CILAPTER T1, S
AU TR O D'.:.? THE AFALOGUR COMPUTER
The varisonle guantitics of a physical proocion AOr

rolated 1n voriocus ways. ﬂﬂ analcocgue computer opcrates Ly
reproacatinge thoese yoriablos by D.0. volioges, ~nd Sha ol
cuiv iu 30 consilrceted thoat the relsticns Lotwoon €hic Lol
valtar_:cs_a are Lne gamnc a5 tho selntions Letvwason o phypsical
voriables, Theose relatvionships are usually in the foro of
dilfercntial couatiens. In order Lo understand how o Gif'-
forential counivlon iz selved on an enaloguce computor, 11 ia
noegessary sltuedy in cono détail the basic computing compononts.
Whose compuirting components are the building blocks in Tor-
ing any wedel and their eharacieristics are explaincd in
sufficicrd detail below to enable the reader {o follow  tho

L b

dizecussion in Chapter IV.

(2.1] Oporational Amplifie: Pr-{i) (=2

1L1 coerational amplificr, sometimes called a Tetl s
amplificyr, which performs the basic mathomatical operations
nocecocssury Lor the seolution o the probleme iz the heari  of
the modorn aanlosue computer. Operationnl amplificrs usod
In an analegee conmuier are usually canstructed with vacuuws-
tubcs or transistcrs ond arc volitage amplilicrs, haovinp  an

output voltare range 100 volts for vacuum~tube and 40 yolts



b

for irongisiorized., The 2,0, amplifier uvsed in on ana;ogm:

conputer is o hvich sain dircet-comled onplifiier “wilth

nesntive foodbaekx.  In proctice, the Forward gaia o bhc

o absclute .

amptit'icr, denoted by «~A, has a valuc in tho rangc g
\J

10%-10" for all cxpocicd computor operations. wae soain of

ain naeplilder ia piven by

T ——— (2.1)
P .
o
where € represents the grid veltage, nnd oy the output

velione of the amplificr. {Sce fig.2.17).
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HFir,2,11 The D.C.-cperational amplifier

Ea i 201, c; rcprosents tie input voltansc, Rf e
fecdonelr rosistor and Ri the input rezigtor,

Firom ocquation {(2.1), if -A approschuos —ce, UE
anproochos zoro.. In practicc this conditon iz roaliszod by
using hisn-goin amplificrs, fhe lincer mathematicsl onera-

tlons are poerformed by using o high-cain .0, amplificr,as

shown in cquation (2,2)



R. .
C{J = - —-— {.:j __________ P — e — (2.2,1'
1 Rf
which coxn be wrilbon cg = =K o, , whcre K = T Thizs
i )
grournss to nultinplicrtieon by o constant coclllicicnt and
1f
hils ratio 3% is comparatively smill (less than 1007 .
“t4
I'rom couation (2.2), il Rp ¥ T, then o » — o, and
- - A
“there is o voltarge zoin. IX Rf = Ri s then o = -Ci and

the arplificr becomes a sirmeghanger (alsc called on inver—
tory, llence any dosircd sain in eguetion (2.2 con 213
produced sinoly by chcecsing the corrcet clomonts fﬁrﬂi ol

S Furthorwere anplilicrs arc copible of porlorning, In
{3}

s

rgdivion, the owcrations of':
a) " Titiplicction by =%, of sign-chanper
L) Hultiplicution by o constant
c)  Addition Br summation

) Iﬂtﬁﬁfﬂiiﬁh:[ﬂf ia roplaced by & capacitor)

&) Operational Amplilicr as Sign-Changer or Iavorior.

From coguation (2.2), il Ry = Ri tha oulpuy veolinge
will be cgual but opsoslitec in sign to the inpit velbarno.

o ohbained
o) =— — v - { i)

Thus the cperationtl amplifier can be uscd oz a sign-

chianger or an inverter, . The circuil of the sipn~-changer Is

reprosernted d Vi, 2,2,



Iip,2,2 COperavional awplificr os & sign-changor.

©) Oporavionsi Joaplificr for multinlying by

_conatan

- S b p—— L

e

If thc valuc of the fecedbaclt rosisteor 1o A tlncs tho
value of =lic inpat resister, then the cutput voltags will
Lo £ tiocs the input velimge,., From cgunticn (2,2 - owhen
Ry = OR;, wheove 4 > 1, wo have

co =-feo , where 8 > 1 m——e—m (2,0
The sirm-chnonser circuit iz shown in Pic.2.3

Re = BORy
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Fir,2.2 Ovcrational Amplificr for Multiplication by -~



Aivisien by oo constant 4 con-Be urcatodas ol tinlis
contion woinsg %ﬂf. ‘"he reiation between tho input voltozl
cnd the outnut veltops is represensed in cguatien (2.5%5).

.1
o = e e O where 3 2 1 weme- a2
2 G i H b

) Cperational Amplilier ns fddor ex Huamcer.

Eoprc <lian onc inout can be avblicd to the oromiional

amplificr, In this casce the eperaitlona) anpliificr bocomes

v adidor o SUMLRCT .
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Pime2u e Ooorations]l Anplilicr as Adder.

1
4

-

- n

Thie inclusion of more than one input rosistor to o
Toaving f

hish galin d-c amplificr cireuit, cach resistor

voltane zpplicd te 4t, chancee the dinput-output relolionclvip

To:
E_ﬂ - ..,.,[ _Ci:_ + Eﬂ. + Lo e L e irj. ]
_'Li-. l‘ti Rg R3 Rr‘. b

[That is to gay tho current if Tlowingr throush 7hBhe

Teedback resistor must be the algebraie svm of curvents 1,



fapee.saln, Tlowing throush the inpul reosistors oines tho

maplifier input veliage and current Bre zoro, Thus:

_Rf I R .

Lo 7 "‘L.TI Gy F ?R‘; Tyt osessaaa M L-T: S j
h
- 1 s r
Seeo = ooy K G memmmeeeneee—e (2,6)
2
whore I = s, Ko 4, 2, ¢. seean, and the G aro Gl
H o b

-

o

input velt;gcs.]
Henece the opcrational amplifice cen be usced o ddd.

ITn couation {2.6), by using oounl values for all rezisiors,

onne obtains a simple algebraic summation with tho g8l
Invernoion assccinted with every computing omplilier. Is

resistors have AilfTerent valves, LHhen cach  inpul  voltano
is multizlied by o Tacter, Ziven by the ratio oi the fuecd-
back rosistor vo the input resistor, boeforc it 1s addod to

the sun.

d) Opcrutional amplificr =s Intesrator.

] -

Intesration ic performed LY replacins the Tcodbocx

resgistoy Hf by o capreltor O. as shom in 1Piz.2,.5,

f

f— —




E

The wmothemntical relotiopn Detween the inpus voliogo
and Lhe outout voltinere of the opoeroiional applifieor wied o

4

onoincenrohoer iz chown in cquation (2.7
coft) = ~ o [ o {t)at+ ey(o) —— (2.70

where E4[D) iz the econstant of intorroticorn (1vdiicl eoxdi-

tion) and is tho voltasze across thoe [ecdback capoecitor O

at t = o, Phes thoe copersiicnal amplilicr can intosraio,
It ia noccessary to be obic Lo contrel the cpcrotion
"

o inteoration and also to be eble to apply an iniwisl

charsc to the ecapoeitor to set the initial valuc ci{o} of

the output volicre cg. This is done by connoebings n
Ly mlnainitinl coadition power supply osrcross - the
anplificr os ghown in Tig. 2.6, Initially the roloy swiich
iz clcsed, It iz thoen opened to carry out tho conputoation.
Opopate
T ONCKDk

| -GN e Bet o () = ci{o) at
Sl
Ve
é

{initial condition)

o,
1 .
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';___{i-}ﬁ._'f_{: Tntosenter with COperalbe Relay ond

Tritinl Conditionr.,
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Jovopnl voliozyes can be connected Lo the npat el
{1ho intosroating amclificr, as shown in PigZ.2.7.
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Mie,2,7: Kultiple inputs intepralor

The outnit voliape o' the intoegrating anplifdier for

raltinle inpuus ias

Asup
coltl = - A (C*{t) poaltl o,
’ Df‘ -'Iﬂ Rj_ Rf:
- -J;U at + colo).
©owe let A ., then woe obtoln
S
; P
colt) = ~ [ B, e (£)at + colo) —=m-mn(2.85)
.ID

wiwre celo) is the constant of intesratica.

Turthicrnore, an amplificr nay be used to diffoponti-
ate with rospect 9 3, Lut since this operatich mngnilies
crrors ond (lvctuabes in the computor voltozs, 16 iz ravely
uscd,

S omyrhols frogquently usced to represcenil thoe vorious

funeiicns of an coerotions) amplidicr noccszary Lo solve
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AiTereniial cogustions nrec shown in IMiz.2.0, tocotior with

the corvoovondiag mathemntical) functicons,

Sompuuer _aymbel  Lathomitieanl onctionn

B =3 S
A |
. ,
AT :
A .
Al S T /> R Co =Ty
o IR o 5 ! : '
5 E;ll/" o L-i o

o
"_l..
L&
o
o
o
Ty
[
3
e
poa |
o
o
1
'
L]
-

L}  KHultipliecation by 3

" -
Ci " h.f
- - ARRA A -
3 r
“’2..}:1— I~ 1. Gy
i L \ ! h
-.‘—..J.\\—.-..L_- O i e = = _ 5 3
" . o Ly G,
_ -nlk e . Cg l—_1 1
) ',':I ] 1 o Gr{.r-—q.—_-.
KL
e AR L
S '
* ]
c) Addeor or Sunmer
C..
I
i
Ri l ) I () %
BLYTYTY Y S I . n Rl )= ]
c, ¢ | ) . LI// ° R Gf ! i{t)dt
a2 1 ’

i) inplc Inpui Tnteepator



12
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Piv.2.81  Computer Diagrams, Symbols and Lothemoticnl

Funecitiong of the Opcroational Amplificr.

. e . f
(2.2} Coecificient Settinm Potentiometers. (o)

- .

Cociticlicrnt Sciting Potentionmetors ave uscd in
anclomas ccmputeor sctups 1o peorform multipliention oy o

corgtant loess than writy. Toore are necoessoary Jor souting

tlic coelficicrnts of cquontions, and the potentiocscter  olr-

cuit is shown in TFipg.2.9.
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~) Achenntic diasran 1) Syicol of Petositionchor,
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¢} Loadinz of a FPotentlomoter and Synbol.

ir.2,5:  The Goeffielent oolling Fotcniloiwoter.,

In Jig.2.92, wo have
s Re
Ca = G .
= :Ri i
a4 i = + Rz - - - . -
Qince g R., the ratic T s denotod Dy o, 1o loas
than 1.
licnee ©, = 2 €4 o wWhore a £ 1, e {2,79)

In practice, & =wetentiometer is usunlly connecitod 05

shown in ig.2,%c.  Iwo cocfficicnt sciting potentiomctors

B

o cgual yesisionece eonmot be used dircetly in serles witl-

out an intervoning oporational amplisicr (sco Mirg.2.10}.

-
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a1l Mot DQescoiblc
Dic,EL10r The method of Using Two Botepiiometors.
(7)

(2,3 I'ul Hiplier ard "uncticn Jchordauor.

(=} fuarter-Sguarg fultiplior.
ffvliiplication of two varisbloe vollae: 1o 0 none-

lTinear operation which la neccgsary on o gencrol TUrpEoue

A Tcuvarter-sauwnre” tceehnicgue i oawed Lo eitect

b

CORpL LY.
iz WTOLLONn, unc belng modo e id vi s
tiila oporacvion, une beine modoc off the identil;

v o= plen)® = (x)?
Xy = LRty = (Xmy )P mmmm—————
bleocli diajran roproscataticn of o ounrior-squors

L R
A R

multin?ior is snown in Pig,2.11.
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(b) Funghion Generator

~erorators sayodilonle for oo

a0

The Tunction

cosputor use are of varjens Lypoes, In gonerci,

gunerator In an sncloegus conpr ter i done by oo
straolzhti-line scucnts which are coxzbined 1o
v b

CUrVEE,

diode=%tubes and

n

coch dicde-tute mukes o linc sominoilv,

15

annd o

Tunctd o

1S A

approximalo

S punections are producod by thoe uvse ol

T

numcer of stiroishi-line scgments usable 1n the represcnta-

) ./

tion nopmzlly verics Trom 5

fecturer o Lhe cogulpment, fn ooxamploe Cor the

¢ an arbitrary funchtion <p shosn in Tig.2.12.
i
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Soncines the cwmputcr.ﬁogs'not hrve funeticon
scnierntors, or the function generotor of the compavny cigie
nab coaztrucet the vequired function. Gther Leeholqlics LGy
e used to construct functions., For cxample o Linerr funce
tion of 4 nny Le consiructed by supplying 4 constant potern—

tial tc e input of an intograsor.  The ouiput o ol lO=-

tegrator is roprogsertocd by oa straight line, ns ahown in
.:L'15-2,1j¢ 4F V(t}
- oy
I . &
[N =~
. x
vity=0{ | v et Ny
L | E — /
| e
: : et
{

A2, 14y Whe mothod fopr constructing o linenr immmedtion of t.

(a} ..

Jurthcrmove,  we o0y Lse 0 sisnnl ronsrasor I'or
the Minesicon menorator of the conpuier.  But thoe mothod  of

using the signnl generator will not be discussed in this

thosis,
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