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SECTION ]

IIüIRODUCTION

Many scientific problems studied today i-n various fields involve

the solution of parbial or ordinary differential equations. It is

the exception, rather than the ru1e, that the pr"oblerns adrnit' exact'

analybic solutions. The modern analog computero zuch as the Hltachi

505, provides a convenient nethod for obtaining numerical solutions

to zuch problems as well as enabling the scientist to study the effect

of changes ln the physical system.

The nethod of problem solution in an ,nalog computer is quite

sJmple. The conputer i-s used to ltbuildrr an electronic analogy which

obeys the same set of differential equations as the physical problem

to be studied. Once this nodel has been constructed, er;:eri-rnents may
1 , .  \ . ^ i ' . _ 1 ; . , . . .  !  i

be performed on this nodel in lieu of experi.ments on the physical

system. Investigations which might be difficult to carry out on the

actual system becone quite feasible with this technique. For exa^np1e,

a ptrysician may wi-sh to study the effeet on blood presfllre in a cer-

tain portion of the brain in the event that a patient loses an ann.

It is irnlikely that this experiment would be perfonned by any mearls

other than simu].ationl

Since the analog computer rmodelsrr the problem' each problen

variable corresponds to, or is analogous,to, 
" 

computer voltage: A"
1 . . 1 . .  f  .  '  '  ' . . . ,

these voltages are readily available for measurement, instrumenti-on

is enployed to measur€ the problen variables as in an actual system.

Solutions may be continuously displayed on a readout oscilloscopet

perma^nently plotted on a strip chart or x-y plotter, or ni;merically

- 1 -
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evaluated by means of a voftmeter or digital voltmeter'

The detailed steps necessary for problem solution will be dis-

cussed in detai l  in a later sect ion'  Br ief ly '  one must f i rst  con-

s t r r r c t a m a t h e m a t i c a l m o d e l f o r t h e s y s t e m t o b e s t u d i e d . o f t e n s u c h

a model is not avail-able. rn this case, there are anal0g computer
: . -

techniques available for generating a model fron äeta'taken from the

p h y s i c a l s y s t e m . T h e n e x b s t e p i - n v o l v e s t h e c o n s t r u c t i o n o f a c o m p u t e r

nblock diagram" (an array of summing alnps, integrators' etc') r^rhich

obeys the same differential equations as the systern model' This dia-

g r a m i s t h e n u s e d t o c o n n e c t c o m p u t i n g e l e m e n t s u t i l i z i n g t h e p a t c h b o a r d .

S i n c e t h e p a t c h b o a r d m a y b e r e m o v e d f r o m t h e c o m p u t e r a n d a n o t h e r p a t c h .

board inserbed, it is not necessary to use computer time otherSthan for

actual comPutation.

T h e p r o b l e m i s n o w r e a d y f o r c o m p u t e r s o l u t i o n . . A f t e r m o r r n t i n g

the proper patchboard, the potentiorneters (u?otso) are set to corre-

spond to the physical problem constants ' The computer solution is now

obtained by pressing the rtcoMPUTElt button. ?roblem variabfes may then

be observed and recorded as desired. Additional runs may be rnade with

d i f f e r e n t p h y s i c a l c o n s t a n t s , p r o b l e r n v a r i a b l e s , i n i t i a l c o n d i t i o n s '

^ + ^

T h i s n a r r u a l d e s c r i b e s t h e c o m p u t e r o p e r a t i o n a n d p r o g r a r r r m i n g i n

d e t a i l . I t s h o u l d b e e m p h a s i s e d t h a t a k n o r ^ l l e d g e o f e l e c t r i c a l e n g i -

r i e e r i n g i s n o t ' n e c e s s a r y t o s u c c e s s f u l l y o p e r a t e a n a n a l o g c o m p u t e r '

T h e b l o c k d i a g r a n a p p r o a c h u s e d i n t h i s m a n u a l i s c o m m o n i . n n a n y f i e l d s . .

T h e m a n u a l d e s c r l b e s t h e g e n e r a l c o m p r r t e r o p e r a t i n g c o n t r o l s f i r s t .

T h i s i s f o l l o w e d b y a m o d u l e b y r n o d u l e d e s c r i p t i o n o f e a c h t ' b l a c k b o x n ,

- 2 -
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including its input-output characteristics and photographs of actual

n . f n h ] r n r r Ä  a n n n o ^ t i n n q  R : e i n  n r o o r : m m i n o  i  c  o w n l : i n e d  i n  t h e  n r o -y 4 v v t t r t \ J a L u  u u l l l t E u  .  u a J r u  * r r r l u

graJn manual at an introductory level. The detailed example given in

bhis section may be used as a model for the userr s particul-ar problem

c o * .  r r n  ' i n  * , h a  m r n r r r ' l  + ' i + ' 1  a ^  t l A h n - l - i n r * . i n n q l l  o v n ]  r i n q  t h o  e n a n i : lD V U  4 P  f l M l E  l l l 4 l l U a J t  U a U J s q  ö } , P f r U 4 U r v l l D  ,  
g ^ y ! @ f r r p  u r l u  p y s v l a !

features of the Hitachi 505 for more adva.nced techniques. It incfudes

function generation, transfer fr-mction simulation, md partial- dif-

ferential equation solution. Helpful suggestions for the use of the

automatic operation unit in optirnization problems and the Timer and

Logic Operations board in iterative methods is also included.

- 3 -
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1. GEIiEIilI DESCRITT]ÜIi OT HITAJ;{I !05

The Hitacb"i 5C5 1s a meclii-un size rlesk-top generai purpose

analog computer having a wide variety of applications' This computer

m a y b e i n s t a l l e d i n a n y o f f i c e o r l a b o r a t o r y w i t h o u t s p e c i a l c o n s i d e r a -

tions as to power or temperature control' The power consumption is

q u i t e l o . l u , e a s i l y h a n d l e d b y n o r r n a l o f f i c e w i r i n g . S i n c e t h i s c o m p u t e r

supplies its or^m internal operatlng en'rironment by means of an oven'

i t d o e s n o t d e p e n d o n a n a c c u r a t ' e e x t e r n a l t e m p e r a + ' u r e c o n t r o l ' T h e

h e a t d e l i v e r e d t o t h e r o o m b y t h e r - r n i t i t s e l f i s a b o u t t h e s . r y n e a s

that delivered by a rnediutn size laboratory oscilloscope '

The Hitac hL 5A5 is nodular in concept with solid stat'e components

used throughout)f. The modular arrangement of the computer permits

s p e c i a l m a c h i n e c o n f i g u r a t i o n s d e p e n d i n g o n t . h e u s e r l s r e q u i r e m e n t s .

The componen-[ arraJlgement allows sirnplified wiring. color coding of

the modules aids in rapid identification of elements and simplifies

wir ing checks.

The conpu-cer is housed in two cabinets ' the computer main frame

a n d t h e c o n t r o l c o n s o l e . T h e s e u n i t s m a y b e e a s i l y s e p a r a t e d f o r

t r a n s p o r t a t i o n . T h e m a i n c o m p u t e r c o n s o l e c o n t a i n s t h e p a t c h b o a r d

r ^ r i t h t h e a s s o c i a t e d c o m p u t i n g c o m p o n e n t s m o u n t e d i n a n o v e n d i r e c t i - y

behind the patchboard. Beneath the patch panel is a panel contai-ning

the anplifier overload inoicators, the readout addressing system' and

t h e c o e f f i c i e n t p o t e n t i o m e t e r s w i t h t h e i r a s s o c i a t e d i n d i c a t o r l a m p s ,

it ulith t,he excePtion
voltage rectif ier

of the oscil loscoPe tube and a high
i n  i f .
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addressing buttons, and label plates. A control  located immediately

to the teft of the patchboard operates the motor drive for removing

or replacing the patchboard. The lower panel of the main computing

consol-e is tilted toward the operator for ease of operation.

The power supply for the computing elements is located in thc

bottom rear of the cabinet. It is easily removed for ser,rice or

transportation.

The control  consol-e contains the control  panel,  t 'he osci l lo-

scope, the i terat ive operat ion t imer,  the digi tal-  logic rmit .  and

the digital voltmeter. The control panel, located in the lower right

hand si,le of the control console, contains the manual rnode control-

s"ritches, a --altmeter, the reference potentiometer, and Some external

tnrü terminals. Immediately above this rmit is a three channel

osci l loscope with electronical ly generated scales. The digi tal  vol t-

meter mormted above this oscilloscope may be used for accurate

potenti-ometer setting and sofution readings. The iterative operation

timer, which may be used for sequential mode control, is located in

the lower left corner of the control console. The digital logic unitt

mourrted directly above the timer module, contains various types of
I

patchable logic.



NOTES: 1. Ti{E DISPOSITION CHANGED SLIGHTLY IN T}IE LATER PRODUCTS.

2. ONE MOFE COI,{PUTTNG CONSOIE }JIAY M ADDED TO TIm RIGHT OF
TI{E ABO]IE COMPUTER.

FrGUm 2.L-L TYPTCAT 505, FRolflr vEW

t
T
t
t
I

- A



;-E

l.tj
L:r
inft
H
fi
Ft

HA],F EQUTPPED

FIGUNS 2.L.2 PFE-PATCH ?ANEL MODÜLAR LAYOTIT

t -

FULLY EQUIPFED



2. OMRATING CONSIDENATIONS

The HitachL 5O5 (F:-gure 2'1-1) is shipped complete with all

components in place except porrer supply and DVM' Each unit is com-

pletely cafibrated and adjusted at the time of manufacture ' After

perforrning the sirople installation and check procedure outfined in

the maintenance marulal , md connecting the unit to a suitable polJer

sour€eo the computer is ready for operation'

The current hmiting circuits proi;ect the reference supplies

a n d a l l a c t i v e o p e r a t i o n a l e l e n e n t s f r o m d a m a g e d u e t o s h o r t i n g t . o

g r o u n d , o r t o e a c h o t h e r . T h u s a n e r r a n t p a t c h i n g c o r r ' n e c t i o n ( s h o r t -

i n g t h e p l u s r e f e r e n c e t o g r o u n d f o r e x a m p l e ) w i ] - l n o t a d v e r s e l y

effect the supplies (output current' drops to zero) nor will the re-

ference supply fuse blow. In addition, the surface of ?re-Patch Panel

is covered with coloured plastic plates (except' frarne and handles) re-

clucing shorting-out of ha-nging pat'eh cords.

a. ?reliminary Operating Considerations

The following sreps are recommended prior to operating the Hitachi

505 to prevent possible false trouble indications.

(f) Ascertain that each operational amplifler has a six connector

bottle plug or a combination of bottl-e plugs equal to a six connector

b o t t l e p l u E : p r o p e r l y p l a c e d a n d s e a t e d a s s h o w n i n F i g u r e 2 . 2 _ I .

This provides the amplifiers r^rit,h feedbaek artd prevent them from

overloading during the problem solution.

L *

t
r
r
(cc

4
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(b) srx-coIrr{EcTOR
BOTTLE-PLUG

FTGURE 2.2-L AMPLIFIER I^IITH SIX CONNtrCTOR BOTTLE-IT,UG
PROV]DT{G FEqDBACK

r\r,_r
hrir
l - ]
llrIlr DA-l51
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DVM DV-251

(ttRAtto-votrtr swrrcH ADDED rN LATER ttoDEL)

DVM ET 620

FTGURE 2.2-N DVM FROIfI VIEW



The procedure for inserti-ng and removing the pre-patch panel

is descr ibed in Paragraph 2.b.

(2) Patch the Digital vortmeter (nvru) and multi-range voltmeter

(wt) to the selector readout system. (see Figure 2.J-2 and ?ara-

graph 2.c.  of  this sect ion for a deseript ion of the selector system
n n o n r * . i  a -  \

e) Apply power to the computer, then ?ot Set mode will appear.

rnitially the overload lamps of the operational arnplifiers r,rill_

light; after a few seconds all of the lamps should extinzuish.

(/r) check the vari-ous suppry voltages of the computer. All power

supply outputs are eonnected to the voltmeter switch in front of

the power supply through appropriate scaling resistors; the check

may be accomplished simply and rapidly.

(5) Check the plus and minus referenee

DVM by selecting 100 (red for plus) and

Paragraph 3.a.

(6) Allow about thirby minutes lrafln-up time; this assures that the

computing components, (including the DVI'{ and oscilloscope) are up

to normal- operating temperature. Ground the DW input ter:nination

(designated on the oc-151 FEADOIIT ?AliET,), md confinn the reading is

within 000.00 plus or minus one bit. other adjustment for DVM will

be necessary according to Model of DVM, for DV-251, the zero check

is the only step necessary to assure thl correct operation.

(7) rn the Por SEf mode of the cornputer (pon sET button on the con-

trol pane1, model CT-25I depressed), closed relay contacts prov:ide a

feedback cj-rcuit for the operational amplifier. (see paragraph { of

this section for a more detailed description)

supplied for readout on the

1OO (blue for rninus). See

- 1 1  -



This feature perrnits the removal of the ?re-Patch ?anel

to balance the operational amplifier' However' when the com-

puter is switched from POT SET to any other mod'e ' the relay

contact's open and the circuits as patched on the Pre-Patch

P a r r e } p r o v i d e s t h e f e e d b a c k l o o p . M o r n e n t a r y a m p l i f i e r o v e r l o a d .

nay rezult during the relay operating time; thus to eHminate

p o s s i b l e e r r o r i n t h e c o m p u t e r s o l u t l o n , t h e o p e r a t o r s h o u J d

always sr^ritch the conputer FESET (depress the FESET button) or

Al,l, FESET (depress Al,t FESI butt'on for nulti-mod'e operation

only), before switching to the COMPIJIE or REP O? nrode' This

pennit the pot set relays to open and the implifier suruning

junctions to settle before starting the problem solution'

There is no actural rraiting period required; that is' tb

operator may depress the FESET or AJ'L RESEa button and then

inrnediately depress the button for the desired mode' This

sequence of operation will prevent the possible momentary over-

load from effecting the problem solution'

b. ?re-?atch Panel Insertion and Removal

T o j n s e r t t h e ? r e - P a t c h ? a n e l ' s e t t ' h e l i p o n t ' h e l o r ^ r e r e d g e o f t h e

panel in the quide groove (f:-gure 2'2-3)' Push the top of the panel in

so the panel is verbical until the panel is clarnped autoroatically'

D e p r e s s t h e E N G ( f o T E N G A G E ) t r r t t o n o n t h e l o w e r l e f t e d g e o f t h e

c o r n p u t i n g c o n s o ] . e . T h i s b u t t o n p r o p e r l y s " ' t ä a n d f i r n l y h o l d s t , h e P r e -

?atch ?anel in position. As the ENG and Drs (for DrSENGAGE) br:ttons can

m e m o r i z e t h e o p e r a t o r a e t i o n , i t i s n o t n e c e s s a r y t o k e e p t h e b u t t o n d e -

p r e s s e d r r n t i l t h e p a n e l i s l o a d e d . I n t h e E N G s t a t e , a f t e r t h e p a r r e l i s

l o a d e d , t h e p a r r e l c a n n o t b e r e m o v e d r r n l e s s t h e D l s b u t t o n i s p u s h e d .
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ln the ENG state without the panel, the panel can not be loaded. This

feature elimj.nates the possibility of accidentally engaging or dis-

engaging the Pre-Patch Panel.

The removal of the Pre-?atch panel is essentially the opposite of

inserbing the panel. Depress the Drs button, and depress the levers

on both handle of the panel. Then pult the panel towards the operator

upper edge of the panel first.

rt is not necessary to keep the panel straight by hand after in-

serbing the panel or after pushing the DIS button.

c. Anplifier Balance

The d-c operational anplifiers are chopper stabilized to prevent

drift and resultant errors in the conputer results. Drift in an am-

plifi-er results in an output voltage (or offset) with a zero inp-rt.

To elininate offset, the arnplifiers of the 505 are balanced, i.e., with
a bias current is applied to the amplifier summing j'nction equal and
opposite to any current due to drift thus placing the surnnring junction

at virtual gror:nd. Once balanced, drift in the amplifiers is el-iminated
automatically by the stabilizer circuit.

The d-c emplifj-ers of the 505 are ertremely stable and nornally do
not require balancing for periods up to several months. To assure ac-
curacy and confidence in the computer results, it may be desirable to
check the amplifier balance daily; this check can be made rapidly and

simply since the selector system and voltmeter are used.

There are two types of an,plifier balance in the JoJ; the voltage
balance check and current balance check. usual1y, only voltage balance

cheek will be sufficient for each amplifier. The current balance check
j-s necessary to reduce integrator drift, but the operator need not check
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it as a daily routine, because current drift is very low and stable.

The following is a step by step procerlure for cireching arnpli-

fier balance.

(1) ?lace the voltmeter RANC,E switch in the (plus or ninus)

O.l- position and depress the DIS button of the Pre-?atch ?anel

control sr,riteh. In this state the computer is ready for voltage

balance check (sC mode).

(2) Using the selector system, select each anplifier A00

through A39. The voltneter shoul-d r.egister a zero deflection

for any other. Tr,lo positions ':,f +0.1 and -0.1 of the voltneter

range sr^ritch will detect null error in the voltmeter.

e) Should an anplifier cause a deflection to either side of the

center zero on the voltneter, adjust the correspond,ing balance

control. The balance eontrol for arnplifiers A00 through A39

(the operati-onal araplifiers) ar"e located directly behind the ?re-

?atch ?anel (Figure Z.Z-4). There are two balance controls in an

ar,rplifier. They are voltage balance control and, current balanee

control. In the BC mode (when DIS button pushecl), only the

voltage balance is necessary. Adjust these controls for a zero

reading on the neter. The current balance should be done for

integrator connection amplifiers i-n H0LD mode.

r ^L4^^*-^ n^hlutational componentsu . v Ir@r5!r5 v vlrr}J u u@ urvrre! v vruyvrrE 

:

In the solution of some problems it may be necessary to add a speei-

fic type of comErtational component to the existing complement. Sinee

narry of the rnodule posit'ions are desig:ed to handle mora than one type

of computing component, a component not r"equired in tlre problern invest'iga-

tion rnay be removed and another unit plaeed in that cradle.
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CONTROL OF AIO
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CONTROL OF All

CURTI}IET BA],ANC,E
CONTROL OF A]_O
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CONTROL OF All
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Figure 2.2-5 illustrates the various positions of the computi-ng com-

ponents in the 505 module area. This diagram illustrates which type

of computing component is compatible with each cradle or module posi-

tion. The procedure for replacing a compr-rter component and cha:rging

the Pre-Patch Panel- patching block is described in the following Sub-

P o  r c  o r c  n h  c  / 1  
' \  

. - Ä  (  C \r 4 r 4 6 1 4 l J r r p  \ ! /  4 r r q  \ t u / .

NOTE

Failure to change the ?re-?atch Panel

patching block may prevent proper use

of a computer component due to the

arrangement of jumpers on the rear of

the patching block.

(f) Computing Module Replacement

(.) Remove the ?re-?atch Panel to expose the conponent modules,

Remove the two phillips-head retaining screlsrs from the top and

bottom of the module to be removed. (figure 2,2-6)

(b) fnsert the special nodule removal handle in the hol-es pro-

vided next to screi^r holes from which the screws were removed.

Attach the two screw knobs on the handle tightly. Rrll the

nodul-e forward removing it from the 505 console.
l

(") Place the new component in p1ace. It is easj-er to insert

the new module, if the harrdl-e is attached on the front of it.

Be sure the guide pin is properly seated in the guide rail before

mating the connectors at the rear of the module.

- - L ö -



FIGUFN 2.2-6 RM"IOVAI OF COMzuI]NG MODUI.E
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FIGURE 2.2.7 ?ATCHING BLOCK NE?T,ACM4ENT



(O) Check that the module is properly installed (con-

nector firrnly mated, etc.) and replace the two retaining

screws

(2) Patching Block Replacement

(a) The ?atching blocks of the computing components are

held securely in place by the retaining screws on the

rear of the ?re-?atch Panel (figure 2.2-7)

(n) The retaining screws are located on both ends of the

patching bl-ock. Release thern with a scrernl driver'

(") once the retaining s+,rip is free, remove the original

b l o c k a n d r e p l a c e i t w i t h t h e n e w b l o c k . R e p l a c e t h e t . w o

retaini-ng screlds. The ?re-Panel is now ready for problem

patching.

3. MONITORING AND CO}XIROL

The control system of the HII'AOHI 5O5 is designed to al1ow

simple control and monitori-ng of the conputer components (Figure

2.3-I). The following sub-paragraph descri-bes the fr-rnction and

operati-on of the various monitoring and control facilities of the

4 0 6

a. Output Selector SL-25I

T h e o u t p u t s e l e c t o r n a i n l y c o n s i s t s o f t w o r o w s o f p u s h -

buttons; The first row contains 4 buttons designated A0 through
1

A3, and the second row contains I0 buttons designated 0 through

g . D e p r e s s i n g t h e . q . o n . , t t o , . p e m i t s t h e o p e r a t o r t o s e l e c t t h e

outputs of the 10 operational anplifiers (l0O through A09). In

t h e s a m e w a y r d e p r e s s i n g t h e C ? b u t t o n i n t h e f i r s t r o w p e r : n i t s

- 2 7 -
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MODE CONTROL
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INTEGFATOR AC POi\rER
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TRANSFER
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OUIPUT SEI,ECTOR

FUNCTION S1'IITCHES

AUDIBI,E ALAR4 CONTROL SI,IITCH
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VOLTIETEN,
RANCE
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I
II
I

TIfiSE TRUNK
LINES TERMINATE
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PANEL OC-151
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the operator to select the outputs of the comparators (ordinally

CPO through C?8).

The two reference voltages are selected only by pushing the

buttons designated 100 (red, for positive) or 100 (Utue, for

negati-ve), nevertheless any button of the second, row depressed.

The button designated D(l- perrait the operator to call an external

signal from an exbernal device, for instance the output selector

in the additional computing eonsole CS-505A. A button designated

EX2 has no con:rection and is provided as a spare selector.

Depressing the button, one of AO through L3, sets the select-

or system for arnplifiers in a gi-ven tens groupr i.e., if the

button designated A1 is depressed, amplifiers AIO through A19 are

set up for sel-ection. The button in the second row designates which

of these ten amplifi-ers is actually selected. The selector system

button numbering corresponds with the amplifier and comparator

designations as marked on the pre-?atch ?anel respectively.

The selector system output is connected to the ten terrninations

marked SBL in the upper portion of the Readout ?ane1 0C_151 (tr'igure

1. J-r  )

fn order to read out a selected signal on the pvM, the ieft

bottl-e plug sholm in Figure 2.2-2 must be in p1ace. The nrirlti-

range voltmeter (vu) may al-so be connected to the selector line by

installing the correct bottl-e plug shor,rn in the ill_ustration. rt

should be noted, however, that the w circuit will_ load the output

of the selected component with a relatively 1ow impedance and should

not be used if the circuit cannot tolerate this load. rf the

operator requi-res setting the potentiometer or reading the voltage

- 2 3 -



accura te ly 'use thevo l t rne terasanu l lmeteru t i l i z ing t 'here ference

potentiometer as a standard vol-tage dirider'

b. 0verloäd Indicator OL'25I

The overload indicators (Figur.e 2.3-L) provide a visual alarm when

a' overload oecurs in arry of the otrnrational arnplifiers, i.e., when

t h e s u n m i n g j r r n c t i o n i s n o t a t v i r t u a l . g r " o r r n d . A n o v e r l o a d m a y b e d u e

to improper scaling, improper patching or loading'

W h e n t h e c o m p r r t e r i s i n i t i a l l y t u r n e d o n , a l l t h e i n d i c a t o r l a m p s

r n a y l i g h t ; h o w e v e r r i n a f e w s e c o n d s ' a s t h e a n p l i f i e r s s e t t l e ' a 1 l t h e

lamps should go out. Should a larnp renajn 1it it could be a patching

e r r o r s u c h a s t h e f a i l u r e t o p r o v i d e u n . u s e d a m p l i f i e r s r , l i t h f e e d . b a c k

(via the four or six corurector bottle plugs). ?rolonged overload will

not, damage an arnPlifier'

T o e l j m i n a t e t h e a u d i b l e s i g n a l - i n t h e i n i t i a l o v e r l o a d , i t i s

recorunended to turn off the s,r,litch designated AIAIM on the panel'

c. Digital Voltrnet'er D-i,-25I

T h e d i g i t a J . v o l t r n e t e r ( w u ) D v - z s L i s t e r m i n a t e d i n t h e R e a d o u t

?anel 0c.151 area (Figure 23.2) and is designated DV. As previously

m e n t i o n e d t h e D V r r a y b e b o t t l e d t o t h e S E L t e r r n i n a t i o n t o n o n i t o r t h e

selector system voltages, or r,rj-th a pat,ch cord the drgitai voltmeter

n a y b e u s e d t , o m o n i t o r s i g n a l l e v e l s a t p r a c t i c a l l y a n y t , e r r n i n a t i o n j . r r

the ?re-Patch ?ane1. The DVM has a 50 megohm (minimun) full-tirne input

:
irnPedance.

It will take about 30 rninute tlrann up tjme to operate the digital

v o l f u n e t e r i n t h e s p e c i f i e d a c e u r a c y f o r t h e m e a s u r e m e n t o f a r r a b s o l u t e

voltage. For the analog eomputer' it is not necessary to obtain the

absolute voltage, so the operator may use the digital voltmeter

I
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app"oxjmately 10 njnutes after the power has been switched on.

(a) Multi-Range Voltneter (in Control ?anel cT-25I)

The nr:lti-range voltmeter is pernanently wired into various cir-

cuits of the 505 to facilitate rapid readout of eertain voltages by

automatic switching synehronized to MODE control-. The voltmeter has

a RANCTE swi-tch, thus pe:mitting close to fl:1l scale readouts for maxi-

ntan accuracy. The ranges are O.1r-O;1, f, 1Or 30, 100 a:rd 3OO volts (in

addition to an off position).

In the ENG state of the ?re-Patch Panel driving switch, the RANGE

switch is connected to the ?re*?atch Panel Vlil terminati-on (Figure

2.3-2) pennitting this point to be bottle-plugged to the SSL output

or, as in the case of the digital voltmeter, monltoring voltages at

nost Pre-Patch Panel t,eruinations via a patch cord.

Following is a list of the voltmeter coru:ections in eaeh mode of

operation with a brief descripti-on.

[...

r
r
r
r
t
r
r
r
r
t
r
t

h
!

MODE

Bc (ors)

.L11 nodes
e:ccept BC

NfiSCRI?TTON

Corurects the amplifier output'addressed bnr the

selector systen to the meter to facilitate

checking xtd,/or ad justing.

The anplifier balance, notwithstanding the con-

nection on the ?re-?atch ?ane1.

Connects the neter to the VM. Pre-?atch termina-

t ion,

- 2 6 -
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In each mode. the connection will be made via the RANCTE

switch.

If the NULL button in the REFEFENCE POTEI'IIIOI'ETER area is

depressed, the voltmeter system with the RANGE switch can be

used as a nuli meter referred to the reference potentlometer.

The polarity of the reference voltage (plus or minus 100 volts)

which will be applied to the reference potentiometer as a null

meter may be decided by the toggle switch next to the NIILL push

button.

e. Reference ?otentioneter (in Control ?anel CT-25I)

The reference poteniometer on the control panel may be used

in two waysi as an ordinary potentiometer and a nul1 meter men-

t i  n n a Ä  r  - l  n o q Ä r r
e 4 r  v e q J  .

In the state that the NULL button is not depressed, the re-

ference potentiometer may be used as an ordinary potentiometer

tesninated on the FUNCTION SW area of the Pre-Patch Panel (f:-gure

4 . t - J  )  .

In the state that the NIILL button is pushed dor^rtt. the re-

ference potentiorneter may be used as arms of, the null meter. In

this state, the reference voltage may be applied directly to the

top end of the reference potentioneter. The polarity of the volt-

age i-s controlled by the toggle si^Iitch nert to the NULT, push button.

f,. Mode Control (in control ?ane1 CT-25a)

The operating mode of the computer is controlled by the six

pushbutton selector just to the above of the ?01^lER button (figure

2.3-1-), Following is a 1lst of the pushbutton and brief descrip-

tion of their functions.

_ 2 7 _
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MODE BÜTTON

FESET

COMPL]TE

HOLD

DESCRIPTION

In the FESET mode all circuits except the in:

te grators function norma11Y.

The integrator outputs are held at their respec-

tive initial conditions (IC) as dict'at'ed by the

IC input voltage.

(tfre ttegrator output, is zero if no IC voltage

is appiied)

When this pushbrrtton is depressed, all integrators

are sj$ultaneously released to respond to input

signal voltages. The integrator outputs change

in potential as dictated by the inputs; a time

varying behavior is produced. This generates the

voltage solution of the progranmed probleni'

Depressing the HOLD pushbut'ton pennits the problerL

solution to be halted and all voltages held at the

potential attained up to the instant of depressing

the button. The problem may be contirn'red from

this point by depressing the COM?UTE butt'on or

re-set to the starting point by depressing the

RESET button.

- n -



MODE BUTTON

9üI SHI

ATL EESHT

BEP O?

DESCRIMION

Amplifier input resistor summing junction grounded;

perraits setting potentiometers under actua_l load.

Also provides amplifiers wlth relay-contact feedback

in order that Panel may be removed to balanee arnpli-

f i -ers.

In the AJ,t FESHI node all circuits except integrators

function norma11y. .4.11 integrator outputs are helcl at

their respective initial conditions (tC), regardless

the conneetion of the Integrator clrivi.::.g cireuits.

This node may be used especial-i.y in separate mode con-

trol operation.

The FE? 0P button s:witches the conputer into the re-

petitive operation rnode if the oscilloscope 05-251 or

the tiner (TM-251 or IM-253) is provicled in the 505.

In this node the each of the integrator capacitor.will_

change to the capacitor connected to the terninal cle-

signated R0 on the integrator area of the pre-?atch

Pane1, if the IIITEGRATOR CAPACIIOR sr,ritch on the contr.ol_

panel is located on R0 position.

If the switch is turned to the RI position, the inte-

grator capacitor corunection reinains at the tenninal

designated fiT on the integrator area of the pre-patch

Panel.

The latter state will hc =a,1y useful to operate the

I
I

t
I

I
t
I
T
T
T
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MODE BUTTON

RE? O?
(Continued)

D]SCRIPT]ON

computer in 1ow speed (Real Time) repetitive

or iterative computation.

The following table shows the operation 1n

each state simply.

g. Trunks

There ate two types of trr-rnks; Pre-?atch ?ane1 trunks and

control trunks. Pre-?atch ?ane1 tnrnks (terminating at the

TRUNKS TR-151 area) provide point-to-point connections to the

connectors at the right-rear of the computer (figure 2.3-/r).

These connectors may be used as outputs to accessory equipnent'

or the tnmk terminations may be cabled to a second eonputing

console, CS-505A, as signal carrying lines for the interconnec-

tion of the problens patched on separate ?re-Patch Panels of

slaved computing consoles.

Control trunks (terminating at the Readout Panel 0C-151-

ar"ea) provi_de point-t,o-point eonnectlons to the Control Panel

CT-251,. These con:rectors nay be used as input/output charurels

MODE
BUTTON

INTECTRATOR
CAPACITOR SIfITCH

ACTUAI I}ilIEGRATOR
CA?ACITOR CONNECT]ON

NtsP OP
RO RO

RT RT

EXCEPI NE?
0?

RO ',HI

RT RT

- 3 r '



-'r the temporary connectors to the test equipnent.

' Slave switches (in Control Panel CT-25I)

lnlhen a 505 is to be slaved t,o another 505 (master), the

button E)fI of the SLAVE area in the Control ?ane1 is depressed.

The slaved conputer then responds to the selected modes of the

master computer pushbuttons.

I,trhen a 505 is to be controlled by the Digital Elenent

Panel or the Timer, the button INT of the SLAIIE area is de-

pressed. Then, the conputer is driven with sigrals from input

of the analog patchboard or the digital patchboard. For normal

ma.nual operation, the OFF button of the SLAVE area should be

kept dorm.

r
t
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i .  Readout Devices

The problem solution obtained from the 505 nay be perrnanently

recorded or temporarily displayed on various types of readout de-

vices. A few of the more common readout deviees are described in

this paragraph.

Either the DVM or voltmeter may be used to read out the pncblem

solution. These devices, however, do not record the solution and thus

do not provide a pennanent record. trlhen in REp-op the computer solu-

tion may be obtained by photographing the scope trace. x-y recorders

or strip-chart recorflers may be used for permanent record of 505 pro-

h'l  om qn-l  rr*- i  nn c | . ] lLa aa "-  i  i  o L^'  r ,u!v,r rvr*ulvrrp. These r.rnits, hotlever, do not have the frequency

response necessary to accurately record the solution when the computer

is placed in the high-speed nEP-oP mode of operation. The recorder

terminations oR the Readout Panel are wired to con:reetor plugs at the

rear of the 5O5. See Figure 2J4.

Oscil-loscope OS-251 is especially prepared for the exhibition of

the eomnrrtez. snlrrtion. The OS-251 has three ehannel inputs and can be

mormted on the control console cS-505B. Al1 input terrninals are con-

nected on the Readout Panel OC-151 area in the Patehboard.

r  k r r h ^ f  r  ^ h  q r r i  t C h e SJ  .  r - u r f v  u r v r r  v w r  u u r 1 9 p

The Function Switches (on the Overload fndi-cator OL-Z5a and Output

Selector SL-25A, d switches total) provide lrpositi_on single-pole (FSO,

FSl) and double-pole( l 'S2, FS3) contacts.  They are terminated on the

Function Switch FS-151 area of the patchboard. l,l ith these suitches the

operator may manually switch computer problem functions. The center

nos. i t ion ma.v he eonsidered the off  nosi t ' ionu  r v r t  .

- 3 4 -
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r |  / .  ^  ^ -  ^ - -  \Power Switches (in Control Panel CT-25I)

The AC porrer to operate the computer is controlled by the POI^|ER

switches on the Control Panel CT-25L. \nlhen the AC cord is con-

nected from an erbernal AC source to the Power Si:pp1y, the 0F!'

switch will l ight and notify the operator that AC power is ready,

the Oven in the computing console is working and Pre-Patch Panel

driving mechanism is ready to actuate.

When 0N switch is pushed, the Power Supply PS-051 will furnish

al-l the DC, AC and square-riiave power necessary to operate the whole

n n m n r r t o n

POTEIüI IO}'ETERS

One of the simplest and most useful operations perforrned on an analog
Corlff'trfr ?ä.eTo.a

computer is the multiplication of a variable voltage by a.*ignal. The

Hitachi 505 has a basic complement 18 potentiometers and may be expanded

to a full complement of 54 potentiometers.

Each Potentiometer Panel H-Z5t provides 18 potentiometers for ser-

ting problem coefficients, initial conditions, and problem inputs. The

potentiometers are mounted to a maxjmum of 3 horj_zontal rows of 1g poten_

tiometers per row. Each row is terrninated at a corresponding row of the

?re-Patch Panel; three modules pr-]51 of a row in the pre-patch panel

tertninate a Potentiometer Panel W-25I. Each potentiometer patch Module

IT-151 contai-ns 6 potentiometer terrninals. Five of the six poteniometers

have one end grounded while the sixbh has both ends ungrormded. (see

Figure 2./+-L)

The standard potentiometers in the 5a5 are 10 turn, wirewoi:rrd, 3oK
ohms, individuallv fused units with cal-ibrated dials and a lockinE

mectranism.



T h e p o t . e n t i o n e t e r n a y b e u s e d i n c o n j i r n c t i o n w i t h r e f e r e n c e t o

obtain a fixed accurate voltage less than reference, or to nultiply

a problen variable by any constant less than unity. Figure 2.4-L is

a schenatic of a potentiometer with +100 volts applied to the higlt

endtt, where K is;
P r

K = '" t  (EQ.2./+-1)
R1

T h e p o t e n t i o m e t e r s h o r n r n i n F i g r r e 2 . / + - 5 i s r r r r l o a d e d , a r r d t h e

mechanical rat,io of R1:R1 equals the electrical ratio ee:ej3i thus,

t h e p o t e n t i o m e t e r n a y b e s e t t o t h e e x a c t r a t . j - o b y n e a n s o f t h e c a ] . i .

brated dial attached to the wiper shaft. However, the two ratios. will

n o t b e e q u a l w h e n t h e p o t e n t i o m e t e r i s l o a d e d a s i s t h e c a s e w h e n i t

is used as a computer problem element. Norma11y, the pot is loaded by

either a lM or locK ohn resistor since a potentioneter generally feeds

a n a m p l i f i e r a n d t h e s e v a l u e s a r e t h e m o s t c o m m o n a n p l i f i e r i n p u t r e -

s i s t o r s . F i g u r e 2 . / . - 3 i l l u s t r a t e s t h e e f f e c t o n t h e e j f , } : e o a n d . R 1 l R 1

ratios r,rhen the potentiometer wiper feeds a lOOK 1oad"

In order to eleminate the effeets of loadingo it is more conirenient

to set the poteniometers r:nder actual load and monitor the miper voltage

)+ The high end of a potentiometer refers to the termination of the ?re-

located at t.he top of the schernatic designation of the Pre.?atch

panel. The low end is the botton terminatibn, nonnally gror:nded ex-

cept in the case of t'he ungrounded potentiometer'

trr
r
t
J
(

(

(

I
I
I
I
(
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PATCHING UMT

FUSE LOCATION
(FBAR oF Porm{Tro}'ßTER PANET)

POTENTIOIMTER ?ANEL

FIGURE 2./r-t P0Tm{TI01,,1ETER ?ATCHING UNIT FT-}51
AND ?OTE1\IIIO}ETER ?ANEL fr-Z5T
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(The potentiometer output), than to cal-culate a corrected mechanical

ratio (nf :nt,).

Figure 2./+-4 illustrates the 5o5 cj-rcu|try provided to pennit sett-

ing the potentiometers under actual 1oad. Relay Kl is energized vhen

the conput,er is placed in the pot set node (depress POT SE"I button) and

applies +lOO volts reference to the high ends of all the grounded poten-

tj-ometers. Note that the wiper remai-ns eorurected to the ?re-Patch Panel

termi-nation; thus, the r^riper nfeelsil the impedance of the actual load it

is patched to in the problem. Even when the potentj-ometer is selected

for monitoring via the readout pushbutton K1, the wiper remains eon-

nected to its actual load. The readout pushbutton corurects the uiper

to a high impedance DVM or, in the absence of the DVM, a nul1 pot cir-

cuit. The operator may then set the wiper for the attenuation factor

required in the problem.

The method of the setting the ungrounded potentiometers is quite

sirnilar to the setting the groirnded ones. The 1ow ends are transfered

from the Pre-Patch Panel terminals to ground in the pot set mode.

Figur.e 2.1*-5 shows schematics and syrnbols for the two types of

potentioneter configurations. The 505 potentiometer designation (i.e.,

m:unber) is given within the circular syrnbol and the setting is written

in cl-ose proximity to the symbol. In addition, the high and low ends

of the ungrounded potentioneter(s) are afso designated to indicate

elearly both input signal sources, 
i

The neon lanp located at the left si-de of the each potentiometer

ui11 light uhen the potentiorneter readout br-:.tton just belor^r the poten-

tiometer is pushed, and notify the operator that this potentioneter

con::ected to the readout system.

- 3 9 -



TO IRE.PATCH PANET'
Hi TEF}4INATION

TO + 1OOV FEF.

TO ?ffi-?ATCH ?ANEL
Hi TE'f0"1INATION

TO PRE-PATCH PA}iEL
Lo TERIITNATION

FIGUF$ 2./+'L
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E
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I
t
T
I
I
I
I
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TO l^lIIER ?FE-?ATCH
?ANEL TEF}4INATION

-

--F TO ?0T SE'ECT.R
SYSTM4

b. UNGROUNDED POTE'Tff]O}4EIER. CIRCUII

505 ?OTE1\Tr0!IBIE"R ClRCUrrs ' S]MPLTFIED sHm4ATrc
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a. GROUNDE-O POT SCHfl{ATIC b. GROUNDED?0T CO}4PUTEfi, DIAGRAI,'I S$ßOL

t< (x-y)+y
=rx+ (r-K)y

t< fx-v)+v
=KX+ (1-K)Y

c. UNGROUNDEDPOT SCIß]IVIAT]C

FIGiIFB 2.4-5 POTENTIO},ETERSCHE}I-ATIC AND COI'{PUTER Sl[vßOLS

d. UNGROUNDED POT CO},{PUTER
D]AGFXM SY},ßOL

NOTE: K=eo/ei'



The potentiometer having a l-ower n:mber has priority. trihen two

buttons are pushed, the lower numbered potentioineter r^r111 be selected.

5. OIERATIONAL AMFT,IFIER

a. General Consi-derations

I,lhen a high-gain d-c arnplifier is used in conjunction with input

a3d feedback networks to perforrn mathematical operations, the resu-lt-

ing systen is generally referred to as an operational amplfier. The

operational amplifier is the basic and most versatile unit in the

analog computer. It can be used for inversion, summation, multipli-

cation by a cr,rnstant, integration, anil used in conjurrction with spe-

cial networks for squaring, erbracting square root, generating

1  ^ ^ ^ a i + h m i a  f r r n n i i n n <  a t a
! v 5 4 f ! u r l r r

To understand the basic concept of the operational amplifier,

consider the simplified block diagram of Figgre 2.5-L where a high-

gain arnplifier (gain of -A) has a feedback i-rnpedance Zg Egß, an input

impedance Zin. The amplifier is designed so that it has three basie

and essent ial  character ist ics.

(1) The amplifier output (eo) is related to the summi.ng iunc-

tion voltage (es) ry t,he gain of the araplifier: eo = -Aes

(Z) T;e input stage of the amplifier draws neglisible current:

l - O - U

(3) The open loop gain of the amplifier is extremely high:

A >> 1 (on the order of 10? at d-c ). 
' '

using Kirchhoffts laws, the nodal current equation at the sum-

ming junction (S.l) is:
i t =
1€

e in  -  es

F
r
r
r
t
t
tr
t
fr
f
tr
t

io * ir-
I U

€ s - € o-  
- L  ; ,, & n

A a4 L

t
r
t
t

or
v . .-l_n

- l a -

(EQ.  2 .  5 -1)
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since es = eo,/A,

to obtain:

and since iuAl 0, Equation 2.5-I can be rewritten

e in  eo  eo  eO
- +  = a -

Zin LZ]n LZt Z1

e ^ t - . i - d  f n r  a  2 1  ö !DUIV-L I Iä  rva  vO.  - - - -Z i -  sAI l
4 ln

t
t
t

e o =

Zr
e^ = -------1 ein

.J]-rl

1nq. 2.5-z)

(tQ. 2.5-3)

' . 1 ]

In most applications the ratio of z1 to zi., is less than 30 and

since I/1, approaches zero, Equation 2.5-2 becomes:

t
t
t
tEquation 2.5-3 illustrates one of the most important considera-

tions of the operational amplifier: The inpgl_g1lput rela!i9ne4!!1)f
Orl LY

the operational arnplifier is so1e1y de t on the ratio of the

feedback to the input imPedance.

using Equation 2.5-3 as the basis of discussion, the following

subparagraphs describe the various uses of the operational amplifier.

/ -  \
r  |  |  l h r t A h d a ^ h
\ !  /

ir,lhen the same value resi-stor is used for both the feedback and

the input impedance, the amplifier output voltage has the same ampli-

tude as the input voltage but is opposite in polarity.
'l

R1'
o o = - = . -  e l n

rL- l  Y t

t
t
T
t
(

t
t
t
t- /'J, '



fn the 5O5, tlne value of Rg and Ri used, for the inverLer

is normalfy 1M ohms, therefore:

lM
e o = - - i l  e i n  = -€i - n

Thus a +100 volt input results j-n a -100 volt output, md

the amplifier is said to harre a gain of minus one. The accuracy

of the output to input ratio depends solely on the accuracy of

k-Ene rallo ltflltin.

(2) Multiplication by a Constant A change in the ratio of the

resistors results in rmrltiplication by a constant. ldith R1' equal

to l-I4 and R3 equal to 100K for example, the arnplifier output is:

]Moo = - 
IOCK 

oin = -lu ein

An input of plus 10 volts results ln an output of minus a

hundred volts. This operational amplifier has a gain of ten.

The multiprying constant can be made less than one by using a

1OCK feedback resistor with a LM input resistor.

e^ = ' looK ein = -0.1 elrt
" l M

An input of minus 100 volts prod,uces an output of 10 volts.

0) Summation \^lhen nrultiple input resistors are used with a

feedback resistor R1, the basic relationship is ertended to:

/ \
/ R r  R p  R 1  \€ o = - l j e t +  -  e 2 + . . . +  - e n  i
\ n 1  R 2  R n  I\ r u t

I E



The circuit can be used to algebraically sum an indefinite

number of inputs; furtherrnore, each input nay be rnultiplied by

an arbitrary constant.

(/r) Integration r.rith Respect to Tjme tr^lhen the feedback element

Zf Ls a capacitor rather than a resistor the surnmi-ng junction cur-

rent equation is;

F
t
t
t
t
t
t
J
(

T
T
t
I
I
I
t
I
I

;,"n

e r  e 2
-  +  -  +  . . .  *

P .  R a

Ä a* "o- - c _

Integrating this equation and assuming an initial charge on

the feedback capacitor of Vo:

Looking at this another way, if Zf is a capacitor having an

operational impedance t/fi and Zi-1 is a resistor, the basic opera-

tional arnplifier relationshipr Equatlon 2.5'3 becomes

+.F , i n  - L  au
€9  =  -  

- J r r

o R C  R C  l o

With this arrangement, the operational amplifier will integrate

(with respect to tjme) any input voltage. In addition to integrating,

the arnplifier also inverts the input voltage.: An indefinite number

of input nay be applied to produce the time integral of the sum of

the input voltages.

( t z o l
\  ( - *

)  o  ' R l
e 2  + . . .  *  " "  ) d t  +  v o
R 2  R n /

- l t ß -
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Fthn
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$) Other Mathenatical Operations As pr:eviously indicated the

operational amplifier has uses other than those jadicated in zub-

paragraph (t) tfrrough (2). Conplicated transfer firnctions can be

simulated by using series and parallel RC networks for the feed-

back and input impedances. The ci-rcuit performance is sti1l

governed, by the basic relationship of Equation 2.5-3. For the

general case where three charurel networks are used, .the,Shorb

circuit transfer impedance of Zy and 21, must be used. (fne short

circuit transfer irnpedance of a network is the ratj-o of input volt-

age to short-circuit output current.)

The input and feedback elements need not be linear; therefore,

almost any non-linear characteristic can be approximated. The

arnplifi-er can also be used in conjr:-nction with diodes and z'esis-

tors to sjmulate the non-linear operations of ljmiting, dead-zone
' 

generat ion, X2, Logf, ,  etc.

b. 505 Operati-onal Anplifier DA-151

Figure 2.5-2 shows the operational annplifier patching terminations

and a simplified schenatic of high gain d-c amplifier and summjng re-

si-stor network. By placing a six connector bottle plug in the patch-

ing block as shown in Figure 2.5-3(a), the high-gain arnpl-ifier is

eorurected to the sr:runi-ng resistor network as shor^rn in Figure 2.5'3(b).

The resultant operational amplifier can be used for irrVersion, multi-

plication by a constant, arrd surnmation. The cwrputer diagran symbol

is shomr in Figure 2.5-3G). 0n the computer diagram it is customary

to shor.zt only those inputs that are used; the arnplifier nurober is

written inside the tri-angular synbol.

_ / i 7 _



DUA.L DC AMPLIFMR
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A. SIMFT,IF]ED SCI{EMATIC OF 1
THE DUAL DC A}.,IPLIF]ER

CURRE}E BALANCE CO}.TIROL

VOLTACIE BALANCE CONTROT,

oItrRATIONAL A]4PT,IFIER, STMPLIFmD SCHEMATTC AND
PATCHING BLOCK LAYOUT
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Xt
X2
x3
Xtn

FIGUnE 2,5-3 SUMMER AI'4IT,IFIER PAICHING

eo= - (X1+X2+10X3-r101f4,)

( " )

N0IE: IF A}{PLIFIER IS N0[ USBD.
BO{TIE PIUG REQUIRED TO
?RWIDE IEEDBACK.

(b)

r
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h
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r-1
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r-t
f-l
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--1
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DA-151
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Figure 2.5-/*(a) shows the patching to provide an operati-onal

amplifier that is capable of integrating with respect to tjme.

Figure 2.5-/r$) illustrates a simplified schematic for an arnplifier

patched as aI] integrator. The computer symbol for an integrator is

sholnr in Figure 2.5-4G).

Figure 2.5-5 is an expanded schemati-c of the integrator anpl-i-

fier. In addition to the terminations inter"connected by the two

four - connector bottle plugs, certain ci::cuits are brougtrt out to

the patchlng bloek for additional control of the integrators. These

include the Compute and Reset relay coils and the compute hold antl

reset buses. Normaly these terminations are corurected, aS shor'rn j-n

Figu::e 2.5-l+; hor,rever, by cross patching (nofa bus to reset relay,

etc.) the integrator can be used as a track and hold unit.

An additional feature is the free tertnination of four integrat-

ing capacitorsi 1d, .1 dr.o1 uJl and .oo1 uF. They ar-e correspond.-

ing to the integrating gains of 1, 10, 1OO and 1000. the operator has

the choice of the integrating gain both in RT (real time operation)

and RO (repetitive operation), connecting the selected capacitors to

RT ancl RO tenninals on the patch panel. The two holes designated R

and C of the MM area of the Dual Integrator are the trunk ljnes to

control the integrator mod,e by the digit'al logie elements which will

be mounted on the Control Console CS-508.

r
:
&

-t
r
r
r
r
rrr
tr
t'
t'
f
t
t
I
I
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.C1 MFD
]MFD

b. I]flTEGRATOR S]MFT,IFMD SCHEI.{ATIC
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ST-]MMARY OF PATCHING FOR INTEC'RATOR IN-151

1. ORD]NARY OTtrRATION (1)

]NTtsGRATING GAIN R T :  1

R0: 100

INItsCTRATING GAIN RT: 10

R0: 1000

t?^ rr-) 1?0)
nh/no\'z

W
'ffir - \ r \\-./ \-/ t l

1n,Z-\ b ö't) @ o ( b
J-)"C

MM.c ru<2 X,WW
I

Iv
I
\-r---,ä--A-J

INTEGRAT]NG GAIN

2. 0nDTNARY OrEnATroN (2)

I}ruEGRATTNG GAIN RT:  1

R0: 1000

Fr-l
-t
-I
t

:l-l
-t
-l
-t
:-l
f-t
T
T
l t
-1
-I

1
t_

RT: L0

R0:100
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SUMMARY OF PATCHTIG FOR INT]IGRATOR IN-151

3. SmcrAL OTERATTON (1)

MODE CONTROL BY MODE MATRIX
IN D]GIIAL LOGTC AREA

TIE ]}IIEGRATOR CO}IPI]IES IN

HOT,D MODE

Tr. SMCIAL OTERATION (2)

TIIE INTEGRATOR COM?UIETS
]N NESET MODE

TI-]E INTECTRATOR, IS COIüTROLIED

BY TIiE TIMER.

TO T]MER OUIPUTS

- 5 1 + -



SUMMARY OF PATCHING FOR INTEGRATOR IN-151

5. TYPICAI CONNECTION AROUND ]N-151

F-t
-r
-t
-t
-l
-t
-l
-I
-t
-l
-l
-t
-1
-1
-t
-I
-t
-t

TI{E ?ATCHING SHC'I{S TWO ORDINARY INIEGRATORS

HAVING Ttfr CIICUITS BELCIvI.

1
1
I

10
10

]N FEP OP MODE I}IIEC'RATING GAIN E MIJLTTPLIED BY 1OO.

't
J

1
1

10
10

DUAI DC A}'IPLIFIERo o
n+i--l
tuJ' I

clt)
QV{\TN'

o FT_151

IT2-l
o DA-151 oo rN-151
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6. QÜARTER.SQUANE

Multiplication

tions necessarY in

utilizes a kind of

cluce a product of

ing equation:
I

^ r -
IL+

(EQ. 2.6-1)

The 5o5 Quarter-square Multiplier is basically a gated-resistor

circuit application of the quarter-square technique. },ihen the

quarter-square nultlplier is used with three high-gain anplifiers,

the resultant circuit is capable of rnultipli-eation, division or squar-'

ing of input variables. The quarber-square multiplier ernploys two

squari-ng circuits uhich utilize solid state diodes and precision re-

sistors to produce the square of a given input. Figure 2.6-I shows

the block diagram of the Multiplier EM-151, and Figure 2.6-2 is a sjm-

plified sehematic typical of one cf the two squaring cireuits of the

multiplier. Each diode is reverse-biased (cut off) by the negative

reference source at a potential dependent on the series resistance

(n4t, ntrZ ... R6O) in the reference source 1eg. To eauso a given diode

to conduct, the sum of the X and Y input (applied via the zumrning ampli-

fier) must attain a potential opposite in polarity and larger than the

bias of the reference 1eg. By neans of apptopriate jnput resistors

@l-,  Rz, . . .  R2o) and bias resistors (R&t R/+2, . . .  R6o) the diodes

may be madle to conduct at different pre-detennined values of (X+y).

(The potential at which a gi-ven diode conducts j-s lmor'rn as the diode

breakpoint ) .

MÜLTIPT,MR EM-151

of tr,lo variables i-s one of the non-linear opera-

a general purpose computer. The 505 Multiplier

quarter-square nrultiplication techniques to pro-

two variables (X and Y) as i-1lust'rated by the follow-

t
t
t
t
t
t
t
I
I
t
I
I
I
I
I

[  , ' ^ '  Ä ^  r l
I (xrv+r)2 - (x-Y+r;2 - 4Y IL )

- 5 6 -



4_
xy
100

YrV

SQUAR]NG
CIRCUTT

FIGTJnE 2.6-L MULTIPLmR, SI\.{PT,IFIED BI,OCK DIAGRAM

2OOK SQUAS]NG

rfrr-o ----r 10 nA
^ +4 U

-100v

n l" l
t, / ]r-Y i
' - 4  f
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As the input (X + y) reaches the breakpoint of each diode, the

input resistors are essentially para11e1ed. The gain of the opera-

t ional ampl i f ier changes as each diode conducts; therefore, rqr proper

sefection of components, the network of Figure 2.6-2 can simulate a

curüe of (X + Y)2 with straight-line segments. The number of seg-

mants used deterrnines the accuracy of the approximation.

In 505 Multipliers, two squaring circuits are required in order

to accomplish four quadrant rnultiplication, because X+Y+l and X-Y+1

should be squared individually.

Figure 2.6-3 is a simplified schematic of the quarter-square

multiplier showing the patching tenninatj-ons and the patching btock

area of the Pre-Patch Pane1. For rnultiplicati-on, division or squaring,

a bottle plug is placed as shomr in tr' ig:re 2.6-/, and 2.6-5 respecti-ve1y.

Note in each case the syrnbols of t,he area the plug to placed indicates

the function that may be perforrned.

a. Multiplication

Figure 2.6-/u il lustrates the patching procedure for rirultiplica-

tion of two variableso X and Y. Two inputs (X anA Y) are necessary

notwithstanding the polarity.

Note that the output voltage from the third amplifier is -XY/400

due to the inversion of the emn' l i f ier.
;



.). I,OK IN MJLTIPi,IER

FIGUNE 2.6-2 SQUARI}IG CIR|UIT SIMPLIFIED SC}IEMATIC

ö U

O U

/tO

20
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NOTE: AMPIII'IER.S ARE NOT INTILUDED
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TER\.{INAI,S ilTrJ{" SHO'ütrD

IF DITIIER SMOOTHII,IG

Y

XY

BE CO)II]I 'TED TOG]T]NF
T d  n 1 n l -_LD LU1 ,it,).) -.J1I .

a-l
-|

-l
-l
-l
-t
-t
-t
_|

-l
-l
-l

I
-|

-t
_t
_t
-|

PATC}{ING A\D SIi"{FT,IFIED SilnilulÄTlC

A 1-  , ) L  -

MIJLTIPIIER

obl o:
3;ga*o

EM-151

NITI,f O,E,K

XY
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A variable (Y) may be divided by a second variabfe (X) by using

the rnultiplier as the feedback element of a hig!-gain arnplifier.

Figure 2.6-5 iflustrates the patching together with siniplified

schenatic for division with the quarter-square multiplier.

An important point to note with this circuit is that input X

must be positive in polarity.

The following restrictions must be observed when using the

rnultiplier for division.

i 1. The absolute val-ue of the divisor X nust aluays be greater

, than or equal to the absolute value of the dividend Y; i.e.,

l v l / l x l < r .
I  r  l /  l r l l :

2, The divisor X must be positive.

3. The divisor X nust never equal zero.

The quarter-square nultiplier may af.so be used to generate vari-

ous other functions such as X2 and etc. The patching and associated

computer diagrams for various nultiplier operations are given in

Appendix 3.

- o z . -



X >  Y
x >  0
X MUST BE POSIT]VE

NOIES:

FIGUNE 2.6-5 DTV]SION PATCII]NGAND S]MPLIFMD SCHEI4ATIC
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, lIIII
1
1
I
1a
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1
l-t
-I
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MULTIPLIER
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7. FUNCTION C'ENERATORS

Six firnction g€nerators are available for the 505.

Three are of the fixed firnction type (X2, logX and sin or cos X), and

three kinds of variable firnct'ion type (VfC), may be set to represent

a sing\-valued function. All of the fixed firnction generators (FFt)

operatetor, t principle similar to the quarber-square rnultiplier; i.e.,

cliode gates are reverse bi-ased such that the input voltage must attain

cerbain 1eve1s to cause succeeding diodes to conduct. As each diode

conducts l.he Zy/Zin ratio of the operational anplifier is ehanged.

On the other hand, VFGI s operate on qui-te a different principle to

the abovei i.e., a transistor is adopted instead of a diode, md supplies

a suturation cutsre instead of a single brealc point. ft gives an a

operator a sirnple way to set up a firnction.

a. X2 pixed Function Generator FG-154 A

The 505 X2 fC accept both positive and negative input voltages and

generates either a +X2 or a -X2 output. Figure 2.7-7- is a simpli-

fied schematic of the X2 generator circuit showing the (righ-gain

arnplifiers as normally patched into t'he circuits. To generate a

-X2 function a four-corutector bottle plug must be placed as shown

in Figure 2.7-2(b)i i.e.e the two upper terrninations are corurected

to ether as are the two lower terrninations. For +X2 the coru:ections

snould be made as shor,m in Figure 2.7-2(c).

Additional functions such r"J X 
"""'r1ro 

obtainable with the

X2 fC. The patching and computer diagrarns are given in Appendix /+.

t
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t
t
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L rne y f - ivöÄ runct ion Generator  FG_L55A

The 505 Log X FG contains four individual 1og function generators

all of which are terrninated at the Pre-Patch Panel. Two of the

generators accept only positive voltage input and two accept only

-a  no  t i  - ' ö  r ' ^ r  *  r  na  j  - . ^ "+  ^  mL^  ^ . ' + - r r+  ^ r  * l . a  , * - ^ - . r t o r s  i s  t he  sca fedr r s 6 a u r v s  v v I U q S s  l r P u u D r  l 1 r 9  v 4 u } J 4 v  v r  u l l s  S E r r - l a l

t  .  .  - -  ,  \I o g a r l t h m  t o  t n e  D a s e  I  ( a . e . :  ) u  t o g .  l Ä l , .

F igure 2.7-3 i l l -ust rates the patching for  both posi t lve anC

negative voltage input log X generators. Additional patching and

t 1FFG uses (such as obta in ing the ant i log of  a log inJut .  rn; l t ip l ica-

t i n n  Ä i r r i q i n n  c  'or raising an input to an unusual power) are given in

Appendix J.

c. Trigonometric tr\-rnction Generator FG-153A

Tho 606 Tz'ionngnslric FG eontains two individual Trisonometrie f'rrns-L L L g  ) v )  t f f E v r r v l r v

t ion generators both of which are terrninated at the ?re-patch panel.

Each generator accepts a vol tage of eather polar i ty.  Figure 2.7-/+

illustrates simplified schematic and patching block layout. patch-

ing to generate sin X ald cos X are given in Figure 2.7-5 and 2.7-6

r c  e m n  f  i . r a ' l  . tv r v v ! J .

d. Variable Fr-rnction Generator FG-151

t r ' r e n t r c n t ' l r r  i n  g  n r O h l e m  -  t h e  f l o n o n Ä a n n o  n f  n n a  r r r r j  . l . r ' l a  ^ r r r n * . i * *r  r v Y * e r r v r J  r r r  o  P r v u l c l r r t  u l l v  L l v y e r r q v r r v v  v !  v r ! s  V d " I ' l a o - L e  q u a n l l _ l y

(Y) on another orr.antity (x) is known only in the forrn of experimental--

ly obtained data. The variable Function Generator (vrc) provides a

means, with a single component of approximating and generating func-

t i o n e  n f  t h i c  t r r r- , .*- - ;  rE .

-  o /  -
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NOIE: TI'IE SIMIT,IFIED SCIffiMATIC COHRESPONDS
HALF OF THE PATCI{ING FG-153
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- 7 t < x  <  + r c

FIGUFE 2.7-6 cosx PATCIIING AND SIMIT,IFIED SCHEMATIC
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Ihe 505 VFG utilizes the techni-que of summing of severa"l- satura-

tion curires each of which has two fixed breakpoints referred to input

as shornm in Figure 2.7-7. With the VFG the operator can control only

the height of each basic saturation curve since the breakpoints are

f ixed at 0,  lO) 20) 30, /$,  5or 601 70, 80, and 90 volts.

The FG-151 consists of two VFGis: a negative generator that re-

sponds to inputs between -100 volts and zero, and a posi-tive generator

that responds to inputs from zero to +1OO vo1ts. The positive and

negative VFGI s can be used separately or combined to form 1VFG for

both positive and negative voltage inputs.

(1) Patching and Sinpllfied Schenatics Figure 2.7-8 shows the VFG

patching area and the slnplified schernatic of the overall unit; the

plus and minus VFG portions show only a single transistor-gated re-

sistor circuit for clarity. Figure 2.7-9 shows the patehing for using

the plus and minus VFGI s separately; this figure also contains a

simplified schematic of the plus VFG. The mimrs VFG is similar except

that the bias voltages are in the opposite polarity.

tr'igure 2.7-10 shows the VFG patching to combine the plus and minus

VFGIs for bipolar inputs. Note that a six-connector bottle plug should

be placed in the area of tFG.

(2) Set Up Procedure The VFG cards are lgcated behind the ?oten-

tioneter as shor,rn in Figure 2.7-IL. For set up the card, the FG

shelf FJ-051 should be inserted between the con:rectors on the frame

and the card.

L
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Bach VFG unit has eleven adjustments; They are tff f(X)

potentiometers to adjust the output of curye heigh't between

unitary, incremental inPuts of X.

lnlhen used in the tvFG combjned node the first pots of t'he

-VFG and +VFG are interdePendent.

The first potentiometer pennits the operator to set the

value of f(X) (at X=0) within the range of +100 to -100 vol-ts.

The remai-ning F(X) potentiometers (tO to fOO) perrnit the operator

to set the change of the height to each preceding segnent by a

voltage of zero to tl-OO volts.

Figure 2,7-12 is a sample output curve of a +VFG.

This cunre is used as the basis for the typical VFG set-up pro-

n a Ä r r r a

The foll_owing procedure is for the set-up of a +vtrG patched

as shown on Figure 2.7-12. The set-up adjustments of the +VFG

nust be started at X{ and contj-nued in sequence to X= +100.

The procedure for -VFG is accomplished 1n a similar manner, but

starting at X= -1OO and in sequence to X=0.

llhen setting up a VTG for combined plus and nintrs inputs

the operator rnust start at X= -100' dontt roake the set-up of

X=O in plus VFG.

172
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A. VFG CARD LOCATION
DD];I D/ TTN LIr  t u - r  6 l  v  1 1

PANEL
ARilAS

VFG LOCATIONS

b. VFG LOCATIONS AND ASSOCIATED PRET.?ATCH PANEL AXEAS

FIGTm-il 2.7'LL VFG CA-RI L0CATION SH0|^IING CHASSIS IN SEt UP POSilION

FGO3 FG0-1 FG0-2 FGl-t FG1-2 FG2-1 FcZ-2
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TW-
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OR
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o52
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o51B

utt

FG.
o52

FG-
051A
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FG.
o52

FG.
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0511,
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FG-

FG.
n41 R
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FG-
o52

-  l Ö -



'l
hh
,hh
!h
h
II
III
\

h

0) Typical VFG Set-Up procedure

(") rnsert the FG shelf between the connectors on the frame

and the card.

(b) Select the F(X) arnplifier outpr:t (designated 41 on

Figure 2.9-9) for readout on the DW (or multi-eange

voltmeter if the DVM is not available).

(") Turn the trsET-orE'r switch:n the card to rsETrf si-de, and
turr: all nST-nESETrt swit.-, ,ies to ilRESETTT side.

(d) Turn the tfsET-nESETrr swi.tch of FO -bo rrsETrr side and adjust

the F0 potentiometer by matching the output to the value

o f  F ( 0 ) .

(") Turn the ''SET-RESET, switch of F1 to rfsETrr side and adjust

the F1 potentiometer by rnatchi:rg the output to the value

o f  F ( 1 ) .

( f )  Proceed in sequence

number of F, for the

table.

For optimum accuracy repeat the set_up proeedure, start_

ing with step (c ) .

Turn the rrSET-OIE'r switch on the card to rfOIEil side.

e. Variable Fr:nction Generator FG_152

The vFG FG-i-52 is the same to the ;vFG FG-r_51 except the break-
points. The breakpoints of the FG-I5Z are _100, _gO, _6C. _/+0,
-20, Or 20, /Pr 60, 8O and 100 volts Ther.r:fnr.e ,:he FG-152 covers
by itself the whole input range.

the above adjustnent to the greater

proper DVM readout as listed in the

\ 6 /

( h )

_ 7 9 _



Y
(rr volts)
100

80

60

/+A

20

-20

'40

-6D

-80

-100

X y=f (x)

U -/+O

+10 0

t-) i +1,.0

+30 +70

+40 +90

+50 +100

+60 +90

+7O +ou

+80 +20

+90 -10

+100 -öU

SAIvI?IE IJFG OINPM CüRIIE
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The function card of the FO-l52 is ca11ed FG-052r and two

FO-052 cards are terrninated on the FG-152 patching area-

f. Variable Function Generator FG-157

The Variable Frrnction Generator FG-157 is a versatile device

r"rhich makes it possible to set up the both coordinates Xn and F(Xn)

of eaeh set point n independently. Thereforeo r^tith the FG-15'7, the

operator caJ} control both the breakpoint and the height of a given

function quite easily. Moreover, each adjustment can be done in-

dependently even in sane kind of coordinate, so it is very easy tc

change a porbion of the set-up fr.rnction.

The principle of the FG-157 is explained on Figure 2.7-13.

Figure 2.7-14 illustrates the patching for ordinary use of the

Firnction generator.

The following procedure is for the set-up of a FG-L57 for posi-

tive input patched as shoi,rn on Figure 2.7-12. The set-up adjustments

of the FG-a57 must be star+"ed at FO and continued in sequence to F10

on the function card FG-057.

Typical VFG FG-157 Set-Up Proeedure

fnsert the FG shelf between the connectors on the frare and

the card.

Select the X and Y amplifiers for readout on the mu1ti-

range voltmeter and DVM respectively (if the DVIi{ is not

available, both arnplif,iers should be connected tc the

multi-range voltmeter alternatively by using the selector

system or the function sr^ritch.

( ' )

/1" \
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(c) tum rrOIE-SETrt switch to rrSETn side and all ilSEI-FESE'Itr

sritch to ilFESETTT side. Keep rr+INptff _ t INHnil switeh

to ||+INPIJT't side.

(a) Put up the F0 switch to rrSETrt side and adjust the value of

Y and X potentiometers by matching both outputs to the

valve of Y1, Xo. Put dor,m the F0 switch to rrIlESETtr side

after the adjustments mentioned above.

(") Put up the F1 switch to rrSETrr side and adjust the value

of Y and X potentiometers by natching both outputs to -ne

value of Y1, X1. Rrt dor,m the F1 switch to trFrlsETrr side

after the adjustments nentioned above.

(f) Proceed in sequence the above adjustrnent' to the greater

m:iaber of F, for the proper voltmeter and DVM reaclings as

listed ln the table. Note that the value of Xn should not

exceed the vah:e of X6.1 in the above settings.

(g) Turn n0?E-SETtt switch on the cord to tfOlErr sicle.

If the both polarity of input is necessary, set up the flmc-

tion by the procedure mentioned above, md after that, expand the

input range by turning tt+IN?[ff -tIN?l]T't switch to ll$I[l_.tia"'

It is recomtended that the FG-057 should be used for positive

input, if the fbnction is defined for a single input polarity,

Lo. f,v -

K+^,t {*.1 : ',. '!' ,,.,r - i:
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8. CoI,IPARAToRS CP-151, CP-r52

The signal comparator is an automatic switching device that con-

sists of a cornparator arnplifier and a double-pole, double-throw relay.

The amplifier compares t'$ro input voltages and energizes or de-energizes

the relaye depending on whether the sum of the input voltages is glsat-

er than zero (positive) or less than zero (negative).

There are four separate comparator unitS term:inated at a Quad

Comparator C?-151 and CP-152.

Figure 2.8-I shows the comparator patching area and, a si.nplifiecl

schematic of one of the comparators. (The other conr,parators are

identical.) The relay termination indicated by the negative sign is

the position of the relay when the sun of the INl and IN2 input is

negati-ve, this is the de-energizecl position of the reLay. When the

srm of the IN1 ancl IN2 is positive, the relay energizee ancl tbe raiper

swings to the positive contact.

(1) Comparator Switehing Data of CP-151

Relay Sr"ritching Time

T y p i c a l  . . . . . . . . . . . . . .  5

Maxfun:un a l lowabIe . . . . . . . , . .10

Sensitivity

T y p i c a l  . . . .  . . . .  . . ,  . .  3 0

M i n l m m  .  . . . . . . . . . . .  . .  5 0

(2) Comparator Suitching Dat,a of CP-'1,52

niLliseconds

miLliseconds

nillivolts

nillivolts

ReJ-ay Switching Tirre

Typ iea l  . . . .  .  .  . . . . . . . 300  n i c roseconds

Maximun allowable ... 500 mj-croseconds

- 8 5 -
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Sensitivity

Typical  . . . . . .  30 rni l l ivol ts

Minimum 50 millivolts

Each model of the comparator has the voltage output which

has switching tine less than l-O ni-croseconds, The output can

drive the integrator mode and etc., directly.

e) Set Up Procedure The problem variable that is to control the

comparator switching should always be appliecl to the IN1 tennination

and the reference or bias voltage should be applied to the rN2 termina-

tion. The following is the set-up procedure for the comparator.

(") Apply an input to the rNl tennination equal in rnagnitude

and potarity to the desired switching level.

(b) corurect the wiper of a potentiometer to the rN2 termina-

tion; apply reference, opposite in polarity to the IN1

input, to the potentiometer high end.

(c) Adjust the input to rN2 so the comparator relay is aetuated

as required when rNl r"eaches the siaitching Level. (rue

ootput of each comparator c€ur be selected to the sel_ector

system. )
(d) The eomparator is now

should be patched to

The steps mentioned above can be replaced by the acljusting of

the bias potentioneter in the reset mode using the potentiometer

selector system, if high accuracy is not required.

set for use in the problen and

the appropriate signaJ_ sources.
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9. IAEE DIoDES FD-151

Marry non-linear phenornena nay be simulated by using the conbina-

tion of resistors and diodes in the Free Fiodes trD-151 with the

potentioneters. Applications will be shom: in Appendix 7.

10. TRANSIER DEL.A.Y ETEMEI\IT TD-151

The Transfer Delay Elenent TD:151 causes tirre delay by Paders

second order appr"oxirnation. Two dc arnplifiers (a DA-151 or equiva-

lent) are necessary for the cornplete circuit as shor,rn in Figur.e

2.L0-1.

l^Iith two elenents corurected in series, the transfer delay girten

by Padet s fourbh order approximation can be approximately produced,.

I:: this connection, the delay tirne will develop to the sr:rn of the

value set i-n two elements. Set a half or nearly a half of delay tfune

on each element. For better simulation, the fourüh order approxfina-

tion rrril1 be recomnended.

The Transfer Delay Elenent TD-151 has a wide range of delay time,

br.rt combination of both R ald C which make the delay tiroe T rnrrst be

restricted by the viewpoint of sjmulating aecuraey. The Table 2.10-1

will show a guide to select a combi.nation of R and C.

The TD-151 can be used in both RealTi:ne Operation (nf) ana

Repetive 0peration (RO), and the connection of capacitors are auto-

natically transfered in a same way to, the Integrator, synchronizing

to the Integrator Capacitor switch on the Control Paner.

_ 8 9 -



NOIE: THE PRODUCT OF INPUT MAX}{UM FFEQUENCY Il) AND DELAY
TIME T SHOULD NOT EXCEED 2, TO KEEP TIE IIEIGI{I OF
INITIAL TRANSE}fI LESS THAN 1O%.

THEsERIEscoNNECTIoNOFTRANSIERDEIAYTD-151I$ I ILL
MARK BETTER SrMULAtroN. rN cAs, DELAY trI4E

IT SHOUTD BE NOTED THAT OUTPiN SIGNAI POI"ARITY Is
JUST OPPOSITE TO INPI]T IN A SIGNIE TD-151 O?ERATION.

TABIE 2.10.1 DELAY TIME SETTING TASIE

t
T
T
T
t
I
I
I
I
I
I
I
I
I

INPIJT Mfi(IMIM
ANGUI,AR

FNEQUENCY W
MÄXN.{UM

DELAY T]I,'E
M]NT4UM

DELAY TI},ß
CAPACITANCE
TO BE USD

BET}IEElI
0 . 1  -  1 . 0 11 SEC /"\ 1 CAln 1 I,ß-D

1 . 0  -  1 0 1 . 1 0 . 0 1 0 . 1

10 - l-00 0.11 0 .00 r 0 . 0 1

100 - 1000 0.011 0.0001 0.00 ]
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Set-Up Procedure

(") tr'ind the cornbination of R and C from the Table 2.10-1.

(f) ?atch the above value on the Pre-Patch ?anel,

The set value of R is the value which has not been

shorbed by the patchcords. An illustration is shovm

in Figure 2.LO-2.

(") Ascertain t,he function applying the jnput and watching

the input and output on the oseilloseope if possible "

This will reduce the difficulty in the analysis due to

errors in patching or inadequate RC selection.

In the patching of the capaci-tor, the circled terminal in

RI or RO area in the Pre-?atch Panel- Should be connected tu the

circl-ed te:minal in one of the capacitor area.

- 9 1  -
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11" AUTOIVL{T]C OFERATOR AO-I5f

The Äutomatlc Operator AO-151 is a versati le device tc determine

an eigen value or a bo'-:ndary value in automatic iterative operationt

or tc change a parameter by an incremental digit according to time in

a s inple rcpet i t ive oPerat ion.

The Ao-151 consists of an integrator network sjmilar to IN-151:

q n,r-l*. in-l iar natr.J6pl4 sjmllar to EM-151 and a cornnitted network to
a  I l r l r  u r  P r r v  r

compose a feedback circuit to seek an adequate parameter to satisfy

the circuit conditions. The simplified eonnecti-ons u.sing the A0:f51

and its tenninations are shown in Figure 2.I]1.-2 and in Figure 2.7:1-3

n o q r c n t i r r p l r r

For +,he patching of the integrator in the A0-l-51r refer to the

one of the Integrator IN-f5f.

L2. MODE CONTROT. PANEL MC-151

ordinally the computer mode is controlled by the mode control

switch on the Control Panel, and occasionally the operator will feel

tho noness.itw to nnntrol tho comnuter automatically through the patch-
u l l v  l l v u s o D r u J  v v  v v r r v r v !

ing on the Pre-Patch Pa-nel, for instance, from the comparator output.

For this requirement, mod.e control input terminals have been prepar€d

on the Mode Control Panel !l0-f51. The MC-151 supplies six input ter-

rninals: R.ESET (designated as RS)o Coumr (Cr), UOI,O (m)' por SsI

/pq \  aT.T .  RqqqT /sp l  . rÄ  EqFt rTnrTnr ' rE l  . \DFDr 'mrnn /q6) .
\ . r D l  t  , C ' ! L  n ' i J l i . L  \ A I t /  a J I U  1 M r r I l - v  I I I v !  v r ! ! r u r v r r  \ r '

If the voltage 12 volts through 2/+ voLts is applied to the termi-

nal the computer mcde will change just sarne as the mode eontrol buttcn

is pushed.

- 9 / r -
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The

the mode

( r )
( 2 )

priority between signals is

control  buttons, that is;

the same to the relation in

rn

t
t
L
t
t
I
t
t
t
t
I
I

Pot Set has the first PrioritY

All the modes are divided into the groups'

A group consists of FESET, COMzufE and HOLD' and another

group consists of POI SET, A'LL FESET and FEP 0?' The

operator should first add the FJSET sigrial when he wishes

to change the computer mode from the second group tc the

f i n c f .

The output of the mode control signals are terminated on the

same panel in the shapes of the pulse and the step firnction' They

will be used as a special purpose integrator mode control or inputs

to the tjmers which tertninate on the sarne patching area'

TD,IERS

The Timer Panel TM-25L supplies three timers which can be operated

i n d e p e n d e n t l y o r i n a s e r i e s c o m b i n a t i o n ' 0 n t h e T i m e r ? a n e 1 ' t h r e e

timers occupy the center space with three pai-rs of the time setting

d i a l s , a n d a b o v e t h e m t h e r e a r e t h r e e p a i r s o f j r r d i c a t o r n e o n l a m p

which wil_l inform time sequence of the each tj:ner operation. These

timers can be controlled by thJ control buttons on the Tjmer Panel

or signals fron both the Mode control Parrel MC-151 on the analog Pre-

? a t c h P a n e l a . r r d t h e R i n g C o u n t e r R C - l 5 1 o n . t h e 1 o g i c c o n t r o l p a n e l .

The Tjmer Panel is shornm in Figt:re 2'L3-I'

In the state that the toggle switch j:r the control area of the

T G - 2 5 1 t u r n s t o S l N G l E s i d e , e a c h t i m e r o p e r a t e s i n d e p e n d e n t l y a n d

supplies the output signal for the period adj'nsted with two

dials; the T16 dial and the MJLTIPTßR dial'

- 9 8 -
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I n t h e s t a t e t h a t t h e t o g g } e s w i t c h m e n t i o n e d a b o v e t u r n s t o C 0 l ' 1 8 1

side, these timers will operate in series combination repetitively' In

this stateo when the signal (12 volts through 24 volts) is applied to

t h e i n p u t o f t h e T j m e r O , o r b y p u s h i n g d o ' n m t h e R U N b u t t o n o n t h e C O N .

TROI, area, the Timer o will begin running. After the adjusted period'

the Timer o will stop running, and the Timer 1 vill begin operating.

T h u s t h e o p e r a t i o n t r a n s f e r s s e r i a l l y f r o m t h e T i m e r O t h r o u g h t h e T i m e r

2 , a r r d t h e e n d s i g n a l f r o m t h e T i n e r 2 w i l l o p e r a t e t h e T j m e r 0 . T h e

loop of three tjmers .\.rill coätinue in operation rrnless sToP or 0LE,{R

S I G N A . L i s A p p l i e d . T h i s c o n t i n u o u s o p e r a t i o n i s v e r y u s e f u l l t o a l l o w

t h e o p e r a t i o n o f t h e t i m e b a s e o f t h r e e m o d e r e p e t i t i v e o r i t e r a t i v e

operation can loe accomplished by adjusting the Ti-mer 3 setting to zero'

I n t h e s e r i a ] - o p e r a t i o n t h e R U N s i p a l o n t h e P r e . P a t c h P a n e l s h o u l d b e

applied on the IN terrninal of the Tjmer 0'

The Tjmer Panel is controlled with two other signals;

ST0? and CLEAR: The STOP sigral holds the Tjrne::. operation momentary

in series conbi-nation state, md when the RUN signal applied' the

Timer will operate again from the next one adjusted on the panel' Note

that the operation time after the secondary RUN signal iS independent

t o t h e t i m e t h e s T O ? s i g n a l r e s e t s t h e T i n e r t o t h e i n i t i a l s t a t e . D e -

tailed operation is explained on Figure 2'I3-L'

The Timer ?ane1 r\[-z5j is prepared to supply the sirnpLe tirne base

u s e d j . n t h e R E P O P b u t t o n o n t h e C o n t r o l P a n e l i s p u s h e d . T h e R E P o ?

s i g n a l f r o m t h e T ' l ! - } 5 3 w i l l b e s u p p l i e d t o t h e e l e c t r o n i c m o d e c o n t r o ] -

sequence in the Control ?anel'

Essentially, the Rep-Op mode, with the time scaling and rapid

sr^litching between the integrator reset and the compute modeso a problem

- 1 0 0 -
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FROM OTIIERS hIITH IIRUNII SIGNAT.
T]]VMR GEIIEFATES IIOI{II STGNAL FOR
T}IE TER]OD OF SET TN4E.

IICIEATiII SIGNAL TN O}ERATTON
IERIOD MAKES TIMER OIEnATION
OFF.
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is solved, reset, and then solved again' this process continues re-

petitively at the pre-set rate' The problem solution may be displayed

o n a n o s c i l l o s c o p e t h a t i s s y n c h r o n i z e d w i t h t h e R e p - O ? c y c l i n g r a t e .

T h e i n p t r t s t o t h e O s c i l l o s c o p e a r e t e r : n i n a t e d o n t h e R e a d o i . : . t P a : r e 1 0 C -

To place the computer in the Rep-Op mode the operator sets the

d e s i r e d r a t e o n t h e t j m e r o r t h e O s c i l l o s c o p e T i m e B a s e . A f - b e r s e t t -

ing the desired repetition rat'e' the computer is switched into the

Rep-Op rnode by depressing the BEP O? button on the control panel'

M i n d t h a t t h e l n t e g r a t o r C a p a c i t o r s w i t c h o n t h e C o n t r o l ? a n e l

s h o u l d b e t u n r e d t o R 0 i f t h e o p e r a t o r r e q u i r e t , o o p e r a t . e t h e i n t e .

grators with the capacitor connected to RO terrninal'

TL. NEIETIIIVE OMRATION

The addition of the high-speed repetitive operation feature to

the 505 provides means of rapidly switching the computer integrators

b e t w e e n t h e F E S E T a n d C O M P U T E m o d e s a t c o n t r o l a b l e r a t ' e s u p t o 5 0

c y c l e s p e r s e e o n d ( c o n p u t e t i m e l O m i l l i s e c o n d s r n i n i r n r : r n ) . T h e c o m -

p u t e r c a n b e s w i t c h e d f r o m m a n u a l t o r e p e t i t i v e o p e r a t i o n w i t h o u t

requiring changes to the computer progran' The time base for Rep-

Op is supplied from the Oscilloscope OS-251 or the Tirner TM-253'

The Timer TM-251 also supplies the time base by patching on the Pre-

?atch Panel.

F i g u r e z . 5 - 5 i s a s j m p l i f i e d s c h e m a t i c o f a n i n t e g r a t o r s h o w i n g

t h e R e p - O p c a p a c i t c r s a n d t h e T i m e S c a l e r e l a y . E n e r g i z i n g t h e T i m e

S c a l e r e l a y K l , t h e f e e d b a c k c a p a c i t o r i s c h a n g e d f r o n t h e c a p a c i t o r

connected to the RT terrninal to the capacitor connected to the R0

- I O 2 -



terrninal, thus changing the integrator tjme scaling by a factor, one

of 10, 100 and 1000. The time scaling of each i.ntegratcr can be

decided arbitrary, the operato'1r can use i-terative techniques in pro-

blem solution by operating desired integrators at rrrear timeil rates

even though the computer is in the Rep-Op mode.

The Time Scale Relay is control_led with the Integrator Capaci-

tor Switch, therefore, the low speed Rep-Op can be accomplished if

an adequate timing signal is supplied to the Control Panel through

the Pre-Patch Pane1.

Essentially, the Rep-Op mode, with the tirne scali_ng and rapid

switching between the integrator reset anc the compute modes, means

that a problem is solved, reset, and then solved again, this pro-

cess continues repetitively at the pre-set rate. The problem solu-

tion may be displayed on an oscilloscope that is s;mchronized r,rith

the Rep-op cycling rate. The inputs to the oscilloscope are ter-

ninated on the Readout Panel 0C-151.

To place the computer in the Rep-op node the operator sets the

desired rate on the Timer or the Osci-lloscope Tlme Base. After

settjng the desired repetition rate, the computer is switched into

the Rep-op node by depressing the nEP oP button on the control panel.

Remenber that the trntegrator capacitor swi-tch on the control

Panel should be turned to R0 if the operator requires operating the

integrator with the capacitor connected to RO terminal.

- t o 3 -
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APFENDIX 1 COMPINER SY}4BOLS
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APFENDIX 2 SIMPIE C]RCUITS USING AMFT,IFIER AND POTE\II]OMETER
C]RCUIT DESCRIFTION C]RCU]T COMfiIIER SY}ßOL

1. GROÜNDED POTE\]'IIO},TETER *l- *
l-I k--p'TErrrr ror,ßTER-:- 

SETTTNG

2. UNGROUNDED
POTENT]OMETER k (e1-e2)

u1

,Jtt
\-"r*u 

("r-"2
I T' ! o

3. TNVEnTER

lT. MULTIPT,ICATION
BY -10

-10e

5. MULT]PI,ICATION BY .K

f o r  1 ( k < 1 0

(for k(1, use circui t
' l  

f a a Ä i n c  n i - ^ " ; +  2 \!  r e v q r r r S  v L L v q L v  ) J

-ke

k
10 10

6. MULTIPLICA.TION BY

-2e

-2e

7. I{I ]LTIFT,ICATION'Y+ e1

e 2

"l_
e 2
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APMNDIX 2

CIRCU]TCIRCUIT DESCR]?IION

8. MULrrPLll?f to* tt

K l - i

^ --rL-J]l!--^"u \_/ L:_v

q. MULTIPLICAT]ON BY
AN ARBITruSY VALIJE

-K (e1+ t0"2)

1 < K
-K (e1+10s2)

10. ADDITION

r-ez el
11. SUBTRACTION

+Vo
" ' l

"1j{N
"zrllV-

21&* + V"eo=-J(et+1oe

12. IIV1SGRATION
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APPEI{DTX 3 M]LTIPLIER, CIRCUIT
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APPEND]X 4

4 Y lY l  . f innr r  t r \ t  /  l v v

CO}4PUTER DIAGRAM

S]MPL]F]ED DIAGRA}4
-1 no< Y <1 nn

PATCHING DIAGRA}4
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A?ffiNDü 5 tOG X FG CIN,CUTTS

1. LoG1OX FOR + INPUT AND + LOG1OX FOR -X INPUT
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APPEI{DIS VFG CIRCUITS

+VFG AND -VFG

F(x)
F(x)

+X

o o
+X

f . i(or-Ä

F ( X )

F (x )

SIMTT,IF]ED DIAGzu}4

TIIE ABOVE

O <X 5+100
o r  - 1 0 0 < X < 0

-l-oo<F(x) =+foo

DIAGRAMS SHOI,I POSITTVE INPUTCIRCUIT
?ATCHING DIAGRA}4

OO}{PUTER DIAGRA}4

L tvrc (20 BREAx PorNT)

g . f x \
F(x)

COMPUTER DIAGRA}4

F ( X )

SN'IIT.,IFIED DIAGRA}4

-1OO =X <+100

-1oo<F(x)'=+roo
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APPENDIX 6
3. +VFG (10 BREAK POTNT)

COMPUIER DIAGRAM

PATCH]NG DIAGRA]4

-100 < x <+100

-100< F(X)<+100

S]MFT,]FIED DIAGRAM

,  ' 1 7 r ^  / r  n  n n n a4. tv!'G (l-u BRUAK POINT, MONOTONoUS FUNCTIoN)

Crc-o
GCrcrc

OdO OrO COMPIIIER DIAGRAM

PATCH]NG D]AGR.AM

-100< X < +100

- 1 0 0 < F ( x ) = + 1 0 0

F (X) : MONoTONOUS DECFEASITT4
trrljlr' -^rT

SIM?T,TF]ED DIAGRAM



APFENDIX 6

5. +VFG AND .VFG (10 BREAK POINI, MONOTONOUS FI]NCTION)

e w
Crcff

%wffigQ-lPo
ffii3:
O,O OrO

+X
( a n -x)

COI{PUTER DIAGRA}4

-x
( o r

n l x )
T L )

F (X )

SIMFT,IF]ND DIAGRA}4

0<x s+100
o r  - 1 0 0 = X  < 0

- 1 0 0 < F ( X ) - + t O O

TIIE ABOVE DIAGRAMS SH0i^l
POSIT]VE INPUT CIRCUIT

PATCHING DTAGRAM

F(X) : MONOTONOUS DECREASING
FUNCT]ON
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APIENDIX ?

The fol]owing Table contains examples of amprifier circuits
for sirnul-ating transfer functions. A more complete listing
may be found in Jackson, A.S.: trAnalog Conputationil, McGraw-
Hi l l  Book Company, Inc.,  New York, 1!60

N0 . BODE FT,OT TRANSFER
IUNCTTON

T]},ts
CONSTA}IIS GAINS

I U
1
I

1 -tft
-L'

1

" --;-
'l
m
!

0
K

X'l rT
v

T
I- A

K- AK

. l

n

B = A I (

1 K-
v

I - +  T
l.

. --;-
n  _ 1

T
B = 1

4 K
T

m
I'

I  + T
v

I

n _ 1
A

K = B T

I
n  - 1

B = S
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N 0 .
TRANSFER
FUI{CTIOI\

T]ME
CONSTANTSBODE PLOT

GAINS
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5
l + T ? n*  -  / r
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(b) The foliowing table contai-irs the shtrrt-circuit
values for some useful networks for sirnulating
mcre extensi-ve l isting nay be found in Jackson,
and Fi fer ,  S. :  t tAnalog Comprtat ionfr .

ad.mittance and comPonent
transfer f'rmctions. A

A.S. :  rrAnalog ComPutat ionrr,

N 0 .
I  D D

a:rnnm ^T/m A nrf  Tmm AlT.rE
)-"1UII  - 'v.rr I  .A. lJ l ' I I I  I ] { l ivx NETI,'IOnK
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t
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R
---^AA/- ^  - P
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l + n I
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r F  - p n

2
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N 0 .
Y s s

SHORT-CKT .ADMITTANCE NETI,IORX

m
l i + h r

I tI +-0T /
-t/

e < 1

A - r11 1- r12

T = R o C

R r
l - r = -'  R r  + R a

4

l l + n I
" t "  r  \
^ \ ' l  r  A T /A | h v t ,v

e <  1

A = R l

1 = ( R t + R 2 ) C

e =  R 2-  R 1 + R 2

6

. ATFt t + r v r

A 1 + - Tr

e <  1

zRr R:a  -  - *  -
P r  r a ^

- - RrD 2Rrr  -  r  g -  -
)  A t  + R nt u  ' . g v r  I  t r a

r '1 -r neTY

T l  +  - Tv

e < 1
R2
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A = 2 R 1
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l v

a

^ 2R2
4{2 + KI

I  t + n g lv
A  l + - Tr

e < 1

n. --l-_ I
=

A =  1 n

-  -  R r ^  , ^  \I - ;-\u"l -fu 2 /

^ 2cz
H = -v  n -  ,  ^ ^v f r v z

- ' /(r*prr) (r+pt3)
A \ (t+nt2) 

/

T 2 < T 1 < T 3

H A'"_L

v .L R2 C 2

P " 2
A = 2 R r + " r

K A, " 1

T 1 = R 1 c 1

( R r  n z ' l
r = l  l ( c 1  + c z )
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\ r  -  )
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NETl^lORK

/-. I t t d
V r

A \'l -r- on /

e< t_

A = R 1 + R 2

T = P ^ n

o =  R l
"  R l + R z

I ,
T(1 + p o T

e <  l _

A = R l

T = t / p . r p ^ \ n+  \ r L l  '  L r ' ) l  w

A -  R 2
- P r J P ^

A
I 1 +' l r m
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F

e <  1
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D - n
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Rr

r "=

a - ) p --- "_L
D r

T - / P r " r \ ^:  \ r L  , - l  t :^
^ F ^^ lnz
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a -
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u t  - f  u 2

', /(r*fr) (r+pt3
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T 2 S T 1 < T 3
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+ ! l
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T 1 = R 1 C 1
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