,% SEGONNS TN EXECUTE®/77)
EMD
SURROUTTIMF RAQRAY

ROUTINF TO LIMIT 0UTOUT OF FNVFLAP ARRAYS

LOMPLEY Y(3)
NOURLE NELT, T
NTMENSTIOM AH(2000) ,TH(2000)
FOMMOM/VARS ZAH, AMOT, DTLT yTWAR, L, MyT, TH, TMAX , XVAR, XVARY
AYVAR ,¥,NELT>,IFP, TF?
IF CLJENG2Y 6O TO 2
IF (L NFo?) 60 TN 7
YMAX =AMAX 1 (PEAL (Y (L=2)) ,PFAL(Y(.=1)) ,PEAL(Y (L))
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5 X Yo N . FROM COFY FURNISHED 70DD¢ ___- ?

IF (YMAX,EN,RFAL(YEL=1))) GO TA 3 ii
A0 TN € §
, 3 TFI(Y(L=) sENBMPLX(0,,0.,))50 T €
M=Ms1
IF(M,AT, 200" GO TO 6 ,
TH(M)=SNGL(T) .
| AH(M) =REAL (Y (L=-1))
1 IF(M,LEL2CIBO TN &
; Y(L=1)=Y (L) =0MPLY (Q4y N4) Bt |
. T=TeDELT2-NELT

c HWRITE(6,3000)Y(L=1),TH(M)
GO TN &
2 M=1

TH(M)=SNGL (T=DELT)
AH{MY=REALCY(L=-1))
RFTURM
5 Y({=-2)=Y(L-1)
Y(L-1)=Y(L)
RETURM
6 WRITE (5,2900)
STOP
7 WRTTF (6,2001)
SToP
2000 FOPMAT (1Hi,®*THE PLOTTING ARRAY [XCSEFNS THZ ALLOITATED DIMENSION N<
A 2000%)
2001 FORMAT (1H{,®ERRO> IN THF CALSULATION NF L OIUNTIR®)
3090 FORMAT(SXy,%Y=%,1P%2E10,10,%) MAX T=¥,£19,17)
3001 FORMAT(SXo*Y=%,1P?E19,10,4%J MIN T=%,19,12)
FAan
SUBROUTINE ™MAXAMP

c—-----------------------------—------------ ----- e aEeEE o @ - —-—--- --—— - - -

C_ ROUTINF T0 CALCULATE ABSOLUTE MAX SIGNAL AMPLTTUNE
c------------------------------ ......... [ S S ———— [ A S —————

COMPLEX Y(3)

DOAUBLE DFLT,T

DIMENSINN AH(200C) 5 TH(2J00)

COMMON/VARS ZAH, AMOT ,DELT g TVAR Ly MyTy TH, THMAX , XVARy XVARY

AYVAR,Y,NFLT2,IFP, TFA

AMPT=AH (1)

N0 1 T=2,M

1 AMPT=AMAX1(AMOT, AH(I))

RFTURN

€MD

SUAROUTINF fONRD

c-----------------------------—------. - - E oo e - - - - -

C ROUTINE TO CALCULATE PLOTTSR COORNIMATSS IM TNN4TS
c--------------n---------------------- A I SRR ——
FOMPLEX Y3
DOUBLE NrLT,T
NIMENSION AM(2000),TH(20C0)
FOMMON/VARS ZAH, AMOT JDEL Ty TVAR JLy MyT o TH, TMAX, XVA, XVARL,
AYVAR ,¥,NELT?,IF2,TFA

41




:" THIS PAGE IS BEST QUALITY PRACTICABLE
1 ' FROM COPY FURNISHED T0 DDQ e

YVAR{1=XVAR
% 2 IF(FLOAT (M=1),_ S XVAR1¥10(4)RN TO 1
XVAP 1=XVAR1¥%1,1
GO Tn 2
1 WRITE (A,20C7) XVAR1,YVAR
2300 FORQMAT (L1H0//7/7% LEMGTH NF TH: Xx=AXIS IS ¥9F542,% INCHES, AND THF
AHFIGHT NF THZ Y=-A¥IS IS *,FR,3,* INNHESE)
)
£ SURROUTTNE GRAPH(YIS,SCF,T1,T2,T2,I"F,FF,SF)
T o e e e i e e o e o S G
C POUTTINF TO PLNOT ARRAYS
C--------------- ------ S D . - - AR b Eh A S ey eh e e e S e e e A A e e
coMPLrEY Y( )
3 NAURLE NELT,T
] LORICAL IFP,IFA
= DIMENSINM FF(B) 4 ST(F)
NIMENSINN AH(2G00Y,TH(2007)
NIMENSION IT(AR),ITL(5)
COMMON/VARS/AH, AMPT,0FL T4y IVARLLyMyT, TH, TMAX yXVAyXVARY,
1YVAR,Y,PELT?2,IFP,IFA
NATACIT(I)yI=1,8) FEHSNIARE,AH3OMPOSITE,1"HSINS SNUAR,2HED,
1 1CHPUTTERWIRT 4 14H, QUOHFRY SHIY, SHOY| TSy
NATATITL(T) 9131,5’/6’9912111’ e Y4
AH(M#1)=TH(M+1) =],
THM+2)=TMAX/XVAPY
AH(M#2)=AMDT /2,5
CALL AXIS(0ey=YVAR/HISHTIMS (MSEZONDS) 9=154XVARRLySey THIM+1), TH(M+2)
1
TYV=YYAR*?2,
CALL AXTIS (0,y=YVARG1ABHPFLATIVS AMILITINS,18,TYVyG0ey=1eselt)
CALL PLOT (24404, 3)
CPLL PLOT (XVARR1,"7,,2)
CALL PLNT (Ney0ey M)
CALL LINFUTH,AH M 1,0,490)
nn 2 T=1,M™
2 AH(T)==AH(T)
GRLU LINE (TH AH,My1,009h)
XPLUS=XVAR1+3,25
& INPUT SIGNAL
H=e1 4
CALL SYMADL ()eE 4= 3473 He 1 IHTINPIT SIGNAL 140,44 13)
CALL SYMPOL (2437 3=3e7 yHyIT(KTS)yCep ITL(¥IS))
CALL SYMPOL (2,37 9=349yHy3HF =,0,,3)
C'LL SV“Rf‘L(’..ﬁ'n-3.9,.0’,1HC'C- '1,
FC=SrF
OALL MUMBER (2,77 9=3e93H,Fy 04 42)
CALL SYMROL (3457 9=3699yHyIHMHT7,0, 4 )
nALL §VMQOL(2.37,-“.1,“,’NT1=,O.,7)
XT=71
CALL NUMRER(2,77 y=belyHyXTy"ey 3
Q'LL FYWnOL(1057,“0010H,‘0HHQE"’000(0)
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FROM COPY FURNISHED TODDG _oou—

IF(T2.€N(+150 TN 5

CALL SYMROL (2,37 3=Le3yHy3IHT2=40,473)
XT7=72

CALL MUMRER (2477 9=b 3 yHyY¥Ty(eyp3)
CALL SYMARCL (357 9g=Le3yHy4HMSET,04,44%)
IF(T3.ENG(,)(0 TN §

CALL QVWHOL(2.37,‘“.59H’3HT1='00,3)
YT=72

CALL MUMBFR (2,77 3=Le5,yHy¥XT,y Cay?)
PbLL SY“QnL(‘.F’,‘“.S,“.LHqSQﬁ,jo'“’
FILTER

CALL SYMBOL (45 3= 7 yHy7HFTILTIR y ey ?)
KF=FF(1)

CALL QYMQOL(:l6’-107’q'IT(?.k:’;)’}O’ITL{V:*3,’
CALL SYMAOL (546 9=2eQyH,yIHF =yley 3)
CALL “V*pOL(5.71,-3.9,.07,1H°,0.,1l
CALL NU“ﬂrQlﬁoig-l.q,H.F"(G),3.9?)
”BLL SV”POL(’.]’-399,H'3HMH7’1003)
CALL NUMPFR(5,hg=4e1yHyFF(3) 4336y =1}
CDLL SVUQOL(509'°“01,H,IT(B”3095)
CAaLL °V*°0L(F.S,-ﬁ.S,H,3H°H=,1.,?)
CALL NUMRFR (941, =Ua34HyFF(2) 426y 2)
CALL SYMAQOL (741 4=G4e3,3H,34HMHT7 4, 3)
IF(FFILY (FNGIW)GRO TO R

COLL SYMBNAL (54 y=loEyHyGHRF = 4N4,43)
CALL NUMPER (6629 =WeSyHyFFIL) 414y ?)
IFUICF,ZN,1)6GD TN 1C

X=7,4,5 SYY==,7

CALL SYMAOL(XgXY U y7HFILTTR 324y 7)
Y=¥¢&1,1 TIF=ST (1)

CALL SYUROL (XYY gHgIT(2¥KF+2) 406917 (KF&3))
X¥XY=XY~y?

CALL SYMBOL IX XY Hy3HF =40, ,7%)

CALL SYMPOL(X4+e134XYyol791HO,2441)
Fr=SF(5)

CALL MUMRFRRIX#.59¥Y4H,FCyley )

CALL SYMAOL(X#1,C ¢ XY, HyZHMHZ, T4y 3)
¥YY¥=YYe~,?

CALL NUMRER (X yXY 3 43SF(3) 904 y~1)

CALL QV"QOL(X¥Q?,'Y,H’I’(8)’9095‘
XY¥=¥YVe,?

CALL SYMROL (XyXY 49y THAN=, 0, 9 3)
cP:Sr(Z)

CALL NUMBERIX4S4XY,HyFCyds 92)

CALL SYMROL(X®L .S oXY gHy3HMH7 00y 3
IF(SF(LYFN,0,)R0 TO 10

YY:YY-.?

CALL SYMROL(XgXYgHy3HRF=50443)

CALL NUMRBFRIX4+,hyXYyH,SF (L) 4Cey?2)
IF(NOTLIFPIGN TO &

IM=May
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00 20 I=1,IM
20 AH(IN=1,/(TH(I#1)=TH(I))=SCF

AH(M)=A4(M+1)=AH(10)

I M=M=-1

ne 30 I=10,1IM

AH(MY=AMINT (AH(M) 4 AH(TI)) ;
E 30 AH(ME1)=AMAYL(AH(M41) , AHCT) )

AH(Me1) = (AH(MEL) =AH(MI) /2,5

| PRINT *,* AH(M) =", AH(M),* A4 (Me1) =", AH (M#1)

% TH(M) =0,

| TH(M#1)=TMAX/XVARY

' CALL AXTSUXVARL, Mgy 15HFRENUENTIY IM HZy=15,YVAR 430, 9AH(M) ,A4(M+1)) j
CALL DASHLN(TH(109,AHT10),IM=3,1)

TF(.NOT,IFAYGO TO &0

WRITE(6,50) (T,AH(T),I,TH(I) ,T=10,T4) |

5C FORPMAT (*1 THT FNLLOWING OUTPUT IS SOMPUTCN SIGNAL FIEAUENGYS "
1 (% FP(¥,T4,%) = *,£10,10,* TH(®,T4,*) = *,£19,10))

0  CALL ®LOT(XPLUS,04y=3)
RFTURM |
END i
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