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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.
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INTRODUCTION

Though act ive 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—
t ion at a remote site or an underwater location wi th  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 wi th little difficulty . However, use of 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 En 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 etght , though it would not be difficult to extend
this to ten.

The basic low—pass filter is shown in Figure 2. In normalized
form , R5 = 1.0 ohm ; R

A 
may be 0.0 ohm (short circuit) or a value determined

by r. If n is even, r = RA/RB
; if n is odd , r R

B /RA
. The filter con-

figuration may be as shown (n—8) or have fever 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 Ll. 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 — 1.0 rps. For the Thomson filter , however, w l/t , where t
is the time delay at zero frequency (different for eac~ order°of filter?.
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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 F2 1.0, R8 
1.0

1
2 

= (Y
8
+1/~~) F

2 
= Y

8
+l.0

V = Z I +1.0c 7 2

I = Y V
h 6c

I = I +1
g h 2

V = Z I +V
b 5 g  c

I f 
= Y~ V~

I = I +1
e f g

V = Z I +V
a 3 e  b

I = Y V
d 2 a

I = 1 +1
1 d e

E1 
= (RA+Zl)Il+V

(1)

For the low—pass filter of Figure 2, the impedances and admittances are as
follows:

= L
1

s Y
2 C2

s

Z
3

L3
s Y

4
= C

4
s

Z
5 — L 5

s Y
6

= C
6
s

Z
7 L7

s Y
8

= C
8
s

Note that the transfer function (1) is applicable to filters of lesser
orders than 8. For a sixth—order filter, for example, — 0.0 and Y

8 
0.0.
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FREQUEN CY TRANSFORMATION AND FREQUEN CY 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 Filter

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

(a) Multiply all normalized element values by uk, 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 , L

~k 
= 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.
A little 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

(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

(b) Replace each L with a C equal to ilL 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 
~~~~~

.

(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

b yw k
.

(b) Divide all L’s and C’s by w — w —w~~, where and are the
edge frequencies of the decired pass band.

1

-I
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(c) 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 = 1/L ~~~, where
to each C add in parallel an inductance L l/ C~~~,

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 th2 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 orhigh—pass filter

Fl — lower corner f r equency

F2 — higher  corner f requency

K — impedance—level multiplier

DERCOR — decibel response at cutoff frequency

SELECT — chooses element values
0 external list entered by means of DATA cards
1 Butterworth , R A O
2 Bu tterwor th , RA 1.0
3 Chebyshev , RA=0 (1—dB ripple)
4 Thomson , RA—O
S Thomson, RA — l .0

R — resistance ratio , r.

L
1
, C2, L~, C4, L5, C6, L7, C8 

— element values.

These variables , corresponding to those in the NAME LIST s ta tement ,
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—d imensional array called FILTER. This array
contains eight rows (n=l 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

- ----- ------—--- -_______
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selected; if SELECT = 2 (for example), selection is made from FILTER of the
row of normalized element values tha t will produce a Butterworth filter of
order N w i t h  input res is tance equal to load resis tance .

There should be no d I f f i c u l t y  In knowing which row has been chosen.
is easily p icked out , for  i t  equals  the number of non—zero  values given

in the  row . The sets are l is ted 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 ,
hi gh—pass or bandpass in na tu re .  The choice of this opt ion is indicated
by se tt ing PASS = 1, 2 or 3, respect ively. Other  required in format ion
includes FC, the cutoff frequency in the case of a low—pass or high—pass
design , or Fl 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 informat ion  is DEBCOR , the decibel response
at the c u t o f f  f requency.  Although this is usually set equal to —3 dB , the re
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 w

k
.

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 tha t point is designated W

k• This result can be negated , if desired ,
by Inser ti ng af ter V = .j a card reading W

k 
= 1.0. There may be occasions

when it is desirable to do this, but for most designs it will not be
necessary.

Having found w1, and knowing w and K, the program then calculates
the component values (R~s, L’s, C’ s) f8r the actual f i l t e r  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 tha t  section of the program dea l ing  w i t h
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, tnicrofarads 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.

_ _ _  --____________ —~——- . — ~~~~~~-~ -----
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EXAMPLES

Several examples are given to clarify the use of the program and
to demonstrate its versatility.

1. Design a sixth—order , Buttervorth low—pass filter to have a cutoff fre-
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=l , N=6, FC=9500.O , K=6000.O, DEBCOR=—3 .O , SELECT=O , R=O.25, L
1
=O.0675,

C2—3.l601, L3=O.3130, C4=6.4673, L5=O.4567, C6=6.3425, *END*.

The element values are obtained from the Butter-worth tables in
Reference 1 under the heading r = l/4 (=l , 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.

2. Design a low—pass filter with the following specifications :

(a) minimum overshoot;

(b) cu to f f  f requency of 250 Hz (—3 dB point) ;

(c) 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.O , SELECT=0, R=0.25, Ll=0.273l, C2=O.0498, L3=l.2690,
C4—0.l084, 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 is given in Figure 5, while the amplitude response is shown in
Figure 6.

3. 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..~,/R use must be made of the
reciprocity theorem. This means simply ~ha~ 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.
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4. Design a th ird—order , Butterworth high—pass filter with cutoff frequency
of 501) Hz , input and load res is tances  to be 12 , 000 ohms.

Since r=l, the internal element values can be used by le tti ng
SELECT=2. The DATA card reads as follows: PASS=2 , ~=3 , FC=500.0,
K l2000.0, DEBCOR=—3.O , SELECT=2 , *END*

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

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

Input the following data: PASS=3, N=8 , Fl=450.0, F2=l500.0, K=8200.0
DEBCOR=—3.0 , SELECT=l , *END*

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

6. Change the previous desi gn to that of a Chebyshev f i l t e r  with l—dB r i p p l e .
All other specifications remain the same .

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

CONCLtJS ION

A Fortran program has been provided as an aid to the design of
LC filters. Its 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 c i r cu i t  dia-
gram is drawn and the correnpGnding amplitude response curve is plotted . The
ent i re  process can be completed in minutes .

REFERENCE

1. Weinberg , L., “Network Analysis and Synthesis ” , Chapter 13, McC.raw—}Iill ,
1962.
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APPE N DIX

LC PASS! yr FTLTEPS
OAT A NA M E /‘~~FTR ’ ,
CALL PLTP..AMF(P ~JAM E, 1e)
F)T MENS1~~ EP I r ~~16C3 .FRFo,’160 sr~~16o1~ s r r 1 6 r ~3’,,EL 16)
DTMENS !f3 N F!LTFR (8,8a5)
C9MMeN X,Y,’-~eL,Q,T,J,E1 EP” 4 jA )
r~~p.1pLE-x S,71 ‘2,7~~,Y4,75,yA,77,yg, T2,vr, tH ,!C,,v¾ Ir. IE sVA , T~

), T i s F 1
C8MP LE~ 7F L 16~
PE A L  L~~,LP,L3,t 4,L5,L6,L7,)~~,LE’J,~

(
T ’ 4 T E G E R  SF L E C T ,U,P,PASS,~~,T,VCA LL LIM IT (0 . 0 s 4 0 .C ’ 0 . 0 , 10 .5 )
CALL PL~~~ ( 2 , 0 ,2 .f l , - 3 )
(
~ALL FACT~ Re Q,8)

NAM EL IST pASS,N,Fc ,F1,F2,,~,r~E9C~ R,SEL r rT , R ,L1,r2,L.~,r14 ,L.5 ,C6 ,L 7 ,Cg

INPUT ( 1  05

SELEC T NeRMAL!7r0 CeMPeNENT VA I liES
Tr CSE LECT.!0.0~ r,e Te 100
!~~ ( S E L F C T . E 0 . ? . 8 R . S E L F C T . F0 S 5  ~~~ .~~
I~ ( S EL EC T . E- ~.1 .~~R.S E LErT . .3 .eP.SE LFCT . ro .4  ~~~~~~
~A TA FTLTER /
>1.0000, 0.Cn Q r~, 0.0000. 0.0000, 0.0000. 0.0000. 0.OCOO . 0.0000.
>1.4142, o .7~~7l ,  0.0000. 0.0000. 0 .0000. 0 .0000, 0.0000. 0 .0000 .
>1.5000. t.3~ 33. 0.5000. 0.oOCO. 0.0000. 0’OOOO. 0.0000. 0.0000.> 1.5307 ,  1.5772. 1.0824 , O.3 Q2 7,  0 ’OOOO. 0 10000. 0.0000’ 0.0000.
>1 .5~ 51, ~~~~~~~ 1. 3820. 0 .8944,  0.3090, o•0000.  0 .0000 ’ 0 .0000.
> 1.5529 ,  1.7~~93, 1.5529, 1.2o16, r) ’7579. ~ ‘?588. 0 ’0000,  C’ .OO nn,
> 1.557 6 ,  1.7988, 1.6588. 1.3972. 1’055Q, n ’6~~6~~, 0 .P 22~~’ 0 ,o~ r~o,
>1 .5607 ,  1.8246, 1.72 87,  i .~~p83, i’p~~8S, ~-~s9~~7n , 0.5776, o. 19~~i .
>2.0000. 0.0000, 0.0000, 0.0000, 0.0000. n•000o .  0.0000. 0 .0000.
>1.4142. 1.4142, C.0000. 0.0000, 0.0000, )•000o. 0.0000’ 0.0000,
>1.0000. 2.0000. 1.0000, O.OOCO, 0.0000. 0.0000, 0.0000’ 0.0000.
>0.7654, 1.8478, 1.8478, 0.7654, 0.0000. ()‘0~’00. O’OCOO’ 0’0~ 00’>0.618c, 1.6180. 2.0000. 1.6180. 0.6180, 0’OOOO. 0.0000’ 0.0000.
>~~.5176, 1.4142, 1.9319. 1.9319. 1.4142, o’5176. 0.0000’ 0•0000.
‘~~.4~~50, 1 .24 70 ,  1.8019, 2.o000. 1.80 19. 1.2 4 70 ,  0 .4450 ’  0.0000.
>o .3902 ,  1.1111, 1.6629 , 1.9616. 119616 . i ’6 62 9 ,  1.1111’ 0~ 3’~r~Ps
>0 .5088,  0.0000. 0.0000. 0.0000,  0 .0000. 0 ’O O O O .  0 .0000,  0 . O C C O e
>0 .9957,  0 .9 110,  C.0000. 0.0000’ 0 ’OOOO.  o ’Ooo o .  0 .0000 ’ o .oooc.
> 1.5088. 1.333?. 1.0118, 0 .ooOO. 0 .0000. 0•0000.  0 .0000’ 0 .0000.
> 1.28 17,  1.9093, 1.4 126. 1.n495s o ’oooo. r i ’oo o o .  0.0000’ 0.0000.
>1 .6652,  1.5908, 1.9938. 1.4441,  1.0674 ,  r~~Oo0o. 0.0000’ 0.0000.
>1 .34 57,  2.0491, 1.6507, 2.~~?7O, 1.4601, 1.0773,  0.0000’ 0.0000.
>1 .7118, 1.6485, 2.1192. 1.6736. ?‘n ~~~’. 1.4694. 1.0832’ 0’Oooo.
>1.3691, 2.0922, 1.7o21, 2.1453. 2.6850, 2.~~537, 1.4751’ 1.0872.
>1.0000. 0 . c ’oo .  0.0000. 0.0000. 0.0000. 0.0000. 0.0000’ 0.0000.
>1.0000. 0.3333. 0.0000 . 0.0000’ 010000. 0’0000. 0.0000’ 0.0000.
>0.8333. 0.4800. 1.6667, 0.0000s 0.0000. 0•0000. 0.0000’ 0.0000,p ,
~~.7101, 0.4627, 0.2899, 0.1000’ 0’0000. 0.0000. 0.0000’ o•0000’
ô.6231, 0.4215, 0.3103, 0.1948, O’ô667, 0.0000. 0.0000’ o•0000.
‘~~.5595. 0.3821, 0.3005. C.P~ 46, 0.1400, 0.0476, 0.0000k 0.0000 .

- - 
- 

— —~~
---- -; - ~

-
~
--

~
--,—:l--- . - - ,

~~

---— -- 
\ .,. ;-

~~ 
-. - -

- 
~~L~----~

- ?R!CEVU4~ PAGE BLA~&..N0T ~~~~~~ - 
-~~ ~~

A ~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~ ~~~~~~~ -- ‘- - -~ 
- — --—---

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

-



- A2 -

,ô.5111’ 0.3487, 0.2827, 0.2288, o’17~ 4. ~ ‘1ü ~ 5. 0.0357’ 0•0000.
>ô.4732’ 0.3212. 0.2639. o.2~’27’ 0’1 9~

6, ~ ‘1338, 0.0823. 0.0278.
>2.0000. 0.0000’ C.0000á 0.0000, 0•0000’ 0’0000. 0.0000’ 0.0000,
>0.4226, 1.5~ 74, 0.0000. 0.00C0, 0’0000. 0.0000. 0.0000’ 0.0000.
>0.1922, 0.5528, 1.2550, 0.0000’ 0’0000. 0.0000. 0.0000’ 0’0000’
>0.1104, 0.3181, 0.5116, 1.fl~ 98~ 0.0000,  0•0000i 0•0000’ 0.0000.
>~~.Q718, o.2~ 9o, 0.3312, 0.4~~

77. 0’93o3, 0.0000’ 0.0000’ 0.0000,
,ô.0~ O5’ 

0.1480, 0.2364, 0.3258, 0.4116, 0.8377, 0.0000’ 0•0000’
>ô.0375. 0.1104. 0.1778, 0.2378, 0’?944, 0’3774, 0.7677. 0.0000.
>O .02 89,  0 .0855, 0.1387, 0.i 967, 0’?297, ~‘2735, 0.3446 ’ 0 7 125,

L I  .F !LT ER(  1,N,SELFCT)
02.EILTE~~ ?. N, S E L E C T )
L3.FILTER ~3, N, SELECT)
C4.F ! LT ER p. N, SELECT )
LS .FI LT ER CS ,  N, SELFCT )
C6.F !LT EP (6 .N, SEL ECT)
L7.FILTER ~7, N, SELECT)
C8.F! LTER (8. N. SELECT)

100 C~ NT!NuE

~R!~ E (Io8,91,pAss,N,Fc,El ,r2,4~,DEer~Q,sF,Er1,p91 F9 R ’-I AT 2 ! 6,5F 1 0.2 , ! 6,F 7 .3)
T E 108. 92 ) LI. C2, L3,C4, 5. C6. L7’

92 E 9 R MA T ( 8 F 8 . 4 )

rI ND ~K
P~4.1 .0
P.N/2

I r ( E.  e N. ~~~~~~~~~~~~~ T8 
j
~,

o~~ ie 2~
i~~ 

P~~.R~3.P
29 C9 NT INLJE

FPE Q L C, tl ). 2.7981~
09 ‘~ T .1.1601

4.6.283?.ERFQ( I)
S.CMPLx (0.0.W
71 aLl .S
V2.C2,S
73.L3.c
V4aC4.S
75.L5~~cY6.C6.S
77.L7.S
YR a C8 • S
1 2 .V 8+1 .(~/QP
vr .Z 7 - . - ?2 + 1  .0
I H. Y6 ii VC

VR .Z5.7(3+VC

I E u  !E+ 1(1
V A .Z 3 a  TC+vR

- - 
- -— - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — 
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TO . Y2.vA
T I • I D - s - Y E
F1 .(RA+L 1 ).T1+VA
O C T  ).CABSC (~~A +PR) /(RB*F1
DFBEE I ).20.0.AL8O,t0 (G ( IH
T E (DERFE (!).LE.DEPCeR) G~ T8 5

4 C9 NTINU E
S C 9 N T T N J E

a 9

9~~TA I~J ACTU A L C9MP9NFNT VALUES
EL (1 ) .L 1~ EL (?).C2
Fi (3).~~3j ELC4- aC4

~‘I ( S) ~~L 5 j  EL 6,.C6
El ( 7 ) .I 7 j EL( 8 .CR
0~ 6 J.1~~-i6
Ft EM (j’,aO .C

e C~ NTTN uE
w r a6  • 2832.FC
v i .ALeO1O(FC ,
v2.ATNT (A LeO1rUFC ),
v3. VI .v2
T~~CV3 .LE.o.S FREQLc3U .V2.2.C
TNV3 .0T .o.S)FPE(~LG (t)uV?.1.0RA .RA .~~; R9.RB.Ki r ( .N f f l ’ . ( P A S S .F 0 .2 ) )  G~ 1. 9
09 7 .i.1.k
IEC E L 2*J.f l .E0.0.0 G8 T~ 8
FI (2.J.1)a1.0/ ELC2.J-l).~~~.WC*K)8 Tr EL(2 .J , .EQ .0 .0- )Ge T& 7
El (P~

j  •~~~,‘(  EL C 2.J 1 *W K.W C~
7 C~INT!N(JEr,~ ie I~9 T E ( 0 A S S . E 0 . 1 )  tV~ T& 10

~Jr.6. 2832. 1E2.r1
9r~S0. 39.4784.Ft .E?
F~~.S~ RT (F I .F2)
V I .ALeolO (Fr1
V2.A IN T (A L eC ,1OCFCI )
V 7 . V 1  -v2

— TE (V3.LE.0.5)FPEOIG(1).V2.2.C
TNV3 .r1.o,S)EPEOLGC1).V2.,.0

10 09 11 .j ’ 1.4
Ei (?.J.1).EL (?.J-? .)(.wK,wr
El

I I  C9N1iNUE
Tr (PASS .E~ .fl r,~ T~ 14
08 12 .i~~1.8T r ( E L C . I ) . F 0 . 0 . f l ) G B  T~ 13
E I (J+Rn,.1.0/ (FI (J).WOSQ)
r,~~ T~ ~2

13 Ei . (J + P t~~0.0
1, OfiNlINIJE

~~~~~~~~~ ~~~~~~-r~~~~~~~~~~~ ~~~~- ~~~~~~~~ r~~~~~~ - 
- - ____________________ --
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F A N O PL eT AM PLITUDE QESP~ NSE
14 ~9 15 T a 1 . ~.r ~1

ERE~~
( T I  .10.r’..EPE(~L0( I)

.~-.6. ?83 2 * ERFQ (  I)
S.CMPI ~(C.Ca.~

T~~ t1 .2,3)PASS
I 0t9 51 i’1.~

7~~L (J) .EL Li I
51 C’~N~~I N i E

-;9 -

~~~~ 19
2 ‘)

~~~ 1~ j•1,8
Tr( EL( .j).~~~.0.n)Gr~ T~ 17
~~L C ~ ) • 1. P/( EL C J~ 

.5)
17 0~~NT i~mE

09 ~~ i9

~~ iS

18 C9N~~INLE
¶ 9  I 2 a Z E L C M ) + t .0/ Pp

vo .ZEt (7).T2+1.~
7 - 4 . Z EI  t 6  ) .V ~I — .1 H~~ -‘

v~~~ZEL (~~ I * I -~.v(
i r~~7 E L . .v~
T E a  I F + T ’ 3
v A a ?EL (3) ~~~~~~
I r~ • Z EL t ?  ) • VA
1 1  .I D + T E
El  ~ 

(R A .ZEL C i )  ).!1+VA
0( I)  1. 0 / F l )

B E E ( T ) s 2 C . 0 * A L ~~~ 1 C C 3 I I
IT E ,? rP [ G ( I ) , I) , I,.t F E ( T ,

20 ~~~~ M A T  (~~F1~,.6)I E C ~)ERF E C T ) . L F . — 6 0 . C T DF~ EE t ) . — 6 O . 0

15 C9N’ I~~t E
E 0L0C~~C2 uF~~E0L~~C 1 ) j  FPFOLGC4O3I aC .4

BEE C 4~0P).-60.0; 
r’ E B E E (4 0 3 ) . 10 .Q

CALL L Y N F F E~~I O , t~EBEE, 4 0 4 ,1,0 ,0)
PAL L. A)(I S 0.,0., ‘A MPLITUD E (DB) I ,1 4,7.,qr~.,OF~ FF(4o2,,DERFE~~403) I

- -  CALL. L (AXSCC .,0.,’EPEOUENCV (k7)’..14.I0.O,0.0.EPFO(402),
>~ PE~~(44 r)3)

! 21 .1.1. ’.

- ,

IECPA 5S .~~~.2 )El E M ( 2 * J l ) u F I  c2.j.l).10.o..6.r
T FCPA SS .E0.2)El E~’i2.J).EL (2.j)
TF( PA OS .F0. 3 )El EM ~~2 .J+7).Fl (2*J+7)*10.0*.6.c~
T E ( ~’A S S• F 0 , , )E l  EM(2 .J+R) .E l  (2~~

J+8)
21 C#NTI ’~uE

~~ ITE C 108. 22’IPA
22 FARMAT(Flc).1 ) -

ri~ P3 .1,8
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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24 E4~R ’AT(2F12 .6)
23

.~R I T E c 108 .2 ~- ) ~~~
75 ~~ P-~A T (FjC .1)

wp !TE (I 08,21~ ) ~~ ,Fr,E1,F2,Fo
76 E~~P~~A T 5F 10.2)

~ PA .., C~~~CuI~ D IA r,PA~
~~~ A L~~~ P 19 T  ( l4 . o ,4.0’ 3 1
x .0 .0 .  Y .f l .0 .i CA~~i PL8’(X,~v ,3I
CA LL C T - ~CL C X ,Y . C . 0 . 360 .0 .0 .C5 ,O .C5 .O .0 I
T E C ~~~~.0 T. 0 ~~~~39 T~ 27

CALL PLeT (x,y,2)
T E C ~~A SS .F 0.3)A. .i .0

C A L L -  PL~~T (A,Q.0, 3)
o~~ ie p~

27 C9~~T INlJE
x . X ÷ O . A - ~ CAL l PL9T (X,v,2I
C A LL SPES H( Y ,V )

CAL l  PL8TCX ,Y,2)
R AK .RA/100C .0
v .AINT A L~~G10 PA ) ) ,U .5—v
CALL N1~~RFR (.75 ,n .07,().10,PAS(,0.C,U)
C A LL SY9R9L C 1 . 2.0.07.0.10,’l(’,0.0,1I
T FCPA SS .E0.3 )4~~.0.4
TEC.N9T .(PASS.F0.3))Bu0.0
CALL PL 9T (F~,0,0,-

-
~

-
~

28 C9N’ I~.iiE
o’~ Te (1000,2000,3000 -)pASS

~~ 1001 J 1 , P

~AL L P1 ~~ c l. 6. o.0. — 3)x .o . r~ ~~u( , •
(~~ CALL PL PlTC ~(,V,3~M .AINT( AL~~r,10 (1OOr)0.*E1 EM(2*J.I1)))

T .A INT ALAGIOIIOC00000..ELrM (2.J)) I

~~AL~ SLC
ion C~~’.~’I\ljEIc H s ED. 0 .0 LE ..?. 2+1. 6.P

!~~ C E . E o . N ) G ’ ~ T~ 1200
CALL pt~ tT~~1,6.~~.0,—3 )
(.0.Oj ~~~~~~~~~~~~ CAL L PLA Tc~~,Y,3,--~.A I .~~(AL~~G10C10C00 ..E~ EM,2.P+1)))
OA LL SI

T rC ~~.r,T.0.C LE~~.2.M +1 .6*CPs. 1
i2~~r~ C~s N T T N i F

~~ 
T~

0~ 2001 •J.1,P
CALL PLeT(t.o.o.o,.3)
i(.0.Oi Y.0.r)j CAL L PL~~r~~X,Y,3)L .A !NT ALflC,10C10000000..FLEP-12eJ.lfl)

~1 .ATNT(ALRG10C jO0(10 .eELEM~~~.J)),C A LL SOL
4 20(11 C9N T TNU E

Ir C~~.E0.0.0ILEN.2.?+1 .A.P

-

~

-- -~~-.- - ‘ -  - - -
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T EL Q .OT.0.0ILF~~.P.8+1 ~6~ P19 2200
CALL P L O T C  I .6,fl.C, 3)
X.~~.0j ~~~~~~ C A LL P L 9 T e X , V , 3 )

~‘.A IN T ALBGlCC1OCo0000. .El EM(2.P+1)fl
C A LL SC
IFCP.F0.C .O LFN.2.?+1.6.CP+1)
T F C ~~~GT ’ 0 . C I LF N* 2 . 84 156 * C 2 + I)

2200 C8NTTNL IE
(j~ T 9 4000

3000 09 3001 J.1.P
CALL PE ST 2.0.o.°,— 3)
XaO ’Oj Y.Ø .Oj CALL PL9Tt’X,y,3)
M.A INT( AL8010C10000,eELEM (2.J-l)))
L.A 1N1CAL8G1O(100(10O00 ..ELEP-~(2.J+7)- 1 )
( 1gA ! NT ( A L R G I O ( l 0 0 0 0 . *E L E M(2 .J + 8 ) ) )
T.A IN TV AL0C1O(10000000..ELFMC2.J))I
CALL S L C B I

30(11 C9NTTN IJE
R. .0 .C i  LEN.?. 6+2 .QeP

T E L  R.  OT. 0.0 )LFN.3. 2+2 srt*P
T F (E.ED .NiG~ YR 3200
CALL PLOTC2.0.0.C,.3)
X.0.0; Y.o.-’i CALL PLR y (x,Y,3)
M.A I Ni ( AL8 (j,0( 100(10. .EL EMI 2.P+ 1 ) i
L .A TNT C A Le G IOC Iooo0000. *ELFM( 2.P+9
CALL.  SLCB2
!c(P.E0.0.0,LEN.2.2+2.0* CP+I
TECR.GT.0.0)LFN .2 .8+2 .0.(P,I

3200 C9NTINLJ E
4000 C~ NT!~~ttE

TF PASS.ED.3.AND.F.EQ .N)G9 T6 30
X”X+0.6~ CALl PL8T CX ,Y,3l
Y.Y•0.65i CALl PL~ TC X,V,2)
CALL SRESvC -~,Y~

CA I .i PL~ T (X,Y,2)
X.X•O.A~ V .Y+2.1j CALl PLeTCX,y,3-l
x.X+i,2; CALl PLeT(X,Y,2)
r~~~ ie ~5

3o CRNT !NIJE
CAL l PL~~TCX ,Y.3

Y.V-0 .65j CALl PLeT(X,Y,2,
C A LL SPESv (~~,YIYu V-0.65j CAL l PLCT (X .Y,2,
X.X~~1.oJ Y.Y+~ .jj CALl PL~ TCX ,Y,3)

CAL l PLATC X ,V , 21
3~ C8NTINIJE

C A L L  C T~~CL ‘X,Y, l*0.Os.18~~.~~.O.05’0.fl5.r~.0i
CAIi pLeTfx,v.3-,

CALL CTRCL (X.V. 1RO.0,.1~~0.(1,0.05.O.0Safl. 0l
X.X •LEN i CALL PL 8 TCX ,Y ,2 1
C A LL C!RCL ~x.v,o.o.36o’o,n.o5,o.0c,n.n
PRK.RB,1000.O
V.AI N T A L R G IOC PB )Ia Uu 5~ V
PRX I .X +LEN .rI .47 

-— 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PRX 2uR Rx1.C.45
CALL Nu~~R F R  (QRxi ,-1.1,0.1,PR~<,0.0,Ll
CALL SYMRRL R~ x2 .-1.1,0.l. ’K’ .0.0, 1 I
~~~

‘-* T~~ (31.32,1~~)EASS
31 0.1.0.AI,\TCAL8(11~~(FC))

CALL P t9T x,.?,~~,—3

~.C.0a ~~~~~~~~~~ CALL PL9T~~~,Y,3)

~. (LE\,2.0 )—1 .r~~
0

A LL. S\#M~~~L CX , 0.r,.14, IL Rh_ PAS S Fy L T~ p , ,0, r~,~~5,
~ a ( L E ’ ~ ,’ ? . Q ) . 1 , 0 ~~j va .0.0~~, CALL ~~~~~~~~~~~~

C ALL ~~~~~~~~~~~~
C AL.. 5VM~~~Lf0.2.O .S,0.1, ’Er.’,0,(1,3)
r A L L  \~~~RFP ~~~~~~~~~~~~~~~~~~~~~~~~~
C A L ... SV~ 5~ L C ~~~~~~~~~~~~~~~~~~~ ‘HZI ,0.o,2)

¶ 9

32 0.1.0.AINT(AL9(10 (FC )
C ALL. PL~~~C X a P.8.—3)

~~~~~~ ~-o .oi CALL PL 9T(x,y.3)
Y. C LEN i2 • fl) • I • 120A LL 3v~ f-~~L ()(,C.0,.14, ’H TD ’ .PASS F!LTFPI,0. (1,1A,
X.~’LE\/2.0)-.1. I2jV. .C.0S i CALL DL8TCX ,~’,3)
x.X .2.24: CALL PLeTCX.v,,)
CALL S’~ PC’L 0.2,C.5,0.1.,Er.l ,O.0,3,
PALL . ~ u~iPER C0,~~,r1 .5,0.1.Er,C.0,-1)r&L~.. SV~ R8L (.SS.p0.1-.D,0.5,fl.1, ’HZ,,(1.(1,2)

~~~ 3’.

33 0 .1 .O+AINI(ALRO ,fC (F1))
CALL P[~~~~(X,•2.P,.3 )

~c.O’Oj ~~~~~~~~ CALL PL9r(x,Y,3)
•1.r +A T NT (ALRC,10 (F2))

x.c.. E ’./2.0).1 .05
CALL SYM8&L ~~,0.o,.14,’9ANrPAS~ EILTE P.,0.o,15,

~.(LE ,2.0)-1.(I5,Y.•0.05, CALL PL9T(~~
,V,3)

CALL PLeT(~~,V.,)
CALL SVMRRL (0.?,0.5.0.1 ,’r1.’,0.0,3,
CALL NUMBER C0.Ssn.~~’0.t,E1 .0.0.-il
CALL SY MB8L (.55+(1.1*D,0.5,0.1,’HZ’.(1.rl,2)
rALL SYMBeL (O.2,(1.35,0.1,’F2.’.0’0.3)
C ALL NU MBER (().5..35.0.1,F2,C.0.—1l
CALL SVMF~~L (.55+().1.D,0.3~~.0.t. ‘H~ ~~~~~~~~

34 C8NTI N IJE
CALL N-~PL8Ts- reP
END

-- - ---~ -‘—~~~~~~~~~~~~~ :. 
- -

-~~~~ ~
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si;BReuTINE SRESk(-X ,Y)
r~ 901 M8p .-),5
x.X+0.r14
v.Y+O.r 4
C A L L  PLeTCX ,v,2 )

v.v-0.08
CALL PLBTCX ,Y,2)
y.Xs0.04
v.Y-s 0 .4
C A L L  PLeTCX,y,,)

9n1 C9NT !NIJE
RETURN
F ND

SIJBPRUTINE SRESV C~~,V)
DR 1
) ( .X + O .( 14 1  ~‘.V-r~.04i j CA l l PL8T (X,Y,2)
X.X ’O.08j V .Y .0.ORi CALl PLeT(x,y,p-l

~c.x+ 0.o4i V.Y.0.041 CAl l PLeTCX ,Y,?l
i C9NTINUE

RETUR N
END

StJBP&UT !NF SLH (X,Y)
CALL cTRCL (X.Y. 1RO.Q’.45.o.Q.1’Q’I,(1.o~
~.X+O .i707i Y.Y 0.O7O7aCAI I PL8TfX,Y,31
CALL CIRCL (X,Y.225.0,.45.0,0.1,0.1 ‘t).0
X .X+O.1414j CAti PLe7 (X,Y.3-,
CALL CTRCL (Xa Y. 225.O,.45.n,C. 1.0.1,0.0
x . X + 0 . 1 4 1 4j  C A L l  PL8T(X,Y,3)
CALL CIRCL !X,Y,225.0,.45.n,C.l’o.l,n.rt -s
X.X+O.1414i CALl PLeT (X,y,3,
CALL CTRCL (X.Y.225.0,O.0,0. 1,0.1.0.0)
x.x+0.1 707j Y.v.0.0707,CALI PLeT x,Y, 3
RETURN
END

SUBPeUTINF SLv’x,v
C A L L  C T ~~CL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 0.0 l
~ .X O , f l 7 0 7j  V .y • 0 . 17 0 7 3  CA l l PL~~T C  X .Y, 31
CALL CTRCL (X.Y. 135.0,•135.0,0.1.0•1,0.n~

CALl PLRY CX ,Y ,31
C A L L  C Y R C L  ~~

,Y’135’0’-13S.(1’0.1,0.I.O.r~Y.Y 0.1414s j CA l l PL~ TIX ,V,3l
C A LL C I R C L  eX.Y,135.0,-135.0,0.1,0.1,0.r,
Y.Y 0.14’t4j C A ll  P~~~!(X,V,3p

— CALL CTRCL (XsYI135~0’.90.(),C.1s0’I,fl.LI l
x .X4O .0707, Y.v-O.1707a CAl l PLeT (y,y,31
RETU RN
END

- — -~~~~~~ •.__ i-_~
— — ,-~.-

~~~ --~~- —‘- — .— - - ~-— — - — ~~- 
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SLJB ~ 8uTINF SL
ORrI MeN X,Y,M,L,D,T,J,E1 EM( ~ 6)

CA Ll PLeT (X,y,p)
CALL SLH(X ,Y)
y.X+O.4172, CALl PLeTs~X,Y.2l
~~~

I CALL NIJMBER (0.55,0.14a011(1,l000.*ELEM (2.ij),rl.0,1I
CALL SYMB8L C0.90,0.1k,0.10,’MH’,0.O,211 GA TA 6

2 CALL NLIMRERCQ5SO,fl.14.0510,I000..ELEM (P * 1 1  1.0.0,11
CALL SVMB8L (r).95,O.14,0.10, ’MH’,O.O,2,3 GA TA 6

3 CALL NIiMBERCO.S5,0.14,0.10.1000.*ELEM(2* 1 11,0.0. 1
C A L L  SY M B A L (0 .90 ,0s 1 4,0 ’ 1 0, ’M H ’ ,0. 0 ,2 1,  Ge TA A

4 C A L L  N I J M R E R ( 0 . 5 5 , 0 . 1 4 , 0 . 1 r ) , F L E M ( ? * .j. 1) , 0 .0 ,2 l
CALL SYMBAL C1.00,0.14,0.Ir),’H’,0.0,lh 6e ~

5 CALL NIJMBER(0.55,0.14,0.10,FLEM(2* J.I),0.0,1l
CALL SYMBAL C1.OO,O.14,C.I0,’H’,O.O,I)

b C9NT!NUE
Xa1.6j V.0,0, CALL PLR’T x,Y,3)
RETUR N
END

SL IRRAL TINE SLC
C9M MAN X,y,M,L,1~,y,J,ELE M ( 16)

H INTEGER T
CALL SL
V.V- 1.oJ CALl PLA TCX ,y,2,
X.X~~0.i5i CAL l PLRTsX ,Y ,3
X .X+0.33 CALl PLATC X ,V,21
v.Y.0.-1j CALl PLATCX ,Y ,3,
X.X-0.3, CALl PLAT X,Y,2,

CALl PLA TCX .V,3 ,
Y.Y-I.r)~ CALl PLATC X,Y,PI

CAl PLAT X,V.3~
TEL T • LF ~4 I ELEM( 2.. ) )  .ELFM( 2.1) *10. 0..6
~~ 

‘r~ L-1,2,3,4,5,6,7,8,T
I CALL NlJMRER11.25,.1.025,0,1,ELE~~(2.J1,0.,.1 I

CALL SYMBALC1 .20,-1 .175,O .1, ’PF’,C .e2)1r,R TA 9
P CALL NL JM BFR (1.20, j.025,O.1,ELEM (2.J I.0., 11

CALL SVMReL(1.20,~~1.175,fl.f, ’PF’,0.,p)so8 TA 93 CALL NliMBER (1.1O, 1.025,C1.1.ELE~~(2.jI,tl .a 1 I
C A L L  SVM BRLC1 . -iS,.1.175,o.1,S PES ,0.,?)jr,R 1 89

-— 4 CALL NIIMRERCI.fl0,.t.025,0.1,ELEM (2.J1,(1...II
CALL SYMB8L I’I.10,.1.175,0.1,’PF ’,O.,P,5 oA TA q

~ CALL NUJMBER (0.*O.-1.025e0.j ,ELEP’~t2.J),fl.,4,
CALL SVMBAL(0.95,.j.175,0.q, S MFDS,0,,31,V A  ‘TA 9

A CALL NUMBER(0.90,-j.025,O.1,ELEMC2.J),fl.,31
CALL SYMB8Lt~1.O0,.1,i75,0.1,’MFD5 sfl. ,3l tV~A TA 9

7 CALL NUJMRER( 1 .fl~~..1.025,0.1.ELEM(2*,J),fl.,21
CALL SvMR8L~’1.n5,~~1,175,0.1, ’MFD5.n.,3 j GA T A g

8 CALL NLJ M BER s’1.fl0.-11025.0.f,ELEM(2 .J)sfl.,11
CALL SYMBAL (j,fl5, j,175,0,j, ‘MFOISO .,31

9 C9NTINLJE
RE I IJRN
END

III 
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StlBR& UTIN~ SC
C8MMAN X,Y,M,L,0,T,J,ELEM ( iA )
)(.X+0.75J CA Ll PLA 1CX ,V,?h l
YaY-0 .I5j CA l l PLAT(X ,V,3 1

CALl P LA T( x , V . 2 ,
x .x-so.i ; CAj i PLRI(-X,V.31
v.Y•0.3; CAL l PLAT (X,V,2,
Y .Y+Q.15i CAL , PLA Ts’X,Y,31

CAL l PLA TCX ,V,21
T E (L .LE .4IELEM 2.~l+7).ELEM(2*J+7)*10.0e.A.0
r~ TA Ct,?.3,4,S,6,7’8SL

I CALL NUMBERC0.75,fl.37.0.1,FLEM (P.~J-l I,0.. 1 I
CALL SYMB&L(0.70,o.?0,0.1,’PE ’,0..P)1 ~~P T~ 9

P C A LL NIJMRER (0.70,().37,0.1,FLEM(2,,J.1I,(1., 1 1
CALL SYMBPL 0.70,fl.20,O.1,1 PF5 ,0.~~P)J e T~ q

3 CALL NIJMBEPCO5AS,0.37.0.I,FLEM( ’eJ.Il.fl., II
CALL SVMB9LC0.70,0.?0,0•1,~~DF’,0..2)I (9 TA 9

4 CALL NIiMRFRCO.60 ,fl .37,0•1 .FLEM (2.J-1I,(1.,11
CALL SYMBAL (0.70,rt.20,0.1. SPF ’,0.,2)I ~9 Te 9

S CALL Nt iMBER (0.S0,(1•37,0.1,FLEMC2*J~~1I , fl.,4)
CA LL SV M BAL O.A5,0 .20,0s l , ’’~E0’ ,0.,3I, r 9  TA q

b CALL NUMBFR(0.55,fl.37.0.1,FLEMC2.J.t I,r).,3l
C ALL SVMBAL O.65,O .20,O .t,IMFD’,0..31j (1~ T A 9

7 CALL ~lJMBER 0.AC,r.37,(1.1.FLEM (P.J.1 ),(1.,2)
CALL SYMRRL(0,A5,(1.20,0.1,,MFr)’,0s,3), 9 TA 9

8 CALL NIJMBFRIO.A0,0.37,0.1,FLEMC2 .J.1l,(1.,1)
CALL SVMBRLC01AS,0.20,0.I, S MFD’,0.,31J O~~ TA 9

9 OR N Y TNI JE
x.1.ôj Y. .nj CALL PLATiX ,y,3)
RETURN
F ~ 0

StJB RAu TIN E SCL
C9MMAN X,Y.M .L,r~,T,J,(1 EM f16 )
INTEGER 0
CALL SC
V.Y’0.6672, CA l i PLA ’TCX ,V,?i
CALL SLV CX ,Y)
V.V•0.6672j CAL , PLAT X,Y,2i
V.V+2 .ij CALl P L A ’ T ( X , y , 3 ,

~~~ ( 9  TA (1.P.3,4,~~)D
I CALL NlJMBFPf1 ,76,_ 1,02~ ,0.I,ELFMC?,jI*I(1r,0.,O.,l,

CALL SvM8ALL1,R1..j .175,0.1,sMH s ,Q.,p)~~~ TA A
P CALL NlJMR!RC1•76 .~~1.O25,0.I,ELEM(2,Jl.j(1fl0,,O.,1

CALL SYMAALCI.86,.i.j7S.O.1, 5M HI ,0.,p)Il~R TA A
3 CALL N (iMBEP(1.76,.j,O25,0,j,ELEM (2,~J)*,fl(10,,O,,..l,

CALL SVMBAL (1.R1,.j,175,C.j, sMH~ ,O.,~~,,fR TA A
4 C ALL NUMBERL 1.76.-1.025aO.~ .ELEM C2.ji,0.,?l

C A L L  SV M B A L L I . q 1 , . i . 1 7 5 , o . 1, S H I , o . , 1 , j c R  TA A
S CALL NUMBER(1.76,_I,025,OS1,ELEM(2*Jl.(1.,jI

CALL SYM LCI.q1..I.175.o.1, ‘i.4 ’,0.,l,
A CANT IN IJF

PET URN
END

- - -  
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S .JBRAUTINE S L O R I
CAMMAN X,v,M ,L,O,T,j,EL EM ( I A )
INTEGER ~,1
CALL SI CR2

CAl l PLAT(X ,V,2,
x.x+0.21 CA L l PLA ’TCX ,Y,2,
Y.Y 0.1672, CAt i PLAT(X .V,P,
CALL SL V C X .v )
v .V-Q.1672j CAL l PLA1’LX .V ,P,
Y . X• 0 . M J  CA Ll PLAT (X,Y,2,

CA Ll PLA’T (X ,V,2I
x .x-0.i5, CAt~ PLAT CX ,Y ,3,

CA Ll PLATCX ,Y,?,
V .V,Q .IJ CAl l PLAT (X,Y,3-)
X sX 0.IJ CALl PLATCX ,Y,2i
X.X40,lSj CALl PLAT X,Y,31

CAL, PLAT CX .v.21
x.x.0.2; CA i l PLAT~ X .Y,?,

CA Ll PLATsX ,Y ,31
CA Ii PLA ’T (X,V ,2i
CALl PLAT(X,Y,3’,

TA 1.2,1.4,510
I CALL NLJ MRFR(P .36,_1.025,fl.1 ,ELEMC2.j,8,.lOnr.,0.,1 I

CALL SV’~S9L (?.4I,.1.175,fl.1,’Mk’,0..P)g C,R TA A
P CALL NLJMRFR (2s16..1•025,0.1.ELEMC2.Js-S,.1000..fl.,1,I

CALL SYM~ RLC?.46,.1.175,0.1,’MH ’.0.,p)Jr,A M A
3 CALL N1~~R!RI2.36,~~1.0?S,0.1.ELEMC2 .~1.8l*100(1.,O.,.1)

CAL ’.. SvMBAL 2.se1,.1.175~ 0.i, ’MHs,0.,2’,g s A  TA A
4 CALL NLJ MBFR L2.16,.1.025,0.1,ELEML2.J,8I.0.,2i

CALL SVM RALC2 .~~j,.j,j75,(1.1,!Ht,O .,11,~~A TA A
S CALL NiJ~ 9ER(2,36,.f.O25,O.j,ELFP’(2.J+81,(1•,1,

CALL SVMRALL2 .A1,.1 .17~~,0.1, ‘H’ ,0.,1 I
b Yr  ‘T .LFU4)ELEMC2 ..j) .ELEM(p.J)*I0.0.*6.(1

GA TA (7.8,9,10.1l,12,13,IAIT
7 CALL NLJMBER(1.45,.j.025,0.1,ELEMC2.JI,0.,.I)

CALL SvMAALC1 .A0 ,.1.175,0.1, ’PE’,0.,2)s~~A TA IS
9 CALL NUMRERI’t• 40,.1.025,0.1,ELEMC2.Jl,r)., 1 1

CALL SVMBAL 1,40..1.175,0.I,IPE ’.0.,2),rA TA ic
9 CALL NLJMBFRII.30,.1.025,0.i,ELEMC2.JI,fl...1l

CALL SyMAAL I.35,~~1s175.0.i,’PE ’,O.,P)I GA TA IS
in CALL N1JMRFR(1.20,~~1.025,0.1,ELE~’(2.J),ns,.Il

CALL SVMBAL I.1Q,.1.t75,0.i,’~~F’,0.,2h ~~~ Tff 15
11 CALL NIiMBER(1.n0,.1.025,0.I,ELEM 2.~J I,ns,4

C A L L  SY M A A L ( 1. 1 5, . 1 . 17 5 .o .I , I M F D I S O . a 3 , , r A TA ~~
12 CALL N U M A F R i’ is l O , .j .0 2 5 , O . -j .ELEM (2.J I,r,.,31

CALL SYMAAL (1sP0,.1.175,0.i,fMFDI ,fls,315C ,A TA 15
13 CA L L  N U M B E R L  I .P C ) s . i ’0 2 5 a Q . i  , E L E M C 2 .j 1 , 0 . , 2 1

CALL SYMAAL I-1.P5,.1.175,0.1,’MEO’,n.,3,1 GA TA IS
14 CALL NUMBERi1.2O,.1.025e0.i,ELEM (2.J,,0.,1l

~ CALL SYMAAL i’1.#5,~~1.175,0.j, ‘ME(1’.0.,31
IS CANTINUE~.2’0, Y.o.o, CALL PLAY(x.V .3)

RETURN
END
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SIJAPAUTINE SLCRP
CAM MAN X,V,M ,L,0,T,J,ELEM( 16)
I NTEGER 0,Y
i.X+0.3472j CAt , PLA TCX ,V,2 I
CALL SI H (y,Y)
XaX+0 .4372i CA Ll PLA7 (X ,V,21
Y.Y • O . i 5j  C A L l  PLA ’TCX ,V,3,

CA L i P L A T ( X , V , 2 ,
x.x.O.i~ CA L l P L A T C X , V , 3 1

CAt i P L A T C X , V , 2 ,
V.V+O.15~ CA Ll PLA TCX ,y ,3,

CAI l PLA YCX ,Y,2t
GA TA ,1,7,1,4,5)M

I C ALL Nl)MRER LQ.48,(1,14,(1.1,EIEMCP.J.1I.I000s,0.,I,I
CALL SVMBA L O,83,O.14,0,1,IM H’,0.,2IIGA T A 6

P CALL NUMBER (O .4e3,1).14,0•I,FL EM (?.J.I )-*I000..C).,1 I
CALL SYMRALLO .98, (1•14,0.1,,Mk’,0•,PjIGR ‘TA A

3 CALL NJJMBERCQ .48,fl.14,0.j.FLEM (2.J_ 1 IeIr)rIO.a0.,.1 I
CALL SYMBALLO.93,0.14,Osl, IMH I IO .,PI IGA TA A

4 CALL NLJMBERCO.4s8,0s14,O .1,FLEMC2.,J.II,rt.,21
CALL SVMBALCQ.93,0.j4,0.i.IkI ,0.,1IJGA TA A

5 CALL NLJMBERCO .M8,fl,14,O .1,FLEP-12.J.1 I.n..1I
C A L L  SV M BAL O,93,O .14,0 . 1,  , H ’ ,O . , l ,

A T F ( L . L F . 4 ) E L E M ( 2 . j + 7 ) . E L E M (  P . J + 7 ) ~~f 0 .0*.A’O
GA TA C7.9.9,lfl,11,12S13,14)L

7 CALL NUMBERCI.S5,0.37,O .1,FLEMCP..J,7t,n.,-.1 I
CALL SYMBALL1.50,0,18,n,1, ,PF’,O .,PIz CIA T~ i~

9 CALL NUMBERL1 .S0,0.37,O.t,FLEMC2.J.71,0., 11
CALL SVMBALC1 .S0,(1.18,O .I,,PF’,O.,P’,J ~A T~ i~

9 CALL NUMRFR,j.45,fl.37,O•I,FLEMC?*J.71,0.,.1l
CALL SVM RALII1.50,0.18,fl.1, S PFS ,0.,P)i f~~~ TA IS

10 CALL NLJ MBERCI .47,(1.37,fl.j,FIEM(2.J.71,0..•11
CALL SVMRAL (1.SO, (1.18,o .1,sPF~~.0•,P,j CIA TA 15

11 CALL NLJMBER(1.30,0.37,O•I,FLEMC2.J.71,fl..41
CALL SVMBAL 1.45,0.18,fl,1,,MFD’ ,0.,3I, oA TA IS

12 CALL NIJM BERC 1.1S,C1 .37,0SI,FLEMCP.J,7l,n..31
CALL SVMBAL (1.45,0.18,O.1,,MFD ,,0..31, r~ TA i S

13 C ALL NUMRER I .40,0.17,0.1,FLEMCP*,J,1,,0..21
CALL SYMBPLC1.45,n,18,0.1, IMFD’ ,0.,3I, CIA TA IS

14 CALL NIJMBER ,’11 40,0537,0.t.FLEMCP.J*71,O .. I)
CALL SYMBAL ,’1.45,0.t8sO~h 1 , 5 MFD$ ,O ,3Ij r~ TA 15

15 CA NY TN IJE
x.2’Oi Y.fl .oJ CALL PLAT~~X,Y.3)RFTURN
END
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