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This thesis is concerned with .the development of a Computer-
Aided Design package to obtain the frequency response of Transfeﬁ‘Functions
. of ladder networks. This packajzyuses interactive graphics whereby a

ladder network is conﬁtructeq 0 é Cathode-Ray Tube and its Transfer

" 'gnd Driving—Point'functidné are obtained. Further, the frequency response
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S C ‘ 1.1 GENERAL

Pe

Design engineering techqidues in the past ten to -fifteen
“ years have been greatly enhanced by the advancefent of computer

technology. This advancement has added a neW'dimensﬁon‘to engineering

design technique in the way of Computer-Aided Design (CAD) using

" interactive graphics. | ' ‘ .

” CAD using interactive graphics is a specialized segment of
scomputer technology, whereby an;active and continuous expngssion of
design ideas is achieved by using devices which are compatible to-

.both the user and the computer. The most popular of these devices

are.illustrated in Fig. 1.1. Here we have a typical graphics termingl—

.

wﬁereby the designer converses with the ,computer using a ]ight'pén,

a teletype consol, and a Cathode;Ray Tube (tﬁfﬂ disp]ay.‘ By utilizing
‘these agbices, the designer can change or analyze the disp]ay shown.
aThe flexibility and the advantages of employing such‘a system can be

considered as follows:

.

© "a) Design work can be carrjed out in the«te#mipo1ogy

v

of the particular field. ,

—

b) Training\i::glfarning of specific Eomputer languages

and techno can be kept to an absolute minimum.

¢ e

c) More creative and innovative design work can take

.~ ?«~p}acé efficiently because of the almost instant turn
o ;( . “ ‘ -
~around time given to the designer to check and

el

analyze the design:

’

-




. v
NOE A SN

b

%«

-

Fig. 1.1 Interactive Graphi

Terminal with Teletype, Light Pen and CRT.

a
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" and manipulate. figures and alphanumerics using the devices mentioned

d) Bothersome updatfng and modifications of drawings is
kept to a minimum. The reason is that when the
designer has completed a design, either a picture or’ :

. drawing can be obtained from the CRT display.

-

The history and'conception of CAD using interactive gréphics »
:dFtes back to the early 1960's, when Ivan Sutherland of M.I.T. developed
his Sketchpad program(3). Using a TX-2 compdter located at Lincd1n'

Laboratory M.I.T., Sutherland's research involved the ability to drav

~

" previously. Sutherland's work was quite extensive, in that some of

. . basis for present day graphic‘systems.

-

the basic hardware and software structures developed still forms the |

Paralle] to Sufher]and's research, General Motors developed
their own speqific graphic system DAC-1 (Design Augmented by Computer).
This system developed by GeneraT liotors surpas;ed the capabilities
that were achieved by Sutherland. The%bAC-l system was able to do
what Sutherland had achieved, but in add%tioﬁ, DAC-1 provided the
features of scale expansion, rotation, zoom, and partial views ‘of phé, A ‘
display illustrated on the CRT. With the development of DAC-1, it
was shown tﬁat a computer grgph%cs system was.{g?siﬁle in an industri;]
environment. _ ' | N

,

Along side the Sketchpad and DAC-1 projects, Itek Laborator%es !
established their own graphics system, Digigraphics, which was-used

in the development of optical ]ehs. The achievements of these projects

R b = ot 4
»

%




o

enabled the growth .and expans1on of many*more graphic systems as shown

" in F1g 1.2, ) ! ’ . j
4 \ ' ' L
‘1.2,‘COMPUTER GRAPHICS SYSTEM . '§ o
z. | e T N
The computeyr graphics system 111ustrated in F’9‘§L~_’ shows

ol -~

the externa] hardware of a PDP 11/45 GT-44 Graphics System 10&hted
[ at Concordia Un1vers1ty, in the Electrical Engineering Department. iﬁ

This system was developed and supplied by Digital Equ1pment Corporat1on

(DEC)." Fig. 1.4 illustrates the internal operating structure of the ,;
GT-44 Graphics System. The internal structure and operation ogbthe °

-

system is quite involved and detailed. Therefore, further information

pertaining to the structure and operation is given in Appendix 1.

* The external hardware of the GT-44 system i§rps £8110ws:

: o , a) -PDP 11/45 Computer with two RKO5 disk drives capable

of “storing 2.4 milTion 16-bit words of data, along ' ?

with 32K core of memory. ) y

. . ] & : '
e T . b\ VT 11 _Graphics Display Processor whose function,is ‘//‘ |

_ to Tink the PDP 1]/45 to the CRT display. Tﬁis unit
Y o generates and dﬁives the CRT d1sp]hy ‘ i
c) VR 17 CRT disp]ay monitor which provides a viewing .
area of 9.25 inches by 9.25 inches. L o

-

d) 375 Light Pen is a light sensitix@-device which

allows for the interactive capabilities. — - A

4
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Fig. 1.2 Historical Development of Computer Graphics
i U‘ v . .
7 ' Kd - N [
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» *Reprinted. from (4) page 6
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‘ f L e S

0 v - * \
©) LA 35/36 Dec Writer II is a teletype consol used as

2 5 the main inpuf/output device for generating graphics, -
. - | € t :
editing and creating programs, and as a source of * * ~

A . ' hard copy_print out. . R '
\ D i " .

'With the above sysfem having two disk drives and 32K core - i

3

3 of memory , the user_is not restricted in utilizing the graphics or

-

* e N
computatiohal abilities alone, but a combinatiort of both can be

e RS TS ST AT RS a1
~

‘achieved quite comfortably. . ;
S , . .
The system above is utilized in the development of an

.

gna]}sﬁs package for .Jadder -networks*and system functions. This system

enabled the package to be developed as follows: - -

1) The graphics capability ofcthe system. is utilized ;
to\énaﬁ]e the construction of ladder networks of - <f“
13 1 . ,

up to sixteen branches. Alsso, the grgphics'is used

in theJanaﬁysis of ladder networks.and system functigg;

x
O R SE R R SCLRS skl
'

PESPR Vot v e v

by displaying the frequency response through d&he Bode

o s e e

- o (: ahd Nyquist plots.

2) The computational cépéﬁ?]ity of the system is emp]dyed
in the calculatfon.of the Transfer and Driving-Point

: functions of a ladder network, as well as in the
NIy ' .

_ computation of the Bode and Ryquist pldtg.

* : Y . e

A i b hean o s i i e A g

Y .
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» " "1.3 SCOPE OF THE THESIS

{
§

N . .
In this thesis, the discussion will concentrate upon the

* development of a CAD package useful for the analysis of ladder networks

“and system functions. ' .

© <
I

~ Chapter 2 will discuss how a CAD pa&kage“canzbe effectively . -

- used in a systematic design process. Stemming from the design pydqess;

¥

two asﬁects of the CAD package will be covered. Thé first_aspect will
deal‘yith,the graphics capability of the package. This discussion on
the graphigs will dweTl upon the generation qf~the graphics and the
interactive capabilities of the graphfés.' From this diséussion, we
will then proceed to explain how to use th graﬁhic capabilities in

building a ladder network on the CRT.

[

The.second aspect that will be discusseg~j§ the computational
S S *

capability which allows one totdbtain the Transfér and Driving-Point

functions of a ladder network. TN

P

Chqpter 3 wi]i discuss a phird aspect of the CAD package
which js*the anilysis of a laddér nétwork. Th{s aspect a110w§~the‘
designer to study a ladder nétwork:behavjour by the Bode p]ot?%nd the™
Nyquist plot. DA]so provisions have been ma&e whereby system fﬁbctfcns

~can be entered 1h£o the computer .and their behaviour obtained by the

two plots previously mentioned.

-
¢

. Chapter 4 contains the analysis of a ladder network and a

sy§¢em function using the various aspects of the CAD package discussed

b}




- *in Chapters 2 and 3,
!

c, S
Chapter &contains the summary

- -

rgsearch utilizing CAD systems with interactive graphics. ; :

. )
and discussions plus furthep

N

.




© CHAPTER 2

PROGRAM LADNET AND TRANF '




N

) o ’ : . 2.1 INTRODUCTION

\ . - y
e . .
o .
A A Y

: ) = - When developing a CAD package varjous considerations must !
7 be taken into account. These considerations are as fpliows: .- ey -
] R . A ¥ ’-
. Q‘, L 4 . °‘ i \\ - I . , ,
' -+ . a) Computer system being utilized to develop the
* <" " 7 package.
N e ~ . . . . Y
b) The capability and requirements of tﬁb package to ° S P

. ‘ the particular application..

_c) Organization of the package in a manner whereby its

operation will be an asset to the désigner.

The following sections in Chapter 2 as well as in Chapter 3

- ~ wWill touch upon these considerations. . N ’

) ~
9 b

T 2.2 FILTER DESIGN PROCESS - ‘ .

4

s
.
S @i e i AWas B e p Sy
.

~In thF.development of any des%gn, the designer usually

foklows a -sequential set of design—analyhis steps to achieve the

- .qu4.'; ‘e

0.,# specified goal. Fig. 2.1 illustrates a sequential filter design-

analysis process which is used in the dévelopment of'the{tadﬂer NetWoSk

(-

Ana]ysi§ packaéz'(LNA). By establishing such a system proceddre,'the ’
. deSign—ana1ysis cycle begomes orderly, efficiént and rapid. In - i
I Fig. 2.1, the dashed area encloses the fundamental ‘steps of the design-

analysis cycle. These steps utilize the computer and thus form the

heart of the process. In the following sections of this chapter we ‘ .

will discuss the operation.of the first two design—analysis steps.
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When the. fl]ter des1gn spec1f1cat1ons have been establ1shed

.

or a specific f1]ter 1s to be stud1ed we then enter’ the Ladder Des1gn

block. Th1s step of the process is act1vated by runn1ng the program

' LADNET. Nhen runnlng LADhZT, the program generates a d1sp1ay on the

CRT wh1ch is 111ustrated in F1g 2.2. The d1sp1ay in Fig. 2.2 is -

generated by using the Fortrdn Graphics Software package thch is part-

‘of the GT-44 Ghaphieé system. The d1sp1ay consistsof three: main

a

¥

. portions and whﬂch are as follows:
A, ! ’ + ' . o LT " A j-:(

1. Generation of the ladder circuit. i j A .

JEEES———— R
-

: o 2. Generation of the command string or menu. -
.. N . \ -7 7/ L 1'.

N 3. Generation of the components.

, . The genehation of both the ladder circuit and the commamd

menu are contained. direct]y inside the main progrem The<€omponents

qre prev1ous1y established, ina separate l1brary file and are ca]l%d

1nto operat1on when LADNET is run.- The detailed operat1ons of LADNEI

as to the software deve]opment and fTow chart1ng is g1ven in Append1x II.

'Before .we proceed into the operation of LADNET a brief explanat1on
| ' w111 be given as to how the dlsp]ay becqges 1nteract1ve. ol .
, . . . 1 ." “ - N

-

In order far. the d1sp1ay to become 1nteract1ve an 1nterna]

tag code is established. This tqg code enables the 1ight pen to

“interact with the display and transmit the neceésary information to

. the computer. Each display shown in Fig. 2.2 except for the bottom

i ©




/ . - - -~
5 - - -
) 2 ‘
“

,wvoz pueuwol y 323135 UL "I1INQYT 40 Aeldsig er3tul 2°z °Bi4

LISAA
ALIAILISNIS

, IMTTIYA AL IAOM
———  LAANT D IEEHNN
< Bl NOILONMI HIISHNUHL

' . L9IASNI




Ve

3] : - .
. '{km E

I \ .
& . X . .

1ine of the ladder circuit has its own-individual tag. The tag code

was established in the following manner: ' ' .

-~

. ) ’ ¢ «
1. Tag numbers.between 1 and 6 are reserved. for the
’\ ¥
command menu. . ‘ :

Al -

2. Tag humbers between- 101 and 111 are reserved for

the components.
3. Tag numbers betyeen 20T and 216 are resérved\for
the ladder circuit.

‘By eetablishing such a tag system, the operation of the
S

program is regulated in a sequential manner. When the user picks

o

up the light pen, the program LADNET is waiting for a spec1f1c d1sp1ay
'strlke. This specific str1ke is one of the commands contained in
the menu. The flow of the design and 1nteraet1on is sequenced by .a .
series of if statements. For instance, if the designer.tries to
change the ladder display without str{king a command, the diep]ay “
remains passive. The reason being is that upon receiviﬁg the Tight :
pen strike an if séatemeni checks whether or not the tag associated
with the disﬁhay is within its specified range. Let us take an
example, whereby the designer strikes location’8 in the ladder circuit \,‘
(Fig. "2.2). The light pen transmits the'yhformat1on that display 201
was activated. The if statement checks wheiher the strike lies between

1 and 6 which isjreserved for the command menu. Since the tag does not

lie between 1 and 6 nothing will happen and the light pen is cal]ed

'

upon for the next str1QE. This sequence of operatlon is always repeated
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.
fér'any 1igh£ pen stxike. Let us now proceed to study the operation

of LADNET.

When the display appears on ;he'séreen (Fig. 2.2) the words.

"SELECT, A COMMAND are flashing. The designer is obligated to choose '

a command from the menu. Since at this particular time'the ladder is
empty, the logical procedure would be to 8evelop the filter byap{:éing
cgﬁbonents on the ladder. ' In order to place a component, fhe command
INSERT pust be aqtivated by. the 1ight pen. By striking INSERT, the
display enters it's'Next Mode of Operation as shown in Fig. 2.3.

Fig. 2.3 shows that SELECT A éBMMAND is replaced by'the word LOCATION ’
which is now flashing. Also, INSERT goes into a flashing mode to tell

the designer that this particular command is in effect. This flashing

feature is established for all the command menu. The next procedure is

"to strike a location on the ladder circuit. Let'Us strike position 8.

The 1ine that wa$ located at position 8 disappears, along with the word

“LOCATION which is replaced by WHICH COMPONENT (Fig. 2.4). The designer

now proceeds to strike a component which will jump to location 8 and
the display returns to it's original mode of operation ready for the

nwtpmmmd(ﬁg.ZjL

Using™the above procedure, the ladder network can be built
up accordingly. If a mistdke is made in the placing of a component,

the above procedure is also used to change that particular component.

Once a ladder network has been d%ve]oped,'the desibner then proceeds to

enter values for each component. - \

In Fig. 2.6 we have a ladder nethrk whereby the components will
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be given their respective values. To do this, we stri keﬁ@? command

-21 -

T

NUMERIC INPUT. This operation results in the-display shown in Fig. 2.7.

At the bottom of the command menu in Fig. 2.7 ‘a flashing CONFIRM YES AND

ry

: . . N
NO command is activated. This featur'e is"included as a safety device.
That dis, if the light pen stmkEs a command that is not desired, the

de§1gner has the option to get out of 1t when the designer stnkes e1ther -

a YES or a NO, the following occurs: . . o

- 1. A YES strike activates the te‘]etype to enter the
component values. )
2. A No strike bmngs the display back to Fig. 2.6. o -

I

The output of a YES strike is given below.

IS A SERIES ARM

LOCATION 1

ELEMENT IS A RESISTOR B ’ ) 3
ENTER THE VALUE YOU  WANT IN KILO-DHMS :
VALUE(KTL O~0HM$ Y= 1. .

LOCATION® 2 16 A SHUNT ARM : .

ELEMENTS COMBINATION PPARALLEL INDUCTOR ANX CAFACITOR
ENTER VALUE FOR INDUCTOR .
VALUE(MILLI-HENRIES)= 2.

. - ’ ) -
ENTER VALUE FORk CAFACLTOR ~ ' . » . /
VALUF(MICRO~FARNANS)= &,

LOCATION 3

IS A SERIFS ARM . ; |

ELEMENT, IH»A LnFACTTOR
ENTER THE VAIUE YOU  WANT ]N MICRO-FARADS
VALUE(MICRO-FARANS)= 7.

LOCATION 4 IS A SHUNT ARM

ELEMFNT IS A RESISTOR
ENTER THE VALUF YOU
> VALUE(RILO-0HMS)= 1, .

WANT IN KILO-0HMS

LOCATION 5 IS A SERIES ARM

- . §
XRUKKWARNING NO ELEMENT WAS "INSERTED ***yf

o
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At each prihégut of a location, the component(s) type is listed for that

location and the value is entered for that component(s). A carriage

"? return is pressed to obtain the next line of output. The output will .

. . N PO 5,
continue until-all-the components have been given their ‘respective values.

The output stops when a compoﬁént has not been placed into a location.

\
Looking at the output we can S%g that *ocat1on 5 (F1g "2. 6) has no
element placed there. This .message tells the des1gner that the ladder
netWork is finished Once th1s line of output is comp]eted “tKe display

reverts back to the ogs:gtlng mode of Fig. 2.6. The remaining commands

- that are go1ng t6 be discussed, proceed in the same operating manner as

-

the NUMERIC INPUT command. -

We now:have designed the filter and saj we wish to madify a
component(s) value(s): .To do thts withoutvgoing.through the NUMERIC INFPUT
command we act1vate the MODIFY VALUE command. Whgt happens in the sequgnce of
opervatwn is the same ‘for. the WUMERIC.INPUT command %xcept that after

conficming a_YES,,the word .LOCATION will appear on thenscreeh (Fig. 2.3)\

We strike the location of the component whose®*value(s) we wish te change.

. Let us strike Tocation 2 of Fig. 2.6. This ré§L1ts in the teletype

thnting ) ' : o v

<

LOCATION 2 TS A SHUNT ARM o L

ELEMENTS COMEINATION FARALLEL INDUCTOR AN CAFACITOR
ENTER VAl UF FOR INDUCTOR ‘ _ g
. DALUECMILL I-HENRIES)-, ' ’

~ ENTER VALUF FOR CAFACTTOR ~ . '
- VALUE(MIUCRO-FARANS ) = - - . . A

! -




- - - - ~ ) ‘
. - o
, S : ‘© o
‘ " We enter the value(s) the same way as we did for NUMERIC INPUT.

* 0

LOCATION 2 16 A SHUNT ARM

A\ — N
3 ELEMENTS COMBINATION PARALLEL INUUCTOR AND CAFACITOR-
o ENTER y@LuEwFOR INRUCTOR v
UALUEGMILL T-HENECTES ) = 7, e

-t

ENTER VALUE O CAPACTTOR
QQQUE(HICﬁﬁmFARﬁHS)m 8.

VA o ‘ ‘ I

L]

Rt T St

a

e e

Once the value(s) are entered, the display returns to the mode in ,

Fig. 2.6. "This ability to chanQe component values can be repeated over

‘ again. //f\\\

A ¢

ot e it n....; P P
)

)

b

The next command after MODIFY VALUE which is of great
> }" ' +

V4

\\\N importaﬁgg-is SENSITIVITY. This command allows: the designer to study
’ the Tadder design when a component value is varied by some per cent

r

\ 4

M s N e+ kb K AnE s wh AR o8 MR sod S 285 ~~'

deviation from it'S\assignedrvalue. To givesqn‘exampTe of this, let ] (f’

us again look to Fig. 2.6. We have entered the values for all the

0 \components and’ say we just finished. analyzing the filter response.
ro s ®

L

We now wish to see how the response will change if-some component
ya]ué is slightly varied. Take location 2 (Fig. 2.6), which is an :
i 1

-LC component and we wish to vary the value of the inductor by 5% and

z

capacitor by\g___-~ . % o
¢ ' s

\ . e em N
To perform this omeration we strike the SENSITIVITY commang. .
\,,\

Y The procedure is \the same as for MODIFY VALUE, we first confirm the

ébmmanq and then tﬁ{s results' in the following output .
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b e e ey ..

»

i

. f ' . ’ ’ l
SENSITIUIZ;/&JUHQES ARE. ManF BY INSERTING A& FLOATING NUMBER

BETWEEN + OK - 100 FOR EACH ELEMENT(S)\LOCATION '
\ * < : . - |

v

o

" We then proceed to strike location 2 of the 1édder and the teletype
N\ 3 ¢ - . -

. prints the output below. - Here we enter the per cent variation of each e

gomponent and once finished we return to operating mode of Fig. 2.6. !

LOCATION 2 IS A SHUNT ARM \ -

% VARALTION FOR INDUCTOR=
' \ ’ s ’

v
Z\UAR’ATION FOR CAPACITOR=

e Ak

.
N e e K

, o
LOCATION 2/7IS A SHUNT ARM |

' * e
% VARATTION FOR INIUCTOR=S, l :

Z VARTATION FOR CﬁPQCIT0759\

LN v .
;
- C - )

N e - / ‘ ‘
. . . . . . 3
¥ g . The remaining two commands RESET and TRANSFER FUNCTION are

control commands which when activated put tne désign process at thé L 1

beginning or on to the next step. When RESET is activated, this command

3

clears the enting screen of.the ‘ladder built, all values of componénts

L are sz},&o—zero and the graphics is refreshed to the original Qnde of :
£, | o

./ ] Fig. ; ‘
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The final command which is used to exit from the program ig

. the TRANSFER FUNCPION-command. When this command is activated- the

R SR

»
- .. .

following occu

1. The teletype printsesut the components afd their
» values, along with a question at the end of the print .

out (see below).

t

2. The informatipn pertaining to the ladder network in -
the way of components 10cation-an¢,vdl&gg\is storéd .

~\ _onto a file on disc. This information is used

» W

for the next step of the design process and.is a]so’

used to regenerate the samé~1adderenetwork when LADNET

is called again:,'

KXOKKLANDER ELEMENTS AN VALUES)RKKX

Y !

LOGATION 1 15 A SERIES ARM . |
ELFMENT IS A RESISTOR : _ |
VALUE (RILO-0HME) = 1.00000000E+00.

LOCATION 2. IS A SHUNT AKM Lo
ELEMENTS COMETNATION FARALLFL INDUCTOR AMI CAFACITOR
VALUE (MILLI-HENEKIES)=  7.71749973E+00 .
VALUE (MICRO-FORAIS) = §, 504B0080E+00

LOCATION 3 TS A SERTES ARM

ELEMENT IS A CAFACITOR ° . .
YAl UE (MICRO-FARADS)= 7., 00000000E+00

LOCATION 4 IS A SHUNT ARM .= .
ELEMENT IS N RESISTOR ‘ i
UALUE (RILO-OIIMSY= 1,00 000000E4+0D L

ARE YOU FINTSHED?
JTYFE IN YES OR NO

L . . “ ' t
YES ’
. _r'\ . . s
. . .
* 1

-




-

The printout, that is obtainéd supplies a hgrd copy of what

was designed. Also a picture can be taken to accompany the output.
, 3 . .

L
@

the teletype and the next gperation of the design process is given.,

%

. , o~
TO'fUNTINUE THE LADIER ANALYSIS AND ORTAIN THE;

]

TRANSFER FUNCTTQN TYFE INJCRUN RK12TRANF

g

An.eniry of N0 allows the designer to, continue tﬁe Idddef design

, ‘ P |
starting at Fig. 2.6. e

) R 6
LY

We now have learned how to build a ladder network using

-

part of the LNA package This next sequence of the des1gn—ana]ySJs

. ' ladder network. ‘ ~.

]

) . 2.4 TRANSFER AND DRIVING POINT-FUNCTIONS

a

In the prev1ous section, our discussion was based upon the
construct1qn of a ladder network utilizing the program LAD@EN Th1s

d1$cuss1on not only Memonstrated the operat1on of LADNET but it also

. This const1tuted the first step of the des1gn amalysis procgss. Now,
-«
‘we are prepared to enter the second step.

\ . :
When the design is absalutely finished, a iE% is entered on

process is to obtain the Transfer and Dr}vingiPoint functions of the.

1ntroduced and explained some concepts 1nvo1v1ng intera t1Ve graph1cs.

e

.
R . .
et Bgranh AR ¥ bl e S o b o 8 e
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. The second step enables ug to obtain the Transfer Function
(TF) and the Driving-Point Function. (DPF) of a ladder network. This

step deéis'With the eomputational ability of LNA. In order to obtain

[

. the TF and DPF we execute the program TRANF. The program TRANF is
' “(6)

based upon therthgory'of taécading neyworks using the~chain matrix.
{ The theory of chain matrix analysis is quite well knownuxahd we shall
! - now discuss how it was put into practice. .~ -
‘ < . A s‘ ’ A ) ¥ , R . .
o - " The components that are illustrated in Figl 2.2 have their

‘ respective chain mattiéE% established in Tabie 2.1. These matrices
; g are contained i;’the'program'TRhNF. The necessity of having these :
matrices in the program #s to estabiish the location and vatues of the
components in a ladder ngiwork. By establishing these matrices in
the program, the calculation of the TF and DPF becomes very structured.

_ When the chain matrices are being multiplied, some mathematical

operations must be taken into account.

é

To point out some of these operations, let us consider the

two-port network of Fig. 2.8. In Fig. 2.8 we have a Series and a
shunt—connection of parallel LC components. Let us proceed step by
step to obtain. the TF and DPF. Tﬂi;e steps .are as follows :
. ) ) L]s r
1 . ' E. T 1 '———2——* . 1 0 E
S . . LG 57+ ‘

’ : L o 2.4.1

SRR
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TABLE 2.1 (Cont.)
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.F'ig. 2.8 Two-Port LC ‘Networ,k
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Now, we will consider some of the operations that were

encountered above whéh,the program TRANF Qas being developed.

-

2

Let us take E‘closei look at equations 2.4.1 to 2.4.4. The

. first step (equation 2.&.1) is to establish the respective.chain matrices

v for multiplication.. The second step %nvo]ves two'procedures:

a) Multiplication of the two matrices (equation 2.4.2).
»
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b) Grouping of the factors in eaén/elément position of

\ the matrix (equation 2.4.3 aj%/equation 2.4ﬁ4)2

Before progbeding to the final equation 274.4, note that in equation

, 2.4.3, the an position has a common powe# of S. This common power of
S mist be eliminated. The program TRANF keeps track of all powers of
S, and that 1f any common powers of S do occur they are cance]]gﬁ

The final step is equation 2.4.4 whereby this equation is ready to be
used in qbtaining the TF and DPF.

¢ -

Another operation that arose in using the chain matrix is the
elimination of common factors. To illustrate this point, let us find

the DPF of Fig. 2.8. The DPF s ) . o

E, (L1L2C1+L]L2C2)+(L]+L2) LZS - s

‘ 2 N
1 L2(L]C1S +1) LZCZS +1

When we perform the above procedure to calculate the TF and DPF, the
grouping of terms, the elimination of common factors and powers of S

are soné automatically. These operations have all béen incorporated

3

To fully apprec1ate the capab111ty of TRANF to handle" the’

into ‘the program TRANF,

operatlons ment1oned above, Iet us substitute LT =L,=L and C1~C2“C

“into equation 2.4.4 for Fig. 2.8. The new equation is »

”~

.

.
AN

Notice in equation 2.4.5 that L2 is a common factor which must be removed.

e e s it KA P
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" Note the difference between 2.4.4 and 2.4.6. Now, if the operations :

e

- 34 -

1e] - 2 LS/LCS4] ] - ‘ -
. . T ¥ .
E ) _ ; 2.4.6
. : . oLesta - 0
11 IS 2

concerning the elimination of common factors and powers of S were not

taken into account the result wduld be

L]
]

2t8cs34aLs LS .
- E,. : 7 5 E,
. Ls(Les?H)  LesS+l ‘ : |
N - 2.4.7 ;
2
LCS™+1 "
I, _LCSTH R -1,
LS

o

,The?eforé, the operations of grouping, eliminating common factors and %
ihe powers f S p]ay a significant role in obtaining the correct . %
results, This part‘of the program TRANF dealt only with the mathematical ?
operations of the chain matrix. There is still a %urther consideration 5
to be made. This consideration involves the numericai capability of the. ]

computer .t¢ handle the multiplication of the chain matrices.

The numerical cababi]ity of the PDP 11/45 computer systen lies
between the limits of +.1E £38. These 1imits seem impressive enough, .
but when actual calculations are performed they are inadequate. To

.iNustrate this point let us return to Fig. 2.8 and substitute the
. «

- ———

following values into equation 2.4.4

0

)

o
b A Mo ot i

Y
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. “gr ‘ C, =2 uF

' * hence we obtain

P
: 2.02x10" 45241 .02x10"3 10735 |
\ R 2510105241 107524 : :
AN _ o . 2.4.8 - 3
~— S a4x10" 1524 o
) h A ! 1
~ 2x107°s :

b ey

= :
Notice, how small the coefficients of S are becoming. If we cascade more

|

. |
v C components of the same type to Fig. 2.8 and substitute typidel values
underflow of the machine will occur quite rapidly. 0verf10w\will also | %
occur when the coefficients of S become quite large. Therefore, i
1

to ease this problem a.scaling routine was introduced into the program ‘ 1,?.

TRANF to expand the computer's capability. . ‘
ot 1 ) \‘

By introducing a scaling routine,*tﬁe order of the Iépder‘

network u§jng unscaled component values <increased. But, even with the «

A

scaling routine underflow is still a problem. To overcome this‘difficulty, ' ;

. |
the program TRANF cap be executed on the CDC 6600 computer wheseklimits
aFe +,1E +300. As one can realize, the capabilities of the CDC cémputer
are far éreater than that of the PP 11/45. By using the CDC GG%Q, the
. -

.. prbblem of numéricallca]cﬁ]ations/js completely eliminated.

This problem of overflow ard underflow should net imply that 1

- °
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thelﬁrogram TRANF and the PDP 11/45 are “inadequate to perform %he
necessary calculations; but what it does imply . that one should:. use the
, program TRANF and the computer in.a sensible manner. The program TRANF
. - can be fu]ly ut111zed on the PDP 11/45 by having normalized vaTues far
| the components. By having norma]ized values, the entire 51xteen ladder

'Jnetworg branches can be used. This ends the d1scussion behlnd the,

. deve]ophen% of TRANF. The software and flow chartang of TRANF is g1v8n
: ) 2 :

in. Appendix III.

12

In order to obtain the TF and DPF we type in on the teleiype
RUN RK] TRANF Jhe teletype will print a message asking the user for

. the engagement of the scaling routine N\
¢ - , \ , : ‘
DO YOU WENT TO ENGAGE SCALING RUUTINE?‘
TYFE IN YES OR-NO

{
. NO . |

" L) ! ‘.{\' . .~ 4
Once the command: YES oanO are typed in, the computat1on beglns and the
i i ’ ( “ . o
resu]ts are pr1nted as follows . ¢ - .
! /./ / —
B~ Lo CKKRKLRANSFER FUNCTIONXXX .
. , N : ,
-~ a’ ‘o . . v
COEFFICIENTS NUMERATOR . . LDENOMINATOR -
" S¥%X O 0.000000E~-01 . ‘1 +000000E+00
Sx¥ I’ b 0.000000E-01 - 7.007717E-03
S¥Xx 4 - 3.402250E-08 . . 1.813983E~07

Skx 3 0.+000Q00E~-01 ‘ v 54.134731E-10

p
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L . , ,
/L S ' - ®
i 2 . E} N
, A T ) ‘
© 3 ' / . N 4
RXKIRTVING-POINT THMFEDANCEX®K B - |
. ’ % R . :
. N . - ‘
EOEFFICIENTS ~  SQUMERATOR " DENOMINATOR

. des1gn-ana1ys1s process.’
) }

peration and development of the programs LADNET and TRANF

: p]ots

CL R I 2.773910E-14 2,773910E-[7
i 77 h ,

S¥Xx O 5. 402050E~05 - 5.,4022050E-08

Sxx 1 Z 735744E 07 3.781575E~10

Sxx 2 9. 799589E-12 — " 6.8811596~15
3

? ' -
TD EONTINUE THE LADUER NETWORK ANALYSIS PACKAGE \ 3
TYFE IN RUN RK11ANALY TO FERFOKM BOBE AND NYRUIST PLOTS |
STOP ~- N -4
‘ - . o

N . ‘J"_ ' &,

Py 3

Y
»

We now have completed the first and second steps of the ‘

In steps one ‘and two,.we discussed the

—

These s

'programs enabled us to build a 1adder network and then find it's T;,

and.DPF. Now, we are ready’to proceed to the third steaL

e "

The third stop of the process enables us to study the response ‘}

of a 1adder networLestabhshed by steps one and two

!
/

“of the ladder network wi11 be studied by using the Bode and Nyquist

Also, prov1510ns had been made in the th1rd step whereby one

can enter a system functlon and study it's response 5} the Bode and
e -
Nyqu1st plots.

The response ' s

o am—




CHAPTER 3
PROGRAM ANALY
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3.1 INTRODUCTION

4
¥

-In any engineering field, the performance of a design to

various tests is important. This performance gnéb]éé the designer

. -to.determine whether or not a design meets or exceeds expecteqi)

C
specifications.

v
\

In Chapter 3, we migl discuss ‘the third step of the design:

' : .
analysis procqsslwhich involves the analysis of 1adder networks or

systém\functions This ana]ys1s w111 be done us1n9 the Bode and

+ Nyquist p]ots. From these ‘plots, we can determ1ne ghe performance

of ladder -networks and system functlons by ‘investigating the (
Y

magnitude and phase response, as well as’ the stability of these designs.

Our discussion w?‘l begin with _the development of the program used

in the third step.

\

"3.2 BODE AND NYQUIST PLOTS B

The program which is utilized in the third step of the
design-analysis process is called ANALY. .¥ﬁis program incorporates
tpe capabilities of both man-computer interaction and ecompwtation.
TheQTan—computer interaction proceéds in a similar manner as LADNET.
The man-computer interaction is performed by a series of questions .

and answers through the teletype. The computational ability of the

’ program was developed u;?ng the follgwing study:

P
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Various Ip\qr‘ams have Yeen developed tq} obt_aip the Bode

p]ot(7?9’w) .

A1l these pograms are based upon calculating the ‘
roots of the numerator and denominator polynomials of the TF. These
roots are‘ than ut"ered to calculate the Bode plot. This technique

'~of ca'lcu'latmg the roots is found to be adequate for Tow order

po]_ynomals, but 1naccurac1es are encoﬂl‘t}rﬁhen high order s
po1yno{a]s are involved. To i‘l1u/str‘ate this point, let us assume -

the following polynomial

.
. . - .
AN

. ‘ A , 1 '
v - $%+2.458431.457475.36554356 16574845 . 1845 41 650. 93453
f - © 43962.281657+2660.52155+6385.2516 .\ (3.1)

[ 4

whereby the factors are

N
- - . AN

(s2411.7) (5%48.5) (52+7.3) (5+2.4) (3.2)
‘ﬂ. ‘\‘ \
and the roots are , —
4 o . .
' (s, =+ J 3.0025 o
‘ N ' ° ’_ N A

, =% § 2.9833 | ' Joo °
| . ‘ Sy =& § 2.7019 _ (3.3)
| . . . o
a S, =+ 3 1.8707

. S, =-2.4%  —
5 .

A S R b it POt - o
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To solve for the polynomials of equation 3.1, let us use a universally
. . * - ¢ B
accepted subroutine called POLRT which uses the Newton-R%?hson ‘

technique to catculate thé7footsf Enterihg-the coefficients 6f

*

- =

equatfdn 3.1 into the subroutine POLRT, the roots were calculated 55&\

follows:

‘Note the differen&e between the roots in equations 3.3 and 3.4. We

can see that the roots generated by POLRT have real parts for the

incorrect Bode plots. In view of these inaccuracies, these bgograms

were not implementéd in developing &NALY. The technigue that is

REAL ROOTS

-2,3898 '
0.1718
0.1718 .
0.3676
0.F3676

-0.04B1

-000481
_00 49’64
~0.,4964

IMAG ROOTS |

.0.,0000
~-2.3775
2.3775
~3+44697
3.4697
.=1.894%
1,8945
~3,2417
3.2417

_imaginary roots. This inaccuracy of calculating the roots results in'

'

adoptgﬁ in ‘ANALY to obtain the Bode and Nyqui§t plots is based upon ‘ ' ‘f

the po1ynoﬁia1 coefficients of tpe system function. This iechnique
gives accurate results ih obtain}ng these plots. Let us proceed to

discuss the operation of ANALY.

* y i ‘u .
Scientific Subroutine: Part of PDP 11/45 Software.System.
\ N \ .

¢

P
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The analysis step is initiated by-typing in Run RK1:ANALY.

¥

This activates the teletype to print-out ‘

‘ . no YdU WISH TO ENTER YDU% OWN TRANSFER FUNCTION?

- TYFE IN YES OR NO

\ At the begir;ning; the user has the option to analyze the ladder
network TF, or to enter a system function describing some system
design. If the user wishes t;) analyze the ladder netwof'k, a NO is
enté‘red on the teletype. This aHows'_the program ANALY‘ to read a
file on disk‘contaim’ng the TF generated by the program TRAMF for the

ladder being studied. This NO re"ply results in thé following output

- °

P e
' . Yo
(Y .,
N .

“

—-——

ENTER THE STARTING FREGUENCYEIN RQD/SEC)=

EWPER THE FINAL’FREGUENCY(IN RAD/SEC)= | )
\ K e |
“The computer now requests for the starting and final frequencies of
inferest to analyze .the ladder network. Before we proceed agyfyrther,
the answer of YES ‘abové will enable us to arrive at the same point;
but a few operations wﬂl have to be performed beforehand. The YE}
rep]y results -in the fo]]omng “ '

e

. : ENTER THE OthP OF THE TRANSFER FUNCTION )
ORUFRW

) ' . K
1

.
e rn et 4 arrarva e on e e b Y Aot & £y o <A K b i A 0 i At B e Y™
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The, computer is now asking gs the order of the'ratidna1 furiction we

wish to study. To continue the operation, let us take the TF

. L}

v

As we can see, the or&ér is 2 . Therefore, 2 {is entered and the

N

teletype prints

i

ENTER THE COEFFICIENTS OF THE TRANSFER FUNCTION

. COEFFICIENTS BEING ENTERD FROM LOWEST TQ HIGHEST ORDER
COEFFICIENT OF S¥% 0 S . .

NUMERATOR=1, ' L

nENoﬁxNAT0R=1.

COEFFTICIENT OF SkX

NUMERATOR=0,

NENOMINATOR=2, '+

COEFFICIENT OF 8%

| NUMERATOR=1., )

 DENOMINATOR=1. . : . c

[0 YOU WANT A FRINT OUT OF THE COEFFICIENTS JUST , ENTERED?'

LN

TYFE IN YES OR NO '

W8

f, .

I




.
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‘We enter (at eaEh stage of fhe teletype pfintod!5~thg coefficients 'of

the numerator-and denominator polynomials respectively. When all' the

coefficientekhave beer entered; the computer Jskh whether a printout

is wanted st;ge of entering the

A NO- repIy sends us d1rect1y to th

startwng and final frequencies, a YES reply resu]ts in a pr1ntout of o
/ ‘. .

the coefficielts below

-4

A »

' A
. ' ‘ '
A s
XXXTRANSFER FUNLTTON*** . 7 . "
\\é LCOEFFICIENTS ) ‘ NUMERATDR DENOMINATOR |
SXK 0 : 1.000000E +00 1,000000C+00 &
Skx 1 0,000000E-01" 2,000000E400 !
Skx 2 . . 1.000000E+00 1,000000E+00
ARE YOU SATISFIED? ' ) ‘ ) S
IF ANSWER IS YES ROLE FLOT REGINS T ) : fe
IF THE ANSWER IS NO RE-ENTEK COEFFICTENTQ ’
© TYPE IN YES OR NO
Y 4 B | : . N
.
‘ €
" ﬁ‘r%/ .
A T A2 \
At the' end of the printout, another question is asked. If the answer
// ©is NO, the program ANALY returns to the beginning questxon . -
) UU YOL“WFQH TO ENTER \ﬂUh OWN ThANBFFh FUNC?ION“ '
e TYPF TN YES or\ NU , i
s -, T \ ~ ’ }
' ) -
1\)

B e r T ks e w1,

. L
N - . . - . TR e h ) )

.
T M b e flerciaiart a? s Mo AR
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AW ~ .
and’a ¥@fly of YES enables us to enter the frequencies of interest.

'

NA
.
; \v

- ENTER THE STARTING FREQUENCYCIN RQP/SEC)m.I

ENTER THE FINAL.FREQUENCY(IN RALI/SEC) =2,

- .
Y

. €
y In the above output, the frequency range was taken/between

) «
.1 to 2.0 for equation 3.5. Once the frequency 1imits have been

entered, the computer begins to calculate the Bode and Nyﬂuist plotsf

The program ANALY calculates 400 data points between ths/starting

. and final frequencies. Once the computer has comp]eteq/the calculations,

the teletype is activated and the question is asked /

- /
- i
s . WHICH 10 YOU WANT? BOLE OR NYQT? .
! TYPE IN BODE OR NYQT - !

¢
]
i
-
. vt

We now type 1n‘either BODE or NYQT (NYQﬂIST) to obtain the desired

plot. If we type in BODE, the BODE plot appears on the screen.

If NYQT is typed, the Nyquist plot will abpear. At this particular '

“ time, we will reque§% the BODE'PLOT which is shown in Figure 3.1.

I3

i@} In Fig.,3.], the upper half illustrates: the madnituge plot
“ while the Tower half illustrates the phase plot. Notice how the

program ANALY can handle the sudden changes in both‘magnitude and -

L
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phase. Once the.computer completes the plots, the teletype prints out .

tﬁe\fo]1owing

N {

) NETALILED DXAMINATION OF THE FLOT IS ORTAINED
RY TYPING IN ANNINTEGER NUMBER FROM 1 TO 401
TO EXTT FROM STHIS MODE TYFE IN INTEGER 401
. o, TYFE IN EINTEGER ° \

S

.
AR oA~ Ao nn s

o .
The detai]ed examination of-the plot is a feature whereby we can

E

L g 8 e S SRR, &

examine the plots by having a cursor moving aléng the horizontal axis

of éhe plots in Fig. 3.1. The position of the cursor on these.plots

will give us an output of the magnitude, phase, and frequency for the

cursor position. The range specified from 1 to 401 correspohds: to

the number of data points plotted on the screen. In Rig. 3.1, notice
4 N ' . -
" the small vertical lines along the horizontal axis of both the

¥ b e

' magn%tude and phase plots. These lines inditate intervals of 25 data

To e e et e e Mottt Wy oo

. L}
points that are plotted and used as a guide to position the cursor
. A

b A waieb m

on the screen. To clarify this point, let us examine the plot whgre

the magnitude is the least and the phase angle is changing rapidf&z ' ' .
To do this we count the number of divisions and enter the integer
7\\\ 190 which enables the cursor to apbear at oun desired location P ’ ?
) (Fig. 3.2). ' | -

In Fig. 3.2, the position of cursor gives us the following.

information ‘ ) i ' /

Y L » .
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.9978 HZ

FREQUENCY

e

BODE MAGNITUDE

-52.05 DB
89.90 Degrees N

NN PHASE

Everytime an integer number .is entere& between the 1#mits (1 to 4J01), )

the cursor will move across the plots giving an update on the o |

> ' frequency, magm‘tude,"and phase.This feature enables us t& study the - .Y
) v

plots at critical points. Once we are satisfied with our ipvestigation, g -

we then exit from this mode by typfng an intgger > 401. When we S ‘ 71

type in an integer > 40] the telét.ype prints pku;tﬂ' N .

| o Y

.. DD YOU WANT NYQUIST FLOT? |
‘ . TYPE IN YES OR NO. . |

-]

. Now, the computer reques’és an answer of YES (ir.‘NO.' A NO reb]y results

R in ' . {‘\'(‘. - ;
I N ’ . ™ ‘ -
, ‘ D0 You WANT Afg'R_INT OUT OF THE RODE PLOTT " . i
TYPE IN YES OR NO . |

_ _ / o ‘ .
’ ~ B . . 3
. - / 4
g ‘e -
. LA :
s, . ¥

o
!

This .question also arises after the Nyquist plot Has been inyé‘stigated. - .
Therefore, we will consider O}Hﬂ“output at a later ‘ime. A YES reply
to the Nyquist plot results in obt,:aining' Fig. 3.3 and the following

» . . . .

output ' ' ‘ , - .

? &
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} ' “ ‘. T . 0 - . -\ U ‘ ' | I
" LETAILED EXAMINATION OF THE PLGT. IS ORTAINED o
r . o BY .TYPING IN AN INTEGER NUMBER FROM 1 TO 401
‘ - - TO EXIT FROM THIS MODE TYFE IN INTEGER »401
‘ ‘ © TYFE IN INTEGER s : .
ESCI ‘ o~ o

. .

Su

Again, we- can examine the plot in more d®ail as 1n the case of the N .

' »

- previous plots.® Lét\p§«enter an 1nteger number 90. and the results are

i N o tsnown in‘ng. 3.4. As ne can see! we have a cross marker whbse

. " movement“(as in the previous br&t) is contrb]len by the entry of an. .
. 'l 2 .1nteger number The positwon of the marker on the.plot gives us the ﬂ
g g : frequency, magnitude. and phase In Fig. 3.4, this information can be

fbund in the upper r%ght hand corner " When the detailed examination

~.1§ over, we type in an integer number > 401 and the teletype then

o~

{

1
*, ¢ ‘ -“:._ ~ . ﬂ_\ !
.V " DO YOU WANT A PRINT-OUT OF THE BODE PLOT? |
.. TYPE.IN-YES OR NO. |- , |
. i

R . .
BN . . * . '

as seen 1h Fig 3 2. .A YES r ply. aetivates a' line printer and the v
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-3. 63396400

) - =
=
( . T - 52 - : -
‘ ' - 3ATRAFER FLNCTIGN 2k : L .
'y CORFFICIENTS N.*ZRATGR HhoINaTR =
s §a4 0 1 0000008 +00 1. 000070E+00 - o ‘
‘ G+ 4 9. COO0M0E=01 - 2. 0DO0VNE00
| ( S48 2 1 GSO0NEHD 1. GO0CHOE#0
HHBE FLOTHH
/STARTING FREQUENCY= 1. 0000000E-01 RAD/SEC N !
( FINA. FREQUENCY= 2 0000000500 RAD/SEC 4 -
FREQUENCY PAG! TUDE * PHAGE
: b 0900E-31 ~1. 9062E-01 ' -1. 1964401
< 1 095(-01 -2, 2677E-01 ~1. 3042E+01
v L1500E-01 ) -2, b405E-01 -1. 8116E+01
- 12830501 -3, 0848E-01 -1, 5185E+01
( v - 1. 380001 =3, S404E-01 1. b2S4E+01
1 4790E-01 o -4, 02758-01 -1. 13226401
1. 57092-01 -4, S460E-01 . ~1. 8385E+01
( 1. 6650501 ~5. 0960E-01. -1, SMTEH]
b1 TENE-ON -5, 87701 ~2.0502E+01
L I: §55(E-01 =b. 290%-01 -2 15551
( 1. 9506201 ~b. 9350E-01 . ~Z 2604E401
2 0450601 ~7. 6112601 ~2. 3A5E401
. 2. 14002-0 -8. 3190€-01 2. W91EH01
( 2 235CE-01 ~9. 0536E-01" -2 5728E401
P 2 3300E-01 ” -9, 8299E-01 , -2.6T61E401
' 2 4256z-01 " ~1, 0633EH0 -2 TI90E401
( 2. 52002-01 =1 1468EH00 -2, 8814E+01
_ 2 61H0E-01 9 -1, 23356400 -2 9833E401
: 2. 7100208 ~1. 3235E+00 -3, 0B4BE+0}
¥ 2 B0%0E-01" R -3, 1858E+01
~ SOHE-01 Y. S120E+00° ~3. 2862E+01
- s 99502-01 -1. b127E0 =3. 3852E401
e 3 0206201 -1, T156E+00 =3, 48S4E+01
3, 185GE-01 ~1. B24BEH00 -3, SB4SE+01
3. 2809801 - -1, 9314E+00 -3, 6926E401
‘ 3. 3750E-01 , -2 OMZE+00 -3 7B06E+0N
~ 3 4700E-01 -2 1604E+00 “=3. 8TT6EH}
: 3, 5450201 -2 2800E+00 =3, 97456401
~ ! 3 6a(E-01 - -2 4031EHK) -4, 0705E+01
) 3, 75502-01 -2 S2956+00 4, 16506401
N '3 EiE-l -2 B594E+00 ~4, 2608E+0)
3 947E-01 ~2. 7929E+00 -4, 3551E401
~ B QXA -2 9259E+00 ~4, MBTEH]
§ 1350601 -3, 0705400 ~4, S4I7E+01
, Q) 4. 2800201 -3, 247E+00 4. (9 EH0L
§. 3IS0E-01 -3, 3626E400 ~4, 7259E+01
§. 8200201 -3, S143E400 ~4. 8170E+01
4 5150E-01 =3, bAYEH0 <4, S07SE0)
, T & 81520 -3, 82926400 4. 9913E+0}
4745 501 . =3, 99Z5E+00 ~5. (B4SE+0L
\ | 4 a0l =4, 1598E+00 5. 1750£401
: 3 £33 E01 -4, 32EHD -5, 2628E401
; 4, 97502-01 -4, S0E00 . -5, 3500E+01
. § H359E-01 . -4, 48LTEH0 =5, 3b6E+01
N e 1 -4, BT09E+00 -5, 5225€+01
. § & sl -5, 0595E+00. =5, 4077E!
5 IIE-dL | -5, 2530E+400 =5, 49226401
5, 4235E-0h =5. 4510E+00 =5. TIHIE+0
5. 5£042-01 ~5. §593E401




5, 635E-0]

5. 756:35-01 .
5. 845601 :
5. -0

6, 0339851

b, lg'{ ’{%-Ol "

s

" b, H05 0L

b0 . -
b 735 - o

b, B E-ut \ )
A, 850501

LT 0300E-0)

"7, 1750201 >
N A XEhE)

7' 3652-01

7. (-1

7. 5553E-01

7 55001

7. 7450E-01

7. SA4E-0

<7 935GE-01

8. 030uz-0! -
8 125°E-01

8. 2700E-01

8 UFE-0L

8 41095-01 . '\
8. 5050801

8. 6000=-0¢

1. G023E+

L OLTVERD
1 02i5E- - .

§. 07802209 . .

* L A05ER

LOTaED
1 \lq-_ -»(_0
{. an7 '-?-)0
1. 973324

i ur:'.:.".’.‘ .
T 0373400
LI\
g Lia%e+(0 .

1. 12558+00

-

53 -

-5. BbI8E+00. .

-4, 0745E+00
6. 2933E+00

& 51736400

-p. TATOE+0D
~b, 9824E+00
L7, 255400
~7. 47266400

=170

=7, BEHN
-8, 2587E+00
-8, 53566400
-8, G207E0
-9, 11436400
-9 4169E+60
-9, T290E+00
-1, 00S1E+0L
-1. 03B4E401
-1, 0729401
-1. 1085401
-1, 1455E401
-1. 13396401
-1. 2239404
~1. 2655E+01
SY 30895401
-1, 35439401
~1. 4018E+01
-1, 4517E#01
-1. 50436401
-1 5S99E+01
-1. 6188E+01
-1, 6315E401
-1. 74356401
-1. B205E+01
-1. 8984E+01
-1. 9832401

. =2, (764E+01

-7 1798E+01
-7, 2962E+01
-2, 4293F+01

-2, 5351E+01

-2 T132E+01
-3, 0111E+01
-3, 3351E+01
-3, 8348E+01
-5, 2947E+01
-4, 28756+01
-3. 5593E+01
31
-2 9051E¥01
2. 708E+01
728401
-2 M2E+!
-7, 2970E+01
-2, 1980E+01
-2, 1065E+01
2. 0260401
-1: 95326 +01
-1, 8864E+01
-1. 8254E+0)

-5. 9418E+01

-4, 0237E401 .

-5, 1048E+01
~b. 1893E+01
-b. 2652E401
-b. 3444E+01

-b. B225E+0L

-b. S007EX)L
-b. 3778E+01
-b. b343E+01
=b. 73026401
-b. BOSAE#01
-b. B799E+01
-b. FI3TEH1
~7. 0269E+01
~7. 0995E+01
=7. 114E+0L
»7. 2826E401
=7. 31326401
7. 3832E+01

-7, AS26E40L -

-7.5213E+01
7. 5893k+01

=7, 65b3E+01

~7. 1236401
~7. 1899401

-7. 8555 +01

~7. 9205E+01
-7, 9849E+01
+8, 0487E+01
-8. 1119E401
-8, 1745E+01
-8, 2365E+01
-8. 2979E+01
-8, 3588E+01
-8, M9IEH)
-B. 4788E401
-8, 5380E+01
-8, 5966E+01
-8, 6S4TE+01
-8, T122E+01
-8 7691E+01

~8. 8256E+01

- 8. 8314E+01

-8, 9358E401
-8. 9917E+01
8. 9632404
8. S093E+01
8. 8360E+01
-8. 8032E+01
8. TO07E+01
8. 991EH1
8. 64788401
8. 5970£401
8. SA6LE+01

8 4968E+01 -

8. M7AE+04
8. 3784E+01

8. 3499E401
830196401

W




1355200
143200
1345202
V65T

182(E0
1925500
20702127
4115
2210200
2305200
24 1210

b

-

26 ’“'O
1 287‘35 w"
LR

1. 306535+00

, 1. 3184270

R ' = g 32552+00
‘e _ ‘ 1. 3355+
‘ 1. 3445500

i
i
1
t
{
1
!
1
B
t
1
f
i
1
1
1

1. 37262460
1. 38055400
¢ 1. 395700

1, 4015800
1. 16500
1, 4205E~00

1 ‘{Ju 4“57()0

i

Ao
o

3 ‘i:'
T

13

2

‘*’n

~J
L=
VITY )
b4
-

;l—-»l Y

G1Ezeud

w

1055-00

o

B, P Sy N SR A, |
G 4 =

Fosds <3 tp ol oo
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&?‘O}LTO‘D‘O‘CF
.

P e e b b o bt b e g e e s e e e b e e e e
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17:32-

oOi.:'r) ’

-1, Tb88E+1
-1, 7167E+01
-4 bb71EM1

-1 b21E+01 .
-1, S779E+01'¥

Y ‘Vm

-1. 537¥ERI
-1. 984E+01
-1, 4621E+01
-1. 8275401
-1, 3945401
-1. 3631E+01
-1, 3331E401
~1. 3044E+01

"-1. 2759E401

-1, 2506E+01

" -] 2253401

-1. 20108401
-1 17766401
-1, 15506401
-1. 1333401
-1 11256401
-1 421E+01
-1. 0725401
-1. 0534E+01
-1. 0353E+01

-1. 0173€+01

-1. 0003E+01

-9, 8363+00

9. 6745E+00

- =9, 51736400 -

-9. 3b47E+00
-9 2163E+00
r9. 0721E+00
-8, 9317E+00
-8, 7952E+00
8. bb2ZE+00
-8, 5327EHY
-8. 40696400
-8 2835E+00
-8. 1535E+00

" -8, 065EH0D -

-7. 93Z3E+00
-1. 8205E+00
7. T120e+00
-1. 60576400
-7. SO19E+00
-7. 4004E+00
~7. 3012E+00
7. 2042E+00
-7. 1093E+00

=7. O145E+00

~b. 9257E+00
-5, 8348E+00

-5, TA9BEH00
“b. 6HALELO0

-b. 5811E+00
-b. A993E+00
-b. A192E+00
-b. 3407EH)0

-5, 2637EH00 _

- 8, 25436401
: 8. 20726401
8. 1605E+01
8. 11436401
8. 0685E+01
8 0231E+01
7.9781E+01
7. 9335401
. 7.8894E+01
e T 7.BASTEHOL
et 7. 80246401

- 775946401

- 7, 71696401
' . 7, 67486401

% 7, 6330601

7. 5917E+01

. 7.5507E801

> - 7. S101E+01
7. 44986401

\ 7. 4300E+01

- . 7.3905E401

. 7. 35136401
_ 7. 31256401

- Yauesl
7. 3406401

7. 19826401

7. 1608E+01

7. 123TE401

7. 0GT0E+01

-\ 7. 0S0LE+01

. 7. 01401

& 18TEHOL

' b 9A3EH0L

&, S0B1E+01

& ST

b, 3836401

b, SOME+0L

&. TT06E+01

b, 73706401

. &, 703TEX

. b 6T0TEHL

&, 6379E+01

& 0SAE+01

&, STREHOL

&, SHIEH0L

. SO9TEHO1L

b, ATSIEH0L

b, MTZEROL

&, HBIEHL

b, 3F9EH0L

& 35SFEH0L

R . 325501
- i

. 239E+01
. 2078E401

6. 17906401

b. 1504E+01
6. 1221E401
5. 0740401

b, 26b1E408°

¢

—
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0‘5‘35 )
Lﬂ’l\‘»
.:=:+(‘), )

LTI -ho
TOLTREA
¢ 1. 79108200

1. 80052+00
1. S107E-00
( . 1. 8L73E+00
1 §200E+(0
1 8383E+00
{ ¢ 11 8E5IEHN)
1. §575E+00
1. GE70E+)0

( 1. 87556400

1. 8360E+00
. . 1. 8935E+09
. . 1. 905CE+00
» . 1, 91456400
L 92480E00

( O L93IE0

: 1. 94305400

1. 9525600

¢ 1. 95206400

| T L 97ISED
‘ 1. 98L9E+00

< . 1, 9905E+00

2 QO0UE+()

- 5% -

-6, 1883E+00
-6, 1143E+00
-5, O417E+00

N -5 9705E+00
-5 9007E+0D °
-5, 8327E+00
-5 7649E+00
=5, bY5IEHD
-5 BIAIEH0

. -5, 5705E+00
-5. 080E+00
-5, M466E+00
5. 3088E+00

. -5. 3270E+00

-5. 2688E+00
-3. 21146400 .
-5, 1534E+00 !
-5 1001E+00,
-5. 0458E+00
" -4, 9924E+00
~4. 9398E+00
-4, 8882E+00
-4, 8373E+00
-4 7874E+00
-4. 7382E+00
4. 489CE+00
-4, bA22E+00

-4, 59SEH0 .

. =4, SA9ZE+00
o -4 SO3BEHO
" -4, 4S91EH00

~b, H5LE+00

b. 0661E+01
| 8. 0383+
" b O111E+0]
5. 9839E+01
5. 9565E+01
5. 9302E+01 -

9. 9037E+01 -

5. BT7AEH0!
5. 8513E+01
5. B254E+01

3. 7997E401 -

3. 7142640}
5. 7490E+01
5. 7239E+01
5. 6990E+01
9. b744E401
5. 6499E 401
5. b256E+01
9. 6015E+01
9. OTTEE+01
5. 53396401
5. 5304E40!
5. 5070E+01
3. 4839E+01
5. 4609E+01
5. 4381E+01
5. 4154E401
9. IF30EH0L
9. 3707E+01

. 9. 348LEH01
5. 3266E401

S 3048e+01




analyzed, the starting and final freqdehgies. This output will produce

'200 lines of data coniéining the frequency, magnitude, and phase between i

the specified limits.

S

When the output is complete, the teletype prints out the

following

- |
Do ,YOU WANT TO ENTER NEW FREQUENCY LIMITS? i
TYPE IN YES OR NO

PR

This output will also occur if a NO reply was given to the requejt of
a p}intout of the Bode plot. We now have the opfion to repeat the
analysis with new freqdency limits (YES) or go on to the next.step

(NO). A response of NO results in ‘

) . a,

DO YOU WANT TO START OVER AGAINT ‘!
TYFE IN YES OR NO & I

The option is now given tb us whetherga& wish to enter a new TF
4.'( N

(YES REPLY) or to end the analysis with,a’{;sponse on NO.

o f

Another feature which was programmed into ANALY was the
case of incorrect respohse to thé questions asked. If the response

to the question is not correct an error messagé will be typed out.

P




.76 clarify this. point let us use this question

-,
E A
3 N . . e

"WHICH EO YOU MAN£7 . “BADE OR NYQT?
‘TYFE I& RORE OR anT T

o
T v

RQTE .

The -user has typed ¥n BOTE, the comjuter takes this’ response and

prints eut  .° -

& Al

The user now types in the carrect respbnse.‘>fhié %baiu*é has bééﬁ .

incorporated into all’ questions requesting a response Th%s error

-

message is also incorporatedinto the specification of. thg frequenéy /

“ v

limits., If incorrect limits are insérted as 1n the case bglqy

n:;

\ . - i . B ;. « 4 . By
- ‘ !
P . ' ) ..
. - Yot e
* " “L l v ' 5 Tos *
. N - a
[ ! Y .

ENTER THIF STARTING FREGUENCY CIN RAIZSEDY = 5 vy

FNTER THE FINAL rhhhuéacv(xﬁ ROD/BECY L

the teletype will prinf

v FRROR YOU MAVE SFECIFTED ILtE(ﬁl 'RE&ugﬁgi hiHLTS‘g\
- EASE TYFLD IN COthfr LIMITS BTSN Lo

'




The user must now go back and type in the correct limits. N

e

© 2z

y Now that we know how to use ANALY, let us consider the

‘analysis of the following system function (8)
* |
’ ? j i
- TR(s) = 21516 7 (3.6)
sY + 721" + 1.061S + .437 ’

The analysis of this function will proceed in the same manner as in
the previous case. This analysis will proceed in a step by step -
manner withbrief explanations given at certain steps. r

STEP 1. . ‘ ' ’
[0 YOU WISH TO ENTER YOUR OWN TRANSFER FUNCTION?

TYFE IN YES OR NO

YES

STEP 2.
ENTER THE ORDER OF THE TRANSFER FUNCTION
ORDER=3 ' . &

STEP 3. )

"ENTER THE COEFFICIENTS OF THE TRANSFER FUNCTION

i
!

COEFFICIENTS BEING ENTERD FROM LOWES T TO HIFHEQT ORDEFR | <©

COEFFICIENT OF Sxx O
o

NUMERATOR=2,16 - @ . “
DENOMINATOR=,437 ‘ N
COEFFICIENT OF S%%-1 l
NUMERATOR=0.,

anOMINATOR=1.osﬁ

COEFFICIENT OF S5%% 2 o

NUMERATOR=1. &

DENOMINATOR=,721

1Y




COEFFICIENT OF

Sk 3

NUMERATOR=0. L -

¢ DENOMINATOR=1.

DO YOU WANT A PRINT OUT OF THE COEFFICIENTS JUST  ENTERED?
TYPE IN YES OR NO ( ) )
LI . *
STEP 4. S S ‘
YES \
- L
) XXk TRANSFER FUNCTIONXXX
COEFFICIENTS NUMERATOR . DENOMINATOR
SXX 0 . 2.1460000E+00 ‘ 4 ,370000E~01
Skxx 1 : 0.000000E-01 ‘ 1+061000E+00
SXX 2 1,000000E+00 7+210000E~01 | .
. Sk%x 3 0.,000000E-01 1.,000000E+00
) ARE /YOU SATISFIED? ‘ :
s T IRYANSWER IS YES RODE-  PLOT REGINS ‘
_IF THE ANSWER IS NO RE-~ ENT&R COEFFICIENTS f/>\ i
“TYPE IN YES bR NO - » ;

o . : ,
YES e ’ :
cN ¥ ’ N ¥

STEP 5.

ENTER THE K STARTING FREGQ%}CY(IN RAD/SEC)=.1

ENTER THE FINAL'FREQUENCY(IN RAI/SEC)=2,5

; STEP 6. q
| P 3
N WHICH ID YOU WANT?. BODE OR Nv@r? | | .
' TYPE IN - BODE OR NYGT SRR
. BOLE ' B ° ! N

D

The answer of Bode results in Fig. 3.5.

\

S
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STEP 7. ' a

f : - e
B o .

ﬂEThLlED FXﬂMINATION OF THE PLO! 18, OBTAINEDR ‘
|
t

EY - TYFING \{N AN INTEGE§ NUMBER FROM 1 TO 401
© TOD EXIT FROM THIS MODE YPE IN INTEFFR »401
’ ~—TYFPE IN INTEGER -
- STEP 8. ) : Y
. . - - ¢ ! '
139 : , "
’ -

This integer entry results in the cursor being positioned in

Fig. 3.6. ‘ :

232 : ’

o ; Tst integer entry results in the cpﬁéor beMng positioned in
* " . J

* Fig. 3.7. : . ' L,J/

-

TYFE IN YES OR NO

’

- 10 YOU WANT NYQUIST FLOT? l =
|
s

YES
*This answer givés us Fig. 3.8. . .
“STEP 11.° ’ ’
- N . | ;
7/ﬁ : DETAILED EXAMINATION OF THE FLOT IS DRTAINED
BY TYPING IN AN INTEGER, NUMRER FROM 1 TO 401 i

- TO EXIT FROM THIS MODE TYFE IN: INJEbP »&401€

Vﬁr . TYFE IN INTEGER . .

180

®
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. ) i - 6§j m S
a < . 4 . -4 s

_This intéger gives us Fig. 3.9. Let us riow study Fig. 3.9. ‘otice,

": -

how a 71 appears on the horizontal ax‘is. This -1 onl‘y a'ppears when

E »the TF that is being studied is such that the correspond1ng closeﬁ loop

transfer function‘becomes unstable. = i\ v,
. . }
o STEP 12, - g N
. ‘ . DO YOU WANT A PRINT UT OF' “THE BOPE FLOT? , )
o . TYPE.IN YES OR NO -, , . ;N
; bl.* 1_. - . ' - , L . .}" . ‘. -» N /”(_f
. 'YES f N ' f
The output 1s shown on the following page. " 7
. .ﬁQ | STEPI3. p : . '
T . - DO YOU WANT TO ENTER wa FREQUENCY LIMITS? |
e " . TYPE IN'YES OR NO o R
s . 'f' . . + .- ’ . Y
N - -'
o s,- © h . 7 ' , (\\/
. B ‘k' 'y / . -
o .STEP“I4 . ~ .‘ \ \'»‘ P
' o ¢ | :
' 5O YOU WANT'.TO JSTART: OVER ABAIN? b
. * 'TYPE IN YES\OR NO
. ‘ ND" ‘ -or | I
ot §TOF -- e ‘ b
L RN : , .
ML . ‘ ~ Lo . : o
— \ STEP 15.: : . ' , <
. . . ir .o “ . v‘ .. -, R / ‘ ~
) Th‘ls campletes the lysis. The operation of ANALY has ’been fully .
5 dfadussed and i more detaﬂed information is needed it is given in
. =S
‘. Appendix v. . R o
" " I - - '{ ’ ‘ \
\ \‘ T *  In the thrd step of design process, we saw how man-computer
. - ° . interaction and computation were 1ntegrated to)btai n the Bode and
\' y o N,yqoi‘s,t_ p]ots. By. having the knowledge to operate the programs LADNET,
¢ . ' o . . C oo, . ’ .
S s : . o -

e
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/ -
{ ° ,
. N )
. - \N = 67, -
¢ ##+TRASFER FUNCT[DN##s o
g OGEFFICIENTS NMERATOR .\ DENGHINATOR
' g8+ 0 2 1500006400 4. 370000E-01 o
€ Gas 1- 0. 00000CE-01 T 10510006400 ,
: G4x 2 1. 000000E+00 7. 210000E-01
G+ 3 0. QO0XE-01 ' 1.000000EH00 - |
( ' . IE PLOTH#
: - STARTING FREQUENCY= 9. 9999998E-03 RAD/SEC
{ FINAL FREQUENCY= +00  RAD/SEC
{ FREGUENCY ' HAGN TUDE
: "1, 0000E-02 1. 8751
2 2450602 ° 1. 38B7E+01
( 3 M00E-02 5 1. 3B4EH0L
4, 7350E-02 . 1.3836E401
‘ 5. 9300E-02 1. BUEHL |
( 7. 220602 - 1. 3787E+01
8. 4700E-02 , 1. I7SLEOL
) 9, 50E-02 ; N . 37226401
¢ LO9BOE-0L 1. 3%E+01 §
1. 22056-01 ' 1. 3MEH0
1. 3450E-01 1. 3595E+01
¢ / . 4495E-01 , 5 1. S4TEX0)
: 1. S9306-01 we L1 UITE0L
g 1. 7185601 ’ 1. IMLEH0L
1 ( 1. B430E-01 1L 3BENL -
: 1. 9673€-01 1. 3326E401
. 2. 0920E-01 ’ 1. 3265401
( 2 2801 T - 1. 3204401 )
e 2. 3410E-01 . 1. 31MEX01 -
2 ASSE-OL- g ) 1:9077E+01
( 2 5900E-01 : 1. 012E401
, > . 2. T145E-01 o7 LATERL | Y
‘ . 2 8390E-01 - 1L2682EH01 |
O - 2. 963501 1. B17E+01 !
3. 0830E-01 1. 27526401
, 3. 212501 , 1. 26886401 .
( 5 3. 330601 S 1. 26256401 *
3. 451501 LOBREEOL
3. S840E-01 . 1. 25026408
. \ B 7M05E01 1 24436401
y . x| S ) 1.2386BH01 . i
3. 9595E-01 ) | 2BIEW 0
4, 0340E-01 o LunE Y
4.2085€-01 : 1. 22266+01 :
- % 3330E-01 L2IBIEROL . .
e "4 ASTE0L : k 1 HYEOL
4, 5B20E-01 1. 2095401 ,
4 70h5E-01 C e 1. 2057E+01
Y ) 4. 831¢E-01 1. 2023E+01
4. 9555€-01 . 1. 1993401
5. 0300E-01 : JL19BEL
<5 5 2045E-01 7 1. 1945€+01 \
. @ 5 moee-01 1. 1927E+01
. 5. 45336-01 v 1 s 119156401
{ 5. S780E-01 -, 1 190701
: 5, 7025E-01. . " 1 1905E+01
v 58270601 <, -
b . 59515800,
- 5. 0760E-0 .
P X “ s

wt

* =2 257500

- -3 9B49EH00
~. 5 THTEX0
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TRANF; and ANALY we are now prepared to do an entire analysis of a

ladder network. This ends our discussion in the development and oderatjgn

,of the LNA package.

In Chapter 4, we will study a 10th order Elliptic'band~Pass
~ filter using the acquired knowledge of the LNA package. In addition
to this study, we will also consider the Qtability of a system function

employing the features built into ANALY.
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* 4.1 INTRODUCTION .7

—~

In Chqpteré 2 and 3, our discussion was concerned with the

development and doperation of the LNA package. This discussion enabled
us to obta%n the necessary knowlédge“to.utiliie,LNA in an analysis
sFu&y. The LNA-package will\be utilized in the analysis of a 10th
order E1liptic Band-Pass filter: Thislanalysis will deal with the
‘construction of the filter, the calculdtion of the TF and DPF, and the

;response of the filter due to designed component values, as wel?l as

)

~N n = !
the'changé\in/fé§ﬁgggé due to variations“in the component values. In
—add1t1on, we will analyze a system fync$1on us1ng the feature incorporated
into the ;:Bgram;ANALY. The ana\?b1s of the system function shall

determine the range of the gain factor for which the system will be

L
PR

~ stable. , ' ' o
L
‘

4.2 LNA OF A T0TH ORDER ELLIPTICAL BAND-PASS FILTER

The Elliptic Bapa-Pass filter thatis going to be analyzed

is illustrated in Fig. 4.1. This filter will be analyzed using normatlized

t

component va]b%s. This approach is taken s

that overloading the computer

w111 not occur. The filter components are calculated according to the

(1),

follow1ng.cond1t10ns

R] ; q7‘= 1 ohm

]

Centre frequency wy = Jd rad/sec.
Q=2
Selectivity factor = .99

' Band-Pass ripple = 1 db

vy
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. N / )
" as follows (Fig. 4.1).

v is entered into the computer and the display of Fig. 4.2 appéars on the

&

The component values using the .ahove conditions were cglculated to be

r.o r

o r o - o r o r
o o o, o A s

- 74 -

.~

(m)

= .3913281678 H
= 2.554 F

-+

= .1085257638 H

(@]
W w w w N [ZV]
! ' -+

= 5.22834929 F
=..1912649566 H

[ 2 aed

= 9.214401862 F
= .4153858935 H

l2/. 4074 F

+

+

= 36.60667366 F

= .0273174233 H
= 60.34894521 F

.

= .9184 F

= 0165702979 K

= 1.093613298 H’

~

*

o=

Having calculated {tﬁe component values and establisin‘ng the ﬂ'lter

configuration (Fig. 4.1), we are ready to perform the 'ana'lysis.

the component values through the program LADNET.

CRT.
outhned in Chapter 2.

the procedure is repeated for each subsequent component of the filter.

N 4

We begin the .analysis by constructing the filter and entering

The program LADNET

we enter the components on the ’ladder by following the proéedure

This procedure is shown in Fig. 4.3 to 4{ and

~
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LOCATION 9

I8 A SHUNT ARM - %

LOCATIUN 4

THLE LH AN OPEN'CIRCUIT WHOSE ADMITTANCE I8= 0,0

LOCATION 5 1§ SERIES ARM ‘
ELERENTS COMBINATION PARALLEL INDUCROR
ENTEFR, VALUE FOR INLDUCTOR

UALUE (NILLT-HENRIES)= 1912649566
ENTLCI. VALUE FUR CAFACITOR ‘
VALUE (HICRO-FARALS)=  9214401,862

LOCATION 6 15 @& SHUNT AR *

ELEMENTS COMERINATION FARALLEL INDUCTOR®

ENTER VALUE FOR INDUCTOR
VALUE (MILLI-HENRIES)= 413,3858%933

ENTER VALUE FOR CAFACITOR
VALUF (MICRD~FARADS)= 2407400,

LOCATION 7 I8 A SERIES ARM

. ‘ Y \ Y
CELEMENTS COMBINATION FARALLEL IﬂDUCTDR

ENTER VALUE FOR INDUCTOR

UAth(MILLI HENRIES)= 16,5702979

ENTER VALUE FOR QAPACITOR
VALUE (MICRO~-FARADS)= 36606673.46 .

LOGﬁTIUN 8 .[5 A SHUNT ARM

T‘ﬁa

ANII CAPACITOR

ANII CAFACITDR

ANDN CAFACITOR

THIH I8 AN OPEN CIRCUIT WHOSE ADHlTIANCE’ﬂQ— 0,0

IS A SERIES ARM LR

ELEMENTS COMRINATION PARALL&L INDUCTOR ANI LAFAClTOR

ENTER™VALUE, FOR INDUCTOR
prUE(MILLBthNRIES) 27,3174233

ENTER VALUE FOR CAPACITOR L

UALUh(MICRO ~EARADLS) = 6034894d0&
IP \ "

a

*
14

T v

'
i

SRS



! . - LOCATION'10 IS A SHUNT ARM
s - ¢ J
{ A

{ ELEMENTS COMEINATION FARALLEL IN
ENTER VALUE FOR INDUCTOR '
VALUE (MILLI-HENRIES)= 1093.613298

ENTER VALUE FOR CAFACITOR
- VALUE LMICRO-FARADS) = 914400, .

LOCATION 11 IS A SERIES ARM

a

_ THIS [S. A SHORT CIRCUIT WHOSE IMFEDANCE IS = 0,0

LOCATION 12 1S A°SHUNT ARM

. ELEMENT IS A RESISTOR N :
0 ENTER THE VALUE YOl WANT IN KILO-OHMS

« VALUE (KILO-OHMS)= ,001 |
LOCATION 13 IS A SERIES ARM \
\ "L KKKKKWARNING NO ELEMENT WAS INSERTEIkkY

4"' /

N >

’

- " and theqiéletype'prints out the following.

é

« 1Q

WWETOR AND CAPACITOR.

- ' The component values are entered and we are now prepared
to obtain the TF and DPF. We strike the command TRANSFER FUNCTION

(Fig. 4.17) which results in Fig. 4.19.. Again, we éoﬁfirm the command
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 VALUE(KILO-0HMS )= 1.00000005E793

! | - 9 -.

" KXKKKLADDER ELEMENTS ANI! UALUES****? |

“?

OCATION 1 IS A SERIES ARM Coq
LEMENT 1S A RESISTOR /

LOCATION. 2 IS A SHUNT ARM
ELEWENTS COMDINATION PARALLEL INDUGTOR AND CAPACITUR
VALUE(MILLI-HENERIES)= 3,91328156E4+02

"VALUE(MICRO-FARADS) = 2,.55400000E406 AR ” . .

[

LOCATION 3 IS A SERIES ARM : . R
ELEMENTS COMBINATION FARALLEL INDUCTOR AND CAFACITOR
VALUE(MILLI-HENERIES)= 1.:08525764E+02

VALUE (MICRO-FARADS)= 5,22834950E+06"

LUFATIQN 4 I8 A SHUNT ARM

THIS IS AN OFEN CIRCUIT NHOSE AHMITTANCh IS =0.0
LOCATION 5 TS A SERIES ARM ’ e
ELEMENTS COMEBINATION FARALLEL INDUCTOR AND 'CAFACITOR
VALUE(MILLI-HENERIES)= 1,912649%4E+08 ‘ ..
UﬁLUE(MICRO*FARADS)= P 2T440“00E+06 te )

LOCATION 6 IS A SHUNT ARM . | A
ELEMENTS COMBINATION FARALLEL INLUCTOR AND CAFACITOR @ °
VALUE(MILLI-HENERIES)= 4,15385895E402 . [
VALUE(MICRO~-FARADS)= 2, 40740000E+06 \ , g

LOCATION, 7 IS A SERIES ARM ' ‘ s
ELEMENTS COMEINATION FARALLEL INDUCTOR AND CAFACITOR |
VALUE(MILLI-HENERIES)= 1,65702972E+401 . f
VALUE(MICRO~FARADS)= 3,4640646720E4+07 -~ f-




- 97 « '
M 1
LOCATION 8 IS A SHUNT AarRM ‘ ]

THIS IS AN OPEN CIRCUIT WHOSE ADMITTANCE IS =0,0
LOCATION .9 IS A SERIES ARM )
ELEMENTS COMEBINATION FARALLEL INBUCTOR AND CAPACITDR
VALUE(MILLI-HENERIES)= 2.73174229E+01 ,
VALUE(MICRO-FARANS)= .6,03489440E+407
X, ~7)  LOGATION 10 IS A SHUNT ARM .
ELEMENTS COMEINATION FARALLEL INDUCTOR ANI' CAPACITOR
UALUE(MILLI-HENERIES)= 1,09341328E+03
VALUE (MICRO-FARAIIS)= 9, 14400000E+05 ®

. LOCATION 11 IS A SERIES ARM .
*  THIS IS & SHORT CIRCUIT WHOSE IMPELIANCE 18 50,0

LOCATION 12 IS A SHUNT ARM R
ELEMENT IS A RESISTOR ‘ ' o
“VALUE(KILO~0HMS)= 1,00000005E~ 03 )

ARE YOU ,FINISHED? - - )
TYFE IN YES OR NO o

T ’ U
. 5

] fhis output is checked in order that the components and their values

Y
are correct If we are satisfied a YES reply 1s;g1ven to the question

'in the above output. This reply gives us the following message ' e

AN

AN \ ' T

TO CONTINUE THE LADDER ANA;YSIS\ANg;OBfAIN‘THE L,

* TRANSFER FUNCTION TYFE IN RUN RKL:TRANF !




_If a reply of NO was given, we would return to Fig. 4.17 aﬁd‘makp

R . ] '
! ' . the proper corrections. S

+

° ~

we ‘follow the message above and type in RUN RKI TRANF
which results in the teletype to pr1nt

.
— r s’
- \ . .
.
0 "’W k7 -
. AR "
4 .

L0 'YOU WANT TO ENGABE SCALTNG ROMPINET
TYFE TN YES OR U -

" . I o , .
W S
3 M ‘ ’ - - N \
v o .
. AR
o . -
.

Since the filter is norma11zed we do not need the scallng routine.
We enter a NO' and the computation of the TF and DPF beg1ns ibWhen “the *
computation is comp]eted the teletype prints out the Tthnd DPF as

be]ow.
. , KEHTIAMEIER FUNC L TONYO#X

caLwrfchNrb - NUMERATOR : LENOMINATOR

‘ 8x% ¢ T 0,000000E-01 - 24304034E-01

SHK 2,649 /Y GE-0D b 1094303501
S¥k' D 0., 00000NKE~Q 1 T 1L 2719BLES O

SXk 3 1214w ] yE~0L : \ 4,B28747E-0)
Skx & . < 0.0000U0E~0L . L 2.679IBAE+00
e e T BRAN Fo9221 /2E~-01 . 7 PL3314E-01
Skk o 0, 000000¢E~01 ' D eb7BYREEFGO

SR Le2LAY19E-0L 4, 828435E-0
. Sxk ¢ 0 O0UG0OE-0L -y , 1+ 271670E400
Sk ¥ , 20649790E~02 T - Le094163E-01

. S¥%LC . 04000000E~01 | 2.303268E-01L

i , » / : .

?




)

XX 0 1,729345E402 TL729BE5E-02
Sx% 1 8,213633L-03 - 4,10&710E~03
. S¥x 2 ?.546860F~02 P A72227E-02
't Sk 3 3B2434BE-02 . 1,812087E~02
T SXk 4 ) 2,010934F-01 - 1,986741E<01
Skx 5 5.639354F~02 2.819438E~02
SKX & . 2,010805E-01 1/986600E~01
Skk 7 3.46241341-02 1.,811852E-02
Skx 8 954491 7E~02 vk L 9+470264E-02
- S%X 9 - 8.212087E-03% 4,105665E~-03
. SkX10 - 1472B790F-02 1N 728790E-02
A - 1 , * - N
TO CONTINUE THE LADDER NETWORK ANALYSIS FACKAGE -

_ TYFE IN RUN
: STOF -~

b

\U.A |

lENTS\\_)
-

}
1
i

‘ COEFr 10

. »

L]

NUMERATOR

RK}:ANALY TO PERFO
Yoo

&

Having obtained the TF énd DPF, we proceed to analyze the

Y

7 filter by typing-im RUN RKT:ANALY.

[0 YOU WISH TO ENTER YOUR OWN TRANS
TYFE IN YES OR NO

NO

- y

XKADRIVING-FOINT IMFEDANCEX KX

-~

DENOMINATOR

RM BORE AND NYQUIGT PLOTS

.

s

v

The teletype prints out the following:

i
i
i
P

.

FER FUNCTIONT




a tos \

_ A N0 is entered, and the teletype prints

P

) f h . \ h‘ i . . . .l
E.N'TER THE STARTING FREQUENCY(IN Fx'ﬂllVSlZC)F ,/
, ENTER THE FINAL FREQUENCY-L IN RATIARSEC Ye ' /.f
} ] A
\ 4 ) .. . n /
. » . g h i Y"
' We enter the frequency limits below and the computer begins to .
. . 2 ' ' " ',, , ¢
calculate the Bode and Nyquist plots, * ' ,/
) ‘ ;
© ENTER THE BTARTING FREQUENCY(IN RAD/SEC)=, 1
& . . . N v i . -
‘ ,/‘ ENTER THE, F'Ii‘gﬁL FREQUENCY (IN RMZ!/SEC)/::L‘?
e . " K
//' ¥ . . \ . . \
. . :'ﬂ
- When the calculations are completed the following question is ’
’ DR B

printed.

[ - s C |
WHICH DO YOU WANT? " RODE OR NYQT?Y
TYPE IN RODE .OR NYQT -

(&%)

AN

t
!
i

. RODE

. .
~ . . . i\
. ! >

We type in BODE which gives us the plots Shown in Fig. 4.20. The

plats oF/ Fig. 4.20 are inappropriate for broper analysis, and therefore

1

1. o 4

, .

T
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they are further exphnded by entering new freqﬂégiyllim{ts below.

- ' \

]

ENTER THE STARTING FREQUENCY(IN RAD/SEC)=,5417

v, ‘ . e . 2
ENTER THE FINAL FREQUENCY(IN RA[_I/S(ECNSI +9 P )
(Y
.\ R ; ‘ /
“‘ . . P )
‘\‘\ e . ‘.\ ’ )

L]

These new limits result in-Fig. 4.21. The plots of Fig. 4:21 represents
the ‘response of the filter; the upper portion is the magnitude plot

'_\\and the lower pottion is the phase-plot. (The piots of Fig. 4.21 can

be further investigated by placing cursors at various points of the
piots. Figs. 4.22 to 4.24 show where the cursors have been placed to

“indicate the magnitude, ohaSe.'anq frequency.

‘Let us go back to -Fig. 4.21 and study different sections of .

) ) the plots more\closely. The first section to be considered {s the%

- .response of the filter before the pass-band region. This sectioﬁo¥5\
:shown in Fig. 41§§f We ana]yze Fig. 4.25 by p]acing a cursor at the
first dip in the‘response. This is illustrated in Fig. 4.26. The
second section of intereet is .the pass-band region and this is shown
in Fig. 4.27. Again, we place a cursor in the mid secti6n of Fig. 4.27
and this.is shown in Fig. 4. 28. The Tast section to be analyzed'iS\
the response after’ the. pass- band‘%égion which 'is shown in Fig. 4. 29

‘ we place a cursor at the last dip of the response in ng. 4.29 and

this is shown in Fig 4 30. ' -

* Ne have made a detailed analysis of the f11ter response by

\\way of the Bode plot We continue to study the fi]ter by obtaining

~ ¢

. -
’ . -
- N N g 4 i) Mot ot P
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its Nyquist plot. Us{ng the same frequency limits as that of Fig. 45,
we obtain the Nyquist plot s;hoyn in Fig. 4.31. At this.point of the
analysisy we obt'ain a printout of the Bode and Nyquist plots of
Fig. 4.21 and Fig. 4.31 by following the procedure in Chapter 3. These

.prin'touts are given in Alppendix V. -,

4.3 SENSITIVITY STUDY OF 10TH ORDER ELLIPTIC BAND-PASS FILTER

" The filter stud)\is contmued by 1nvest1 gating the response
of the filter due to compohent variations. To perform th#s study, we
return to the program LADNET. . We run LADNET and Fi g. 4.18 appears on
the CRT. We v;ry the component values by s”trik/ing the cyinm_and

SENSITIVITY. We.confirm it and the teletype prints:

v R * Y
. \ , .
o) e o * 2 . !
* . SENSITIVITY QTULIES ARE MADE RY INSERTING A FLOATING
L AY - - ’ ' .

NUMEER BETWEEN 4 OR - 100 FOR CACH ELEMENT(S) LOCATION & |

b ' . . R

The response of the filter will be studied when the inductors are

]
varied by 5% and capacitors by’'-5%. We proceed to enter the variations

by striking each component. "These variations are given below: .

LOCATION 2 IS A SHUNT ARN l

Z VARAITION ROR INDUGTOR=S,
. NG
% VARIATION FOR CAPAGITOR#~S.|

\

-
N




’\.

ssed-pueg St

A

23S/ped §/7° 3P JYIBY SSOL) UM
3d1113 49P40 UIOL 40 I3S/PRA 67| PUR /PG’ USIMIIQ 30Ld ISLNDAN

s

ey "bid

<

- 114 -




. TLOCATION 3 IS A SERIES AKN

% VARAITION FOR INIUETOR=S.

% VARIATION FOR CAPACITOR=-S 4

~ ., ’ /

N\

% VARAITION FOR INIHICTOR=5,

% VARIATION FOR CAFACITOR=-D.

-

LOCATION & IS A SHUNT ARM

Z VARAITION FOR INDUCTOR=S,

7( VARIATION FOR CAFACITOR=-5.

: K
LOCATION 7 IS A SERIES ARM-
Z VARAITION FOR INDUCTOR:=S,

% VARNATION FOR CAFACITOR=-5.

|

. -

LOCATION S IS A& SERIES ARM

i

1
|

i
)

LOCATION 9 IS A SERIES ARM .

7% VARAITION FOR INDIUCTOR=S,

% YARIATION FOR CAFACITOR=-5,

-

LOCATION 10 IS A SHUNT ARM

% VARAITION FOR INDUCTOR=5T

% VARIATION FOR CAFACITOR=-5,

o \

PN
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r . ' . ~ ~

Once the above step is completed, we striﬁ\the command
TRANSFER FUIVCTION confmn it, and obtai n the output below.

K .

»
Py
‘

VL A

KAKKKLADDER EEMENTS ANI. UALUESKKKKK .
\ . N 1]

: ) N\
LOCATION 1 IS A sqglﬁﬁ ‘ARM ¢

ELEMENT IS A RESISTOR

VALUE (KILO-OHMS)= 1.00000005E~03

LOCATION 2 IS A SHUNT ARM S
ELEMENTS COMBINATION FARALLEL INDUCTOR AND CAPACITOR
VALUE (MILLT-HENERIES)= 4,10894531E+02
VALUE'(MICRO-FARADS)= 2,42630000E+06 -

LOCATION 3 IS A SERIES ARM

ELEMENTS COMBINATION FARALLEL INDUCTOR AND CAFACITOR
VALUE (MILLI-HENERIES)= 1,13952049C+02 - o
VALUE (MICRO-FARADS)= 4,96493250E+06

- o
t

LOCATION 42IS A SHUNT ARM a
THIS IS AN OFEN CIRCUIT NHOSE QDMITTANCE 18 ~0 0 : -

v

LOCATION 5 IS8 A SERIES ARM X .
ELEMENTS COMEINATION FARALLEL lNUUCTOE ANK CAFACITOR
VALUE (MILLI-HENERIES) = L 00828 1BE+02
VALYEXMICRO-FARADS Y = 8.75368200@}06

LOCATION 6 I9 A SHUNT, ARM :
ELEMENTS COMBENATION FARANLLEL INTUCTOR AND CAPACITOR
UALUE(MfLLI"HENERIES)” 4.361551820.+02 '
VALUE(MICRD-FARADRS) = ¢ 287030005406

Py

|
i
LOCATION 7-16 A SERIGS ARM’ ~ {
ELEMENTS COMEINATION MARALLEL [WGUCTOR AND CARACITOR
UALUE CMILLI ~HENERTES) = 1,73988113C+01 |
UALUE (MICRO-FARADS)= 3. 47763400L+07 S
' f
!

-

[} -

LOCATION 8 15 A SHUNT ARM
THIS IS AN OFEN.CTRCUIT WHOSE AOMITTANCE ‘IS =0.0 t

R . !
s .

Ub! ¥ ha

s
I SEER RIS TR w2t LS




“ . ¢
LOUATION 92.1% A SERTLS ARM. -

v ELFRMENTS COMBRINATION FakALLEL INUUJCTOR ANIUCAFACL TOR |

T VAL UE (MILLI-HONERIFS) s 2, 868329048 +01 ’ .
YALUE (MICRO-1ARALS) = 3,75315000k¥07

lU(nTTON 10 T8 A SHUNT ﬁRM

CLEMLNTS COMBINATION PARALLEL INTHIGCTOR ANO CAFACT (OR

VAL DE (MILLT-HENFRIES):. 1148292956403 - -

VALUEAMICRO~FARALS) =  8.486800621+05 .

LOUATION 11 78 A SERIES ARM . .

TH1S I8 A BHORT CIRCUIT WHOSE TMFEDANCE IS =0.0

LOCATION 12 I8 A SHUNT ARMT
_ ELEMENT, IS N RESISTOR
'UﬁLUI(hIlU UHMS) = 1,00000005E~073

ARE YOU FENTSHEDT
TYFPIE IN YES Ok NO

YES S
. - ¢

Tu CONTENUE THE LARDER ANALYSIS AND OBTAIN THE
& ; -
TRANSFER FUNCTION TYFE IN RUN RNL{TRANF

i
2

' .

We enter the. program TRANF and obtain the new TF and DPF below:

< KRXTRAMSFER FUNC) {ONXKX

v

COEFFICIENTS
SRK
Skx
X%
Xk
%%
S¥K
SXX
Sk
Skx 8
. 8% 4
XX L O

NUMERATOR

.10, 000000E-01

8,97313FE~02
0.+ 000000E~01
4. 103864E~01
+000000E-01
s 476677E~01"°
s O00000E-01
«083349E~D1
+0000G0E~01
8,883730E-02
0.Q00009E-Q)

DENUMINATD&.

L 7 eA30742E-01

3., 7054988 ~01
4, 095219400
1 631098E4 00
84 608384E +00
2VE3150E400
8.586261E4+00
1., 622847E400
4,063747E400
3. 668312E-01
7+ 3358B0E-01

- ’




-

-

.

{

-«

~ KKKDRTUTNG=POINT | HFENANCE %%k

‘ -~ ~ . . «© & ¢
ey . ’ “ : s
! ‘*-f<\\\ ‘ COEFF LCIENTS + NUMERNAT Uk DENOMINATOR
Sk¥ O 1215949 7E~01 . 1.159497E-0
i) S5.7682391E-02 2,891121E-02
» 6. 3P0202E-01 6.335018E~]
3 C 25451 /3E-01 - 1.272518E~01
¢ o 1.343257E400 o 1.325409E+00
5 °3, 9502 75E~01 1,974970E-01
. 4 1.339805E400 1.322001E400
(.- 7 - 2.532299E-01 1.2646000E-01
.- 5 g &.341091E-01 6,286320E-01 R
9 5. 7240%4E-02 2.861589E-02
0 1,144694E-01 1,144694E~01

' . Q
H "- ° / S 4 ¢ . .
.

L ' o ¢

. : ‘ : \
) _TO CONTINUE THE LADIDER NETUWORK ANALYSIS FACKAGE . '
"TYEE_IN RUN RK1:ANALY TO FERFORM BOIE AND NYQUIST FLOTS |
STOF ~— ) . : N . a
, B _ )
.. 1
w We activatcW@BLY and proceeding in the ;}me manner as

.discusséd'previously, we obtain the new plots. Usding the same freqﬁencﬁ b
..'Iimi'tsA as for Fig. 4.21, the new Bode plot 1% shown in Fig. g.32.

. °C;%parigg the p!ofs of Figs. 4.21 aﬁ; 4.32, w:'cgn see that the requgse
1has changed." T? determine how mdhhfchange—has occurred, ]et'us study .

L ' 7
the Bode plot of Fig. 4.32 as we did in fig. 4.21,

"
! We take uthe, ploés of Fig. 4.32 and éxpand the lower section
(:f;the response in Fig. 4.33. The qurs;or Lin Fig. 4.33 is p]acﬁed\ at - )
p the .same point.as that of l-;ig. °4.26. Notice, the slight shift in . ,
the notch between Figs., 4.33 and Fig. 4.26. -The next section is the = _.
pass-band region which is shot‘wn' in Fig. -4".\34. The response in t'hen' ’

;
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pass-band shown in Fig. 4.34 has changed from the plot shown in
Fig. 4.28. We f1na1]y expand the upper section of F1g 4 32 in

Fig. §.35. The response of Fig. 4.34 has also changed with respect
. ‘ By e
to Fig. 4.30. yer s

~
/J

Having COmpIZted the analysis of the .filter, we proceed

, to analyze the stabillty of a system funct1on using the program ANALY <
of the LNA package. 1 /“#’
' i.
- Q ‘

4.4 STABILITY OF A SYSTEMngNCTION USING ANALY

The system function that we are goiﬁg to study is given'

by its open-loop transfer function as: . ’ N

RN v

a®

I s¥(1.8s41) -

L *
L

Then the cﬁrresponding closed-1loop trans%er function will be conditionally’
" stable depgnding upon the gain value  K . To determine this value of

K , we must fiqd the Nyquist plot of equation 4.1,

_To obtain the Nyquist plot, we go directly t&&&he,prod?ém ,

ANALY whicﬁ al]diifﬁf'fb’enfer the coéfficients of the numerator and

denominator terms of equation 4.1, To begin our analysjs we set K=1,
and ‘enter RUN'RKT:ANALY on the teletype..

-

v
—
-
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The output of‘thi,s entry is

2

ne vog WISsH TO ENTER YOUR OWN TRANSFER FUNGCTION?

TYFE TR YES OR NO 3
YES ‘y -
R - .
to which we enter a YES. This rergiyes us Ny

- “

ENTER, THD ORUER OF THE TRANSFER FUNGTTON o
ORDER= " ;

o
L

We enter the order of the TF below

¢

E”TER THE ORDER OF THE TRANSFER FUNCTION
ORIOER=S '
. A

\ “

L .
which results in the teletype to print

. P ’
ENTER THE COEFFICIENTS OF THE TRANSFER FUNCTION
. COEFFYCIENTS RETNG ENTEKD FROM LOWEST TO HIGHEST ORDER

We begin to enter the coefficients of the TF and this is given betow.
COEFFTFCIENT OF S%% O

NUMERATOR=1, ﬁ
DENOMINATOR=0, .

COEFFIGIENT OF S¥k 1

NUMERATOR=2 . 4
DENDHINATOR =0, | | .
. COEMFICIENT OF SXk 0 : : .

NUMERATOR=1 + 4

DENOMINATOR=C,

|
|

N'
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CUFEFTICTENT ' BAk X

NUMERATOR=D.  °

OFHOMIATOR 5

f
CUEFFLCTEND ' - Gdok o
: “ NUME RATOIR (4
LIZNOTINAT O
. 4 - ) .
- COEFFICIEN OF Skx 5
NUNERATOR: ),
. »
LENOMINATOR 0344
At the last entry, the message below is given.
DO YOU WANL-A FRINT OUT OF THE COLFFLCIENTS JUST o ENTEREND?
TYFE TN YLS OR N0 . -
An answer of YES is given and the output is given below.
) KKK TRANSIT L FUNGT TOR R
COEFFTUIENTS NUMI T OR
SXkX QO . 14000000E+00
Sk% 1 2, 4090 00kL+00
Skk 2 1., 40T%000E+00
Skk 3 - 0. 000CGOVE-0I
SXX 4 0.00G00E~01
SKK 5 0.000000E-01L
ARE YOU SATISFIEnN?
JF ANSKHER 18 YES RORE  PLOT REGINS
IF THE ANSWER IS NO RE-ENTEI CUEFFICIENTS
TYFE 1IN YES OR NO :
\ g At the end of the print out, we type in YES which gives us
X
ENTER THE STARTING FEREQUENCY CIN RATIZSEC) ==
' ’ ENTER THE FINAL FREQOENCY (Lo RALG/SEC) =

i.
i' 3

DIEENOMENATOR
QL 00DG00F- 01
0. 000Q00E~Q1

0.+0000001.-01
1.000000E4+00
3.600000E~01
3.240000E~02

- s

LR
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and we enter the following frequency limits.
ENTFR (HE STARTTNG FREQUENTY CIN RAU/ZSEC)=,1

-ENTER THE FINAL I'REQUENGYCLN RAL/EFT) =10, !

»

The computer begins to calculate the Bode and Nyquist plots. At the .
S~ . .
end of the calculations, the teletype prints {//ﬁi‘\\“\\

NI
WHICH DO YOU WaNT? BODE QR NYQT?
TYPE IN RODE OR NYGT "

NYQT

' . . ’ \ .
We enter NYQT and the results are shown in Fig. 4.36. As
we can see, the rzsponse does not give us the necgssiky information

0 oﬁta1n~the range of the gain K. Therefore, we place a cross marker

t
L 4 |
n the plot whereby we can obtain a better plot for our analysis,

%his'cross marker is shown in Fig. 4.37 and the in(ormation pertaining

)

to its position is shown in the right hand.corner.

Using the information obtained fromeFig. ‘4,37, we enter the

following frequency limits.

-
* ¢

, ”gNTER THE  STAITING F?EQULNLY(IW RADZBEC) =143

ENTER THE FINAL FREQUENCY (IN RAL/SEC)Y=10,
" i
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These limits give us the Nyquist plot of Fig. 4. 38. This plot does
he1p -us in our analysis. To determine the conditional stabil‘ity of* :

the closed-loop transfer function, we determine the poir?ts where the

‘plot of ng. 4.38 crosses the axis.

/

We determine the first crossing in Fig. 4.39,

information is in the right hand corner. The necessary info
to determine the value of\K is the magnitude at the ¢rossing o
the real axis._  The magnitude in Fig, 4.39 is 1.24; We follow

same procedure to obtain‘t‘he second crossing and thigs is shown in

> Fig. 4.40. The mégnitude at that point is .358. H ving both magni
we determine the range of K as follows \ . o
A ' ‘\\
(1) For the crossing in Fig. 4.39, the value of K ‘
; B ” is decreased from 1 to
: T.2¢ ~ -806 S '
; (2) For the pojnt in Fig. 4.40, the value of K
is incréased from 1 to -
. . .,] )
i .358 = 2,79 - b
Tl;erefore, the closed-loop transfer function is conditionally stable
? | in the range, .806 < K < 2.79.
) . * The analysis studies that were perf?rmed, illustrated how N
- powerful and versitile a tool the LNA pacl;{gge is. The visual displays
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and computer interactions allgwes us to perform a complete analysis

\jn a short time by eliminating a substantial amount of manual cafrulatio

v

and operations. Cot
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CHAPTER 5
" SUMMARY AND DISCUSSION
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This thesis discusses the development and application of the . -
CAD package LNA. - This package incorporates the technique of interactive

graphics in the construction of ladder networks. In addition, the

respons% of ladder network TransféﬁfFunQ:ans and system functions "fs

obtained using this technique. ~ T -

- ’ " The LNA package consists of three programs which are as

follows: . _
. v -
9 1. Program LADNET
.. 2. Program TRANF \ \\
. . 3. Program ANALY - :

The program LADNET introduces the -operation of interactive(graphics.
S This program allows the construction of ladder networks by a series of
command instructions -activated through a light pen. The set of commands
{

that are contained in"LADNET allows the us®r to perform the following )

§ ' operations

i) Enter and alter components anywhere on the ladder structure.
* ” *
‘ k]

i1) Enter and alter component valugs individually or in a

sequence. N

iii) Allows the'user to return to the original structure to
make modifjcations. \ . ‘ ‘

N '\ , N / ) |

iv) The ability to reset the display for constructing a new .

network. . .
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The program TRANF calculates the TF and DPF of the ladder s

network established by the program LADNET. This program eliminates a
gfeat deal of tedious calculatipns involved in obtaining‘thg;e functions.
A scaling routime can be utilized in the program, if the Tadder g?twork
to be studied is of a high order, 0; if unscaled component values gke

f[ entered.

‘The program ANALY is used to study the responsé of ladder
network Tf calculated by TRANF, or the response of system functions
gnsgred by the user.. . The respdhsé i; obtained by entering the freqdency )
limits of interest. The user then has theéoption to‘sﬁudy the response'
using either the Bode or N§quist'Plot. In. additon, these plots can be . Py
studied in detail by a cursor or cross marker which gives the frequency,
magnitude,'and phase for each specific point. A printout is also

“available for either plot.

L]

ot ths e R

The LNA package is utilized in the analysis of a 10th Order
ENliptic Band-Pass filter and of a system function. These examples made
full use of the capabilities of the package. Startjhg with thg El]jptic
Banq-Pass filter, the program LADNET ﬁas enabled us to build and enter
the component values for the fi]ter.\ The TF and DPF'were ;alcu]ated
by the prograﬁ TRANF. Various response curves of the filter have been
obtained using the program ANALY? | ¢

L]

i
|
. Further analysis has béen performed on the filter by the {
. <
variation of inductor and capacitor values by 5% and -5% respectively.
The new TF 'and DPF are obtained which'then enables us to observe any

-

changes in the response. : P
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A system function has been studied for stability. The option

of ANALY is used to enter the sysfem function. Various Nyquist plots
have been generated and these are stuc’ in detail to obtain the

1

stability range.

[ : !

This package being quite comprehensive, can be further.utilized

or improved in the following ways:

1. .Develop or utilize existing programs that can synthesize a

Tadder networks and have the program LADNET display than on the CRT."

2. Using ‘the techn1ques developed in LADNET and TRANF,
develop programs to handie feedback compenents 1n a 1adder network.

o 4

The LNA package is only a small, part of what can be achieved
using interactive graphics. Maﬁy more packages can be developed using

this techniqudh Some of these -packages,may be as follows:

y
e
- , 1 Develép a package to study Active Filters.
ava h '
«° 2. Develdp a péckage to study, simple electronic circuits.

i
vy

¥

3. Develoﬁ a paCkiiﬁ’So construct and study Digital Filters.

A

This thesis has shown that interactive graphlcs is an in-
valuable tool for design or analysis of ladder networksiiﬁisystem

functions.

%
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1.3.1 POM-11/20 Computer

The PDP-11/40 is a 16-bit gzneral purpose, paralle! logic,
microprogrammed computer using single and double aper-
and instructions and 2's comgpicment arithmetic, The
PDP-11/40 contains a multipie word instruction pr\bcessor
which can ©waectly address up to 28X words of core
memory. All communicztion am2eg system vamponeats
{including processor, core merrory, and peripherals} is
performed on a single high-cpesd bus, the Unibus. Because
of the bus concept, all periphecals "are compatible, and
d:v‘igne-to-device tran.fers can be accomplishad at the rate of
2.5 million words per second. Al zystem components and
peripherals are !mkec&by the Umbus and vovét connactors,
and all peripherals are in the basic svstem address space.
Therefore, all instructions applied to data in memory can
also be applied to deta in penpheral davice registers,
enabling peripherat device registars 1o be manipulated b?/
the procassor 25 Hiexibly as mamaory.

Subsequent paragraphs present a brief functional descrip-
tion of the PDP-11/40,

1.3.1.1 Unibus — The Unibus provides nigh-speed cora-
munication between systam camponents, With bidirectional
dat2, address, and control lines, the Up:bus allows dara
transfers to occur between all units on thebus, with control
of the bus 3an impcitant factor n these transfers. The fixed
repertoire of bus operations is flexible enough tor speed
and dggign economy, yet provides a fixed specificaton for
interffes. The asynchronous nature of these operatibns
also eases deswyn and operation. The repertoire of bus
operatiors is:

*
DAT!, DATIP, DATG, DATOB — data operations
INTR, PTR (BR, NPR) — control operations

Full 16-bit words or 8-bit bytes of information can be
transferred on the bus between the master and slave. The
DATI, DATIP operations transier data into the moaster;
DATO, DATOB operations transfer data out of the master.
When & device is capeble of bacomig bus master and
requests use of the bus, it is for one of two purposes: to
make 2 Direct Memory Access {DMA) transfer of data
dlrectly to or from another device or memory without
processor intervention, or to INTeRrupt {INTR) program
execution and force the processor to branch to a specific
address where an interrupt service routine is lorated
. . Yo )

Bus control is obtained uncer a Non-Processor Request
{NPR) for the DMA or under a Bus Reauest {BR) for an
INTR. A device can perform a DMA after acquinng bus
control via a BR.

‘Requests for the bus can be made at any ume on the BR
and NPR lings. Tiansfer of bus control from one device to
another is made by the processor priority arbitration logic
which grants controi of the bus 1o the device. having the
highest priority. NPRs are accorded higher priority than
BRs. The NPRs are secviced before and immediaiely after
Unibus data cvcies, in addition to specific times ‘dunna
WAIT or TRAP sequences. The BRs are serviced upon
completion of the current instruction if the requesting
priority exceads that of the prccessor.

The PDOP-11/40 processor has a special role in bus control
aperations as it performs the priarity arbitration to select
the next bus masier. The processor assumes bus contral
when o other aevice has control,

The Unibus originates in the processor with the MGQ1
Internal Unibus and T2raunator module, which carries the
Unibus from the processor to the next tystem unit. All S5
Unibus suigna:s and 17 grounds are carried in this one
module. A 120-conducto; Mylar cable is used to connect
system units in different mounting boxas or to connect a
peripherai device removed irom the mounting box.

A cpmp!ete desciiption of the Unibus, including specifica-
tions, is presenied in the PDP-11 Pericherals Handbook.

)

1.3.1.2 KD11-A FProcessicr - The KD11-4 Processor de-
codes instructions; accepts, modifies, and outputs data,
performs arithmetic operations; and controls allocation ¢f
the Upibus among external devices. The processor contains
sixteen haraware registers, eight of which are program
mable. Two of the cight programmable registers are
spectfically used for processor eperation: a program count
er {PC) and a stack pointer {SP1; the remaining six serve as
arithimetic accumulators, index register, and autoincrement
and autadecrement registers.

The eight non-programmable reaisters are used for storaue
of a var.ety of tunctions including intermediate address,
source ‘and destination data, a copy of ithe instruction
registér, the fast interrupt vector address and console
oneration data. . ¢

4
Secause of ihz flexibuity »f hardware reqisters, addrecs
modes, instructicn <et, and DMA, PDP-11/49 programs are
written in directly relocatabie cocaes. The arocesser alse
includes a ful' ccmoiement of instructions that mantculate
byte operends and provisions far byte swapping. E-tha
words or .bytes may be dlSD'B\’Pd on the prograrnmer’s
consele,

>
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Any of the eight programmable internal reqisters can be

processcr {or system) stack pointer for automatic stacking.
This stack-handlipg capabiity permits_save and restore of
the program counter and status word n conjunction with
subroutin2 calls and interruprs. This feature allows true
reentrar codss and automatic nesting of subroutines.

The Unitrus serves the processor and all peripheral devxce3;
therefara, there must bie a prionity structure 1o determine
which device becormes bus master, Cenerally, a device
-requests use of the bus for vne of twe reasons: to make 3
non-procassor transfar of data clireFtly to or from memory,
or to interrup? projram execution ard force the pracessor
to branch ta an interrupt service rou}ine. An NPR is
granted by *he processor at the end of bus cycles and allows
device-toCevice data transfers withou! processor interven-
tion. A BR s granted by the processor at the end of an
instructic and allows the device 1o interrupt the cutrent
pracessor task,

The preressor recognizes fuur tevels of harciware BRs, with
each major leve! containing sutlevels, Many devices can be
attached on each major level, with the device that is
electrizaily closest to the processor given priority over other
devices on the same priority Isvel. The priority level of the

processor itself is programmable within the hardware levels;’

thereform, 2 running program can selecr the priornity level of
permissible interrupts.

Additional, speed and power ate added to the interrupt
structure through the ute of the PDP-11/40 {ully vectored
interrept schema. With vectored interrupts, the device
identif:es itself, and a2 uniqu2 interrupt service routine is
autometically selected by the processor. This eliminates
Wevice peiling and per‘rnits nesting of device service rou-
tines. The davice interrupt priority and “service routine
priérity are independent 1o allow dynam:c adjustment of
system behavior in response to real-time conditions.

The Unibus addresses generated by the KC11-A Precessor |

are 18.bit direct byte addresses, 2aven though the PDP-11/40
word length and vperational logic is 16-bit word length.
Thus, while the PDP-11/40 viord can oniy contain address
references up to 32K words (34K bytes), the KD11-A
Processor can reference addresses up to 128K words (2E6K
bytes). '

\n additicn to tie word length constraint on basic
addressing space, the uppermost 4K words of address space

2re rescrved for peripherat conrral, staius, and data regis-
ters. In the' basic PDP-11/40 configuration, all address

used te build lastiin, first-out stacks, One register serves as a’

references 1o the uppermost 4K words aof 16-bit acdress

space (160000-177777) are converted to full bt~

references with bits 16 and 17 always set to 1. Thus, 2
16-bit reference to address 1732244 is autnmatically
converted to a full 18-bit 1/O device register address, of
7732244, Ccnsequently, the basic PDP-11/40 configuration
can address up to 28K words of core memory and 4K
viords of 1/O device registers.

A detalled description of the KD11-A Processor is con-
tained in the KD171-A Processor Manual, DEC-11-HKDAA-
A-D. -, .

1.3.13 KY11.D Programmer’s Console — The KY11.D
Frogrammer’s Console provides the programmer with a
direct system interface. The consoie allows the user to start,
stop, load, modify, examine, step, or continue a program.
Console displays indicate processor operation and the
contents ‘of the address and Jdiata registers. The console 15
mounted as the front panel of the processor mounting box
and is connected to the processor by two cables,

The programmer’s console interacts with the processor
through a microprogram control located in the processor.
The console contains only indicators ({light-emitting
diodes), switches, and the contact bounce filtening circuits
for the control switches. Conscle operation does require
certain Umbus operations through the pracessor: DATO
for DEP and DATI for EXAM. For single-step operation,
the processor responds to a Console Bus Request (CBR)
whose priurity supersedes all other BR priorities,

Console operation, inciuding descriptions of all controls
and irdicators, 1s presented n Paragraph 2.1. Detailed
descriptions of console logic circuits are contained in the
KD11-A Processor Maaual, DEC-11-HKDAA-A-D,

1.3.1.4 MF11-L Core Memory — The PDP-11/40 in the
GT44 contains an MF11-L Core Memory with 16K word
capacity. The MTF11-L consists of 2 MM11-L memories
mounted on a double system urit backplane. Each MM11-L
ts an 8K, 18-b't word memory consisting of three modules.
The backplane h3s additional unusad slois which cah be
used to accomodate a third optional MM11-L 8K memory.

The core memory uses the Unibus for data transfers to and
from the processor and ather devices. The core memory,

however, is ncver bus master. Because of the Unibus

structure, the memory can be directly addressed Hy the

processor or any other master device. Because of double

aperard insiructions, every location in core can functior. as

a true arithmetic accumulator.
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" indepéndent of the processor,

: 2141 -

The memory doas not enter the pricrity structiure because

" it is always a slave device. The master device, however, can

request us2 of the Linibus, and thus the memory? through
either a BR or an NPR. Because the memory is compietely

parform direct Jata transfers with memory without proces-
sor intetvention.

1.3.1.41 MMIL-L Core Memo;tl — The following para-
graphs briefly describe the MM 1-L memories, which make
up the MF 11-L memory. For more detasled descriptions of
the MM11-L and MF 1 1.L memaories, refer 1o the MA71-S,

MF1:-L, and MF11-LP Core Memory Systems Manual,
DEC11 HMFLABD N ‘4

The MM11-L Core Memory is a readfwrite, random access,
coincidant current, magnetiq core type -memory witn a
cycle time of 900 ns and Unibus azcess time of 400 ns. The
memory 15 organized in a 3D, 3-we planar configuration.
1t provides 8192 {3K) 16.bit words that are both word and
byte addressable.
The memory is organized into 15-bit words, each .word
containing two 3-bit bytes. The bytes are identified as the
tow-order bvte (bits 07—-00) and the high-order byte {bits
15-09). Each oyte is addresszble and has its own addtess
tocation.
> bytes ate odd numbered. Full words are addressed at
even-numbered locations only. Vwhen a full word is ad-
dressed, the high byte is sutomatically included. For
example, the 8K memory has 8,192 wiords or 16,384 bytes;
therefore, 16,384 locations are assigned. Addrass 000200 is
the first low oyte, address 000001 is the first high byte,
000002 is the second low byte, 0Q0003 is the second high
byte, etc.
)

The MMI11-L consists of three modules: 2 G110 Hex

“"module conta:ning the memory control lcgic and data

channels; a G231 Hex module containing the memory
driver log.c; and an H214 Quad module containicg the
meinory core siazk.

»

The memory c:;ntrol logic acknowledges the request of the
‘master devicz, determines which of the four basic opera-
tions (DATI, DATIP, DATO, or DATOB) is to be per-
formed, and sets up appropriate timing ard control ‘Gircuits
to peiform the desired read.or wirite operation. It also
contains the inhibit drivers and sense amplifiers as well as
device seleztor logic to detsrmine if the memory bank has
been addressed from the Unibus. The control jogic includes
2 16-bit flip-flop storage register. Duning DAT1 oparations,

any master device can

Low byles 3re alweys even numbered and high.

this register stares the cantents of the memory location
being read {destructive read) so that the data can be writte:
back into maemory {cestored). The mgii}er ‘s also wuse:
during DATO and DATOB cycles o store incoming dat.
from the Unibus lines so that 5t can be writian into core
memory.

The memory driver logic includes: address salection togic
%hat decodes the incoming address to determine the co:>
specifically addressed; the switches and Urivers that diréu
current flow_through the magnetic cores to ensure ‘n-
proper polarity for the desired function; and the X ang Y
current generators that provide the necessary curcent fo
change the state of the magnetic cores.

The ferrite core memory stack consisis of 16 memorv mut-
arranged in 2 planar configuration Each mat contains 8127

ferrite ccres srranged in 3 123 X 64 matrix, Each oot

represents a single bit position of a word. Each farrite cor.
can assume a stable magnetic state corresponding to either .
binary 1 or binary 0. Even if pcwer is removed ‘rom th-
core, the core retains its state until changed b\} appropriate
control signals,

1.3.15 Power Systern — The PDF-11/40 ‘power system
‘eqnsists of an 861 Power Controller, an H742 Powe
Supply, threa H744 +5V Rejulators, two H745 =15\
Regulators, and interconnection and power distribution’
cabling.  J

The 861 Power Controlier controls all ac pawer input =
the processor cabinet.  The controfler is eqmppng with .
circuijt breaker for overload protection and a tnermosiat “~r
excessive heat protecltun The power controlier provic,
switched ac outpurs {uncontroiled} which previde poe
for the entire cabinet and related peripherals. {A secon
861 Power Controller is located in the drives cabinet. To
two controllers operate in pasallei, The DECwriter 2~
display monitor may be piugged into-the switched outpur
3t either controller.)

The H742 Power Supply takes ac input power from the 8

Power Controller, ganerates and distributes dc power ar
control signals to the system, and provides ac power to tha
logic cooling fans and H744 and K745 regulators.

There are three controf signals generated: 3 clock signal, 2
BC L3 lagic signal, and an AC LD loqic signal. Tha clost.
signal is used by the VT i1 Graphic Display Processor ‘v
) nchrc}'ize the display. The AC LO and DC LO signals
warn the pracessor of imminent power faijure, allowirg th~
kroussor tima o parform a power-fai sequence, v

4
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" The H744 and H745 regulators generate +56V and =15V

"':142"' ) " s s

~

rather than th= storage type so that a bright, cont:vski

outputs, respectively, which are distributed to the KD11-A image, with excezilent contrast ratio, is provided dunr

Processor ar.d MF11 L Memory backplanes and the
KY11-D console. H744 +5 V also qoes to the VT 11 Graphic
Display Processor backplane.

13.2 VT11 Graphic Disploy Processor

The VT11 Grarhic Display Processor s the *‘heart” of the
GT44 Graphics System. It is the VT11 that generates the
displays and drives the CRT.

The VT11 processor consists of three hex-height modules
that are mounted on a 4-slot systems unit backplane. The
unit 1s mounted inside the PDP-11/40 cabinet.

. The VT11 interfaces with the system by way of the Unibus.
it obtains 22V power from the VR17 CRT and +6V
power from tne PDP-11/40 power supply. s

The VTI1 15 a high perfarmance display processing unit
that operates as a peripheral of the PDP-11/40. The VT11 is
'started by the central processor when a valid address is
placed in the Display Processor Program Counter {DPC).
The VT11 responds by iscuing NPRs and fetching- its
display program from memory locations suecified‘bv the
DPZ. Once the display processsr is grantad control of the
Umibus it can feich iis display prograom, and execute it
independeny. .

N

The VT11 also issues interrupts ta the central processor .

when it encounters an illegal character code 07 unresponsive
memory. |f enabled by orogram, 1t will issue an interrupt
when instructed tc step, or when a hght pen hit is sensed,

The VT11,is a'stable device that reduires only minimum
adjustrnents because it employs a combination of digital
and aralog techniques as opposed to aralog circuits alone.
The vector function operates efficiently, providing a good
compromise of speed and accuracy and assuring a precise
vector calculation. The presentation and accumulation of
vectars means that every point of a vector is available in
digital farm.

All beam position calculations are done digitally. After’

plotting each vector, the end-point position is auto.maticahy
updated to the digitally calculated velues, preventing
accumulated errois or  drift. Four different vector
types — solid, long, dash, short dash, an¢ dot dash —are
possible through standard hardwaie.

The VT11 character generator has both upper and lower
case capabitity with a large repertoire of displayabis
charasters, The display 15 the automatically refrashing type

‘ o

]

motion or while changes ara being made in the elements of

the picture. A hardware blirk feature is applicable to any
characters or g-aphics drawn on the ssrean. A scparat? line
clock input to the disp'ay processor permits the VT11 to be
synchronized to Iinexrrequency.

The VTI1 mcludes logic for descender c'waract\rs such as p
and g, positioning them correc.lv with respect ta the text
line. iIn add-tlon to the 96 ASCI! printing characters, 31
special characters are included which are addressed through
the shift-in/shift-out control codes (Appendix A), These
special characters include some Greek letters, arciitectural
symbols, and math ;ymbo‘s. Char.zcters can be drawn in
italics simpiy by selecting the feature through the status
instruction bit. Eight intensity levels permit the brightness

_and contrast to be varied so that the scopa can be viewed in

2 normally lighted room

The instruction set consists of five dontrol instructions and
six: data formats. The control instructions set the mode of
data interpretﬂicn, set the parameters of the displayed
image, and allow branching of the instruction flow. Data

“can be interpreted in any of six differeat fgymats, allowing

multiple tocsks to be accornplished efficiently from both a
core usage and time standpoint. The graph/plot feature ot

" the VT11 automaucally plots the X or Y axis according to

preset. distances as voiues for tha opppsite axis are recorded.
For a detailed description of the VT11 Graphic Display
Processor see the VT11 Graphic Display Processor Manual,
DEC-11-HVTGA-A-D.’
1.3.3 VK17 Cathode Ray Tube Manitor
The V.R17 is 2 completely self-conteined CRT display that
provides a 9.25 inch by 9.25 inch viewing area in a compact
package. The VR17 requires only analog X and Y position
information and intensity signals to generate sharp, bright
displays. Except for the CRT itself, the unit s composed of
all solid state circuits, utifizing htah-speed magnetic def:ec
tion to enhance brightness and resolution.
\
In addition, the VRf‘J construction is modular for easy
maintenance. Any sul;dssembly or maior cofnpor;ent can be

~ replaced in minutes,-using onty a screwdriver,
>y US]

For a detailed description of the VR17 CRT monitor see

VRI4 and VRI? CRT Display User's Manhval,
DEC-12-HVCRT-DD,
1.34 375 Light Pen ’ T

The 375 Light Pen is a pencil-chaped light detcctor for use
by the operator in a wide ranga of interactive upphc,'uons
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The 375 uses a phoo4ensitive transistor for high qain and
fast ‘response. In addition, zn infrared doped phoschor and
matching spectral response in the photo-detector used in
the 375 yialds very aood haht pen capability, without the
normally sttendant wsdal flicker of the fast phosphor
component.

The 375 is conrectid to the VR17 by a flexible cable
attached to the front panel of the CRT monitor, it 1s easily

removed by simply unplugging it from the CRT panel. The

G840 Light Pen Amplifier is situated inside the VR17

cabinet. The output of the light pen amplif:er is fed to the

T VT11 by way of the scope cable.

*135 LA30S DECwiiter and D111 Asynchronous Line
Interface ¢ a

The LA30-S DECwriter is a dot-matrix_impact printer and
keyboard for use as a hard ccpy 1/0 terminal. It is capable
of printing a set of €4 ASCH characiers at speeds up to 30
characters per second on a sprocket-fed 8.7/8 inch continu-
ous form. Data entry is from a keyboard capable of
generating 128 characters. '

The LA30-S is a serial asynchronous device, and therefore
uses the DL11-A Asynchronous Line Interface to interface
it with the Unibus. Serial information read or written by
the LA30 DECwriter is assembled or disassembied by the

DL11 for parailel transfer to or from the Unibus. The DL 11

also formats the dita from the Unibus so that it is in the
format required by the LA30. The interface provides the
flags that initiate these data transfers and causes a priority
LAS0

interrupt 1o indicate the availabilty of the
DECwriter. - )

The DL11 transfers data via processor DAT! and DATOB
bus cycles. Although a DATG can be used, normal
operation consists of a DATOB transfer because the LA30
DECwuriter end the interfac2 handiz byte rather than word
data. The interface can acquire bus control through a BR
and is normally set at the BR4 piionty level. Because the
DL11 intertace operates through an interrupt /no NPR
hardware exists, 7

The DL11 consists of a single quad module which is
installed in the processor in a Small Penipheral Controlier
(SPC) slot. This modu.e contamns address selection logic for
- decoding the incoming bus address, aninterrupt control for

generating the interrupt, and recoiver/trancmitter logic }hal .

performs the conversion and formatting functions.

The LA30 DECwriter controfs and indicators are covered in
Paragraph 2.1.3. A defailed asccniption of the DECariter s
contained in the LA30 DECwriter Mainterance Manual,

i
DEC-00-LA30-DD, A detaiied’ descripiion of the DL1)
interface is prosented an the DL 71 Asynchronous L.r.
Anterface Manual, DEC-11-HDLAA-4-D,

1.3.6 RKO5 Disk Drives and RK11-D Dictk Dr.va Contre!
The GT44 Graphics System confeins twe RKOS5 D.
Drives. Each RK05 is & self-contair;\:c. randam-access, dat»
' storage device thas is especially well saited for use insmy
ar medium size computer systems, daia acquisition systems

» terminals, and niher storage applications. Powerte the d..t

urives is controlled by an 861 Power Controller mountad a:
the bottom 0! the drives Cabinet. Each 3K05 Disk Drn-
has its own interna) power supply.

The RKGYS is a moving-head disk drive that uses RK03-KA
disk cartridges tor data storage. Data s stored on both sid--
of the disk by a pair of movable heads, which are alway.
positioned over oppasing surfaces of the sama cylincer
simuitaneousty. Each side of the disk contains 203,
tracks, each of which contains 12,4 sectors capable o
storing 4003 or 256, data words,
@

The sector format consists of 155 words of preamb!.
terminating in a sync bit, followed by a one-word header,
400; data words, a one-word checksum, and one word of
postamble. Sactor pulses signal the beginning of eadi.
szctor, and an index pulse indicates the last sector,
that the sector following is sector D.

The RK11 Controller and the RKO5 Disk Drives form th.
disk drive system, which interfaces with the PDP-11/40
processor via the Unibus. One RK11 can sontro! up to e.gh
RKOS Disk Drives.

The RK11 coantains seven 16-bit programmable hardwd«
registers, addressed from the Umbus, that provide -
software interface between the RK11 and the Unib}:

Table 1 lists these régisters and their addresses. (A more

detailed discusston of RK11 registers is provided in Pa-2 ‘

I3

graph 4.2).
‘ Table 1
RK11 Registers
Name Abbreviation Address

RK11 Drive Status Register RKDS 777400
RK® Error Regster RKER 777402
RK11 Contros Status Regisier RKCS 777404
RK11 Word Count Register RKWC .| 777406
RK11 Bus Address Register

{Current Memory; Address) RX2A 777410
RK11 Disk Add:2:5 Register RKDA 7771472
qr11 Datwa Buffer Register RXDB 777418

[
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THIS

LIMER= TN TEUR C20p0), XLADCLE, 3)

UNSTN

REWIND |

CALL
DATA
REAL
CALL
CaLL

L CRiL

CALL
CALL
CaLL
AT
CALL
CALL
CALL
(AT
CALL
CALL
CALL
CALL
AT

ALl

ZALL
CoLL

CALL

CALL
CALL
TAaLL
Lall
CALL
CALL
ALl
ALl
CALL
CALL
CALL
CALL
AL
CALL
CALL
CALL
CALL
CALL
CALL

CALL

CALL
CALL
CALL
TALL
CALL
CALL
CALL
TALL
CALL
CALL
CALL
CHLL
CALL

g - 161 - ‘\X
I A PROGRAM TO DEVELOFE LADDER FILTERS ON- THE COMPUTER

A= LGN (1, REL: XLAD, JM ) N

ATSIBN (& TT. ) - .
Y= AHYES /) NOZARNG -/ - (
Y n M - ‘ ’ ‘
INIT CIRUF, 2000) .

AFMT (350, , %50, , 0, ~5) g
TEAT (“LADDER NETWORb. DEVELOPEMENT)

OFNT 700, 500, 1,,-8) p : ;
SUBE (201) . o
TEXT (“INSERT-) ) . . , A
Eoi o .
OFF {701) , L : o
SLEP (1, %01) ' .

AFMT (700, 450, , 1, —2) - ‘ : . ,
SURF (R02) L T o SN
TEAT (“TRANSFER FUNCTION-) >

E=SUn

OFEF (202) . . A : (.
CELRER (2, 502) . ' '

AFNT (700., 400,51, -8)

SUBF (503) © i ¢

TEXT {NUMERIC INFUTS) ,

ESR . 1 . o :
OFF (903) . o
SUBE (3 9030 \ , : .
APNT (700, , 250, , 1, =8) ' ‘
SUER (905) g ‘ _
TEAT ¢ "MODIFY VALUE®) , .
E=lE ' 4 ;
OFF  (905) ) ' ‘
SUEF (5, 9u5) . - ~ !
RENT(70D ,; 300, , 1, -8) ‘ & :
SUEF ($064) . L
TEXT( SENSITIVITY”) , : ' . ;
E-ilR . ’ .

OFF (204) )
SULE &, S06)

AFNT 700, , 250, 1, ~2)
SLE(F04) . -
TEAT¢ RESET ) - @ o :

E<ill . ’

OFF {204) ' *ﬁ\\

SLEF (4, 204) \

AFMT (700, , 200, , 1, -8, 1)

SUEP (1500) ' ;)

TEXT (“SELECT A COMMAND-)

Eobil v
AFMT(700, , 150, ,0, -3, 1) l : " )
ZUEP(1S519) ] o {
TEL T/ CONFIRM: ) , ‘o

ETLE

DFF (1515) ) - |
APNTCS25, 120, , 1, =8, 1) . . ,
SULFC1S14) , : \
TEXTYES ) . o ) )

[ R ] ' . 4
OEF(1516) : Y o

B\

et

PRSI ST, I
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CALL
CALL
( CALL
CTALL
CALL

. _r152_
AFNT( —'A() » 150 ) 11 "Cl 1)
SURF(1517)
TEXT ("N )
BB

OFF{1517)

( CALL APNT (100, 550.,1,5,-1)
D10 J=1, 14, 2
LIN=. L
( K= 1
M=(+3) /2
X=50, #(.J+1) -
( . Y=100%M

CALL
CALL
YO CALL
cALL
CALL
( CALL
CALL
CALL
« . CALL
CALL
CALL

QPNT(X+4 79, 0, -3
NMER(AO0+LIM, .0, 712Z7)
AFNT (X, &30, , 1,3, -1, 1)
SUEP (J+200) ’
VECT (100.,0.,1,5,-1,.1)
ESUE )

AFNT (Y, 850, 4 1, S, -1, 1)
SUBF (E+Z00)

VECT (0., =200, ,1,5% -1, 1)
ESUE .
APNT(Y+{0. , 670.,0, -5)

( - CALL NMER(SOO+K, b, < IZ7) - )
10 CONTINLE ' . '

' ‘ CALL APNT (100., &50.)

( Al 11 J=1, %

T T T T = TRLD SORE CCIRRREY
P CALL VECT (100.,0.,0,9)
( CALL ESUE | -
11 CONTINUE
JCALL AFNT (70D, , 350, ,0, 5) l !
CALL SUBP (721)

CALL

CALL

( ’ TALL
CAaLL

caLL

( . CALL
‘ CALL

CALL

1 'CALL
CALL

CALL

( CALL
CALL

CALL

( . cAaLL
CALL

. cAaLL
"o CALL

VE‘:T (\.'0. ] ‘.). ’ U; ~_.')
ESLIE

OFF (231)

SUEBF (925, 931).

GPNT (200, , 50, ,0,3)
SUEF (932) o
VEZT (S0.,0.,0,5) .
EaLE

QOFF (932

SLUBP (Jzé,fz
APNT (100, , 5¢C
SUBE (333)
HRES

ESUE

OFF (933) . -
SUBF (101, 933)

J . .’ '5‘:)(:). ] 1: "5)

HIEF (934)
HCARAL
(=N} . -
OFF (%24) .
SUBP (102, 934)

AFNT, (400 PR=iviv) ,;.—q)
SUER (935

HINDUC

ESUB

OFF (925)

A
e
‘n

.11, -5)




CALL SRR ¢103, %3

TOCALL ARNT (400, , 40
CACL SUER (937)
call HELDC -
CALL EsUR
CALL 0OFF (=a7)
CALL SUBE (109, ©37)
CALL AFRNT, (ZS0, ,"300.
CALL SUBF (93
CALL HeoLD
CALL ESUR .

CALL OFF (238

CALL SURF (104, 9738)
CALL ARNT (400, , 400,
CALL SUEP (939)
CALL HIMCAR

CALL ESUR

CALL OFF (9%3%)

CALL SURF (107, %33
CALL AFNT (100, , 300
CALL SUEBF (940)
CALL HIMIND

CALL ESUE

CALL OFF (940)

" CALL SUBP (103, ¥40) i
CALL ARNT (250, , 300, , 1,
CALL SUBF (741)

CALL HOCIR

CALL, ESUB

CALL OFF ¢(%41)’

CALL SUEBF (10%, 941)
CALL AFNT (400., 300, , 1,
COLL SUEF (936)

CALLL VECT (100.,0.,1,5,0,1)
EﬁkL ESUR .
CALL OFF (936)
CALL SUEF (104, 934)

CALL AFNT (100 , 200, , 1, =5)
CALL SUERFR (951

CALL. HERC . .

: mlf_t ESUE -

CALL OFF (951)

CALL SUEF (110, ¥51)

CALL ARNT (250. , 200. , 1,
CALL SUREFR (952)

CALL HFRL

CALL ESUE

CALL OFF (%52)

CALL SUBRE (111, ¥52)

CALL, AF (100.-, 500, 01:—5)
CALL) SUEF (942Z) .
CALL. VRES .

CALL EsLk

CALL. OFF ($4Z)

CALL, SUBF (112, %42}

CALL. CFF (112) S

CALL AFMTF--(250. . 300, , 1, =5)
CDBLL SDBP (94:3)
CALL VCAFAC
CALL ESURE

5)
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CALL OFF (243) . oo
CALL SUERF (113, 243) /
CALL OFF (113) ’
CALL. APNT (400,500, ,1, -5)

CALL SURP (944) ,
CALL VIND - . . © g
CALL E=UB ‘ . *

CALL OFF (244) : ) !

CALL SUBRR (114, %44) ’ ‘ (
CALL OFF 114)

CALL AFNT (100, M50.,1, -5) \\ v . ' ’ ;

EALL SUEF (946) - , | . C

CALL VFLLD o
CALL EZUB “ . :
CALL 0OFF (946) / : ¢
LALL SUBP (116, 946) / "
CALL OFF (116) . ‘ : :
CALL APNT (250. , 450. ,1.-53 ' . - ' (
CALL SUBP (947) - ) :

CALL VvSLC

CALL ESUB ‘ -

CALL OFF (947) / , i
CALL SUBP (117,%47) . .

CALL OFF (117) ’ / , E o

CALL ARNT (400.,450.,1,-5)
CALL SUBP (94&)

CALL VIMIND , ‘
CALL ESUB

CALL OFF (948) . _ ,
CALL SUBP (119, 943) SN |
CALL OFF (119)

CALL AFNT (100, ,400. , 1, =5)

CALL SUBP (94%) -

CALL VIMCAP , - -
CALL ESUE . :

CALL OFF (549) - : ;
CALL SUBP (11%, %4%)

CALL OFF (118) ‘ o
CALL APNT (250., 400, , 1, =5) . - T
CALL SUBF (950) . . g :

CALL VOPCIR : .
CALL EZUB . .

+, CALL OFF (950) s .

CALL SUBRP (1Z0, 950) ' oot N i
CALL OFF (1Z0) .
CALL APNT <4oo 400, 4 1, -5 : ' :
CALL SUBP (945

. CALL VECT (0. ,énn L 1.5,0, 1) :
CALL ESUE ' T
CALL OFF (P45) ‘ . -
CALL™ SUBP (115, 945) : ; .
CALL OFF (115) ’ \
CALL APNT (100., 200, , 1, =5) L
CALL SUBP (953) , - g
CALL \'SRC ' .
CALL E3UB C ' S ‘ :
CALL OFF (¥53) : - :
CALL SUEP (121, ¥53) . ) , L T
CALL OFF (121) . S .
CALL ‘APNT (250.,200.,1,-5) . . |

- '

G ot o A U ARSI

. e



"

Y=100, M ° ,
CALL AFNTLY, 650. , 1, -8, 1) . :

-CALL LPEN (M, N, X, W)

CALL SUEF (%54) | . . ’
caLl VFRL ' ,

CALL ESLE " g | . : '
CALL OrF (%54 ‘ P . ‘ ,

© . CALL SUBP (12é:fH4) A -
CALL OFF (12Z) . T : : L b

CALL AFNT (700. , 200, , 1, -8, 1 .
CALL =ULF (1501) :

CALL TEXT ¢ LOCATION)' . ) ! "
CALL ESUE ‘ _ -
CALL TFF(1501) : - - : ‘
CALL AFNT (700, , 200, » 1, -8, 1) . \\h O

CALL SLEF ¢1502)

CALL TEXT (- WHICH COf ONEN'T )
CALL EsuR , . S
CALL OFF (150.4) 7 : -
Do o1s =1, 3 i .

DD 18 Ji=1, 16 . ' T
REALI( 1,16, END=31) XLAD(JL, J)* |
FDRMAT!FIA ) !
CONTINUE , - - !
REWIND 1 - A o
no =0 =i, 1& : . i
IFCXLAD, 1)~100 LE 0. )60 TJ 120 . .

IF(CA/2) %2, EQ. )60 T0 85 « : :

X=S0x(I+1) 7 \ L

N=J+200 . & L
L=XLAL{., 1) ) : v

CALL APNT (X, 850, , 1, -8, —1) 2/ e

‘CALL ERAS(.J+2Z00) - “ . ' L
CALL SLEGF(N, L) Co. | 1
GO TO SO .
LL=XLAD( 0, 1)+11 '
K= , "
Nk +200 , - ‘ ‘ S
M=(J+2) /2 | : S & A )

'

CALL ERAS(K+Z00) [

ALl sUBFR(N, LL)

|

|

|

|

. CONT LNUE ' T ‘ : ‘ . :
CALL LFEN (M, N, X, Y) - \

i

|

l

!

l

I

!

S IF (MOEQ OGO TO 120

IF (N, LT. 100, AND N. GT 0) GO TO 135 i
GO To 120 . ‘ ‘ '
GO TO (140,1400,475,400.790.1800) N . v
CALL ERAS (N) ‘ : )
X=700. ’ ) =
CALL APNT (X4, 1,-8,1) o :
CALL SUEF (1, 901)
CALL: AFNT (700., 200, , 1, -8, 1) : ' ¥
CALL OFF (1500) ' ' ’ .
CALL. ON (1501) ' . ‘

. . . %

IF (M*ER O)GO T 150 ‘ V . T o
IF (M. LE. 200. ORk M. GT. 300)60 Tq 150 : ‘ }

IF(N. Z+2 EQ MG TO 160 N ‘ S
Y =850 ’ . LR
LL=W-200)s2 - . i
X=100+LL#1W0 - T ' i




G0 TD 120 ¢ ,
L2160 Y=465 v 0 ! )
( ' N Y= 1(;(\4,'.1 'ﬂ))*qo , . ’ , JEE
B £ J=h . T - ' - ,
Ji=d=E00 ' . . b
( CALL EFAZS (N) ' L , SR
” CALL AFLT (700, , 200, 1, -8, 1) :
<CALL OFF (1561) »7“£ . ,
( CALL DM {1302) < - e O g
200 - CALL LFEN (M) N) ) - : g .
: IF (M. EM 0) GO TO 200 . ,, < _
« IF (M T. 125 0R N LE. 100) GO TO 200 1 , ¢
IF (JexeZ EQ DGO Ta 250 - ’ - :
CALL &FMT (X, Y1, -5, _ql 0) \\\ . - . ’ -
« CALL SUEFR (4 N) . o A S o
XLAD(41, 1)=N . o - A
GO TR 250 T T :
{ 250 CALL CAFMT (X0 Y L -5, -8, 0) N s -, ' (
' CALL SUEP (0, N+11) ST : - ]
XLAD(.J1. 1)=N - . 1 _
CALL EFAS (1) , . ' '
.~ CALL SUEP (1,%01) . , /\’ ' .t :
(; -w " CALL ARPNT (700. , 200, , 1: -8, 1 ) . " N ~ . 2 l' ¢
CALL 0OFF (1502) K
| o CALL 0N (1500) - v -
( GO TO 130 ' - L i : (
s 400 caLl ERASN . : -
. Co CALL ARNT(700. ., 2Z50.,0, -8, 1) R .
A G . CALL SUBF(4,904) - - - - T
" . .- AL AFNT (200.,250 ,-L.-8 1) 7 . )
. calLL SURP (1505) - /. . ‘ Yy .
(. CALL TEXT (“CONFIRM™) R S o ) -,
‘ CALL E=UER ‘ ' A _

_ CALL * AFNT (933//230 ,1,—8. : .

T CALL™"SUEP (13 . . .
CALL TEXT (‘YES") R ' ' .
CALL ESUE . , .

.

’ CALL AFNT (990. .45@ ,1,—8\( N,S ‘ o &
N, CALL SUEF TTDO7) - ’ ' //
~ CALL TEAT (“NO¥) ™, A . . - .
(- .. CALL EfuE : oo '
‘o £ CALL AFNT(700. ) 200., 0, ~8) o - - ¢
‘ CALL UFF(1500) . A . L N
( 455¢ CALL LFEN (M, N) f e . . 5
IF (M E0 0)GD TO 455 ' ' T .
: IF (N. Ei. 1506. OR. N. EQ. 1%07)5u TO 440 "
« . . 60D TO 455 . . .
460 ., . CALL ERAS (1505) ‘ . T
CALL ERAS (1506) . . T
CALL ERAE ¢1507) o o
IF(N. EC. 1507)60 TD 470 CoTA, ' ) ;

[

A IF(N. ET 1506)G0 T} 1050 ' . -
, 470 cALL AFNTL700. , 2507, 1, -8, -1) ’ L , .
\ CALL ERAS(4) ‘ ' : £ -
g - CALL =UBF(4, 904) . |
- CALL AEMT(700. + 200, , 0s =8, 1) : - T
cALL Dn{L500) - . .
GO TO 120 . o
0 475 CALL AFNT (700. , 400. 0.f8,1) . _ 4




CALL ERAS{N) ‘ .
CALL SUGF (%, 90%) ' ~ | | |

CALL APNT700. ,Z00., 0, =5 . . ° : N
'CALL OFF (1500 o ﬁi}' - Co . . ( i

CALL AFNT(700, , 150, , ~15 =&, 1) v a £ . O
CALL OM(15LS) . C . Co~ coo0 7
CALL AFNT(EZS., 130, 1, -8, 1) : NG . !
COLL OMN{15164) : » ‘ - ’ 5
“CALL APNT(270. , 150, -8 1) E L « .
CALL ON(1517) . , » | o
CALL LPEJ(M,NY , '
IF(M EO OGO T =00 i . (
IF(N ER 1516, OR N tuﬁ1517)nﬁ TO S0z ) .
a0 TH &_lﬁt_) ‘ . ) 4 ‘\\a '

o oALL OFF(151S) SIS ) - (-
CCALL EFF(1514) / » ' , '
CALL OFF (1517) -

IF(N EQ 1517)G0 Td fa0 . s (
IF(N. Ei. 1-1L)ED TO 508 -
DG 750 =1, 14 , :

IF (s Zes Eu J) nruﬁo 2R T | o (
WRITEg (&) 5i0) P -
FORMAT (ZX, “LOCATAON", 1X, 12, 1X, © 15 A SERIES ARM *, /) ' - ‘

GO TO 535 ' P

\l

P
E
}(
i
K3 )
X
“€
‘ 500
-ff Lo
RN
z .
‘( 502
T 3
4
. S02
( )
.§§1D
Q# 515
' 520
(" 530
. 535
P )
4
o
. A%
( 575
610
&1
.( 1
{ " H2Z0
621
.1
{
=0
{ 21
-«
{ fam 3 -
640
. A41
!‘("‘é’ I
&S50
51 -
’ i
N
e - &£52
1
) %
i ,
'. P
. - .

. EK=XLADM, 1) —1¢h \ . s -

« READ 4 & _CO) XLQD\J,A)‘

WRITE (&, 520) J : .

FORMAT (/X,’LOCN4IDN’,1X;12;1X,’ IE A SHUNT ARM 7, /)
FORMAT (F25. 100/ . s o
IF(KK BT 050 To 575 S - .
WRITE (&, S£5)

FORMAT (2X, “###%#WARNING NO ELEMENT WAS INSERTED##%%%, //)

"GO TD 760 /j » o .

GO TO (410, 4Z0, £30, 540, 650, 460, 670, 680, 690, 700, 710IKK

WRITE (&, 411 '

FORMAT ¢2¥, “ELEMENT 15 A RESISTOR ’,/;AX,’ENTER THE VALUE YOU
WANT 1IN KILO-OHMS .7, 7/, ZX, "VALUE(KILO-OHMS)= 7, $)

e

»

GO TO 75 ‘ ‘ ’ ’
WRITE(L: Lﬁl) .
FORMATA X, 7 ELEMENT Ia A CARACITOR 7, 7, ZX, 7ENTER THE VALUE YOU

WQNF’IN HICRO-FARALS 7, /7, ZX, "VALUE(MICRO-FARADS) = 7, $) 4
READ (4, SE0)XLADC), 2) . ' . ' R £
GO TO. 750 , <y, I B

/

WRITE (4, 631) . E
FORMAT (ZX, ELEMENT I5 AN INUHITUR Vs ZX"ENTER THE VALUE YoU -
WANT IN MILLI-HENRIES ’;/;zX.’VALUE(MILLI—HENRIES) 7, %)
REA?.(A,?SO) XLAD(., 2) ) . . o
G 0 7E0 ~

WRPTE (& 641) :

FORMAT (2X, “THIS 15 A' SHORT CIRCUIT -WHOSE IMPEDANCE IS = 0.0 7, /)

XLAD(.). 2)=0. O S o N
50 TO #50 o . ' .
WRITE /{4, £51), 7
FORIA (2%, “ELEMENTS FUMBINQTIUN PARALLEL INDUCTOR ‘AND CAPACITOR”
. 7, 2%\ ENTER VALLE FUR INDUCTOR” /7, 2X, * VALUE (MILL T-HENRIES) = 7, %) «
READ(/NJJO)XLQD(', :
WRITE (A, &5
FORMAT (ZX, * “ENTER VALUE FOR 'APAPITUR’,/ﬁzx,’VALUE(MICRDFFARADg)—
2 %) . , ,
REQD'(F,c”ﬁ)XLAU(d,Q) , o AN L
. T , ot
.- . . e

T R T T e T T S s e




L(
y B0
i( 4 &b 1
% 4
’ bt
(
| 70
'« £71
;
i
b 672
F( \
680
1( 681
i(
: bEZ
ASD
691
700
701

0
702,

4

‘710
711

712

760

790

£

QW

V750 -

1

i -

.

1

1

1

L4

%

"1

1

{

¢

o

{ .
- 158 - . ‘
SO TO 750 . .
WRITE( A, Ab1) -3 . ‘ ; - \
FORMAT {2, "ELEMZMTS. COMEINATION SERIES INDUCTOR AND cAPACPTOR’, /7,

ZX, TENTER VALUE FOR INDUCTOR”, /.,
FEAD (4, S20)XLALICS 2)
WRITE (L) LAZ)

22X, "VALUE(MILLI-HENRIES)= “, %)

FORMAT (2X, “ENTEF VALUE FOR FAPAIITﬂR’,I,ZX,’VALUE(MICRO—FQRADS)— ‘
21 %) A

READ (L, STOIXLAD( I, 3) d N : »

G TO 750

1

WRITEC(E, 671 \

FORMAT (2X, "ELEMENTS COMEINATION PARALLEL RESISTOR AND CAPACITOR”,

/4y 2%, ENTER VALUE FOR RESISTOR’, 7/, ZX, “VALUE(KILO-OMMS)= 7, $)

READI( &, S30)XLAD(, 2) . T ' ’ y

WRITE(&, £72) , -

FORMAT ¢ 2X, “ENTER VALUE FOR CAPACITOR”,V, 2X, “VALUE (MICRO-FARADS ) =
‘. %) LR

READ(é.SSO)XLAD(J,d) ot . ' ‘

GO TO 750 ‘ L ' iy

WRITE (6, 631) .

FORMAT ( 2X, “ELEMENTS COMBINATION SERIES RESI%THR AND INDUCTOR’, /,

ZX, “ENTER VALUE FOR RESISTOR, /.JX,’VALUE(KILU OHMS)= 7, %)

READ (4, S30)XLAD(.J, 2) .

WRITE(L, 688) - r

FORMAT(ZX, ENTER VALUE irﬁ,INDULTDR’ /;AX;’VALUE(MItLI—HENRIES)"uﬂ‘

-

‘., %)
READ (6, 5300 XLAD 1, 3) - . ! ,
GO TO 750 ' ‘ . _
WRITE(%, 471) :
FORMAT (2%, *THIS 15 AN DPEN CIRCUIT wHosE ADMITTANCE, 1S= O
XLAD( ) 2) =0 M , Y
0 TEM 750 . T s
MWRITE(4.,701) : Q
FORMAT(ZX, “ELEMENTS COMEINATION SERIES RESISTOR AND CAPACITOR,
2%, “ENTER VALLE FOR RESISTOUR ,/, ZX, VALUE(KILO-OHMS)I= “, %)
READC £, S30)XLADCJ,Z) '
WRITE (&, 702) 7 ?

; FORMAT(ZX, “ENTES VALUE Fnh‘rAPACIToRf /:AX,’VAHLE(NICRO -FARADS ) =

CAa%)
READI#,q:u)XLAD 3) : b '
‘6o To 750 .
WRITE (4, 711) S~
FORMAT(2Y, “ELEMENTS COMBINATION PARALLEL RESISTOR AND INDUPTBR’ /
»ZXs FVALUE(KILO=0OHMS)= <, $)
READI( &, 530) L 2) S ~ .

/)

XLAD ¢
WRITE(&, 712Z) . , !
FORMAT(ZX, “ENTER VAULE FOR INDUCTOR ',/, ZX, ‘VALUB(MILLI-HENRIES)=
%) )
» READCE, 530) XLADCL, 3) o

CONTINLUE ' : ) . \

CALL APNT(700. , 200, ,o,—J,xl ‘ v .

CALLON (15008 \ ¥ '

CALL AFNT (700, , 400, .1,- Lr5{
'CALL ERAZ(Z) ), -
WUEP (S, 0T g - - ‘ .
120 .
EROT (N) .
AFNT (700, , 35070 , -8, =3, 1)
CALL, SUBRR(S, $05)
CALL APNT(700., 200, ,0, -8, 1)

~3 N = '

‘ALl
50 TO

- CALL
cALL,

F




-~

Rl sttt ik S “Cat il A~ e gt
'
\\\

i 771
L(
( 792
(

795

e
270
CR20
: 250
!
’ 27
210
M 90
{
930
{
940
{
250
) B
{
P40

- GO TG

T CalL

CALL
TaLL
CAaLLL
CALL
CALL
QL
CALL
TF(M
IF(N'
BT
AT
CALL
CALL
IF(n

159 - K 3

OFF (1500) .

AFNT (700, 150, , 0, =8, 1) -
DN {1S1%) .. '

AFMT (220, 1500 o 1, -8, 1)

Onl Wt 1=1s) R ) .

AFRTOCZS0 , 1Nl =58, 1) 7. e vy

Oh {(1%17) oo .- ' -
LFEMOM, M) , ‘ = | ARSR Lo
B OGO T 791 . : :

ED 1514 OF N EG. 1517)00 TBb92 | A ‘
-7.:"1 & ¢ : v ’

OFF(1S15) - ' .ot ‘ : «

DFFCLS14) , : s
OFF (1517) - ) D Lo i

Ef 1517900 TO 795 _ - (

«

GO T 200 - . ‘
CALL ARNT(700 , 200, , 0, =3, 1) ¢ L . "
TALL OM (1S00) - : « !
CALL AFMT (700 , 250, , {
CALL ERH’(v) VI . - "y
CALL SUBF(S, 30%) - ‘ . ‘ !
GO TO 120 . L o {
CotL D150 |
CALL LFEN(M, N) o :

IF(M ED 0)GD T 201 , - S 5
IF(N. LE, 200 DR.N.GJ.SOD)GG‘FD 201 . ‘ d |
JOJ=N-Z00 .
IFCCID/2Z) %2 EQ, JO) G0 T SZ0 v - .l
WRITE (4, S10)J0) ‘ .

GO TO 250 el - -]
WRITE (4, 520) .04 N . ! |
FORMAT(F25. 10) e ; . "
IE=XLAO(JO, 1)~100, ", ' - ot T
TECEIL GT. OG0 (0 875 & . : : [
WRITE (L, S£8) g , ) o : ' '
1020 s X ’ o |
D00, 1010)KIK .

Ll

GOOTO (910, 220, 930, 240, 950, 980, #70, 750, 990,
WRITE (4. £11D z

READH 4. “?D)XLAU(JUJ ) .
GO O 1070 X . . . -
WRITE (A, £21) ‘ '
READN &) 520) XLADK I, _ ‘
GOy 1020 . ) ) . / T L.
WRITE (&, 621) . - , Sl

REALI &, d-U)kLAU‘JnA,Z% .0 »

GO TU 1020 :

WRITE (&) £41) .
XLAD( IO, 2)=0, 0 . : . L o ,

GO OTO 100 . ' -
WRITE (¢ £51) ' ‘ S :
READ &, 230) YL ALICI0D, 2) . .u ‘
WRITE (4 65Z) . N - g !
READ\/,DSO)XLAD\IUJ 3Y : '

GO T 1020 - . ..
WRITE (&, &61) ' - , : . .
REAL &, 820) XLADI3I, 2) . , ' .
WRITE (A, &AZ) i : ce
REALN 4, 530) SLALCIDD, 3) : ' T ;o
B T 1oz0
WRITE (&) &71)

,M
- -
R

LEX
-




REAM &

~WRITE ~
20 N
1020

READH -
oo T
WRITE (o
REAL .
WRITE -
EQU\_

- 160 - a i
2300 XLAD IO, 2) ’ "i ’

o7 2 ‘ : ’ \

ADCIDS, 3) . *

o

£51) _ - .
5 50) XLADEI, 2) ° ' ( 2
t"‘-,_’) ’ . ", ~ ' ¢ o

»-U)XLHﬁ(JU|vo) ‘ . ; . S s

YEES

(1020 '

G0

t

WRITE 4, 691) S
XLADC 0, Z)=0 O . ) ‘

( 50 TO

1000

~

1014

.- READ( &, 2208 XLADCJDY, 3)

100 , : L . N
. WRITE(4:, 701) o . ‘ ‘ :

EAD{&. 530) XLAD (0], 2) : s )
WRITE(#. 702) : : EENT . g

oD TO 1020 ' ' x A Co e ,
WRITE(:, 711) o s ST (
READ{ &xZ30) XLAD( JOJ, 2) —

WRITE(4, 712) ‘ . .

FEAD (L

1(2

b

CALL
. , CALL
¢ ‘ ‘ALl
. CALL

CEIOMXLAD IO, F) _ T (
P“F NT(?’U‘) ? :".'U ’ Ol 3 ) ! . \
EfRS(S) . o .
AFMNT(700. , -— 50, , 1, -8, =5, 0) L « : ( *
SUEP (5, 9051, | K

C.

1050
1100

e
1105

1110

1200

1201

¢ 120%

o

’

CALL AFNT(700.,200.,0,-8,1) ! . e
CALL TOFF (1301) ; S (

O

CcALL ON (1500)
GO.TO 120 _—
0o 1100 KILL=1, 000 . B
CALL ERAS(RILL) oL ‘ L.
CONMTIMUE Iy N - ' '
DO 1110 U=, 3 :

Do 1110 M=1,16 . . et
XLAD(J1, =3, O oo 3 b "
WRITE(1, 1105) XLADCJL, . = . ! : : . ‘
FORMAT(E1L, 2)° " . T
CONTINUE __, o { ' ‘

REWIND 1 = ; o T e
GO OTo o1 : - ™~ s . |
CALL AFNT{(700. , 450, » 0, =8, 1) g ‘ N e
CALL ERAS(N) ) , R~ N
\FALL SUEF( 2,208 : -
CALL AFNT(700. , Z00., 0
CALL DFF(1500)

CALL AFNT(700. , 150, ,
GALL DN(1S15)

CALL GFNT(325. )lHn.

CALL 0M(1516) - £, Sl o
CALL AFNT(S%0. , 150. , 1, =&, 1) Sy . : h\\\ S
CALL ON(1S517) . ‘ £ N

CALL LEEN(M,N)Y - . B S
IF(M. ER 0)GOD T 1201 . , o oy e
IF{N. EX 1516, OR. N EQL 151705070 1202 f’f
GO TD 1201 ) R PN
L OFF(1515) / _ , L e -
CALL 0FE(1516) - : A :
CALL LFF(1517) N . r
IF(N. ER. 1517)G0 T0.1Z10 : .

et

«

IF(N, EC. 1516060 TO 1215 " Ly

b




Pty

L

1210

1215
1207

1320
1371

1357

PuCR prady

12360

1261

1362

1370

“y

13271

71 ZX, “VALLUE(KILO-0HMS) =", 1FE14. 8)

1277

e vt e i i o i 7 -y

- 161 - : Y
CALL AFMI(700 , 4%0 , 1, =2, =17 -

CALL. EFA2{Z) .

CALL DGR, 9020 ‘ ) (
CALL AFMI (700, , 200, D, =58, 1)

Calo Dﬁ {1900} : }

L TO 100 . ¢
WRITE (5 12005) ~ .

FORMGT ¢ 200%,) *v#»%LQDDER ELLEMENTS AND VﬁLUES%%***’f/J

Do 1450 J=1, 14 ( o
I OXLALGL 1)-100 LE 0. )60 TO 1425 _— .
 IF GG 20 %2 ER 0D T 1370 C
WRITE (£, 1265) . (
FORMAT (2%, "LOCATION, 1X, 121X, 15 A SERIES ARMY)
GO T 1250
WRITE (L, 1230)J ‘ | '
FORMAT (2%, "LOCATIUN", 1X, 121X, ©15 A SHUNT ARM ) : '
FLE=XLAD L 1) =100 X
IF(LLE BT 0)G0 TO 127 . S
GO TO 1425 A . ~
GOOTO (1310, 1320, 1330, 1340, 1250, 1260, 1370, 1380, 1390, 1400, 1410)KLY,

WRITEC(&, 121 10) XLALL, 2) , ‘(
*FORMAT(ZX, "ELEMENT IS A RESISTOR S/, ZX, "VALUEAKILO-0OHMS) =", !

1 1FELGL. 2, 7)) v ' ‘ : : : ]

oo TO 1450 ' L
.‘URITE\:,12217QLQU(J.4)' ‘
FHRMQT(AX,’ELEMENT IS A FAFQFITUQ“ 7 ZX, “VALUE (MICRO-FARADS ) = .

i 1FEL1A. 2 7)) N . |
GO OTO 14-0 : - ; . ;
WRITEC(L, 123V)XLADGY 2) 3
FHRMAT(QX,’ELEMENT IJ ﬁN INDULT“R';/;AX;’VAL”E(MILLI HENERIES)= ¥(

1 1PELG. 2, /) P , . g

GooTo 14_ ) ,
XLAD( ), 2)=0. 0 .
WRITE(A, 1341) .
FORMAT(ZX, “THIZ= IS A SHORT CIRCUIT WHOSE IMPEDANFE Ib —0 07, /)
CGD T 1450 w .
TWRITE( &, 1251) XLAD(, 2)
FORMAT ( 2X, “ELEMENTS COMEINATION PARALLEL INDUCTOR AND CAPACITOR”,
1 72X " VALLDE(MILLI- HENFRIEC)— s 1FELG. @) Q

1

WRITE (4. 1352) XLALd, 3)
FHRMQT\AX;’VQLHt\NILRH FARAD‘)— JAFELL. 8, /)
L TO 1450 LI
WRITE (&, 1341)XLADC, 2) ,
FORMAT ¢ zX, YELEMENTS COMBINATION SERIES INDUCTOR AND CAPACITOR’, /

12X /VALUE(MILLI-HENERIES)=", 1PE16. &)
WRITE A, 1362) XLADC), 3) . \
FuhMAT(«m,vaLnEomxcRo~FAﬁamf,=:.1PE1e.s,/) :
GO T 1450 '
WRITE (&, 1371) XLAD (], Z) .
FORMAT ¢ %X, “ELEMENTS FHMBINQTIﬂN PARALLEL RESISTOR AND CAPACITOR” /

18]

wRITt(F 137Z2) XLAL(J, 3)

FURMAT(HX,’VAL”E(‘LFRU ~FARADE )—i‘lPElﬁ .8, /)

0 TO 1450

WRITE(L, 1381) XLADOL, 2Z) 0 .

FORMAT( X, "ELEMENTS COMBINATION SEWIE“ RESISTOR AND INDUCTORZ, /.

e

’

12X, CVALUE(KILO=OHME) =7, LIPE1&. )y -
WRITE (&, 13SZ) XLALIL, 3)
FORMAT (X, “VALLE (MILL I-HENERIES) =", IFE16. 8, /)
GOOTO 1450 ‘ - L

oty
. .

b » oo

J o

[T S ey
v ’ R A«s"

|




1475
1477
1480

RYt1

1470

1800

- 162 -~
XLADCD, 2)=0. 0 ’
WRITE (A, 1371

FORMAT (ZX, “THIZ 1% AN OFEN CIR'UIT WHOSE QDMITTQNCE IS =0.07, /)

60 TO 1450

WRITE (& 1401) XLAD(, 2) ‘

FORMAT (2%, 'ELEMENTS SERIES RESISTOR' AND CAPACITOR’, /, 2X,
JVALUE (K ILO-0HMS ) =7, IPEL6. §) ‘

WRITE (4, 1402) XLAD Y, 3)

FDRMAF(AX,’VALUE MICRO~FARADT) =", IPE16. 8, /)

GO TO 145 J

wRITE(L,1411)XLADxJ,2)

FORMAT( 2X, “ELEMENTS COMBINATION PARALLEL RESISTOR AND INDUCTOR’,
» 2%, “VALUE (KILO~0HMS) =7, 1IPEL4. &) -
WRITE (4, 1412) XLAD (), 3)

FORMAT ( ZX, “VALLIE{MILLI~-HENERIES)={, 1FE16, 8, /)

GO TO 1450 ‘ .

XLAD(J, 2)=0, 0 :

- XLADCS, 3)=0.0

CONTINUE

DO 146% J=1,3

0o 1440 i=1, 16
WRITE(1, 1455) XLAD(JL, d)
FORMAT(ELAL. 5)
CONT INUE
REWIND 1

CALL AFNT(700. , 450. ,1,—8.~1)

'

oCALL ERAS(2)

‘CALL SUEP(Z, 202)

WRITE( &, 14735) ' %;
FORMAT(ZX, "ARE YL FINISHED7’,/.AX:'TY E
READ( &, 142Q) COM

FORMAT (R4

IF(COM. EC. YES)GO TO 3000

IF(COM. ERL ND)GO TO 1490. . ' , .
WRITE (4, 1485) oo -
FURMAT(AX:’*******JLLEUAL COMMAND ENTRY*E#****’,/)
GO TO 1477

IN YES OR NO*, /)

. CALL APNT(700§F2Z00. 0, —5, 1)

CALL N ¢ 1500) ‘ .
GO TO 120 - )

CALL ARNT(700., 200, ,0, -8, 1)
CALL ERAS (4 '
CALCSUREF (&, 704)

CALL AFNT(700. , 200, 0, —=8)
CALL OFF(1500) .

CCALL ARNT(700., 150.,0, -8, 1)

CALL ON{1315)

CALL “APNT(2Z5, , 150, ,1, -8, 1)

CALL ON(1514) . _

CALL APNT(E20., 1350, , 1, -8, 1)

CALL ON(L1SL7)

CALL LFEN(M, N)

IF{M. EQ )30 TO 1210 )

IF(N. Ef 1514, OR. N EQL 1S17)G0 TO 1820
GO To 1210 \ .
CALL OFF{13513) . ”
CALL OFF(1514) .
CALL OFF(1517)

IF(N B 15146)GD 10 1850

- CALL AFNT(700. , 200, , 1, =8, =1)

¢

2, PET R i Lt LRy
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] 1900
1710
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P

20
2015

2020
2021

2057
.S

2070

2073
. 2074

CALL ER&SCA)
CALL SULE (G, 9080
CALL AFNMT 700, 200, , 0,52, 1)
CaLtl on 1500)

GO OTO 120

WRITE(A, 1851)

FORMAT(ZX, “SEN=ITIVITY STUDIES ARE MADE BY INSERTING A - B
FLOATING NUMEER EETWEEN + OR - 100 FOR EACH ELEMENT(S)

' 1)

cALL APNTY700. , 200, , 0, -8, 1)
CALL ON (1%01)

CALL LFEN{M N)

IF{(M. ECQ. O)YGO TO 1340
IF(N. LE. 200 OR. N. BT, 300) G0
LOG=N-200

- 163 - ‘ K
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01860 f

IF(LOG/Z)y %2 EGL LOGYGO TO 1900 o , : !

WRITE(A, 510)LOG

GO TO 1%¥10

WRITE(&, S20)LOG
NES=XLAD(LOG, 1)—-100, 4
IF(NES. GT. )GO Fo 1920 °
WRYITE( 4, S465) ‘

CALL APNT(700. , 300, , 1, -5, ~1) | A .

CALL ERAS(&)

CALL SUEF(6, 0&)

CALL ARNT (700, , Z00. , 0, =8, 1)
CALL OFF(1501)

CALL ON(1S00)

GO TO 120

GO TO (2010, 2020, 2030, LO40,
FORMAT(F10. 4)

WRITE(&, 2011)

FORMAT (22X, “% VARIATION FOR
READ( &, 1765) CHNG

XLADMLOG, 2)=XLAD{LOG, 2)#( 1
GO TO 2200 .
WRITE(%A, Z021) |
FORMAT ¢ ZX, % VARIATION FOR
READ( &, 19765) CHNG
XLADCLOG, 2) =XLADCLOG, 2) (1,
GO TO 200

WRITE( &, ZO%1)

FORMAT(ZX, “% VARAITION FOR
READ! &4, 1565) GHNG

XLAD(LOG, Z)=XLAD(LOG, 2) #(1,

GO TO 2200
WRITE(&, 641)

GO TO 2200

WRITE( &, 2031) ‘

READ( 4\ 1965) CHNIG L
XLAD(LOG, 2)=XLAD(LOG, 2) #( 1,
WRITE(&, 2021) :
READ( %, 1545) CHNG ,
XLADCLEG, 3)=XLADICQE, 3)% (1,
GO TO 2200

WRITEY &, 2011)

READ (£ 15765) CHNG

XLADLOG, 2)=XLADLOG, Z) (1.
WRITE( &, Z024)
READ( &, 1965) CHNG

‘e

ZOSO.ZbSO,2070,2080,20907>é7q,2080)NE8

RESISTOR=", $)

+CHNG/100. ) . ’ . |

P . TS

CAPAEITDR=’.$%$

+ZHNIG/ 100, ) - '

INDUCTOR=", $)

+CHNG/ 100, ) ;

+UHNG/ £00. 9

. i

+CHNGA100. ) ' -

\ .. ﬁmf'a
+CHNGA 100, )

o AR U & Lagandt s
X N ;Q:_h- )-:s"(




2050
2700

-

000,

3001

2

’

@

XLALKLDG, 33 =XLAD(LOG, 3y#(1.

GO TO 2200
WRITE(A, 2011)

READ(A, 1965) CHNG

XLADCLOG, Z)=XLANLIDG, 2)#(1.

WRITE( e, Z031)

READ(A, 1265 CHMG

XLADLDG, 2) =XLAD(LOG, 3)#{1.

LD TO X200
NRITE\h,/ilr

- 164 - e
+CHNG/100. ) \<

+CHNG/100. )

+CHNG/100. )

CALL AFNT (700, , Z0O. ,1.—d:1)

CALL OFF (1501)
CALL ON (1500)

CalLL AFNT (700, , 300, :1:-8:-8)

CALL ERAS(A)
TALL SURBF (&, 906)
GO TO 120
WRITE(L, 3001)

FORMAT (ZX, *TO CONTINUE THE LADDER ANALYSIS AND OBTAIN THE

TRANSFER FHNFTIUN TYPE IN RUN RK1: TRANF’

STOP
END

AN

¥

THIS IS A PROGRAM TO DEVELOFE LADDER FILTERS GN THE CUMPUTER
DIMENZION IBUF(3000), XLAD(16, 3)

N

-e

CALL ATSIGN (1. “RK1: XLAD. JM7) \‘
REWIND 1
TCALL ASSIGN (6, “TT: 7)
DATA YESY4AHYES /, NO/4HNO /. _ ~
REAL YES, ND ’ :

” ")

Bt S




20

CALL
CaLL
oot
CALL
cAaLL
CALL
oLl

VECT
VELT

1=1,4

VECT
VELT
VELT
VELT

CALL VECT
RETURN
END

SBUBROUTINE HRES
(25.,0.,1,5,0, 1)

(.s- '—‘) '_. )

(3. ,~10.)
(5. ,10.)
(5., —10, )
(2.5 5. )

(23.,0.)

SUBROUT INE HCAFRAC

CALL VECT
CALL VECT
CALL VECT
CALL VECT
CALL VECT
CALL® VECT
CALL- VECT
CALL VECT
~ALL VECT
RETURN
END -

(47, , 0. ,1,5,0)
(0., 12, ,1,5,0)

0., ~24.,1,-5,0)

(0.,12.,1,5,0)

(6:0 1, -8)

(0,12, ,1,5,0)

(0., =Z4. , 1, =5)

(0.,1Z%.,1,5,0)

(47.,0.,1,3,0)
TN

SUBRDOUT INE HINDU&

CALL VECT

(28 ,0.,1,5,0)

oo 20 J=i, 4

CALL VECT

CALL
CALL
CALL
CALL
CALL

VECT
VECT
VECT
VECT
VECT

LONTINUE

CALL VECT
CALL VECT
CALL VECT
CALL VELT
CALL VECT

CALL VECT
CALL VECT
CALL VECT
CALL VELT
CALL VECT

l'EGNTINUE

CALL VECT
CcALL VELT
CALL VEUT
CALL VECT
QQLL VECT

(4.,

(Z,5. )
(4. »1. 5)
(4.,-1. 3)
(2 y—=3.)

-2 J_'s )
("‘4 1 3.)

(Z.,95.)

(4.,1. 3)
4., ~1. )
(2., ~3.)
(23.,0.)

 RETURN :
END ’
bHBRﬂHrINE’g;Lf N

- CALL VECT (14.,0. 11 5)
Do 20 J=1,2

CALL VECT (2,5 )

(4,,1. 3)
{4, ,-1. 5)
(2,.,-3.)
» =3, )

r3)

1#&

(~
(-
(2,5 )

(4,,1.5) .
-1.9)

(Z..~-2. )

(26.,0.,1,5)

, / . {
L4
g
.

.
WA IRV P

N ;1655“"" “‘

<5




CALL VECT

cALL VECT

CALL VECT

CALL VECT

CAkL VECT

( . CALL VECT
"CALL VEET

CoLL VECT

‘. caLL VECT
' CALL. VECT

. CALL VECT
. CALL VECT

‘ , CALL' VECT
( . . CALL VECT

CALL VECT

{0.,15.)

(22.,0)

(0. ,12)

(0. > =24 3.1, ~5)
0., 12, 1, 5)
(6‘0 1, -8
(0. 512.,1,3)
(0.1"‘24 : 1, -8)
£0.,1% ,1,95)
(22.,0.,1,9)
(0., -15.)
(25.,0.)

(""75 y 0., i, "'8)
(0 ’ "'15‘ ’ 11 5)
(10.,0.) <

~r

\,—/j

e

.
.

eyl — - :

R o ey e,

,
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b
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CALL VECT (0. ,12.) N
} CALL VECT (0. -24., 1, -5) ’
i CALL VECT <0.,12 ,4,5)
CALL VELCT (A4.,0 ,1, —=8) . .
CALL VELT (0.,1Z.,1,5)
E ( . ‘:pILL VELT (D ? "24 ’ 11 "S) “ l
| CALL VELT (0.,1Z ,1,5) - .
. MCALL VECT (26, ,0.) by
P . RE MURN - :
' ENL . ' i
: N
¢ ‘ SUEROUTINE HPLC =
} CALL VECT (28,0.,1,5,0, 1) "
T ZALL VECT (0., 15.),
i ( Do 20 U=1, 4 5 : / ! <
ZA © CALL VECT (Z.,5.) ‘
CALL VECT (4.,1.5)
( v CALL VECT (4.,-1.5) 3
CALL VECT ¢z ,-5.)
calLL VECT (-z.,-5 )
{ CALL VECT ¢(-Z. ,5.) _ ) ;
) Z0 COMT INUE T
CALL VECT (Z.,5.)
( CALL VECT (4.,1.5)
CALL VECT (4.,-1.5) .
o "CALL VECT (2., -5.)
( . ¢ ZALL VECT ¢0.,-15.) ‘
L CALL VECT (23.,0.) ‘
o CALL VECT (-7% .,0..1,-8) \T
L ( CALL VECT (0., -15.,1,5)
CALL VECT (19.,0.) \
ZALL VECT (0., 12.)
( CALL VECT (0.,-24.,1,-8)
) CALL VECT ¢0.,12.,1,9)
CALL VECT (&.,0 ,1,-5)
¢ CALL VECT (0.,12 s1,5) .
CALL VEET (0., -24.,1,-5) . .
CALL VECT (0.,12,1,5) . ’
{ 1 CALL VECT ¢19.,0.) ., 1
CALL VECT (0.,15.) . . ' ,
\ , RETURN : - : .
a.: . END ) .
' SUERDUTINE\LINDAP B
( CALL VECT (25..0:,1,5,0,1) -




CALL VECT (2.5, 5.)
OO 20 =1, 2 : )
CALL VEST (5., -10.) . .

CALL VELT (S0, 10.)

CALL VECT (5 ,~10.)

CALL VECT (2 5 5.) .

CALL VECT (10.,0.) . ' -

CALL VELT (0., 15 ) ) : ' -
RETURN

END . :

*

- SUBROITINE VELC
CALL VECT (0,64, 51,50,1)
CALL VECT (=15 .,0.)
OO 20 J=1, 7
CALL VECT  (-5.,2Z. )
LALL VECT (~1. 5, 4. )
CALL VECT (1.5, 4.) .
CALL VECT (S.,2 ) l
CALL VELT (5 ,-2 ). / i
CALL VELT (-5, -2 ) %

CONT [NUE

CALL. VECT (=5.,2. )

- CALL VECT (-1.5,4.) T ”{
CALL VECT (1.5s4.9 o \
CALL VECT (5,2 ) . .
CALL VECT ¢15.,0. ) JE L.

CALL VECT (0., b6.) ° )

CALL VELT, (0., -134., 15 -5) )
CALL VECT (15.,0.,1,5) <
CALL VECT (Q.,31.) - ;

cALL VECT (12.,0.)

CALL VECT (-Z4.,0.,1,-5)

CALL VECT (1Z..,0.,1,5) \ :
CALL VECT (0., 6., 1, -5) . v
CALL VELT (12.,0.,1,5) <

CALL VELST (=24, ,0. .1, ~5) - ‘
CALL VECT ¢12.,07,1,5) ( ¢ ‘ - s
CALL VECT (¢0.,31.) '

CALL VECT (~15.,0.)

RETURM .

END . : o -

SUBROUTINE VSLC <y
CALL VECT (0Q.,45.,1,5) .

oo zo J=1,5 :

CALL VECT (5,2 )

CALL VECT (1.5, 4. )~ ‘ \

CALL VECT (-1)5,4,)

CALL VECT (=S.,2 ) \}

CALL VECT (-5, ,-2Z. ) - '

CALL VECT (5.,rZ ) ' B -

CONTINUE , .

CALL VECT (5.,2.) . '
CALL- VECT (1.5, 4.) . -

CALL VECT (-1.5,4.) .o _

CALL VECT (=5.,2 ) : ' B

CALL VECT (0.,47.) . ‘
CALL VECT (12 ,0.) ‘ ‘
CaLL (~24. , 0., ‘11 -5)




CALL
. CALL
( ’ CALL
\ CALL
. TaALL
e Call

i ' RETLUIR

e, ENL

"CALL
. . CALL
] CALL
, ©CALL
( CALL
: CALL
: cAlL
( e CALL
. CALL
f CALL
C cALL
: CALL
. CALL
( CALL
CALL
CALL
( CcALL
oo 1
CALL
CALL
CALL
caLL”
« . : CALL
CALL
RETUR
¢ END

. SUBRD
" CARL
L ‘9 ' Lo 20
CAaLL
( CALL
oo CALL
CALL
cAaLL
CALL
Z0 CONTI
( . CAlL
o CALL
CALL
CALL
CALL
- £ oLl

[

VECT (1Z,0.,1,5)
VECT (0., 6., 1, -5)
\.-'ELJI' (12.10. IIJS)
VECT (=24, 0.,1,-5)
VECT ¢12.,0.,1,5)
VELT (0., 47.9) -
M

SUERUIITINE 'V IMCAP

VECT (0. .65 ,1,5)
VECT (&15.,0.) .
VECT (0. 32 ) Lo
VECT (1Z..0.)

VERT (=24, , 0. ,1,=5)
VECT (12..0.,1,5)
VECT (O, , &, 1, "'5)
VECT (12 ,0.,1,5)

VECT (=24.,0.,1,-5) _

VECT (12°,0.,1,5)
VECT (0. .,32. ) . -
VECT (15.,0. )

VELT (O. , 65, )

VECT (0. ,-135. , 1, ~5)
VECT (15.,0.,1,5) *
VECT, (0., 10.) \
VECT (5.,2. 5) K\\v/
.J:l, 4 >
VECT (—10.,5. )

VECT (10.,5.)

VECT (—10.,5. )

VELT (5. ,2 5)

VECT (0.~ 10, )

VECT (~15.,0.)

N

LITINE HIMIND
VECT (14.,0.,1,9)
-J=1:3 ) s
VECT {Z. ,5. ) ,
VECT (4. , 15y O
VECT (4. ,~1. 5%
VECT (Z. ,-5.)
VECT (-2.,-5.)
VECT (-2 ,5.)
NUE S
VECT (Z.,5.)
VECT (4. ,1.5)
VECT (4. ,-1.5)
VECT (2. ,-5.)
VECT (10.,0.) )
VECT: (2. 5,5, )
'J=1I.Z

- 168 -

4y

iy

¢ B AW ey

CALL VECT (5.

=10 )

=0 CALL VECT (S.,10.)

~ caLl. VECT (5. ,-10.)
CALL VECT (Z. %5 5)
X call VECT (10.,0.)
N RETURN

|
f
t
I
!
|
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PRUDRHM TRANF ‘ k

a0

: [RANF COMFUTES THE TRANSFER AND DRIVING-FOINT FUNCTIONS. . - <
( , DIMENSION XLADC 1d4, 3), Z(384) '
CALL ARSIGN (4, “TT: )
o CALL ASSIGN (Z, “R¥1: XLAD. J§1<) , C
¢ . - DOUBLE FRECISION 2 " ' . o " oA
' COMMON Z, MIG . . ‘ . T o S
DATA YES/4HYES /, NOZ4HND 7/ . R - EEEEE B
¢ o REAL YES, NO . ‘ o Ty
FEWIND Z : ‘ R SER
" - DO S U=1,3 L AR . C o
. « « DOSI=1,16 7 LT .- . T ’
- . READ(Z, 4)XLAD(I, ) . ST o S A
4 FORMAT (E164. 2) s - : S SN B
5 - COMTINUE . . ‘ ‘ . ‘

o h“‘@‘i’.

L s

" WRITEtA, 12) . P
1% . FORMAT(ZX, “DO YO WANT TO ENGAGE SCALING ROUTINE?-, 7, ' 70 . ,
( Y1 X, TYFE IN YES OR NO<, /) , ‘ Lo T C
- 7 - - READ(&, 10)COM B N . . b .
10« FORMAT(R4) . ‘ o : : T
( - IF{cOM EGL YES) GO TO 20 ; . — L o
. IF(COM. EG. Nn)uu TO 15 ST et 1
WRITEtA, Z5) ' Y :
FBRMAT(IUX,’***%*%ILLEPAL COMMAND ENTRY TRY AGAIN ******')-» .
GO TD 7 . , . .
. MIG=10 - ) e o s
( ‘ ET e BcC h N : ’ , .o o
MIG=0 . < ( . } ) |-
CALL TFS(XLAD) : o o : gL
STOF . . , I,
END T . o

~
b
[}
»

[y
(]

-

AN
ino

o ™

. N -
( ° . "OSUBROUTINE TFS (XLADD ]
i . . DIMENSTON XLAD(14&, 3),Z(324) i :
v o DOIMENSION RNLI(SG), EDI(SO) o . . o DY -
¢ © . - ' DOUBLE FRECISION 2 RM1, RD1 “ I oL o,
. COMMON Z, MIG, My MZ, M3, M3 b ’ . . . B
. ' DO 2000 J=1, 354 J , , .
' CZLd) =0, : e ‘
Z000 CONTINUE . N ) o
- DO Z200 J=1, 16 ©
(- . LEXLADC, 17-100. ‘ ‘ ' T , : ‘
) IFSL. LT O)GO TO 50 . - X X BN
- . K=d#74-23 - . L ’ - B
( o Z{K+2)=1. ’ .
" Z(K+5)=1. : . -
ZK+E0)=1. :
( o, Z(K+23)=21 .
IF(J/2ez, EQ JIGD TO 2100 -
GO TO LzOlu.Auzn,4030,4200,zn40,1050,4060,4070,2200,2080.2090),L 4
{ Z0o10 ZOR+HZ) =XLADCS, 23 #1000 ' i
Z{K+11)=1. - . T '
GO T ZH00 :
. 2020 . Z{E+2)=1 ‘ " ' . )
Z(i+10)~kLAD(J,¢)/100n090 . . ' ' 7
GOOTO 2200 -
¢ . 2030 ZAR+7v=2LA0C], 2) /1000, .
' ZAK+11) =1 o -
: GO TO 2200, , ‘ .
( 2040 Z k47 )=XLAN(Y, 2) /1000, .




v

¢ L
E ZE+R) =XLADCD, 2) 21000, #XLAD.S 3) £ 1000000,
- CZ(RHLL )=

( S0OT ‘:;;r_m) .

. OS50 Z(h+¢)~ALAU(I-2JI1000 *XLAD(I,Z)/iDﬁHﬁOO

' Z{k+EY =] .
b ZK#L0)=XLADCD, 31/ 1000000,
' Lt (cin] Tu 2200 . )
TOED  Z(KHE)SXLADGS 2) #1000, . F-
L ( ' 7(F+1H)~¥LAD(JJM)*XLAD(I.C)/innv =
Zik+11)=1.
- . GO TO Z200
rq ZOT70 L4r+7)—xLAn(|,;)f1ono
. ZE+3 )~XLAD(d, 2I #1000, . .
EE ' 2 K+11)=1- , L
L ¢ . - G0 TO 2200 ' ) ) i
3 - Zpso ZOK+7)=XLADS, Z)#XLADCS, 3) 71000, "
ZeE+RY=1, . C o o .
( ZK+10)=XLAD(J, 3) /1000000, S .
_ GO TO ZZO0 ’ '
2090 ZAKAT)=XLAD (Y, 2) ¥ XLADLS, 3)
G ZOR+10) =XLAO( S, 3) /1000,
z<i+11> XLADCS, Z) #1000
' || T 2200, ‘ . . R ; . .
( 7100 na TO NZELL0, 2120, 215 H;ZZUO.2140;2150:216012L70L2290,2180,2190?;L Y
2110 ZiKk+140=1. ST P -
L  Z(K+17 “XLQD\J:i)*lUUO Ve
( G T 200 ) ' A
e Z120 Z(K+13)=XLAOC, 2) 7 1000000.
4 - Z(K+17)=1" P .

H( : . GO OTO 200 o L

! Z130 Z(K+14)=1 L
LT Z(F+1/)—XLAU(J,2)/1UUO ¢

( ., G T _5:_7_(_)(')

' 2140 2(K+1fk—kLﬁU(l,L)*XLAD(J,O)IIDOO IIDODUQO.
Z{K+14)=1
¢ .Z(V+1L)“XLAD(J,4)/IUDQ
¢ - l,;v” TG __‘_U()
Z150 ZiE+13)=XLADE 3 /10()0000
(1 ZIK+15)=XLAD D, Z) #XLAD, 3) /1000, 1000006,
CZ(EA17) =1 ‘
G0 T SO0
( 7140 ZTEFTA =XLADT J, ZT* 1000.
. : Z(}+1f)~kbﬁﬂ(I.h)*XLAD(llw)leDO '
. , Z{K+17)=1.
v . SO, Ty 2200
. Z1T70 Z{K+14)=1.
Z(K+16)=XLAD(.L, ) /1000,
{ ZCR+17)=XLAD(, 2) #1000,
. GO TO 2ZO0 7, ™
2180 Z kA1) =XLADCD, 3) /1000000,
% ZK+16)=XLADCD, Z)#XLAD(S, 3) /1000,
Z{K+17)=1,
B0 TO 2700
2150 ZE+1E) =XLADCY, 3) /1000,
Z{K+14)Y=XLAD{J, 2) #1000,
ZE+1E) = XLADCA 2) #XLAD (D, 3)
2200 CONT INUE .o L
2250 M= (=10 %24 .
CALL TRANS 3(RN1, RO, XLAD) T
RETLRN ’

} . | J
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‘(\ . END s 177 ) . \‘
'HHDRUHTINE TRANSZ(RN1, RD1, XLAD) ' "
TN DIMENSION Z¢334), RN1(S0), RD1 (50), RNZ(50), RDZ(WO) RN3(50),
‘ CROZ(S0), RNA(S0), RDA{S0), X1 (3), X2{3), X2(50), X4(50),

k DXFCE)LNECE), XTIS0), X8(50), RTN(S0), RTD(SO);RTN&(SO),
: RTDL(50), RTNZ(S0), RTDZ(50), XLAD(16, 3)
: ‘ LOUELE FRECISION Z, RN1, RD1, RNZ, RDZ, RN3, RD3, RN4, AD4, X1, X2,X3,
{( ' 1 X4, XS, Xk, X7, X8, RTN, RTDCRTNL, RTD1, RTNZ, RTDZ -
s ' COMMON z,MIG,M,Mz,MB,Ms,x1,xz,xs;X4,x5,X6.x7.xa
; I M2=1 e . ‘
(., . - D010 J=1, 3 N '
i X1¢J) =0, ,

- XZ(r=0. o : ' .
« KSCIY =0, - - x . - .
‘ , . X&) =0. ~ . ro g
10 o CONTINUE : ' C
( ‘ Do 30 J=1, 50 . . : .
P X3 =0. ~ Vo ' o
, X4(hy=0. - . '
( C X7 =0, ' .
. X8(J)=0. ‘ . : Lo

30 CONT INUE . : \ :

¢ : . CALL rhﬁmﬁvtxs,x4,RN1 3)

o~
I

»

MS=M 1Y
( " IF(XLAD{M&, 1). NE. 104, AND. XLAD(M&, 1). NE. 109)50 TO 38
‘ M=M-24 .
. 50TO 2% . ..
( 39 XE(1)=2(M-&) - - 3
' XB(2Z)=Z{M=T7) o : ‘ .
XE(R)=ZAM-5), - 1 L
( , X7(1)=Z({M-18) . : v S
' X702y =2({M~19) MR tL
‘ X7(3)=2(M-20) . ' - ,
¢ T XA =Z(M-36) ' ) , o :
‘ X&6(2)=Z{M~37) ' ' s
X6(3)=1(M-38) : ' N .
¢ . XS =Z{M~42) e C -
YOXE(2Z)=Z (M-43) . B
i XS(3)=Z(M~44) - L. ‘
( L XA =ZM-) T
X4({2)=Z2(M=10) A ST
S CXA(FY=LIM-11) I R
¢ X3(1)=Z{M-21) oo ©o -t _ ,
X3(2)=2(M-22) N ST . " .
L X3(3)=2{M-23) . . SR
XZ(1)=Z{M=3%) e K e
XZ(2)=Z (1M-40) : L A .
XZ¢z)=2(M-41)  , o " - .
s X1{2) =2 {M-84) . ' _ - R S
. x1(0) =L(M-47) . - ‘ e B T
. M " '
Lo IF (XL A A1, 1. NE. 104 AND, XLAD(Mb -1, 1). NE. 109)G0 TO 42°
oo 40 J=1, SO ) S -

4 RNL (D =Xz oy 20 o o N T
: ' ROL(AP=X7 (D) S .. . e
, . CCRNZ (D =X400) L \ . . LT
( © RD3(H=XBLS) T o e

[ 4 [

5 0 Me=M/z4 o S | , -

o . h . a
e el e A e e e e e e e
e A} —
|

.
. L.
.
. -

(.- #1(1)=2(M-45) T Do N

- ‘_;

.7’\

—
L

. B
.*

—

P

LR TV LN m{:ﬁg\{?y-‘::?}:;w L gt




ro~—

( [ ' ;u

R

»

.

CONTINUE . - - .

GO To 44 .

CALL TRANS l(RNl RO1) @
X3(1)=Z{M~13)
X3(Z)r=2(M-16)
X3(EYy=Z (M-=17)
X4(1) =7 (M=3)
X4(Z)Y=Z(M-4)
X&4{2)=2{M-5)
X?(l) Z{M=-12)
X7(2) Z{M-12)
X7(*) Z{M-14)
Xﬂ(l) =7 (M)
XE{Z)=Z {M~- 9]
XE(3) =Z{M~-2)

o M3=Z

IF(XLQD(MG 1,1). NE 104, AND XLAD(MG 1:1) NE. 10%)GO. TO 45

r_lrl 4:'- ¢| 1, _.t')
RNZ ) =X3(d)
ROZ () =X7{)
RNG (1) =X4(.J)
RD4 ()Y =XE(0),
CONT INLE
&0 Tu-&o
CaLL TRANQI(RNZ,RD/)
XS(1)=Z{M~A)
X8(2)=2(M~7)
XE(3)=Z{M-8) :
X7(1)=2(M-18) . N
RK7(Z)=Z(M-1T) .
X743)=Z(M-20)
X611 =B(M-24)
RX6{2)=Z (N-25)
X6(3)=Z(M-26)
TOXS(1) =2 {M-30)
X5(2)=Z{M-31)
X5(3) =Z {M-32) s,
X4¢1)Y=Z({M-9) - .
X4(Z)=Z(M~10)
X4(3)=Z (M- 14)°
X3(1)=Z(M-71)
X3(Z)=Z(M-22)
X33 =2 (M-23)
XZ(1)=T{M-27)
XZ(Z)y =27 (M~-2Z8)

s

CX2RY=ZAM-29) ) .

X1¢1)=Z¢M-33) |
X102 =Z (M-24)
x1<4>—z<m—55)

f’i_.. & -
Pl

|AL,L TF.HN 1 LRN3, RDE)
XB(L)=Z(M=15)
X3(X)Y=2{M-1L)
RICEI=TAM-1T7) L
X411 =Z(M=3) :

CXAEYST M- -4

XA(E)=Z{N-5)
X7¢11=2(M-12) |
x7(2):zxmr1+> SRR
SR7CBY=2AM-14)

v~ 178 - )

B

. (e

Y




-~

~

i1
il
i

&0 .

Xa8(1)=Z{M)
X2(2)=2{(M~-1)
%8(3)=Z(M~Z)
M=

Ma=M-24
IF(M4.LT.35)GD,TD
MZ=10 '

OO 500 =25, M4, 24

K=Ma+ 25 1)
m/ =K/Z8 :

XLAD(MA~1 1). EG. 104 OR. XLAD(M6~1,1) EQ. 109)C0rT0 500

WAt o
XE(1) =2 (k=3
X6(2)=Z(K—3ﬁ)
XE(R) =2 (K~38)
XS(1)=Z (K~47)
XS =Z{(K—~83)
XS5(3)=Z({K-44)
XZ(1)=2{K~3%)

X2 =Z (K=40)

XZ(2)=Z (K~41)
X1(1)=Z(K-45)
X1(¢2)=Z(K-46)
X1(3)=2¢K-47)
Ze1

DO S5 J=1, 50

XE(JI=RNL ()

X4 (. =RNZ(J)

X7¢d)=RD1{J)

X2(h)=Ropz¢h |
CONTINUE

—

~_‘ ‘-

oo &0 J=1, 50 .
X3CH=RNZ(L) -
X4 (. =Rpd ()
X7 () =RDOZ(D)
X3{d)=RO4(J)
CONTINUE

LALL TRANQI(RTNIJRTDI)

X1¢1)= Z(l’\"'o:)
X1¢2)5Z(K-34)
kl(o} 7 {K~33)
XZ1)=Z (K¥=2Z7 )
X2 () =2 (K-zEh
XZ 2 =2 (K=-29)
XS¢1)=2Z (K-30)
XS(2)=Z (E~31)
XS(E)=Z (K=-52)
Xa(1)=Z (K-Z4)
Xl 2)=7 (K=255)
NE(R)=T (K-26)
Mz=% '
0o 20 J=1, 50
X2 =RNL (D)

,rCALL TRANS 1(RN4;RD4)

LQLL TRAN’i(RTN,RTD)

-

XACH=RNSCD N

X7 ¢ =RDO1¢)
X (Y =RO3(S)
CONT INUE

7




100

L2000 -

250
200

1000

1100

1070

~ -\’»

CRDECH=RTRDZCGS . 3 " : o B

‘ME=4 . ‘ ‘

’F\D4( J=RTOCD ‘ L.

‘LQLL SHIFT(RNL, RD1) ) - ;

WRITE (A S00) - - <

O 1100 .4=1, 30 - o :

I'F(F-N;\ A). EL O AaNDL RDZOD. ED 7)Y GO TO '11_00 ’ .
o= ) . .

. HF\ITF«:,E S0IKIN RNZL. l) ROZC .3 ‘ - . . -
CONTINUE - ‘ . - : ' /
GOTO 1200 ’
%L SHIFT(RML, RI1) ' ‘ N
CELL sHIFT{RNZ, RDZ) ) ' .

2

U
’

- 180~ - (
CALL TRANSL(RTNE, RTDZ) y :
G100 J=1,50. . i ) . . ‘ e
RN (J)=RTN(D) = S - ‘ Y 1
RO (DH=RTDO(D) , ' )
RMZCH=RTNZCD : o .o =,

CONTINUE o ) o oo >

00 ,1ﬂin =1, 50 : . ' 7 . (

X4¢ ) =RN4 () : . . - -
X3 CII=RNZ () . / o )
X7 ¢.J)=RDZ(J) o oo : . o '

X&) =RO4 (D) i " ' o T
CONTINLUE  ° ' ' . .
CALL TRANGL(RTN, hTm, ! ' > ' (
oo 200 J=1,50 - . 4 . . :
RMZ CD=RTNLICH a R 0 .
ROGZ () =RTDL(J) LT o (-
RNGCDH=RTNGD T p ‘ ' - -

OINT INUE E . S Lo & R

CALL SHIFT(RNZ, RDZ) \ ‘ ) S .
CALL SHIFT(RNZ, ROE) . - , .o
CALL SHIFT(RN4, RO4) ' L , o ) ‘
CONTINUE ) ( ' ’ oo .
CALL DIVI{RNL, ROO) . . o .
CALL ASSIGN (1, “RK1: JOKE. -JM ) _ : .

ot 700 Jd=1, S0 .

WRITE(L, (:-«'!D)RDI(,I_I.J),RNI(“.-I) ‘ : (
FORMATL =X, ZEZD. 1n) ' , T ’

CIONT INUE :

ENDFILE 1 : ' - .
HRITE(&, 750) ‘ .

FORMAP(ZOX, “### TRANSFER FUNG TIONss#37, £/ /)
WRITE(4 2O0) X .
FORMAT(2X, “COEFFICIENTS", X, NUMERATOR” 16X, “DENOMINATOR) .
0o =200 -_I 1,30 <

IFCRNLCD) . ER O, . AND. RD1CD). ER® 0. )GO TD 900

KIF=u-1 »
WRITE (4 SS0)KIF, ROLCD), RNLCD) . |
FORMAT(IX, <S#& , 12, 10X, IFE1S. & 10X, 1IFELS. &) ) i
CONTINUE \ :

CALL DIVI (RNI»RDE) _ v : §

CALL TRANSZ(RNL, ROE, RNZ, 25) )

CALL TRANSZ(RDL, RN3, ROZ, 25) > »

CALL. SHIFT(RNZ, F\'DZ)-S

WRITE (L 1000) . .
FORMAT(/ /.7, 10X, " ###DRIVING-FOINT IMPEDANCER®#%7, /7/)

LALL EHIFT(RNEZ, RO °
CALL JSHIFT (RN4, RD4)




150

1060

S0
200

1000

2000

2010

2920

Q00

R T b e
G0 Ty 550 L/ * ‘ oo {-
WRITE(A, 1175) “ N )
FORMAT(/.//, 2%, TO CONTINJE THE LADLER NETWORK ANALYSIS PACKAGE”, s

CZX, CTYFE IM RUN RK1: ANALY To PERFORM BODE AND NYQUIST PLOTS™) J
ETURM .

o - . l(
. | o ‘ |

. - { . i ;
SUBRULTINE TRANSICRN, R) . _ S s ;
DIMEN2ION X1€E), XZEE), X3(S0), X4(50), XS(3), X6(3), R
X7LS0), XE(S0), RN(S0), R(50), R1(S0), Z(384) , ‘
DOUELE PRECISION Z, X4 X2 X3, X4, X5, X4, X7, X8,-RN, Ry R1 ©
COMMON 2, MIG, My M2, M3, M5, X1, X2, X3, X4, X5, X6AX7, X2
L=MZ/24 : Lo i
TF(L/axz EfL LG T 100 A |
IF(MZ NE. 1)GO TO S50 oo T
GOOTO (2010, 2010, 2010, 00), M3 ‘ l
GO TO (X010, Z010, 200, 200), M2 » ’ . l

CIFMZONE. D)0 T 150 o . :

GOOTD (900, 2020, 2020, Z020), M3 ' ' | (
GO TO (P00, F00, Z0Z0, 20Z0), M3 i
I1=3 :

CALL TRANSZ(XS, X7, R, 11) : . , !
[1=%5 ' S : BN |
CALL ThAN:~\X4:R:RIJIl) ~ oo |
I1=3 ' R o
CALL TRANSZ(XZ, RIvR, 11) ,

I 1000 J=1, S0 ‘ ‘

. RNCI=ROD) . | ¢
CONT INUE . < S !
11=3 S ,l
CALL TRANSZ(X&, X5, R, I1) - ) ‘ l.
11=25 S ) -
CALL TRANSZ{XT, R, Rl 11 ‘ v |
I1=3
CALL TRANSZ(X1, k1, R,-11) ‘ ‘ !
Do 2000 J=1, 50 : : - '
RMCD=RNCJ) +R(D) |
CONTINGE | T . A f
11=% . v o , |
CALL TRAMSZ(X&, X5, K, I1) ‘ |
11=25 ‘ ) ' - % : L}
CALL TRANSZ(X7, R, R1, I1) ) ' S ]
I1=3 : . s e
CALL TRANSZ(XS, Ris R, 11) : , : ‘ |
GO TO %000 . v . .l
I1=2 - ’ ! {
CALL TRANSZ(X1, X% RN, 11)

CALL TRANSZ(XS, X70Ri 11) ] : ® l
GO TO #O00 ’ . d
I1=3 .\ : A o
CALL TRANSZ(XZ, X4, RN, I1) g : H
CALL TRANSZ(X&, X2, R, I1) ) : SN ¥y
RETURN . wo S s
END. . h |
SUBROUT INE TRAMSZ(X11, XZZ, Ré, 11) I

DIMENSIONM X11(50), X22(50), R&(S0) .
‘DOURLE FRECISION X11, XZ2Z, Ré T ¢




2760
00

W

DOVELE PRECISION SDN, XRNI XRO1, &, XL1, 20y DIF, FAC, R1, R2Z, R3, ER \

COMMON SONy MIG N v TN : . p K
“ oo 3700 JM=1,50 : | .
IFAXRN1(¢J10). 6T, 0130 TO 2800 | . .,
IF(XRD1(.Ji0).6T. 0. )60 7O 3800 > :
LUNTINHE : A ‘ :
1(_)"51-—J10 . . ¥ ,
.XMAXRU=.EE—38 , . o o
XMINRLD= .- {E+38 ' _ , o .
XMAXFM=, ZE-38 £ .
YMINRN=, 1E+3% /- ~ o R -

IF¢MIG, GT. S)G0 TO 4:.-00

DO 2000 J=1, 50 . ~ oY AN
IR XRMLCJ). LE. 0. 0)GD TﬂaiqDO . \ ) e
IF{XRNI ¢(J). GT. XMAXRN) XMAXRN=XRN1(J) NN
IF(XRNL €Y. LT, *MINRN)XMINRN XRN1 () . ,
IF(XRD1¢.J). LE O. 0)G0 TD 2000 . o
F(XRD1 (). GT. XMAXRD) XMAXRO=XRO1 (J) P
FOXRO G, LT, XMINRD) XMINRD=XRI1 () . -
ONT INUE ’ ) » : .
MAKRM=ALOGLOCXMAXRNY,  « -~ 0 o - ' °
b X MINRN=ALOGLO (XMINRN) L '
| XMAXRO=ALDE10(XMAXRD) : :
\ > XM INFEAL DGO XMINRD) , ' . -
| XMOX=XMAXRN . : LT
. IF{XMAY LT mean)xmax =XMAXRD" . . : .
L XM N X et LNRRY Co .

v ]
: Do Lo J=t,%0 - ° . B . B '.;4(
C et REGI=DLO CT v ’ ,

10 CONTITNUE - & . o y o £
DO 1000 J=1, 2% . ‘ w ) . -,?
‘DO SO0 kel 11 : | .

‘ IF(XL10E). ER O DR XZ2Z(J), Eﬁ 0. )60 TO 300 . (
IF(XZZ(.J), GT, 1. »G0 TO 200« . ' S .
P=, ZE-35/X22¢.4) . N . R e ‘
AF(XL1L0EY GE. 1. G0 TO 300 E “\T>‘ (
IF{X1L4H). LEL L. . ANEL X11¢K). 3T, P)GO .TO 300 , .

GO TO Zooo ) . ‘ . A
200 © P= LERRA/XIZOGN T L - v ,’(
CFF(XLUOR) . LE 1. )ME0 TO 300 T S, C
IF(X11¢K). GT. PYGD TD 2000 4 " . o . e

200 HA(l+F9~hb(d+F)+X11(K)%X1 (1) : : ] . N

300 CONT INUE X ' : 8

1boo  cONTINUE & e - Lo
GO TR S0O00 S ’ ' ‘ i ‘ . ;-(\\

2000 WRITE(4.-1750) ' ' 3

1990 FORMAT {ZX, “FURTHER LDMPUTATIUN WIIL EXCEED THE LIMITS .OF % /

1, ’THIZ MACHINE FLEASE RESCALE QR UQE\PDP€600’ . g (
-..lTnF’ " a
GooTD A000 . : *
15000 RETURN . . r R e
T Ennn END . ' ‘ ~ !

. - L
SUBRDUITINE SHIFT(XRNl.XRﬂi) . '
CDIMENSION SIN(384), XRNl(qo):XRnl( 50), B(S0), XLl(S)z : ,

i QO ED) /( .




p { ¢ . . B : V-
L(. 3" D 4000 J§i,L10 . o -
o LiZ=J+d10~1 o . Y
( XRN1 () =XRNL(L12) 7FAC ¢ - . ‘ o
o A XROW (D =XRD1CLIZ)/FAC . . ;e
o, 400G LCONTINUE ) a ‘
o - GOOTO 4400 ' L.
, < 4O <[, 4Z00 =1, 110 < L s T . o
! LiZ=J+Jd10-1 L S ‘
( XENL D) =XRNLI(L1Z) g T R ‘
: MO} Lei) =XRD1(L1Z)
4300 CONTRMLE ) -f
( 4400 ER=1. E-06 -, ' , ¢ -
. LiZ=L10+1 . : C L :
Do 4500 J=L13,;ﬁﬁ?f?? ° |
o XEN1CII=0. . s
¢ - XRO (1) =0, = : -
458 CONTINUE T o -
( 005 J=1, 50 ' Lo -8 Lo \t:/'
LLe N - =0, 0 . . ’ | .
e \ Bl =d. 0 - ‘ /( - '
( 5 TONTINUE - . ST /_/ T, T
' o "'lT—-E' . . ‘ « - . !
: 10 4§5f1 P . , <
( . (J.LT. 1)GO TO 44600 ' "X
< 7 IE(XRNL (D). Eu 0. )60 T 10
. di=. A VO \ ‘ . B
b g k=3aES ' ‘ ‘ |
( 20 JEER-L . o
T IFUSDNGE). ERL 0. G0 TO 20 E&\ o .
( TR KS((HAZ) 7383 -2 -, _ ‘
i) 00 600 L=1,K, 3 R .
XLt (F) =SON(L) . R
( ) < XL1(Z)=SDN(L+1) * 7 N .
- = U XL1¢1)=sONL+Z) . : . i
> MM=0 R . S
( . IFOXLLEL). BT, 0. IMM=MM+1 | e AN C
. IF(XLICZ). GT. 0 ) MM=MM+1 o ,
IF(XL1¢E). BT. 0 " MM=MM+1 /}/
(o IFCMM LT, 2)G0 TO 600 3 . -
I Li=4 " . ' ¥ s
30 Li=t1-1 ' ] . ,
(o IF(XLI(LL). EQL G, )30 TO 320 T .
. . L IFGLLGT JR)B0 TO 600 - o - 3
¢ SN . Lo,
( - Jiz=A1 . _ -
" G0 TO {0050, 200, L1 " L . :
@ 50 .. R1=XRN1(112) C . -
L RZ=XRML(J12-1) _ N ‘
B0 n(t11)~§1/XL1(L1) . P . ¢
! IF(RCID). LT, 0,950 TO 500 - - :
(. RZ=RZ~0{.J11)#XL1(L1-1) '
‘ Ji1=011-1 e C
¢ IFAJ11-0Y500; %0, 70 IR o
.. 70 J1Z=Jmt < R '
. . Ri=Rx .t : .
Y Rz=XRNL(M1Z-1) =™ S o
! e GOTO 20 c?j- ’ o .
. 20 IF(ABS (R2), GTIER)I GO TEY S00 & - o Co
I=51 . ’ ) ) . . ° . .
¢ 140 I=1~14 - ~ -

|
|
= |
|
I
!
V.
a]
e
.
|t
'l
l'
|
b
!
|
b
l
[
2
|
i\;.
-|‘
T
{
5
;




—

200

240

CRZ=XRD1{I-1)

& .
7, - 184 ~
IFC(LL, OT, 1)G0 To. Anu ) .
IF(XRU;&I).EH‘U.)uU T 140
Jil=1-L 141 ~ . .
RI=XRI111) : Co . . 5
CE=XROL L [=1) . ; .

GDCJLL)=RLALLILY © o
Z=RE-T{J11) #ALI(L1-1) ~ "AS*“}

|11 J1 -1

TFCJLL~00) 120, 180, 14O oo
I=I~-1 . . -
F\l""F‘.L. " ot

SO TO 150 .

IF(AE=(RZ). GT. ER) GO TO 500 .

GO TO = .

hl XRML{d12)
FEXRML{J12-1)

Ra=XRM1 (1 3~%)

BJ11) =R1/XLL(LY) N
IECQ(JI). LT, 0. 0)E0 TO 500
RZ=RZ-G{J11) #¥L1(L1—-1) ~
RI=RI-0{ L) #XLICLL~2) ~ -
SR ENTR RS .
: Ir(l11~n)Hno,:nn,:30 .
HZ=T-1 g, _ : ' o
R1=RZ . ¢ )
. RZ=R3 . i
RE=XRN1 (. J1Z-2) ' o,
GooTE 100 . L '

IFCARS(RE). GT. EROGO TO S00
IFCARS(RE). GT. ER)GO TO S00
I=51 Tt

[=1-1 ; o .
IFCXRDL (D). EGL )G TO 340
Jl1=I~L1%1 ' . B
R1=XRD1¢I) fo
RZSXRD1C(I-1) . ,
PE=XROL (I~2) . 'y
GOCIL1 Y =R1/XL1(LL) - - .
REZ=RZ-er(J11)#XL1(Li~-1) - R
RE=R3-0OD(J11)#XL1{L1~2) - Iy
Jil=J11-1
IF QL= 370, 370, 360 © , -
I=I-1 . ;
Ri=RZ g .
RZ=R2 - -
RE=XRD1L ¢ I-3) \ e
GOOTU 250
CIFCABE(RT). GT. Eﬁ)hu T qno* ¢
IFtARS(R™), GT. ER)GO TO 500 p
0o 420 N7=1, 50 . < .
XROL (N7 =0D(MT7) . ) ‘
XRAL (N7 =0(NT) ' /
BONMGY =0,
CHUNT Y =00, , o
CONT IMUE . ,
CE0 T T : . >
O S50 i . b
N ‘ /
PDONT ) =0, : ‘

- A



Faaik)=Fzz(E) /NG oo ~

) ENLI

COMT LMUE .“ . tos
Ri=0 s Lo .

RZ=0. i :

~ RTED. ~ : .

N T INUE : ' ’ . '
T ORETURM B

EMD

SUEROUT INE- DIVI(F11, F22Z) : . '

DIMENZLON F11i(50), F2E(30), N(4b) . -

LDATA NAZ, 5, S 7,10, 15,17, 1':?‘." PACTIVAC FRCH W 37; 44, 4%, "ﬂ7; 53, 5%, 61,47, ™
71,73, 7% 83, 89, 97, 101, 103, 107, 10%, 113, 127, 1310137, 139, 149,

158, 197, 163, 467, 173,179, 181, 191, 192, 197, 199/ . '

M=1 - ‘ \

Do 100 J=M, 44 M '

Z=F1101) NG . ) \\\
IF(Z. BT, 32767 Y05 TO 143 . . - =

L=Z - ~. ’
IF(E. NE. 2)30 To %0 - - , e
Z=FZ:(Lr /NG '

IF(Z GT. 33767 )00 TO 125

L=Z % S SRR
IF{L. NE Z)0G0 %h 0 - ‘

oo 10 k=1, S0 ) . .
FLiCh)=F11)/NCd) -

CONTIMUE ’ ;

GOOTO 5 ) ) —_—
M=M+1 ‘ ' ¢ . ,
CONTINUE 7 : . * ’ L . -
IFCHM. LT, 46)G0, 10 5 o : )

RETURN \ o

ce oy oy e e

Do ae

TR Y e LT L




——————————e ey
. - . \\
- .

et ety et
r TR Iy
ki !:?}“ll‘-‘i .




.o Fig. IV A—\Erogram ANALY Operation Sequence

‘Read Disk File
+To
Obtain TF
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StarF
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Polynomial

1 Enter Order
o — Of
Polynomial

-

~ Enter _
Coefficients

Print

Polynomial

No

Enter
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P Limits
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] . . .
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FPROGRAM ANALY EHMPUTE° THE EODE,

FHASE,

AND NYQUIST PLOTS

DIMENS LN RNCBO )Y, RO(S0), DEFLT(401), PHIBLT(401)

COMMON DEFLT, PHIELT, &F, EF, DEMIN, DEMAX, FHIMIN:FHINAX DIVI:NERAN

COMFLEX ECODEN, EODED, S, BODEN1, BODED!
/,EHDE/4HLHDE/:NYWT/4HNYQT/

LHATA YEZ/4HYES

7+ NO/4HND

" REAL YE:Z, NO, BODE, NYRT
EALL A= TGN (1, “REDL JOKEE. JM )

CALL AT=SIGN (A, -
CALL ASZIGN (7,
REWIMD 1
KOUNT =0 .
Dp Z J=1, 80
RM () =0,
RIVCJ) =0,
CONT INUE
OEMAX=~-1000,
DEMIN=1000,
PHIMIN==3000.
FHIMAX=2000,
PHID=0.
PHINT=0,
PHIT=0.

" TOPHI=O,
FHIDT=(
PHIZ=0.
ENR=0.

- ENI=0.
BOR=0.
EO1=0. ‘
BOR=0.
EDI=0.
EOOR=6,
BODI=0.

*N=0
NN=0
LL=0
ML.=0
DRT=0.
EVED=0.
EVEN=(.
VOR=0,
VIR=0D.

TT: )
“LP: )

IF (KOUNT. EGL 1)G0 TO 101
CIFCKOUNTLCER, 2)G0 TO QO

WRITE (4, 4)

FORMAT ¢ 2X, DO YOU WISH TO ENTER YOUR, OWN TRAN:FER*FUNCTIDN°’./:.

ZX, “TYFE IN YES OR NO7, /)

READ( 4, 7)T0M
FORMAT{A4)

IF(COM B3 YES)GD. TQ 9 °
IF(COM. EQ. NGO TO 90

WRITE (&, &)
GOTTO -
KOUNT =1

WRITEY G, 10)

!
s
¢

P

FORMAT { 10X, “###we ILLEGAL COMMAND ENTRY/IRY AFAIN*****’)

FORMAT(ZX, “ENTER THE ORDER OF THE TRANSFER FUNCTION’ /:

2X, "ORLDER="%)

READ(H,ll)FGRD ‘

FORMA T (F7. 0)

SRR B A

1]

L 4




( ' . L O . N
| ‘ NORC#=FORO+1 : ' ' ' C S , ‘
B WRITE (4, 30) -
( =0 FORMAT ¢ 2X, “ENTER ' 'THE ‘DOEFFICIENTS OF THE TRANbFER FUNCTIDN‘ /.,‘ (
1 ZX EOEFFICIENTS BEING ENTERU FROM Lqu 5T TO HIGHEST- ORDER”)
. B0 S0 NIF=1, NORD o * . o o .
( NORT=NIF-1 : , - . - ‘ Ty
WRITE (4, 41)NURT e ' \ : .
.41 © FORMAT(ZX, ‘GOEFFIZIBNT OF S¥s7,12,7) . " e T
€ ) WRITE (&, 42) N\ _ . S .
47 '« FORMAT(ZX, “NUMERATOR=", $) v S C )
. READI{ & 4Z)RD(NIF) .. . o
( 4z FORMAT(FZO. 10) | _ I q
WRITE (4, 44) o C e R -, s 00
. 44 'FDRMHT(ZX,’DENDMIR%TDR=’;$) SR _ .
. REALDI &, 43)RN(NIF) D n ' o '
( 50 " CONTINUE ‘ > AT » ‘. v (
WRITE (&, S1) ) X
( 51 i FORMAT (ZX, DO YO WANT-A PRINT OUT OF THE LDEFFIPIENTS JMET
1" ENTERED?”, /, ZX, “TYFE IN YES OR NO“, /)
52 READR &, 7)20M° .
( IFCCOM, ER YESIGD TO 55 T T
IF(COM. ER. NDDGD TO 100 : ‘ . ; ~
WRITE (4 2) “ R S,
( ~ GOOTO 5 . . KO C Ty
55 WRITE (. 59) ‘ T : »
S FHRMAftzﬁxf’***TRﬁN“FER FUNCTIGN*** ) - ° o
( WRITE(L, £0) . =4y
L0 . SEORMAT (X, “COEFFICIENTS”, 11X, “NUMERATOR”, 21X.’DENDMINATDR’)
- oo 71 MIF=1, NORD
- ~ NORT=NIF-1. ~ s
WRITE (4 £2) NORT, RD(NIF) , RN(NIF) ;
& FORMAT (EX, “S#%’, 1Z, 15X, 1FE1S. &, 15X, 1FE15. 6) ,
(' 71 CONT INUE o : o : . ,
. WRITE(A, 72) . ’
72, ' FORMAT (ZX, “ARE YOI SATISFIED?”, /, 2X, “IF  ANSWER IS YES BODE
( 1 PLOT BEGINEY, /,-2X. “IF THE ANSWER IS NO RE-ENTER COEFFICIENTS Y /,
' 1 ZX, “TYFE IN YEZ OR ND7, /) ,
: 74 READK &, 7)COM ‘ .
( o IF(COM EGL YES)GO TO &0 . ‘
: IFCCUM EQL NODGD TO 1 : : - \
-  WRITE(&, 8) , ' T -
Y 50 T 74 o ' : ' .
20 JTJ=NORDHLA\ < 1 - ' ' )
S oo &l MDL=S;:?ED , , o
¢ . RNM{MOL ) =0. O . . oy ‘ -
ROCMIOL)=0D. O . ' .. B " |
g1 CONT INDE : . ) |
. GOUTO o0 o . S . .
20 BOUNT=Z I ' o |
oo @5 LLL=1, 80 ’ ;
‘ _  READ(1, %6, END=100) RO(LLL). RNGLLL) : ‘ - f
& . FORMET(3X, ZEZ0. 10) o e o
o CONT TRLE . : o r ‘
( 100 REWIND 1 ' . ‘ o - : N
101« WRITE(&, 120) : -
.1z0” FORMAT (SX, “ENTER THE STARTING FREGUENCY (IN RAD/QEC) ‘%) s
. " F@W(ﬁiﬂmcs ’ . L
‘ 120 - . FORMEAT (R 20, - _ ’
wRITt(/,14u)f ‘ T
140 FORMAT (5X, “ENTER THE FINAL FREGUENCY (IN RAD/SEC) =, $) .
» \
b




. qunxu,1a0)EF ‘ ’ .
. - IE?EF LT. SF)GD TO 150 * : '
€ - GO/ T 180 ' " ‘ :
A 150 WRITE () 170) '
| 170 . FdﬁNHTKZk “ERROR YOU HAVE SPECIFIED ILLEGAL' FREQUENCY LIMITSZ, /
(. -1 42X, “FLEASE TYFPE IN CURRECT LIMITS /7))
! G TO 16O ‘ ‘ ' ”
© 180 DIVI=(EF-SF)/400. . S , ‘.
¥ FF&GF . ‘ .- - ‘
: ‘ FS=SF~101#DIVI * . A
o : J=g1 S ) : \
v 200 J=0-1 - , , ;
i IF(RN(.D). EG. 0. )GD TD zoo o
n.‘ 0 * ; ‘ ‘ v
( 250 dd-dJ+1 - : p ’
IF(RN(JJ). EQ. 0. YGO TO 250 S . -
: ' 1=51 ¥ \\\>N\
( 300 I=1-1 a ’
IF(RDCD).-EGL 0. )GO TO 300 : . .
"II=0 C . ' . 2
( 350  II=II+1 ' ‘ " '
o, IF(RO(II). ECL 0. DGO TO 350
. : JoL=.00
(" O DD 4(..“) LEV \JGL.: -_‘; L } . "
: LEV=LEV+1 ] T
IF(RN(LEV). NE. O. )GO TO 450
' 400 CONT INUE L ! ot o ) .
. EVEN=10. ' . - o
450 INI=11 ) ‘ . ’ '
{ DO 475 LED=I10I,1,1 . - . , ' o !
- LED=LED+1 | ' . T _ ‘ i
CIFGRINLED). NE. 0. W30 TO 500 . ? . {
475 CONTINUE .+ - . : "
- =+ EVER=10. - ’ . . - :
P IHD=0. e . ' '

¢ FHIN=0., - : . . , ,
TN~ . £=CMFLX(O. ,@ . . S
- TO0a1150 BLM=TYS02 ’ ) i

( | FRE=F 5+ (DTVI#KLM) .

S=CMPLX (0~ , FRS) ) : .
“ IF(ATMAG(S). LE. 0.)60 TO 1150 - =+ . b
g ‘ EQREN=(0. , 0. ) - B . ‘ o -
BODENL=(D. , 0. ) ’ v - . ! i

' DO 400 KJ=1,J o S R \ i
{ KI=p.1-1 ’ oo . . R ' .
- BODEN=EODEN+RN ( (.J) % ( S##K1) SN C .
. BODEN 1 =EDDENL+RN{KJ) # ( Ss (Ko=) ) : : L :
‘ £00 CONT INUE
: EODMAN= ALH(REAL(EDDEN)*REAL(BODEN)+AIMAF(DUDEN)*AIMAP(BOBEN))

* o~

N
fo
‘#

IF CJd=dJ EQL 0)GD TO 72 . » .
IF(EVEN NE. 10. )50 TO 610 o : ' AR
NL=0 , : o
. IF (REGL(EGDEND). LE. 0. . AND. VIR, GT. 0. JNL=1 .
( . IF(VIF LT. .. AND. REAL {BODENL). GE. 0. JNL=1 ) P
, IF(NL NE. 0)PHINUT=1E0. o ' 7

. IF(NL EfL 0)FHINUT=O, ~ . E :

FHID=FHID-FHINUT ‘ : -
_VIR=REAL(EODENL) . . , ;. !

6O TO 780 . ¢ . - ! 2
{ 610 GUIT=REAL ( BODEN1) . f,

3




e )

~

750

G

730

L.
Y
800

¢

z

1

1

1

- ) -192 - . . . "
IF(ABS(QIIT). LT, . 1E-35)60° TO &30 , -
FHI/—ATAN(AIMAH(EHDENI)/REAL(EDDENI))*180/3 14
ENR=REAL (BODEN1) ‘ ‘

ENI=AIMAG(EDDENT)

IF(BNR. GE. 0. . AND. BOR. LT, O. )LL=Li+1 |, © IR
IF(BNR. LT. 0.". AND. BOR. GE. 0. JLL=LL+1 . .t :

"IF(ENL, GE. 0. . AND. BOI LT, O, JLb=LL+1 - :

JIF(BNIL. LT. 0. ."AND, BOI. GE. 0. JLL=LL+1 PR S
BOR=ENR - ' A "
BOI=ENI T ) , R ' 3
JIF(LL LT, 4)60 T0.750 . L

CNNENNFE60 LTy TN— LY oo o v
LL=0 : o S0
IF(REAL(EODEN1). GE. O. . AND. ATMAG(BODEN1); GE. 0. YPHID= —1NN+PH12> ‘
TF{REAL(BODEN1). LT. O. . AND. AIMAG ( BUDEN1). GE. ©. )PHID=-(NN+180. +PHIZ
) ' >
IF(REAL (BODENL). LT. O. . AND., AIMAG{EODEN1). |T. 0\)PHID -tNN+1ep.+PH12
) - : . , : , .
IF(REQL(BUDENI).GT.0..AND.AINAG(BUDENI).LTﬂO.)PHIﬁ=—(NN+360.+PH12 “o-
) , ' A P U ' ~
PHIDS=!1-J)#%0. -~  ° RS , C
PHIDT=FHID+PHIDS L o : -

» BODED={0. , 0. ) R I - ‘
é@nen1=<q.,o.) . \ o STy
o0 800 M=1, 1 . ' . : / . :

MM=M-1 A . . : L ,
BUDEDTBHBED+RD(M)*(S**MM) R / . ‘ .

. BODED1=BODED1+REMM) #(S##(M-I1)), - « ST )
CONTINUE ‘
BUDMAD‘AEG(REAL(BDDEU)*REAL(BODED)+AIMAG(BODED)*AIMAG(BUDED)) >,
DBT=20. #ALOGLO( GURT { BODMAD/EODMAN) ) , |
IFCII-I. EQ. O)G0O TD 920 , g
IFC(EVED. NE. 10.)G0 TQ 810 » . .
NOL=0 g l ’ |
IF(REHL(BDDEDI) LE. O.. AND. VOR. GT. 0. )NOL=1
IF(VOR. LT. .- AND. REAL(BUDEDl) GE. 0. YNOL=1
IF (NCL. NE. 0)PHINLT=180. L !
IF(NOL.-EGL O)PHINLT=O. = - ' T .. ot
FPHIN=PHIN+FHINLT ° S c

- VOREREAL (BODEDY )’ ‘ . ’ '

0 920 . , ‘ : 4
(BODEDI1) L o _ ,
T). LT. . IE-35)G0 TO &20. ’ oL .
FHI= ATAN(A AﬂxbuDEDI)/REAL(BGDEDIY)*(180 r3.14) - :
BOR=REAL ( BODB{I1 )
BOI=AINAG (BODEL .
IF (EDR. CLT.00 IMLEMLFL . * .
IF (CDR. . L GE. 0. )ML=ML+1 IR ot
IF(EDT. GE. O, . ANDMEDE-LT. O, JML=ML+1 - .. ,
IF(BEI:LT. O . AND. EODY. GE. 0. )ML=ML+1 - ’
BODR=EDR o ' 3
" BODI=EDI T R -
‘_gF(ML.LT,4)Bo TO 850 N - S i
N=N+260 ‘ . . ‘
ML=0 S0 - : . i
' IF (REAL(BODEDL). GE. 0. JAIMAG(BODEDL ). GE.-O. )PHIN=N+FHI /
_* IF{REAL(EDDEDL). LT. O. . AIMAG(BODEDL), ‘GE. O. JPHIN=(N+180, +PHI)
1 IF (REAL(BODEDD) . LT, O. CAIMAGCBODEDL). LT. O) JPHIN=(N+180, +PHI) -
IF(REGL(EDDEDl).GT.OZ NP, ATMAG(BODEDL). LT, O. )PHIN=(N+360. +PHI) '
PHINS=(IT-1y#50. > 8 ., : ‘ T




( . : & ‘- 193 -. .
PHINT=FHIN+FHING : ' | ' Yo
TOFHI=PHINT+FHIDT . . -

(. - IF(FR% LT. SF)GO TO 1150 - : . . a

: IF (DEMAX. LT. DET) DEMAX=DET : oo ‘
o . IF{DEMIN. GT. DBT)DBMIN=DBRT '
1  IF(FPHIMAX. 5T. TOPHI)PHIMAX=TOPHI
i CIF(PHIMIN. LT. TOPHI)PHIMIN=TORFHI
g ) DEPLT (KLM-101DNeDBT ‘ .
b( FHIBLT (KLM=-101)2{0FHI v ’
RIS ¥ -1¢ CONT IMUE ‘ :

; X ~ WRITE(&, 1170) - ' '

H( 1170, FORMATI(ZX, “WHICH DO you WANT?”, 5X, “ BODE . OR NYGT?7, f:2X.’TYPE IN
! "1 BODE OF NYQTY, /) . ,
4 S 117s READ{ &, 7)COMM ‘ '

(" IF(COMM. EQ. BODE)GO TO 1180 - :

IF(COMM, EGL NYRT) GO TOw 1150
o WRITE (6, §) .

(- . GO TO 1175 :

TS 1180 NERAN=1 .

i P CALL GRAPH  © - ' l

e ) GO TO 1195 ) . - N
1150 NERAN=Z ~
. , CALL GRAPH : N
¢ © IF(NERAN. EfL 1360 TO 1195 ¢

" OGO TO 95 -

, 1195 WRITE (4, 1200) ' ’
(\\\\;:209_ FORMAT(2X, “DO_YOU WANT A PRINT OUT OF ‘THE BODE PLOT?, /”,T—n\

-

(3

;12X ‘TYPE'IN- YES OR NO’, /) .
201 READ( &, 7)C 1M . -
C - IF (CIM EQ. YES)GO TO 120Z
: IF (CPM. ER. ND) GO 10 1225 “
. WRITE (4, 8) ’ : |
( ) GO TOD 1201 ' : .
1202 IFC(KOUNT. EGL 1)60 TG 1293 , .
GO TO 1204+ - Co
¢ 1202 WRITE (7, 59) .
: . WRITE(7,40)
DO 1205 NIF=1, NI‘IRD . SR K
( ‘ = NORT=NIF~-1 e o
. WRITE (7, 62)NORT, RINNIF ), RN(NIF) : T
‘ 1205 CONT INUE
( - TO 1210
g 1206 WRITE(7, 59)
: ' WRITE{7,60) ,
(» - DO 1203 Jdd=1, 230 . }
‘ IF(RD{JA). EQL O.° AND. RNC.JD). EG. 0. )GO TO 1208 ,
KROL=.t1~1 ‘. '
(- TWRITE(7, 42)KROL, RO{JJ), RN(J') . :
1208  CONTINUE | ¢ o @& : C
. 1210 WRITE(7,1211) | - N
( "1211  FORMAT(SO0X, ~##+#%B0ODE FLOT# %84 ) : . |
Co WRITE (7, 1Z13)FF Yo L o
12173 FORMAT (40X, “STARTING FREMIENCY=<, 1FELS, 7, 2X, “RAD/SEC”)
‘ WRITE(7, 1Z15)EF
1215 © FORMAT (40X, “FINAL FREQUENCY=<, 1FELS. 7, ZX, 7RAD/SEC)
\ WRITE(7,1214) | ‘ _
| 1214 FQRMAT('UX,’FR&HHENLY’,CdX,’NAGNITUDE“,34X,’PHASE’)‘ ]
DO WL ADA=1, 401, 2 - o , R
. SP=FFa{J0d-1)#DIVI | \ ]
: . WRITE(7, 1/16)oF,DEFLT(JﬁJ) FHIBLT(JOJ) N




1214
1221
1205

1230

At

12735

13202

13073

STOF . | ' . R

5

- 198 A ¥
FORMAT (18X, 1FEL 1 4,G2%, 1PEL1. &, 32X, 1PE1L. 4) co ,
CONT INLUE : S . ' :
WRITE(&, 1230) . f Ci} ‘ ) (
FORMAT(ZX, “D0_YOU WANT TO ENTER NEW FREQUENCY LIMITS?7, /,
ZX, “TYPE IN 'YES OR NO/,7) \ . N
READ( &, 7)COM ' ‘ ’ - -
IF(COM. EQ. YES)MGO TO 1239 '
IF(COM EQ NOYGO-TO 1240 ~ L. e @ )
WRITE(E, B) : L f S
GO TO 1235 L. ST
IF(KOUNT. EQ. 1)G0 TO 3 ) o
IF(KOUNT. EGL 2)G0 TO 1241 ‘ P ‘ (
KOUNT 1 =KOLINT : N, -
GO TQ1 ' ‘ .

WRITE(A; 1245)
FORMAT (ZX, “DO YOU WANT TO :TART UVER AGAIN?”, /12X, *TYPE IN YES OR
NO”, 7) ‘
READ( &, 7)CEM ' . . . . ¢ .
IF(CEM. ER' YES)GO TO 1260 C~ ‘ :
IF(CEM. EGL ND)GO T 1500
WRITE (6, £) A , . (¢
GO TOY 1250 - oo - S AN
KOUNT1=0 ¢ ' o :
G0 TO 1 ' , - (
WRITE (4, 1300) S
FORMAT(ZX, “DO YOU WANT A PRINT OUT OF THE NYGUIST PLOT?”,/.2X,
‘TYPE IN YES-OR NO7, /) ‘ . !
READI &, 7)COM - ‘ : e
IF(COM. EG. YES)GO TO 1302
IF(COM. EQ. NO)GO TO 1225 . ‘ -
WRITE(&, B) , .t . . ) .
50 TO 1301 3 N s
IF(KOUNT. ER. 1)GO TO 1303 N . . ‘. ,
GO TO 1306 ' ¢ .
WRITE(7, 59) o 3 . - ~ ) :
WRITE(7, 60) ' 7 ) .
00 1305 NIF=1, NORD \ .
ORT=NIF-1 . I :
RITE(7, 6Z)NORT, RD(NIF), RN(NIF) .
CONT INUE . . |
3 TO 1310 \ \
WRITE(7,5%) - G - ,
WRITE(7, &0) ) . , o .
00 1208 JJd=1, 80 .
IF(ROCJY). EQL 0. . AND. RN(KD . ER. 0. )GO* TO 1308 .
KROL=u]—-1 | . ' A
WRITE(7, 62)KROL, RD{JJ), RN('J) . ‘ v ' ’
CONT INUE . . ‘ .
WRITE(7,1211)" : . . Lo
FORMAT (S0X; * ####NYQUIST PLHT****’) : .
WRITECT, 1Z13)FF . » .o

WRITE(7, 1Z15)EF o o
"WRITE(7, 1214) B o , e o. o

D0 1350 JOG=1, 401, Z . -
SF=FF+{J0G—1) #0IVI \ r . , .
CENY=10. %+ (DEFLT(J0G) /20, ) T A T

WRITE(7, 121&)SF, CONY, PHIBLT(JOG) g .
CONTIMUE - 3

-~

Gh TO 1225 . . ' \




Famt
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SUBRDUTINE GRAFH

DIMENSION IBUF(6000), DBFLT(401), PHIBLT(401)
COMMON DBPLT, PHIBLT, SF, EE, DBMIN, DBMAX, FHIMIN:PHINAX.DIVI:NBRAN
DATA YES/4HYES f,NUf4HNO s/

REAL YES, NOR\

FOF=GF-

NGRAPH=0

CALL INIT(IEUF, 6000)
IF (NERAN. EC. 1)G0 TO 5
6O TO 10&

CALL ARNT (140, , 3%0. 11, -9)

CALL SUBP(99%)
CALL VECT(O., 400, ;0,5)

'-CALL ESUER

td

CALL OFF($99)
CALL SURFC1000, 999)

CALL AFNT(140.,22. ,0,-8)

CALL VECT{10..,0.,0,9)
CALL VECT(5%0.,0.,0,1)
CALL VECTA(O.,400..,0,1)

CALL ‘VECT(=590.70..,0, 1)

CALL VECT(-10..,0..,0,3)

CALL VECT(O., ~400.,0,3)

Y=22.
0o 10 J=1,4
Y=Y+100.

< CALL APNT (160:,Y,0,-8)
CALL VECT(10.,0.,0,9)

CALL VECT{(5%0.,0.,0,1)
CONTINUE

Q

CALL AFNT(160.,35%0.,0, -5)
GALL VECT(O. , 400. , 0, 3%

CALL VECT(10.,0.,Q,93)
CALL VECT(S%0..,0. ,0,1)

CALL VECT(O.,=-400.,0,1) |
call VECT(-=390..0.,0,1)

Y=590. N

DD 15 -_J:—‘-ll 4

Y=Y+ 150,

CALL APNT(160..Y. 0, -8)
CALL VECT(10..0.,0,5)

CALL VECT(S90.,0.,0,1)
CONT INUE

CALL APNT(763. /550, , 0, ~8)

CALL TEXT(/RAD/SECT)

CALL APNT(743. , 20, , 0, -8)

CALL TEXT{“RAD/SEC”)

CALL AFNT{(400., 1010.,0, —8)
CALL TEXT( BODE- ANALYSIS”)
CALL AFNT(140. ., 1000.,0, &)

CALL TEXT(DECIGELS").

CALL APNT(160.5 422 ,0, ~8)

CALL TEXT{ "DEGREES)

CALL AFNT(S00., ¥00.,0, -8)

CALL TEXT(“BODE")

®

,r

\ CALL APNT(775.,875..0,-8) '’

§

f'




- ¥( ‘ - : - 196 £ ,
- _ CALL TEXT(“MAGNITUDE”) L
CALL APNT(250..,500.,0, -8) - :
< .+ CALL TEXTWFREGUENCY=) - s .
- CALL APNT (S00. , 300. , 0, -8) o

e CAuL/TEart'BonEf) - I
R N - CALL 'APNT(795. ,27S.,0,-8) "

CALL TEXT(‘PHASE"): LT : .
CALL APNT{ Q0. ., 0. , O, =8) f : ' '
( -, CALL NMBR(100, SF, E11. 47"
‘ . CALL AFPNT(750.,0., 0, -8} IR : : .

* ‘CALL NMER(101,EF, “E11.47)" ° ‘ , o -
(~\\:> CALL APNE(100,56%.,0, -8) :
7

CALL NMER(10Z, SF, 7E11. 47)7 R
CALL ‘AFNT (750, , 545. , 0, -8) .
CALL MMBR( 103, EF, “E11. 47) s
SGALE=(DBMIN-DEMAX ) /4. - 5 I
Y=10%0. A .o
¢ ' D0 30 JJ=1,5 o
' Y=Y-100. .
: . PSCALE= DBMAX+°PALE*(JJ 1) .
he y CALL APNT(O.,Y,0, —€) v ‘ "
j 4 CALL Nmrﬁ(1so+du,ch9LE.'E11 4 ) . ‘ N .
~ 30 - CONTINUE . - : .
(‘ ~ SCALE=(PHIMIN-FHIMAX ) /4.
- ¥=5232, . B
‘f DO 40 S1=1,5 i ° . 0
4 Y=Y-100. o : .
PSCALE=PHIMIN~SCALE®*(JJ-1) ° . 3

CALL APNT(H.,Y, 0, ~8) r
R CALL ‘NMBR({ 200+JJ, PSCALE, “E11. ) : .

J a0 T CONTINU - ' .o -

' ' . \FF=sF ) . .
e . GRIVX=AES( (AL LO(EF)-ALDGIO(SF))fboo ) o .
) GMAGY=(DEMIN-DBMAX ) 7400, ~

., Y GPHIY=ABES(PHINAX-FHIMIN) /800, ! ‘ ’

( . WFE=140 . \\ ~ -

Jp wmv=9ao :
WPY=4% “ . .
Do S0 d 36, 401,25 - :
SF=FF+(.1-1)#DIVI ‘ , o
. \ .RFPT~(AbOGlO(QF)—ALDPIO(F73)/CDIVX \\~ i

RNPET=WFP+RFPT
CALL AFPNT(RNFPT, 590.,0;-8)\ < :
C - CALL VECT(0.,15. ,0,1) . ‘ : .
4 " . CALL APNT(RNFPT, 9%0. , 0, ~§) -
) t @ALL VECT(O. ; ~15 , o 1)+ .
. CALL APNT(RNFPT, 42Z.,0,-8) , = -
{ ) CALL VECT(O.,-15.,0, 1) o - .
ALL AFNT(RNFFT.22. , 0, —&) . , .
' CALL VECT(0..,15.,0, 1), “ o , B
l, . S0 . CONTINUE L v
o YDO 7S J=1, 400 -_— B
- SF=FF+(J-1)%*DIy1 Co
( - RFPT—\ALUGiO(SF)—ALUBIOka3)/GDIVX :
“. " _RNFPT=WFP+RFPT )
RMPT=GE5 ¢ (DEMAX— DBPLT(J))/GMAGY) co
¥ RMPLT=WMY~RMPT N
‘ SE=FF+{J)%DIVI{ o '
. -RFFT1=(ALOG10{SR)-ALOGIO(FF ) /GDIVX .
. @ . - . RNFFT1=WFP+RFPTL - . -

o




ove L 8 il -
( - ‘ ' on - ]97 - * ° ( .? .
o RMPFI*AEQ((DBMAX ~DBPLT{J+1))/GMAGY) = . . R ,
. RMPLT 1 =WMY~RMPT 1 ' ' ’
¢ ' CALL APNT(RNFPFTs RMFLT, 0, 5) ‘ { @g
- ' CALL VECT(RNFPT1-RNFPT, RMFLT1~RMPLT, 0, 5) : 3
, v , PMPT=AES( (PHIMIN~FHIBLT(J)) ) /GPHIY . & ’
F PMPL T=WFY-PMPT . ' - {
C PMPT1= ADS((FHIMIN—PHIBLT(J+1)))/GPHIY . ‘ " ,
. PHMPLT 1=WPY—PMPT1 , : : ¢ :
¢ # CALL 'BPNT(RNFPT, PMFLT, 0, 5) - | ' t o ‘ ’
‘ ! CALL VECT(RNF, TI—RNFPT.PMPLTi—PMPLT,O,S)
. 75 . CONTINUE ' , c :
(- ’ LR=0 i . . . ‘
. "WRITE(G, 80) ’
20 VFORMAT(ZX) “DETAILED EXAMINATION OF THE PLOT IS OBTAINED?, /, 2X, ‘BY
¢ - 1 TYPING IN AN INTERGER NUEER FROM 1 TO 401°,/,ZX,“TO EXIT FROM {
.1 ' THIS MODE TYPE IN INTERGER >4017,/,2ZX, “TYPE IN INTEGER”, /) -
: o5 "READ( A, $0)JIJ : o°
( g0 . FORMAT(120) ‘ ' K S
. IF(JIJ LT, 160 TO 95 ' ’
, < IF({JI.J. GT. 401)G0 TO 100 S ' . .
¢ T-~_ CALL APNT(RNFFT, 590., 0, —4) - L. o
CALL, ERAS(LN+1001) . ,
. ? CALL ERAS(LN+Z001) L
O SF=FF+(J1J—1)*DIVI ~ " SRR
- RFPT=(ALOG10(SF)—ALOG1O(FF) ) /GDIVX :
. - RNFPT=WFP+RFFT o ¢ ‘
¢ , CALL APNT{RNFPT, 5%0. , 0, —8) ' : .
‘ ‘ ; CALL SUEP{1001+JIJ,999) L : .
CALL APNT(RNFFT, 22.,0, ~8) . , . )
¢ " CALL SUBP(2001+JI., 999) T
CALL AFNT(780.,850.,0,-8) .
- CALL NMBER(ZOO.,DBPLT(JIJ), “E11.47) .~ .
( ‘ CALL AFNT(400.,500.,0,-8) - " W , o
‘ CALL NNBR(301LSF,’E11.4’) . g i
A CALL APNT(79S.,250. ,0,-8) - . N
¢ ' CALL NMBR(404,PHIBLT(JIl),'Ell 47y . ¢ - : ‘ ;
“ . LN=JI. : ‘ -—
' . Go TO oS B
100" ' IF(NGRAPH. EG )60 T8 200 : C - T
WRITE(&) 101) ’ ’
101 FORMAT(ZX, DO YO WANT NYRUIST PLoTz',/,zx,'TVPE IN YES OR NG“, /) ,
¢ 10z READ (&, 103) COM
- 10z FORMAT(A4) ‘ .
) ‘IF(CDM.EQ.YES)G§ TO 105 oo ‘ S ' ‘
¢ IFLCOM. EQ. NOD GO/ TO 175 - . .
WRITE (A, 104)
. 104 FQRMHF(iUX,’*****ILLEbAL chMAND ENTRY####4) - ‘
x f G0 TO 102 , s S : )
105 CALL. FREE . { : : -
] CALL INIT(IBUF, 3000) i . ' . 4 ‘
. 106 & RCON=10. ##( COEMAX) /20, ) ' ’ - .
. CALL SCAL(—~RICON, —RCON, RCON, RCONY | » o o \
IF(RCON. GE. 1.)G0 TO-110 . : o ‘
L GO TO 120 ,
, 110 CALLNGPNT (=1, , 0, , 0, =5) ', ) -
- CALL SUEP(1001) ' - '
: CCALL VECT(O. ,. OS#RCON) o
CALL TEXT(Z=1") . \ co -

' _ . v

CALL ESUR

!

120 .CALL AFNT(O. , =RCON, 0, —8)




b

CaLL
caLL
CALL
cALL

VECT(0. , Z#RCON, O, 1)
APNT { —RCON, O. , 0, -8)
VECT(2%RCON, 0,5 0, 1)
AFNT(O. , RCON, 0, —1)

- 198

CALL TEXT(IMAG")

LL APNT( (. SS#RCONY, 0. , 0, ~1)

LL TEXT({ REAL")

CALL APNT(-—. S*RCON, .

CALL TFEXT(/NYQUIST
RAD=3. 14159/180C.
DO 1320 JJd=1, 400
CON=10. ## (DOBFLT(JJ)

FLOT)

v

/#0. )

CON1=10. ##&( (DEFLT(JI+1)) /20 )

KR=CON#(COS((FHIBLT (JS) % (RADI D))
SYR=COMNE(SINC(PHIBLT (J) #(RAD) ) ) )

XR1=CONL#COS(FHIBLT (JJ+1) #RAD)
YR1=CONI#SINCFHIBLT (JJ+1) *RAD)
CALL APNT(XR, YR, 0, 5)

CALL VECT(XR1-XR, YRi-YR, 0, 5)

CONTINUE

CALL AFNT(. 4#RCON, |
CALL TEXT(FRE&=")
CALL APNT{. 4#RCON,

- CALL TEXT{’MAG=")
* CALL APNT(, 4#RCON, .

CALL TEXT{(‘ANGLE=")
LOEp=672

WRITE (L, 20) ‘
READ{( &, 140)NUM
FORMAT(14)

CALL ERAS(LOF)

g#RCON, 0, -5)

7#RCON, 0, =5) -

&#RCON, O, ~5)

IF(NUM. LT. 1)G0O TO 135
IFC(NUM. GT. 401)G0 TO 173
FRED=FOF+{NUM~1)*DIVI
VER=10, ##(DBFLT(NUM) /20.,)

XRR=VER*(GUS((PHIBLT(NUN)*(RAﬁ))))
YRR=VER#{(SIN{ (FHIBLT (NUM)+(RAD))))

PKI=FHIBLT (NUM)
Call SURP(200)

CALL VECT(O. ,. 1#RCON, 0, 5)
cabL VECT(O. , — 1#RCON, 0, —8)
CALL VECT(O. , — 1#RCON, O, 5)
CaLL. VECT(O, ,. 1%RCON, 0, 5)

CALL VECT(— 1#RCON, 0., 0, %)

CaLL VEZT(. 1#RCON, 0. , 0, ~8)
CALL VECT(. 1#RCON, 0. . 0, 5)

CALL ESUB
CALL OFF(900) ’

CALL APNT(XRR, YRR, O, =8)

CALL SUBRCONUM, 700)
CALL ERAS(Z00)

CALL APNT(. SS#RCON, .

S#RCON, 0,'~5)

CALL NMBR(777, FRE®, “E10. 37)

CALL AFNT(. S#RICON, .

7*&':/‘:'”: Dl "“5)

CALL NMER(S8S&, VER, “E10. 37)

CALL APNT(, SS#RCON, .

L#RCON, 0, ~3)

CALL MMBR(Y®S, FEIL, 7EL10. 37)

LOP=MUE -
GO TO 135 ’

IF (NERAN. EG. 1)50 TO 200

A} .

B

S*RCUNJ 01 “5)

N

?
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-

’
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WRITE( &, 180) ‘ ‘ . v
* FORMAT (2ZX, “B0’ YOU WANT BODE PLOT?/, /, ZX, “TYPE IN YES OR NO-, /) |
READ(4, 103)C0M . . L
IF(COM. ER. YES)IGD TO 190 . : -
IF(COM. EGLND)YGO TO 200 . - v

" WRITE(A, 104) - ' 3y A

B30 TD 155 L. ce ..

NBRAN=1 . /- v L. ‘ “e "N

NGRAFH=1 : N T ‘ |
CALL FREE _ ' E S o o
GO TD 1 ‘ . . :
RETURN . S PR L ¢
‘END ~ . ‘ ’







, COEFFLCIENTS
£ Sue ()
Sae 1%
Sae 7
i ' S#s 3 14
¢ S 4
: S 5
Grs 4
‘ ¢ Ses 7
! s G4 @
. Gw @
( Saein
t ( - .
F (\ .
(
( 1
(
(
.' ("

“.

Al

#r#TRANSFER FUNCTION#%»

. NGHERATOR
9. 00000E-01
7. L4TTH0E-02
0. O00009E-01
1. Z14949E-01
0. 000000E-01
1. $72179E-01
0. 000000-01
1. Z14919E-01
0. 000000E-01
2. 639790602
o 000000E-01

FRECUENCY
5, 4170E-01
5 434901
5. 5528E-01
5. $2072-01
5. 4857501
5. T3t6E-01
5 8245501 |
5. 8924E-01
5. 9603501
6. 0282601
6. 0952E-01
b, 1641E-01
b, 2320E-01
b, 2929E-01

. b 3TBE-0L

b. 4357E-01
b. G034E-04
6. 9T15E-01

" b, 4355201

b. 7073£-01
b. 7733201
6. B452E-01

- 6. 911 1E-01
b. 9750801

7. 0476E-01
7. 114%2~-01
7. 1828201
7 Z307E-01
1. 3185E-01

. 7 3885601

7. 4345E-01
7. 522401

DENCHINATOR
2. 30403401
1. 094303E-01
1. 271931E+00
4, 8287ATE-01
2 BT9184E400
7. S13314E-01
2. 678597E+00
4, S28435E-01
1. 2716706400 -
. 109%163E-01
2. 303268E-01
#AB0DE PLOTEH

. MAGNITUDE

~2. 2037E+01
-2\ 1893E+01
- -2 YIS0

-2 16156401
-2 1481£+01

T =2 1351E+01

| -2 1225EH01
w2 1104EHL
~2 0989EH01

~2. 0880E+01

-2 0777EM1

2 0883401

-2, 0598E+01

~2 0524E+01

-2 0443E401

-2 0816E401

. 203871
© F2.037%E0)
-2 039801

-2 O845E+01

-2 05326401

STARTING FREQUENCY= 5. 4170001E-01 RAD/SEC
FINAL FREGUENCY= 1. 9000000E+00 RAD/SEC .

-2 0663E+01 .

-2 08901

- =2 1151EXL
-2, 1586E+01
-2 2098E401
-2 2831E401
-2 K024E401
-2 ST9AEH0L
-2, BBAGEH1
-3 531kt
-4, 0137E+01
-2 7334401
-2, 1889401
-2 1269E401
-6, O118E+00
~b 93EH0

~ -5, 3308E+00
~b. 0346E400
~6. 0603E+00
-b. Z337EH00
~b. 8391E+00

PHASE
&, 8TEHL
b. TI98E+01
6. T2HEH0L
6. 6HASEHOL
&. S0LTE+OL
B SMTEHL
&. AB04E+0)
6. 43FE+0L
"5, 43BEH0L
& 27TME+0L
b. 1951E+01
&, 1156E+01
b. 03225401
5. SA45E 401
5. 85206401
5. 7544E+0}
5. 6509E+01
5. 5408401
5. 42336401
5. 2973401
5. 1615E+0]

* & O344E+0]

4. 8340E+01
4. 6779E401
4. 4826E+01

& 26426401

4. 0147E408
3. 7328E+01
3. 4010E+01
3. 0060E+01
2 J227E+01
1. 9N4E+02
791168402
L. 7999E402

" 1. 6002£+02

2 1146E402
1. 5589E4+02
1. 3576402
1. 1603E+02
1. 02336402
9. 1757E+01
8. 3487E+01

—

—




e
N ‘
{
A
(

k. I3 - i S .
o Ede DI, ) N

 4053E-01
8. 4752661
5411E-01

8 bomiE}01

.8 874304

8. 742501

8. 8127E-01

© 8 BA7E-01
8. 85E-0}
9.0143E-01 °

9. 03H4E-01

9. 1523801 °

S. 2202E-01

9. 2327E-01

" 9. 3561E-01
9. 4240E-01

< 9491901
v 9.559BE-01
9. 62T7E-01

9. b954E-01

9. 7636E-01

9. 8315E-01

o 9 899E-01
9. 9673E-01

1. 0035£+00

1. 0103E+00

1. 0171E+00

1. 0259400
1. 0307E+00 .

1, 0375E+00

1. 04432+00

1. 0511E+00

1. 0579E+00

1. 0646E+00

1. 07T14E+00

1 07B2E+00 <

1. 0350E+00 -,

1. 09185400
1. 03B4E+00
1. 1054E%00
L NZEH0
1. 1S0E+00 2.
1_ 2
1 133E400
1. 1394E+00
1. 1461E+00
1. 15255400
1. 1597E+
1. mesagg
oL 17338400
s 1L 1EDIEHD
1. 1329E+00
1. 1957E+00
1. Z065E+00
1. 20735+00
1. 21 HEHO
1. 2208E+00
1. 2234E+00

n

- 201 -

-5, $280E+00
-b, TT68E+00
-5, $907E400
-6, 96STEH0
~7. 0070E400
~7. 0220E+00
~7. 0113E+06
-6, 98326400
-6, 9397E+00
~b. S844E400
-p. B204EA00
~b. TAITEHD
-5, 6748E+00

*~b, 5781E+00

-6, 5210E+00
-b, 4454400
-b. 3727E+00
-6, 30426400
~b, 2412E400
-b. 194TEH00
“b, 1357EH0
-b. 0945400
~b. 0524400
~b. 03926400
-b. 0253E+00
-5, 0209E+00
-4, 02526400

-, 0387E400

~b. 0608E+00

"-=b. 0910E4+00

=~b. 1Z83EH0

| b, 1722E400
. b, 2224400

-, 2TTE+00
-5, BHIEH0
-5, 39BAE+00
~b, 4526E+00
-6, SZB1E00
-6, S933E+00
-5, 6583E+00
-b. T20LE+00
-5, TT9BEH00

| -5, 83TEH0

-

-6 8854E+00-

b 9292E+00
~b.{9652E400

s

-bI99MEH0 | -

7. 0126E+00
~7. 0188E+00
~7. O1L1E+00

5. 9919E+00
-5, 95646400

-b. 9041E+)0

~b. BIAEH00

~b. TAZSE+00
=b. 633BE+0
~b. S128E+00

-5, JTTAEH0 °

~b. 2354E+00
-b. 1157E+00

& 930BEH0L

-4, S9S0E+01

7. 686TEX]

7. 1386E401 {
6. 6708E401 |
6. 26026401

5. 8905E+01 !
5. S5156401 |
5. 2331E401, |
4 6A01E+01

4, 3STE40L :

1, 08026401 5
380606400 |
{

* 3 5355e401

3. 26536401
2. F9SUEH0! :
2/ 7254401
2. 45426401 l
2. 1824E+01 |
1. 9098E401 ,
1. 63626401 :
1. 3421E+01 !
1. 0874E401 ;
8. 1284E00
5. 3887E+00, K
2 8569
3.567%-02 -
-2 6B0EH0
5. 3AE0
~7.'9893E+00
~1. 0611E+01 :
-1. 3193401

-1 S740E+01

-1, 82546401
-2 0726401
~2 3161E41
-2 5ROl
2 791%EH1
~3. 040! .
-3, 2537640}
3AS0%EH -
=3, 7052640}
-3, 9280E+01
-4, 15056401
-4, 37206401

~A. 8205E+01

"-5. 048T7E+01

5. 28216400 |
5. 5220401

=5, 769901

~5. 0307E+01

-5 3062E401

-5 8O0LEHOL -

-5, 9191E+} ,
=7, 2687E+01

7. 541E+0)

-8, 0BYSE+0)

« =8, 5843EH01
9. 1586E+01

9. 8261E+0)

4.‘ PN -
- - - .

%

. R

PN




' ' ‘ !
- 202 - L e g(

|
1, 238200 . . -5, 0361E+00 . L | 0610E+02/ L
LU0 \. -6, O419E+00 4 11529802 !
1. 2432400 ' -, 1659EH00 - L 25EH2 |
1. 25885007 \ -6, WSHE+00 -1, 38136402 '
1 261EE409 : -5, BAOLEHD0 -1 52156402 !
1, 283E+00 -5, 95ME#00 , -1 T19EH02 |
¢ ( 1. 27525400 - -6, 22EH0 2LNMER
S - 1 28HE+00 . ATTMESOL -1, 4T79E+02 !
. {, 28555400 , -2, 0378E+01 . -1, 6811E402 i
( © L N -2 15HEX0L SLTBOEM2
: 1302300 . -2 4149E+01 . -1 8598E+02 I
1.305iE400 - . -2, 7920E+01 : =1, 9185E+02 |
¢ T 1. 3IS5E-00 , -3 3801E+01 C o -196b2EH02 (
‘ T 327EH0 -4, MA0EHOY, . . , ~2. 00B4E+02 |
E 1. 3255E+00 , -3.8873E+01 -2 4050+t !
( 1. 3343E+00 - -3, 429E+01 N -2 70228401 :
‘ 1. 3431E+00 , -2 927EH01 , 291e001 | C.
- 1 34535400 : -2 T02E+01 , -3, 1921E+01 T
- . 1. 35678800 B -2, 5782E+01 -3, 3979E+01 Lo
e A 1. 3535400 , - -2 HB0EH0L -3.58316+400 | ¢
, : LI703E00 . , ~2. 3919E+01 ! -3, 7516E+01 l
(o« 1. 3774EGO ( -2327E+01 \ : -3, 9050E 91 y
L 1. SIBEH0 L 2T - oa58E408 | €
: 1. 39086400 , C -1 23%1E401 -4, 1756E+01 |
¢ 1 374EH0 -2, 1994E+01 -4, 2960E401 7
N 1. 40326400 J T -2 1708E401 : 4080t | N
1. 411GE+00 - -2 1465E+01 » =4, 5127E401 |
¢ 1. B178E+00 -2 1264E401 : 4, b108E+01 (
‘ 1LAZBEROT ‘ . -2 1098E+01 -4, 7031E+01 |
. 1 ABLIEH00 -2 0952E+01 - : -4, 7898E+01 |
- 1. 43326400 . -2 0333E40L o -4, B721E+01 n
1. 8430E+00 -2 0732E401 ° -4 9498EH0L :
’ . 1. 4516E+00 -2 0L49E+01 5.0237E00) Y
e B 1 A58EH00 -2 0380401 . -5. 0940E+01 |
A : 1. 4653E+00 .o T -2 0523E+01 o =5, 16108401 |
- 1 AT2EX00 : -2 0478E+01 -5. 2249E+01 |
4, 1. 47255400 - -2 D442E+01 5.28B1EHL ¢ .
B 1. 4557E400 -2. 04156401 ™ -5, 3444EH01 |
: B 1. 49238400 ~2'0395E+01 ~5. 400BE+01
. 1. 4953400 | . -2 03BIEHL -5.4588EH0L ~ |
- 1. S0L1E+00 ~2 0374E+01 S -5. 5086E+01
1. 51Z9E+00 C -2 037IEM -5. 55656401 .
. 1. S197E+00 -2, 0373E+01 : \ ~5. b04LE+01
L ‘ 152656400 -2.0380E+01 - 5. 6510401 ._
- : 15332400 A -2 0390E+01 -5. 8957EH01 .
( 1. S401E+00 o -2 0403E+01 . -5. 73906401 g
1. SHEEH0D ‘ : . -210420E401 - -5, 7809E+01 :
3 . 155365400 ’ ‘ -2. 0480E+01 -5. 8214401 N\ |
( - 1. 5604400 . ‘ ) 0eZEHL 5.8500E401, |
‘1L SOTEHD - | ~2. 0486E+01 - -5.8987EH1 -
1. STHE+00 -2 0512E+01. S -5, 93SLEH1 i
=) . ) | SsER0 T -2 0540E+0 . S -5. 9T14E+01 ‘;
o . SE7eE400 - : =2 0369E+01 ~b. 0062E+01 BN
: So L SRLAEROO . -2 000E+01 - -5 0800EW01  ©
- . 1 80135400 : -2, 0633EH01 | -b.0728401
; ' 1. bUREHD . -2 0666E+01 -6 1088E+01
. C 1L bIAER00 -2 0701E+01 : : -b. 13606401 :
' L 1. 62155400 . . =2.0737E+01 . . =b. 16436401 ;
: 1 BT8R0 : -2 0773E+01 ‘ -b. 1958E401 N
- 1. 635LE+00 -2 03L1E+01 ’ -b. 2246E401 :
. | ’ . ~. |

PO )
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LEHSERD - T -2 OM9EHD
1 BAETEHOD : - =2.0888E+0)°
1. 55Z+00 . -2 0927E+08
148235+, - . -2 0968E+01
1. B53EEH00 ‘ =2 1008E+01
1, A7 E+00 ~2. 1049E+01

CLeBZERO o =2.1090E+01
1. 6593E+00 : -2 1132E+01
1. 6962500 . =2 1174E+01
1. 7030E00 ' -2 12166401
1. WORE+00 CN =2 1259401
1. 71666400 . =2 1301E40)
1. 72345400 ‘ -2 1384E+01
1. T362E+00 : 2. 138TE+01
1. 73705400 T 2 130EHL.
1. 7438E+00 " - =2 WTAE0}
LS0RERO— 2 157E+01 -
1. TS74E+00 -2 1560E+01
1. 76422700 : ~2. 1604E+01
1. 77108400 . . -2 16ATEHOL
1. 7775E+00 ) , -2 1691E+01

/Al TRISEH00 . v =L ITEH0L
L > \ -2 1778E+0)
17981E00 | -2 1821E301
1. 8043E+00 " -2 186501
1. 8LL7EH0 . . -L1908E+01 |
1. RI85E+00 -2 1951E401
1. 8253E+00 ‘ -2 19956401
1: B31E+00 -2 2038E+01
1 839E+00 - ~2 2081E+01
1. B4STE+00 ‘ -2, 2124E+01
1. B525E+00 : L -LUTEHDL
1. B3935+00 - -2. 210E+01

" 1. BHEOE00 C ‘ -2 225%E+01
1. 6726E+00 © -2 2295E+01
LB N . -2 ZTEH0L
1. 6BLAEH00 - -2 2330E+01
1. 8937400 -1 MIEHL
1 GO00EH00 -2 2AMEHOL

(

-8, 2527401
-8, 2801E+04
-4, 3069E+01
-5, 3330E 401
=h, 3585E401
-5, 3834E401
-5, 4078E40}
-6, 4316E401

-b. 4549E401

-5, ATTBEH
-5, 5001E401
-4, 5219401
-5, S434E+01
-6, S43E+01
-4, SB49E+01
-5, L0SOE#01
-5, 62485401
-8 MAZE+0L
-5, 86326401
~b, 6318E+01

"=b, 004E+01

b, 7180E+01
=b. 7357401

" =b. 7530E+01

~b. TIO0E+0!
=b. T8TEH0Y

- =b. BO31E+(1

-6, 8193E+01
-b. 8351E+01
5. 8207E+01
-b. 8660E+01

. =b.8811E+01

-b. 8940E+0}
-b. 9106E+01
=4, 9249E+01
=6, 9390E+01
~b. 9330E+0%
~b. 966 7E+01

-b. 9801E+01

~




AN

#OTRNSFER FUNCTION®%#

COEFFICIZNTS - NUMERATOR .
S 0 & 000000E-01

Sas ¢ 2 A9790E~02
Sﬁ 2 0. 000000E~01

S 2 1. 21491901

C¥a 2 0. 000000E-01
&4z 5 1, 9221 79E-01

Sne § 0. 000800E~01

Sux 7 1. 21491901

Sk 3 . 0.0D0000E-01
S 9 7' 649790E-02

- 204 -

DENOMINATOR

2. 304034E-01
1. 09430301
1. 271931E+00
4. §28747E-01
2, 679183E+00
7.513314E-01
2 678997E+00
4. 8284352-01
1. Z716T0E+00
1. 094143€-01
2 303268E-01

54410 _ 0. 000000E-01 :
. , sVOUIST PLOTHM
STARTING FREQUENCY= 5. 4170001€-01 RAD/SEC
FINAL FREQUENCY= 1. 9000000E+00 RAD/SEC
FREGUEHCY ‘ , MAGNITUDE , PHASE
" 5. A170E-01 < 7.909%~02 . 6. 8ITEOL
5. 4849E-01 8..0415-02 6. T198€+01
5. 5528E-01 ' 8. 1728602 ' . & T2MEHOL
5. 6207E-01 8. 303302 6. b66SE+OL
5. 68376-01 ‘ 8. 4324E-02 ~ b. LOLTERD1
_ 5. 7556E-01 8. 559402 " "o b.SHTEH0L
5. 8245E-0) : 8. 6BASE-02 : b, 4804E+01
5. 8924€-01 ) ‘ 8. 80626-02 b M35E+01
5. 9603E-01 o 8. 9240602 . b.3438E401
6. 02826-01 .. 9. 0370E-02 b 2Z711E+0L
b. 0962E-01 9. 1440602 \ b. 1951E401
b. 1641E-01 : . 9. 2436€-02 ) b, 1156E+01
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