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ABSTRACT

This report contains a Fortran program that enables the user to
produce, from published tables of normalized element values, the circuit
diagram and amplitude response of a desired LC ladder filter. Butterworth,
Thomson and Chebyshev characteristics are included, and the filter may
be low-pass, high-pass or bandpass of any order from 1 to 8. Some commonly
used sets of tables are included internally. Several design examples are
given.




INTRODUCTION

Though active RC networks are now popular in filter design, there is
still a place for the passive LC variety. The latter is invaluable, for
example, in situations requiring a minimum use of power, such as an installa-
tion at a remote site or an underwater location with a long cable link to
shore.

Tables have been published by Weinberg (Reference 1) that give the
normalized element values for Butterworth, Chebyshev and Thomson (Bessel)
filters of various orders. This information is sufficient to enable the
user to design filters with little difficulty. However, useof a computer
can further reduce the amount of work involved; to a bare minimum in fact.

In the appendix is the listing of a Fortran IV computer program
that yields circuit diagram and plot of the amplitude-vs-frequency response
of a desired filter. The required input data are entered on one or two
DATA cards.

GENERAL REMARKS

The general form of the filters considered in this report is shown
in Figure 1. This network may be a low-pass, high-pass or bandpass filter.
It can have any number of reactive elements (order of filter) up to eight.
The response characteristic is selected from the following group:

(a) Butterworth - maximally flat magnitude.
(b) Thomson - maximally flat time delay.
(c) Chebyshev - equal-ripple magnitude.

The Weinberg tables list the element values (in units of ohms,
henrys and farads) for low-pass filters that are normalized with respect to
frequency and impedance. For each type of filter, these normalized values
are grouped in sets, each under the heading of r, which represents the ratio
of input and load resistances. In each set are ten rows of element values,
one for each value of n, the order of the filter. The maximum value of n
used by the program is eight, though it would not be difficult to extend
this to ten.

The basic low-pass filter is shown in Figure 2. In normalized
form, = 1.0 ohm; R, may be 0.0 ohm (short circuit) or a value determined
by r. f nis even, T = R,/R_; if n is odd, r = /R,. The filter con-~
figuration may be as shown (n=8) or have fewer reactive elements. It is
important to note that the labelling order of the element values taken from
the Weinberg tables is reversed in this report. In a fifth-~order filter,
for example, L5 becomes L1. This should cause no difficulty, especially
after two or three examples have been studied.

A few words of explanation are required with regard to the frequency
normalization. Both Butterworth and Chebyshev filters are normalized to
make o, - 1.0 rps. For the Thomson filter, however, w_ = 1/t , where t
is the time delay at zero frequency (different for eacl order®of filtery.




As will be seen, the computer program arranges matters so that all of the
designed filters have a specified amplitude response at the design cutoff
frequency. Usually this level is -3.0 dB.

TRANSFER FUNCTION

The transfer function of the general network shown in Figure 1 is
easily obtained:

Let E, = 1.0, RB = 1.0

2
I, = (Yg+l/pp) E, = ¥g+1.0
Vc = Z7IZ+1.O
Ih & Y6Vc
Ig = Ih+12
Vb = ZSIg+vc
b Ta%y
I = 1f+1g
Va = Z3Ie+Vb
ts T 1Y
Il = Id+Ie
El = (RA+Zl)Il+Va
—:;3 -+ (1)
1 1
For the low-pass filter of Figure 2, the impedances and admittances are as
. follows:
.. z, = Lgs Y, = Cys
73 = L3s Yh = Cas
75 = Lsa Y6 = C6s
?7 = L7s Y8 = CSS

Note that the transfer function (1) is applicable to filters of lesser

orders than 8. For a sixth-order filter, for example, Z7 = 0.0 and Y8 = 0.0.
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FREQUENCY TRANSFORMATION AND FREQUENCY SHIFT

Transformation of the frequency variable is used to convert a low-
pass filter into a high-pass or bandpass filter. Obviously, no such trans-
formation is necessary if a low-pass design is required; however, in some
cases an extra frequency shift is essential, as will be explained. Though
the actual transformations are not discussed here (see Reference 1)
the consequent steps are given.

(1) Low-Pass TFilter

To convert from the normalized filter to one with a cutoff fre-
quency w_ and a load resistance of the required value, proceed as
follows:

(a) Multiply all normalized element values by , the radian
frequency at which the amplitude response is down 3 dB.
(This step is necessary because of the way in which the Thomson
filter is normalized. For the Butterworth filter, Wy = 1.0 rps.
For the Chebyshev filter, the amplitude at the corner frequency
is down an amount equal to the declared passband ripple. Thus,

is slightly greater than 1.0 rps for ripples less than 3 dB.

A7little forethought is required in this connection, as will be
explained in the section describing the program.)

(b) Divide all L's and C's by W,

(c¢) Multiply all L's and divide all C's by K, the impedance-level
parameter.

(2) High-pass Filter.

(a) Obtain the normalized low-pass filter, including multiplication
by w .
k
(b) Replace each L with a C equal to 1/L and replace each C with
an L equal to 1/C, the units being henrys and farads.
(c) Divide every new L and C by W

(d) Multiply all new L's and divide all new C's by K, the impedance-
level parameter.

(3) Band-pass Filter.

(&) Obtain the normalized low-pass filter, including multiplication
by w, .
k

» Where w, and w, are the

(b) Divide all L's and C's by w ~wy 1 >

w
edge frequencies of the desired pZes band.




e

(¢) Multiply all L's and divide all C's by K, the impedance-level
parameter.

(d) To each L add in series a capacitance C = l/ng, where Wy ﬁ »

to each C add in parallel an inductance L 1/Lw .

PROGRAM DESCRIPTION

It is not intended to explain the program line by line, but
rather to indicate the purpose of the various sections. It will help to
know, for instance, that almost half of the main program and all of the sub-
routines are used to draw the circuit diagram and label it.

Since a knowledge of the input data variables is important to an
understanding of the rest of the program, these are listed immediately.

PASS - determines the kind of pass band.
1 - low-pass
2 - high-pass
3 - bandpass

N - order of filter

FC - cutoff frequency of low-pass or high-pass filter
F1 - lower corner frequency

F2 - higher corner frequency

K - impedance-level multiplier

DEBCOR - decibel response at cutoff frequencv

SELECT - chooses element values
0 external list entered by means of DATA cards
1 Butterworth, RA=0
2 Butterworth, RA=1.0
3 Chebyshev, RA=0 (1-dB ripple)
4 Thomson, RA=0
5 Thomson, RA=1.0

R - resistance ratio, r.

Ll, CZ’ L3, C&’ L5, C6’ L7, C8 - element values.

These variables, corresponding to those in the NAME LIST statement,
are entered by means of DATA cards placed immediately before the END OF DATA
card. The list is largely self-explanatory, but further clarification
will be given during the remainder of the program description and the
examples that follow.

The large block of numbers appearing after the NAME LIST statement
in the program is a three-dimensional array called FILTER. This array
contains eight rows (n=1 to 8) of normalized element values for each of
five sets of low-pass filters, making forty rows in all. These sets have
been put in the array for the convenience of the user. Included are the
five cases given above opposite the variable SELECT. If SELECT = 0,
the entire block is skipped and the external normalized element values




selected; if SELECT = 2 (for example), selection is made from FILTER of the
row of normalized element values that will produce a Butterworth filter of
order N with input resistance equal to load resistance.

There should be no difficulty in knowing which row has been chosen.
N is easily picked out, for it equals the number of non~zero values given
in the row. The sets are listed in the order shown opposite SELECT. As a
check, the selected values appear in the print-out.

These normalized element values are used as a basis for the design
of all the filters dealt with in this report, whether they are low-pass,
high-pass or bandpass in nature. The choice of this option is indicated
by setting PASS = 1, 2 or 3, respectively. Other required information
includes FC, the cutoff frequency in the case of a low-pass or high-pass
design, or Fl1 and F2 if the design is to be bandpass. The impedance-level
parameter K is also necessary, as well as the resistance ratio r, which is
associated with the chosen element values. If SELECT#0, r is set internally
and is not required; nor is it necessary to assign element values.

The remaining piece of information is DEBCOR, the decibel response
at the cutoff frequency. Although this is usually set equal to -3 dB, there
is no reason - with one precaution - why it should not be some other value.
The precaution is concerned with the undulating nature of the amplitude
response in the pass band of a Chebyshev filter. If the magnitude of
DEBCOR does not exceed the ripple magnitude, an erroneous result will be
obtained for Wy .

Given a set of element values, the computer proceeds by a step-by-
step calculation to determine the amplitude level at each frequency. When the
level drops below DEBCOR the calculations cease and the radian frequency
at that point is designated w, . This result can be negated, if desired,
by inserting after w = w a card reading w, = 1.0. There may be occasions
when it is desirableKto do this, but for most designs it will not be
necessary.

Having found w, and knowing w and K, the program then calculates
the component values (Rks, L's, C's) f6r the actual filter in the manner
described in the previous section of the report. The amplitude response of
the filter is now calculated and the results plotted.

The considerable length of that section of the program dealing with
drawing the circuit diagram is due to the number of possibilities that exist.
The network may be low-pass, high-pass or bandpass; it may be of any order
from 1 to 8, odd or even; the input resistance may be present or not; the
element values may be given in henrys or millihenrys, microfarads or pico-
farads, with any of a number of decimal places.

Despite the length of this part of the program, inspection will show
it to be segmented and straightforward. Once the pattern is recognized,
understanding comes easily.

Finally, all one need know to obtain one of the filter designs
covered in this report is what information must be supplied to the program
on one or two DATA cards. Some examples are given below.




EXAMPLES

Several examples are given to clarify the use of the program and

to demonstrate its versatility.

1. Design a sixth-order, Butterworth low-pass filter to have a cutoff fre-

3.

quency of 9,500 Hz, with input and load resistances of 1,500 ohms and
6,000 ohms, respectively.

The DATA cards should read as follows:

PASS=1, N=6, FC=9500.0, K=6000.0, DEBCOR=-3.0, SELECT=0, R=0.25, L.=0,0675,

C2=3.1601, L3=0.3130, C4=6.4673, L5=0.4567, C6=6.3425, *END*. >

The element values are obtained from the Butterworth tables in
Reference 1 under the heading r = 1/4(=1,500/6,000). Note that the
labelling has been reversed. Figure 3 gives the circuit diagram of the
filter and Figure 4 shows the amplitude-vs-frequency response.

. Design a low-pass filter with the following specifications:

(a) minimum overshoot;

(b) cutoff frequency of 250 Hz (-3 dB point);

(¢) amplitude fall-off to reach a maximum rate of 30 dB per octave.
(d) input resistance to be 20,000 ohms;

(e) load resistance to be 5,000 ohms.

Enter the following parameters on DATA cards: PASS=1, N=5, FC=250.0,
K=5000.0, DEBCOR=-3.0, SELECT=0, R=0.25, L1=0.2731, C2=0.0498, 1L3=1.2690,
C4=0.1084, L5=2.8247, *END*

Note that the specification "minimum overshoot' dictates the use of the
tables for maximally flat time delay (Thomson). Since n is odd, R =
5,000/20,000 instead of the reciprocal. The circuit diagram for this
design 1is given in Figure 5, while the amplitude response is shown in
Figure 6.

Design a low-pass filter to the specifications given in Example 2 except
for the interchange of input and load resistances.

Since n is odd and therefore r = R¥ use must be made of the
reciprocity theorem. This means simply haé the design proceeds as in
Example 2, assuming the input and load resistances are as given there, and
then the network is turned end for end. Lift the bottom of the 5,000-ohm
resistance, making this the input, and ground the (former) input side of
the 20,000-ohms resistance making it the load resistance.

The amplitude response should be the same as in Example 2, except
for a much-reduced flat insertion loss.




4. Design a third-order, Butterworth high-pass filter with cutoff frequency
of 500 Hz, input and load resistances to be 12,000 ohms.

Since r=1, the internal element values can be used by letting
SELECT=2. The DATA card reads as follows: PASS=2, N=3, FC=500.0,
K=12000.0, DEBCOR=-3.0, SELECT=2, *END%*

The network is given in Figure 7; the amplitude response is shown in
Figure 8.

5. Design an eighth-order, Butterworth bandpass filter with corner frequen- |
cies at 450 Hz and 1,500 Hz. To minimize insertion loss, the input resis-
tance should be omitted (RA=0, assuming a source impedance of zero ohms).
The load resistance is 8,200 ohms.

Input the following data: PASS=3, N=8, F1=450.0, F2=1500.0, K=8200.0
DEBCOR=-3.0, SELECT=1, *END*

The network is shown in Figure 9; the amplitude response in Figure 10.

6. Change the previous design to that of a Chebyshev filter with 1-dB ripple.
All other specifications remain the same.

Simply change to SELECT=3. Figure 11 shows the circuit and Figure 12 the
amplitude response.

CONCLUSION

A Fortran program has been provided as an aid to the design of
LC filters. 1Its use in conjunction with tables of element values given in
Reference 1 facilitates quick designs of Butterworth, Thomson and Chebyshev
filters of various orders and pass bands. For each design, a circuit dia-
gram is drawn and the corresponding amplitude response curve is plotted. The
entire process can be completed in minutes.

REFERENCE

1. Weinberg, L., "Network Analysis and Synthesis', Chapter 13, McGraw-Hill,
1962.
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LC PASSIVF FILTERS

DATA NAME /I'WFIR!'

CALL PLTNAMF (NAME,4)
NDIMENSION FREQALG(16C3),FREN(1603)2sG(16N3VINERFF(1603),EL(16)
DIMENSIBN FILTFR(R,B)5)
COMMBN X, YaMalsQaToJsELEM(46)

COMPLEX SsZ10YP2230Y40750Y65272sY82125VC s 1H1GIVRAIFITIEIVALID,T42F 4

CAMPLEX 2FL(16)
RFEAL L12LPsL3sL 421 52L640L751 R2LENSK
INTEGER SFLFCT,UsPsPASSIR,THV

CALL LITMIT
CALL PLOT

CALL FACTAR(0.R)

NAMEL IST PASS,NsFCsF1sF2,k,NERCOARISELECTIRILI,C2,L39C4sL8sChalLT2CR
FCoQo ;Fla0e F2200;L120e;CP2u00;1. 3300 C4h800e;sl 52Ne;ChaCe;L 7200 ;CRaN,

INPUT (105)

1F

>1UOOOC‘
>1 4142,
)1.5000!
>1¢5307l
>’05“51)
>15529,
>15576,
>1.5607,
>2.0000.,
)10“1“2'
>1.0000,
>0.765“l
)0.618C‘
05176,
)o.““SOI
)Oo3902‘
)O.SOB&)
>O-9957l
>1.5088%,
>1.2817,
)106652)
>1+3457,
>1o7118)
>1¢3691,
>1.0000,
>1.0000»
>N«8333,
>0«7101,
506231,
>0.5595,

00000
0e¢7071,
1.3333,
15772,
16944,
17593,
17988,
168246,
00000,
1.4142,
20000,
18478,
1.6180,
164142,
1.2“701
11111,
0«0N000»
09110
10333?1
1.9n93,
15908,
20491,
1-6“850
240922,
0Ce«CNOO>»
0033331
0«4800,
Oeb627,
0+4215,
0.3R21,

R

-

" PRECEDIIG

-

>

APPENDIX

(0eN24NeC20e0210e5)
(Pe0s2e0s=3)

SFLECT NBRMALI7FD CBMpONENT vAl UES
(SELECT«FRe0)

68 T8 10n
IF(SELFCT4ENePeBRSELECTeFNeS)IRa1eN
IF(SELECT eENe1 ePReSFLECTeFNe3¢BReSELFCTeFQRe4)Rs0e0
NDATA FILTER/

0.0000.,
00000,
05000,
10824,
13820,
1.55290
16588,
147287,
00000,
C«0000s
1-0000‘
108“78)
20000,
19319,
1-8619)
16629,
0«0000.
C«00002
1.0118,
1.4126,
109938)
16507,
2¢1192,
17021,
000002
00000
16667,
02899,
03103,
0.30050

-

(Th
o

g
)

.

00000,
00000,
0¢n0CO0»
0e3R27,
Qe RA44,
1e2n16,
13972,
15283,
0«0000.»
0«.0000,»
0«00CO0»
0e7654,
16180,
1093191
20000,
19616,
00000,
00000
00000
10495,
1ebb4él,
202700
16736,
2¢1453,
0e¢00CO0»
00000
000002
0+1000»
De1948,
Q0.PP46,

oy

PAGE - BLANK-NOT FILMZD

TN a .

0+0000,
0+0000.
00000,
00000,
0°3090.,
Ne7579,
10550,
12588,
00000,
00000,
00000,
0*0000»
06180,
104147,
18019,
199616,
00000,
00000,
0°0000»
0°0000»
100674,
1e4601,
20«37,
16850,
0+0000,
0°0000»
0¢00002»
0°0000»
00667,
0e1400,

q
-

.

Ne0000,
0+*Q0000»
00000,
N0*0000»
N*0000»
NnePS8RR,
Nne*é560
n*937n,
00000V
00000
00000,
Ne0N0N,
N*0000s
Nne5174,
102470,
1266729,
N*00C0»
0°*0000s
00000,
N*0N00»
n*000N»
120773,
194694,
20537,
00000,
00000,
0°*0000»
N0°*0000»
N°*0000»
NeO476,

u\*‘

e

R SOt o

B APRALTN L MLATY 4

0«0000»
Q«s0CO002
000002
0«00002
0+00002
D 00002
OeP225»
057762
000002
Ce0000»
0«¢0000¢
0«0C0O02
0«0Q00»
0¢N0002
NDe k4502
111112
0«00002
00000
0+0C002
000002
0+0C002
0«00002
1.0832»
1647512
0«0000»
0«00002
000002
000002
0+0000?
0000002

" LR

P 5

00000,
00000,
0«0000.
000002
De0000
00000
000002
Ne 1981,
0«0000»
0+0000»
00000,
0+0000»
0+00002
00000
0¢0000»
D*39n7,
00000,
0+0000»
0«0000+
000002
000002
000002
000002
10872,
000002
000002
000002
0«00002»
000002
0«0000.

ey




>0«5111.
)00“7321
>20000,
>O.“226'
>0e1922,
>01104.,
>0.0718l
>0+0505,
>0¢0375,
>0«0283,

O0e3487,
03212
000002
15574,
05528,
03181,
02090,
0«1480,
01104,
0«0855,

0028270
0026391
C«0000,»
000002
1.2550.
05116,
03312,
02364,
01778,
0013871

L1sFILTER(14N,SELFCT)
CoaFILTER(2,N,SELFCT)
L3=sFILTER(3,N,SELFCT)
CusFILTER(4,N,SELFCT)
LssFILTER(S,N,SELFCT)
ChesFILTER(6.N,SELFCT)
L7sFILTER(7,N,SELFCT)
CRaFI|.TER(8,N,SELFCT)

100 CANTINUE

N

02288,
0eP?27,
0«0000,
0eNOCO.»
000002
1.0F98,
0e&577,
0+3158,
02378,
NDe1R6E7,

01704,
0*1806,
00000,
00000
0°0C00»
0°0000»
09303,
D*4116,
0°*2944,
0*2297,

Nn*1055,
n*1338,
00000,
N0*0000»
0°0000>»
0°*0000»
0°*0000s
Nn*8377,
n*3774,
n*2735.,

WRITE (108,911PASS,NsFCIF1,F2sKsDEBCBRSISFIECT,R
St FARMAT (216s5F10e2,162F73)
WRITE(108,92)1.12C25L3sC4,1 5,C6,L72CR
972 FARMAT (8FRe4)

FIND wK
RReien
PaN/2
Fa2«P

IF(EeFNeNeBReRFN0e0)GO TA 15

RA=RB/R

Ge T8 729

16 RAsRB&R

29 CANTINUE

FREQLG(1)==2e¢79R1 8

DR 4 1al

FREN(IY=1nenwaFREALG(I])
WubePRIZ#FRFQ(T)

S=CMPL x(
71=L1xS
vPsC2»S
73=3sS
—_— Y4sChaS
75 59
Y6eC6baS
778748
YRsC8aS
1PeY844

11601

OOODW)

0/RA

VCe27#1241e0

IHsY6ayC

IGslH+12

VRe2541G+vC

IrsY4uyB
IFelF41G
VAs73a1E

—

+VAR

0+N357»
0+n823s
0+00002
0+00002
000002
0+0C002
0+00002
0+0000+
076772
O+ 3446

000002
NeN27R,
000002
0+0000»
0+0000»
000002
000002
000002
0*00002
Ne7125/,




= Ag =

INeY2uvVA

111D+ 1E

Fim(RA+Z1)#T14VA
G(1)sCABS((RA+RR) /(RB*F1))
DFBEE(!1)320.0«ALBGRIO(G(I))
IF(CERFE(1)sLE.DERCBR) GB YA 5
FREALG(I+1)aFRFOLG(])+0e00OP5
CANTINUE

CANTINUE

WK e A

ARTAIN ACTUAL CAMPANENT VALUES

10

11

13
1?7

EL(1)st1; EL(P)Y=C?

FI.(3)sL 35 EL(4)=C4

FiL(5)s1.55 EL(6)2C6

FI (7)=1 73 EL(8)=CR

D 6 J=zls16

ELEM(J)=0.C

CANTINUE

WCahePR324FC

VisALBGLlO(FC)
VPsAINT(ALBGI0(FC)H)

Vv3isyley?
1F(V3elEeNeR)FREQIG(1)uVPe2e(
IF(V3eGTeeBIFREQLG(1)8VRe1 40
RAsSRA#K; RRsRR#K

16 (eNBTe (PASSeFQReP)) GB T8 9
N 7 elsb
IF(EL(P*J=1)eFNe0es0)GB TB r
Fl (2% Jel )l 0/(EL(2%J=1)nWikasWCeK)
IF(EL(P*J)eEQeNe0)1GR TH 7

El (Po#U)ysK/(FL(PeJ)#WKeWC)
CANTINUE

G T 414

1F(PASSe¢ENe1) GB TB 10
ANCEsbePR32u(F2=F1)
WNSNe39e47B4uF 1 aF?
FNeSQRTY(F1#F2)

VisALBGLO(FN)
VPsAINT(ALBGIO(FO)Y)

V3isViev?
IF(V3elEeeB)FRENI.Gl1)sV2enel
1F(V3:eGTe0eB)IFRERILG(1)sV2e1 40
N 11 ,1=1,4

Fl(P#Jel)aElL (Pad=t)eKeWK sul
FL(2# )SEL(P#))#WK/ (K#WC)
CANTINUE

1F(PASSeEQet1) GB TO 14

Ny 12 .j=1,8

IF(EL(.1) eFRe0enN)IGA TO 13

El (J+RIY®1,O/(FL (J)aW0OSQ)

GR T8 12

Et (J+RY=2(0e0

CANTINUE
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CALCULATE AND PLBT AMpLITUDE RFSPANSE
14 DA 195 131,401
FREV(IY=1Nen#aFRENLG(])
NxbePB324FRFQ(T)
SaCMP( X(0eCas W)
B TB (1,2,3)PASS
t DB 51 .i=1,8
72FL(J)ysEL(J)#S
519 CANTINUE
GA T8 49
A2 NDB 17 =1,8
IFCEL (.1} sEQsO-0)GH T8 17
2FL(UYslenn/(EL () #S)
17 CANTINUE
e T8 4¢9
3 DA 18 131,8
7FL(U)2EL (JY*(S+WnSNR/S)H
18 CANTINUE
19 17232E (%8)+1+0/RR
VCeZEL (7)e1P+140
THeZE| (A)#VC
1galH41?
VReZE| (S)Y«1G+vl
1IFe2EL (4)#VR
IFelF4+1G
VA2ZEL (3)#]F+VR
InsZEL(2)=VA
11=]ID+1E
Fia(RASZEL (1)) »s]1+VA
G(l)=CABS(1.0/F1)
DFREE (1)8PCe0#ALBRIC(GI]))
ARITE (108, 20)FRENIG(IYIFREN(IY»A (LY aNERFF (1)
20 FARMAT (4F16e6)
IF(DERFE (1) elLF e=b6NeCIDFREF (1 )u=h0eN
FREALG(I+1)aFRFALG(I)+0¢01
15 CANTINVE
FREQLG(40P ) eFRFALA(1)3 FRFOALG(403)Yanek
FREV(402)a10e0##FRENLG(40PY) FRFO(403)eNe4
NDFBEE (402 )=ebne0; NEREE(403)a1040
CALL LINF(FRERI GsNEREEL401,140,0)
CALL AXIS(0es0es'AMPLITUDRE (DB)Y'214s74,9n¢aNERFF (40212 DERFE(4NA3)Y )
CALL LGAXS(0esnNes 'FREQUENCY (H7)12e1421Nn40s0e0,FREN(402)
>FREN (403
DA 21 s1,4&
IF(eNBTe (PASSsFNe2) JELFM(Pu.1®1)2EL(Pud=1)
IF(eNATo (PASSFNeZ ) JELEM(P%.))2EL (2o J)%#1Nne0nsban
IF(PASSeFNePIFI EM(2uJ=1)aF| (2Je1)u10eNuubeD
IF(PASSeENe?)FI EM(2ad)sEL(Pwd)
1F(PASSeFNe3)EI EM(2#J¢7)uF| (2%J+7)#10enuubeD
TF(PASSeFENe3EI EM(PwJ+R) sF| (P2#J+8)
21 CANTINUE
WRITE (108,272 RA
2?2 FARMAT(F10e1)
NA 23 1=1,R
WRITE(108,24)FI EM( ) sELEM( 148)




-t

24
23

25

°6
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FARMAT (2F12.6)

caNTINUE

WRITE (108,25)RR

FRRMATY (F10.1)
WRITE(10R,26)WKIFCIFL1sF24F0n
FARMAT (5F10¢2)

DRAW CIRCUIT DIAGRAM

27

78

1€00

1c01

1200

2000

2001

calLL PLET (14e024e02°3)

X=0e¢0; Y=o} CALI PLBT(XsYs3)
CALL CTRCL (XsY20e0236000sN0eC550eC%20e0)
1IF(ReGT«0)GR TB 27

XaX+1a07 CALL PLBTY(XsYs2)
IF(PASSeFNe3)Ax=1,0

IF(eNBTe (PASSeFNe3))AumCeb

CALL PLBT (A»Qe0s=3)

GR T8 28

CANTINUE

XaX+0Qehi CALI PLBT(XsYas?)
CALL SRESK(XasY)

XaX+DeP} CALI pLeT(X,V;E\
RAK=RA/100C«0
VaAINT(ALBGIO(RA) ) 1UBSay

CALL NUMBFR (¢7%50¢0720010sRAK»Qe0sU)
CALL SYMBAL (14¢220¢C7200105'K'50e001)
IF(PASSeFNe3)Rz==0e4

1F(eNBTe (PASS«FRe3))B=0N

CALL PLOT(Rs0ens=3)

CANTINUE

G T8 (10004200023000)PASS

DR 1001 Jsi,P

CALL PLAT(1e6s000s=3)

Xs0+0; Yu(ie03} CALL PLATI(Xs»Ys3)
MeAINT(ALRGIO(10000#ELEM(Pud=1)))
TeAINT(ALAGIO(10CN0N00#ELFM(2e ) ))
caLL SLC

CANTINUE

TFE(ReENeNeDILFNuP 241 06%P
IE(RsGTeNeDILFNBP2 841 0huP
IF(EsEneN)YGR TR 1200

CALL PLOBT(166s000,=3)

Xs0e03 Y=0Oen} CALL PLAT(Xa2Ys23)
MsAINT (ALAGIO(100N0«#ELEM(P4P+1)))
CALL Si

TF(ReFNeDeOILFNuP e2+]1 0% (P41)
IF(ReGTeNO0ILFNRZ s B4 02 (P4Y)
CNTIN|E

nA T8 4000

DA 2001 Jsi.P

CALL PLBY (1e6s0e04s=3)

Xs0e¢0; YsDeN} CALL PLBT(X,Y,3)
LaAINT(ALAG10(10000000e#EILFM(2% =1y )
NaAINT (ALBGIO(10000¢#ELEM(PJ)))

CALL SCL

CANTINE

IF(ReENeNOILENSR 4241 0haP




-

2200

3000

3001

3200
4000

3n

35

- Af =

IF(ReGTe0eOILFN2P o841 e #P
1F(E«EQReNIGA TA 2200

CALL PLBT(14650e0s=3)

XsQe0; Ys0e0} CALL PLBT(X2Y23)
MzAINT (ALBG10(10000000.%F| FM(24P+1)))
CaLL SC

JF(ReFNeCeDILFNR2 2+l epu(Ps1)
IF(ReGTeDeCILFN22 B+l ehu(P41)
CANTINUE

GB TB 4000

DA 3001 JeisP

CALL PLOT(2:0sNe0,=3)

Xz0e0; Ys(Qen} CALL PLAT(XsY»3)
MzAINT (ALBG10(10000s#ELEM(PuJ=1)))
LsAINT(ALAGIO(10000000e#ELFM(2ud+7)))
NesAINT(ALBG10(10000e#ELEM(P4J+8)))
TsAINT(ALBG10(10000000e#ELFM(2wJ) )
calLL SLCB1

CANTINUE

IF(ReENeQeOILFNS2sb+2e0nP
IF(ReGTeDeDILFNE3:s2+2en2P
IF(E«EReNIGR TA 37200

CALL PLBT(2¢0s000s23)

Xs0e03 YmQen; CALL PLBT(XsYs3)
MasAINT(ALBG10(10000+#ELEM(24P+1)))
LesAINT(ALBG10(10000000«#ELFM(24P+9)))
CaLL SLCB?
IF(ReENeDOILENSR ¢ 2¢2e0%(Pa1)
TF(ReGTeNO0ILFENS2¢8¢2e0%(Ps1)

CANTINLE

CANTINUE

IF(PASSeENe3eANDeF«EQeN)GR TB 30
XxX+0eb CALI PLBT(X,Ys3)
YsY*0e65: CALI PLBTIX,Ys2)
CALL SRESV(XasY)

YaY*0e65; CALl PLBT(X,sYs?2)
XaX*Qebs YaY+Pe1} CALI PLBT(XeYs3)
XsX+1le?P; CALL PLBT(X,Ys?)
GA T8 135

CANTINUE

XsX+1e0)3 CALI PLBT(X,Y,s3)
YaY=0e¢65 CALI PLBT(XsYs2)H
CALL SRESVIXasv)

YaY=0e65; CALI PLAT(XsYs2)
XsX*"1le0)) YaY42,1} CALI PLAT(XsYs3)
XsX+1ebi CALI PLBT(XsYs?)
CANTINUE

CALL CIRCL (XsY21R0¢00=1806020¢0520¢0520¢01
YaY=2e1} CALI PLBT(X,»VYs3)
CALL CIRCL (XsY»1R0¢0s2180eN20eN520eN5,0.0)
XsX=LEN 3 CALL PLAT(XaY22)

CALL CIRCL (XaY20¢023609020¢05500082000)
RRK=sRB /10000

VsAINT (ALBAGIO(RR) Y UsBey
RRAX1exX¢LENenes?

S— N s o o i .
mp—— - o e PR S T B R e i




31

32

33

34

- Al =

RRXZ28RRX1+0e45

CALL NUMBER (RRAX1,=101,0e1,RBK»0e0,U)

CALL SYMBAL (RRX2s=10¢1,0e1,2'K'5040,1)

GA T8 (31,32,33)PASS
DasleO+AINT(ALRGIN(FC))

CALL PLOBT(Xs=2,RRs=3)

XeQe0; YsOeO} CALL PLAT(X2Y2)
Xs({LEN/2en)=1en5

CALL SYMRBL (Xs0DenNseld, ' BwePASS FILTER',0en1158)
Xa(LEN/2eD)w1en®ive=0en5; CALL PLAT(XsYsR)
XaX+2 a1} FALL PLBT(XaYv,2)
CALL SYMRBL (022052012 'Fra's20e023)

CALL NUMBER (0De59ne520e1sFrs0eDnely

CALL SYMBBL («55+4Ne1#Ds0e¢5,0015'HZ21500ens?)
GA T8 34

NaleO+AINT(ALBGRIC(FC))

CALL PLBT (Xa=PeRr=3)

XsQe0; Ysnen; CALL PLBT(XsY23)
Xs(LEN/2eN)o141?

CALL SYMBOBL (Xs0ense14,"'HInHePASS FILTFR'20¢0016)

XslLEN/2e0)®1e121Yu®0e05; CALL PLBT(XsYs3)
XsX42 P4 CALL PLBT(xsvs2)
CALL SYMBBL(QePs0eS10e12'FCu's0e023)

CALL NUMBER (06520¢520e12FFsCe0se=ly

cALL SYMRBL (eSS eNei#Ds0eS,50010'HZ12s0ens?2)
5 T8 34

Na1eO0+AINT(ALBGIO(F1))

CALL PIBT(X2"PeRs=3)

X200 YeOeny CALL PLBT(XsYs3)
Na1s0+AINT(ALAGIO(F2))

Xz (LEN/2eOD)elenR

CALL SYMBBL (Xs0enselh, 'RANNPASS FILTER',Ce0s15)
Xs (LEN/2¢0)e1enS3Ym=0e05; CALL PLOBT(XsYs)
XaX+2 1 FALL PLBTY(IX»Vv,2)
CALL SYMBBL (0e21s0¢52s0e1s'F181,0¢0,3)

CALL NUMBER (0¢520¢520e1sF150e00=1)

CALL SYMBAL (e55+0¢1#D2005,500120'HZ'50e0s7?)
CALL SYMBRBL (0e22Ne35,0¢1,1'F2'5000:3)
CALL NUMBER (0652¢3520e12F250e00=1)

CALL SYMRBL (¢55+0e1#Ds0e38,s0e12'H?21,0e0s2)
CANTINUE

CALL NWPLAT

STOP

END

- S M=~ — —~ 7 = < o3t e
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SUBRBUTINF SRESH(XaY)

N 901 MBP=1:5

XzX+0e 04

YaY+0e.04

CALL PLBT (XsYs?)

XaX+0e08

YsY=0e08

CALL PLBT(XaYs2)

XuX+0e04

YaY+0e04

CALL PLBT(X,Y,s2)
9n1 CABNTINUE

RFETURN

FND

SUUBROAUTINE SRESVI(XasY)

DA 1 1s1:5

XsX+0eO4) YaY=neOby CAll PLBT(XsYs2)

XaX*0eN8s YeYeneOR3 CAlLl PLBT(XsYs?2)

XsX+0e04) YasYeneOu: CAl| PLBT(XsYs2)
1 CANTINUE

RFTURN

FND

SUBRBUTINF SLHi¢XsY)

CALL CIRCL (XsY21R000s24540s0e1+0¢1s000)
XaX+0e17071 YaY*0e0707:CALI PLBT(XaYs3)
CALL CIRCL (XsYs2P5¢02=45.n0s0e1200120e0)
XaX+0ei1%141 CAlLt PLBT(XsYas3)
CALL CIRCL (XaYs2P500s245:0sCe1200120e0)
XaX+0e1414} CALlL PLBT(XsYas3)
CALL CIRCL (XsYs27P85¢0se04540sCe1200120e0)
XaX+0e1414y CALI PLBT(XsYs3)
CALL CIRCL (XsY¥22725¢0s0¢0s00140e¢1200)
XsX+0e17073 Ya¥Y+0e07075CALI PLBT(XsYs3)
RFTURN

END

SUBRBUTINF SLVIXsy)

CALL CIRCL (X2aY280e0s=135:050e120¢920e0)
XeX*0eD7073 YaYeDe17073CA11 PLBT(XsYs3)
CALL CIRCL (XaY2135¢0s2135¢020015061,5040)
YsY=Detbhi4; CALI PLBT(XsYs3)
CALL CIRCL (xaY2135¢0s21354n200150612060)
YeYo(Oethi14) CALI PLBT(XsYs3)
CALL CIRCL (XaY¥2135¢0s2135,N50015001,5040)
YaY*Ooet414; CALI PLBY(XaYs3)
CALL CIRCL (XsY2135002290¢0s00120%120¢0)
XaX+0e007073 YuY¥*0e1707: CAll PLBT(XsY23)
RFTURN

END




S/BRB
ceMMB
XsX+0
CALL
XaX+0
Ge T8
caLL
caLL
cALL
caLl
cALL
CALL
CALL
CALL
CaLL
caLL
CANT!
Xz1e6
RFTUR
END

S(JBRB
cAMMB
INTEG
CaLL
YsY={
XaX=0
XsX+0
YaY=0
YIX'O
XaxX+0
YaYe=1
YaY+?P
IF(Te
G TO
CALL
cAaLL
CALL
CALL
CALL
CaLL
CALL
CALL
CALL
CALL
CALL
cAaLL
CALL
CALL
CaLL
CALL
CANTI
RFTUR
FND

_.A9_
UTINE SL
N XsYsMaLsQoTsJsELEM(16)
4172 CALI PLBT(X,Y,?)
SLH(XaY)
4172, CALI PLBT(XsYs2)
t1420304,5)M
NUMBER(0e5520¢1400¢1051000e#ELEM(P%. 111506021

SYMBOL (0e90,0e¢14,0¢10,"'"MH'060,2); GO Y8 6
NUMBRER(0¢5040¢1420¢10,1000e4ELEM(P% 111206051
SYMBBL (Ne95,0014,00102"'MH'50e0s,2y3 GB TH 6
NUMBER(0¢5520e1400¢105100004ELEM(2%. 111206001
SYMBBL (0e90s0014,0¢102"MH'50e022)1 GB TB 6
NUMBER(0e5520e14200010,FLEM(2% j01),0.0,7)

SYMBBL (1600200145010, 'H'50°0,1); O T8 ¢
NUMBER(0e5500e14s0¢1NnsFLEM(2#.)=1)s0e0s1)

SYMBBL (1¢00,0¢14,Ce102"'H'50e041)

NUE

1 Ys0eny CALL PLBT(X2Y»3)

N

UTINF SLC

N XavaMalLsNRaTsJsELEM(16)

ER T

SL

N} CALL PLBT(X,Ys2)
151 CALI PLBT(XsYs3)
«3) CALI PLBT(X,Ys2)
o1 CALI PLBT(XsaYs3)
233 CALI PLBT(X,Ys2)
v151 CALI PLBT(X,Ys3)
e0 CALI PLBT(XsYas?)y
X¥) CAll PLBT(XsYs3)

LEC4) ELEM( 2%, )} sELEM(P%.1)#10e0uuben
(12072030425065708)7
NUMBER(1¢725+21¢02500,1+sELEM(20J)s0.s=1)
SYMBOBL (1¢P02=1¢17500¢12'PF'»0e02),:8 T8 9
NUMBER (1¢202=1002520¢12ELEM(28J)20es"1)
SYMBBL(1e90s=1¢17500415"'"PF'50e02):1GA YO 9
NUMBER(1e¢102=1¢02540e12ELEM(20J)s0es"1)
SYMBBL (1¢15s=1¢17500e12'PF150e2?),;6R TR 9
NUMBER(1+4002=1¢02500e12ELEM(20U)20er"1)
SYMBOAL(16102=1e¢17500412'PF'50422)) nB TA o
NUMBER(0eR02=1¢02520e1sELEM(2u)r0est)y
SYMBOL (0e95+=1017500e192 'MFD12Aes3),;,r0 THB 9
NUMBER(0¢902=1002520¢12ELEM(28U)20es3)
SYMBAL(1400s=16¢175200.15"MFD'20es3) R0 T8 o
NUMBER(1e0C*=1¢02520012ELEM(28U)200s2)
SYMBAL(1eN52=1¢17520412'MFD'20es3); GB YA 9o
NUMBER(1¢002=1¢02520¢1+ELEM(20J)20001)
SYMBBL (1052117520612 '"MFD120es3)
NUE
N
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SUIBRBUTINF SC
CAMMBN X, YaMal sRsTadsELEM(94)

XaX+0e75) CALI PLBT(X,Ys2)
YaY*0.15; CALI PLBT(XsYs3)
YaY+0e3; CALI PLBT(X,Y,»2)
XaX+0e1: CAlI PLBT(X,Ys3)
YaY®*(Qe3) CALI PLBT(X,sY22)
YaY+0e1512 CALI PLBT(X,Y,3)
XaX+0e75}) CALI PLBT(XsYas?2)

IF(LeLE 4 YELEM( 2% 147 )2ELEM(P# J+7)#10eQnuk0

B TB (1220324550607 08)\L
1 CALL NUMBER(0e75s003700012FEM(PudelisnNes=t)

CALL SYMBBL (0e702s0¢2020¢14'PF1,0022)) GR T8 9
2 CALL NUMBER(0:«7050e372001sFLEM(PoJdel)sNesr=1)

CALL SYMBRL(0e¢7020¢20s0%1,'PF'50e22); B TB ©
3 CALL NUMBER(0¢652003720¢1sFLEM(Pude1)2nes=1)

CALL SYMBBL(0e¢7C20¢2020¢1,'PF',0e22)) 68 T8 9
4 CaLL NUMBRFR (06020037401 2F EM(Pudet)sNes=1)

CALL SYMBRL(0e7020e¢20+0¢141PF1,0422); 6O TB 9
5 CALL NUMBER (05020370001 sF L EM(Pudei1)s0er¥)

CALL SYMBBL(0eb520e2000e¢1,'MFD1,0e,3); AR TH 9
6 CALL NUMBFR(0e¢552s003720¢1sFLEM(Pudei)s0es3)

CALL SYMBBL(0eb520e2020¢1,1MFD'5»05»3)3 R TA 9
7 CALL NUMBER (066020375001 ,F EM(Pedel)sNesl)

CALL SYMBBL(0¢6520¢2020¢1,1MFD's0053); A TA g
8 CALL NUMRFR(0e602003750¢1,FLEM(2ude1)snesl)

CALL SYMBBL(0eb65+0e2020e1,'MFD',0e,3); GR TA 9
9 CANTINUE

Xaleb; YmQen} CALL PLBT(Xs»Y»3)

RFTURN

FND

SUBRBUTINF SCL
CHMMBN XoYsMilLsNaToJrsELEM(16)
INTEGFR @
CaLL SC
YaY*0eb6677; CAlLI PLBT(XsYs2)
CALL SLVI(XasY)
YaY=0.6672; CALI PLBT(XaYs2)
YaY+2e1} CALIL PLBT(XsYs3
~» GB T8 (14P534s4,55)0

1 CALL NUMBFR(1¢764=1002500¢91,ELFM(2%J)%#10N0es00s1)
CALL SYMBBL11.R1:-1-17500.1:'MH':O.:?)nGﬂ T8 &

2 CALL NUMBER (1676210025001 +ELEM(28J)1#10006s0021)
CALL SYMBBL (1eR621¢17500615'MH'»0e02)31R TR &

3 CALL NUMBER(1¢764«100254001sELEM(2%.J)#10nN0es0en=ty
CALL SYMBOBL(1eR12=1e17520¢14'MH1,0e02)15R TR &

4 CALL NUMBER(1676s=1¢02500e1sELEM(2%.J)00es?)
CALL SYMBBL(1¢912=1¢17520e1s'H'200s1Y;6R TR 6

5 CALL NUMBFR(1¢7620=10¢02500¢1sELEM(2uJ)2nerl)
CALL SYMBOL(1¢91221e¢17800615'H's0021)

6 CANTINUE
RETURN
FND
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SIURRBUTINE SLCR1
CAMMBN X, YaMilLaNaTsJsELEM(94)
INTEGER Q,7

caLL sLCB?

YaY=0,5; CALI PLBT(XaYs2)
XaX+Qe?P) CAL|l PLBT(XaY,2)
YaY®"0e1672) CALI PLBT(XaYs?2)
CALL SLVI(XaY)

YaY*0.1672, CALl PLBT(XaYs?)
YaX*0Deb) CALI PLBTY(XaYs2)
YeY+0e5) CALI PLBT(XaYs?)
XaX*0e15) CALLl PLAT(XaY,3)
XaX+0e3; CALl PLBTI(XaYs?2)
YaY+0e1 CALI PLBY(XaYs3)y
XaX*0e3) CALI PLBT(XaYs2)
XaX+0e15; CALI PLBT(XaYs3)
YaY+0e5} CALI PLBT(XaYs?2)
XaX+0e?} CALLl PLBT(XaYs?)y
YaY=1l.1: CALI PLAT(XaYs3)
YaY*0.5) CALl PLAT(XaYs2)
YsY+2e1:} CALI PLBT(XaYas3)

GA T8 (1,203:4,5)n

CALL NUMRFR (2436221025204 +ELEM(24.J+81410000s00s1)
CALL SYMBOAL (2e41221¢17500e14'"™MH1,0422),;G6R TB 6
CALL NUMBER(2¢36121002520¢1,ELEM(24J+8141000000es1)
CALL SYMRBL (Pe4b2210¢1750064s"MH'»0422)168 T 6
CALL NUMBER (26¢36221¢0252061sELEM(24.)+81410000s0N0s=1)
CALL SYMBBL (2e412=1¢17500¢12'MH1,0e22),;,RR T9 4
CALL NUMBER (2362210025201 sELEM(28JeB8)2sNn0s?)
CALL SYMRAL (2812117520612 'H'20021)3G68 T8 &
CALL NUMBER(2¢362+1¢02520e12ELFM(2aJ+BYVsn0s1)
CALL SYMBBL(2e51s21¢175206e12'H'200,1)
IF(TeLFo4)ELEM (2% |)eELEM (26 ))#10e0uuben

GR T8 (758195100112122135147

CALL NUMBER(1e4521¢02520¢12ELEM(20U)20es=1)

CALL SYMBBL (1400101752061 'PF1,0422)GR THA 15§
CALL NUMBER(1e40s1002520¢12ELEM(20U)20es"1)

CALL SYMBBL(1e40se1¢17800e12'PF1500272) 1A TA (8§
CALL NUMBFR(1¢30s21¢02520¢1,ELEM(20U)sNesr=1)

CALL SYMBRAL(1e35s~1¢17520e15'PF150e2?2)3GA T8 18§
CALL NUMBFR(1eP02«1¢02520¢12ELEM (28 J)20es"1)

CALL SYMBBL(1e¢302«1¢17540612'PF1,0e22)3 RB T8 15
CALL NUMBER(1¢002¢1¢02520¢1+ELEM(28J)2002¥)

CALL SYMBBL(1e15s=1¢17500612!'MFD120es3y,;R”8 TR 45
CALL NUMBER(1¢100=1002520¢1+ELEM(28U)2n0es3)

CALL SYMBOL(16720021¢17500615'MFD'20e203y,38 TB 15
CALL NUMBER(1420s«1¢02540¢1,ELEM(20)20022)

CALL SYMBBL(1e72511¢17540012'MFD!'sNes3y; GB TA 15
CALL NUMBER(1¢20s21¢02540¢1+ELEM(2uJ)s00es1)

CALL SYMBBL(1eP52210¢17540e15"'™FD'10es3)

CANTINUE

Xs2¢05 Ye0e034 CALL PLBT(XsY:s3)

RFTURN

END
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SURRBUTINF SLCR?
CAMMBN X,YsMal »Q5ToJsELEM(96)
INTEGFER 0,7

XsX+0e3472; CAl| PLBT(XaYs?)
CALL SLH(XsY)

XsX+0e4372; CALI PLBT(XaYs2)
YsY®0.15; CALI PLBT(XsYs3)
YsY+0e33 CALI PLBT(X,Y,2)
XaX+0e1 CALI PLBTIXsYs3)
YaY*0e3} CAlLl PLOBT(X,Ys2)
YasY+0,15) CALLl PLBTI(X,Y,»3)
XsX+0,35; CALI PLBT(X,Y,2)

G T8 (1425304,5)M
1 CALL NUMBER(Qe4820el1420001sFILEM(Padei1a10n0esDesr )
CALL SYMBBL(QeR3s0e142001,'MH',0e22):1GR TO ¢
?2 CaALL NUMBER(Qe43s0014s0¢1,F| EM(PuJe1)#1000es0es51)
CALL SYMBBL(QeRBsNe1420e1, MR 0e22),GB T8 4
3 CALL NUMBER(Qe480e14s001)FLEM(P2eJe1)#10N0es0eswl)
CALL SYMBAL(OeR320e142001,'MKH'"»0e22):G8 YO ¢
4 CALL NUMBER(QOe48s0e14s001,FLEM(20Je1)200es2)
CALL SYMBBL (0930001400015 H'20021);3G68 TR 6
§ CALL NUMBER(Qe48s0e14s001,FLEM(2%Jel)snesl)
CALL SYMBBL(0e9320e14s0e1s'H'50e21)
6 IF(LeLFe4)ELEM (2% )47 )eELEM(P% J+7)#10e¢0suheD
GO T8 (7+819:10011212013514)L
7 CALL NUMBER(1e¢55200037200¢1sFLEM(P0Je7)00es"1)
CALL SYMBBL(1¢5020e182001,'PF'50e22)) 6B TH 15
B CALL NUMBER(1¢50s003720¢1sF EM(20Je7)000es"1)
CALL SYMBOL(1¢5020e¢1820¢1,'PF'50e22); 6B T8 15
9 CALL NUMBFR(1e455003700¢1,FLEM(20Je7)000s"1)
CALL SYMBAL(1¢50s0e18s001,'PF'50022); 8 TR 15
10 CALL NUMBER(1e4700¢37500¢1sFILEM(28de7)00er"1)
CALL SYMBBL (15020180001, 1PF130es2); GB TR 15
11 CALL NUMBER(1¢3020¢370001,FLEM(2%#J47)20e24)
CALL SYMBOBL (145500185001, 'MFD'50¢53);3 GR T 15§
1727 CALL NUMBER (135200375001 ,FLEM(Pade7)20esr3)
CALL SYMBBL (14500185001, 'MFD'5053); GR T8 185
13 CALL NUMBER(1e40s0e¢3750¢1,FLEM(PudeT)00es2)
CALL SYMBBL(1e¢45,0¢1820¢1,'MFD'»0e,3)3 GAR T8 15§
14 CALL NUMBER(1e40s0e¢375001,F EM(Pad+7Y20es1)

] CALL SYMBBL(1¢4500¢181001,'MFD150¢23); GR TH 1§
’ 15 CANTINUE

Xue2e0j3 YsDen} CALL PLBT(XsY»3)

RFTURN

END
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