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FEATURES

.  Includes many of  the features previously obtainable only in large-scale analog/hybr id
systems.

.  Expandable f rom a basic analog computer to a fu l l  hybr id system.

.10 Vol t  Reierence ot ter ing the advantages of :  excel lent  stat ic and dynamic per-
lormance, corxpactness, low power consumption, and complete safety for  the
operato r .

.  Easy to understand and use b1, the beginner,  yet  includes advanced capabi l i t ies for
the programmer to pertorrn complex s imulat ions.

o Accurate performance rn s lorv t ime and compressed t ime computat ions up to and
beyond 5000 solut ions per second.

.  Desk-top mount ing makes i t  easv to locate and move.

.  Mode slaving system for central ized control  o i  mult i -console s imulat ions.

.  Ful ly wired to accept al l  comput ing components and subsystem expansion.

.  Analog comput ing components in compact,  remor. ,able t rays,  Iocated direct ly behind
the analog program panel .

.  Motor-dr iven analog program panel  inter lock s; ,stem.
o Centrai  over load system with automat ic hold and storage features.
.  In i t ia l  der ivat ive readout aids for  program checkout.
.  Sol id-state integrator mode control .
.  Program control  of  integrator modes and t ime scale select ion.
.  Servoset potent iometer select ion and sett ing system.
.  Pot control  {eatures permit t ing al terat ion of  serr , ,oset potent iometer coeff ic ient  set t ings

in anv computer mode.
.  Separate analog and logic program panels.
.  Easy-to-use var iable funct ion generator setup system.
.  A system of c locked paral le l  logic components for  control .  t iming, sequencing and

program decis ion making-avai lable for  d i rect  addi t ion to the console.
.  State indicators and pushbutton controls for  comparators,  funct ion relays and logic

elements provide great ly s impl i f ied program checkout anC operat ion.
, r,:. l: 

., : :.
.  Sol id-state summing ampl i f iers of fer  no veloci tv l imir  v,  :
.  Four t ime scale capaci tors for  each integrator , - .  :  i

passive elements wi th extremely low leakage ch.: i . , -  . .
coeff ic ients,  e l iminat ing the need for temperature-cr -  -

.  High-speed track/store networks provide a lo* c-  "

can be program ini t ia l ized.
.  Ten segment var iable s lope and breakpoint  d iocr

ciated ampl i f iers.
.  Quarter-square mult ip l iers can also become dir , : : .  -

grammed as dual  square,  one square and o-.
generators.

.  Each electronic comparator contains i ts or,r ,n ,c

.  Excel lent  dynamic performance is i l lustrated br -
ohm/10k ohm)-0.25%, Mult ip l ier-0.25?o, ar:
_0.s%.

.  Precis ion pushbutton div ider al lows pot coef i  jc  .  - .

.  0.0- l  ob.  5-digi t ,  h igh-speed digi ta l  vol lmerer io.  . ,

.  Essent ia l  communicat ion maintained between ;-
to-analog switches, analog comparators,  f  unci i . -  -

.  One MHz, crystal  control led central  t iming rer.- ,  -

.  Normal and complementary outputs of  a/ /  lo*
f  unct ion.

.  Ceneral  purpose logic gates are programmable -

.  Ceneral  purpose 4-bi t  registers of fer  a l ternate ^-
set-reset f l ip- f lops,  shi f t  register,  b inary up-coun: i -

.  Counter/Timers may be used for count ing ere: : .
f rom 1 microsecond to 9.9 seconds.

.  Al l  ampl i f iers and computer reference are short-c
circui ts are fu l ly  protected from damage by anr r

.  Four channel  repet i t ive operat ion display uni t
a l lows high-speed presenlat ion of  program so'u:

.  Display selector permits up to four var iables r
four against  a f i f th var iable f rom the computer:r .  : ,

.  A var iety of  sol id-state,  portable X-y plot ters a. . ,
stat ic accuracy and high slewing rales.

.  Plot ter  pen l i f t  conlrol  occurs automat. jcaj l \  \ \ . : -
be under logic program control .

.  Choice of  sol id-state mult i -channel  str io-char l  - .
var iables.

.  Recorder chart  dr ive automat ical ly control led i : r - -
program control .

l :  \Hz bandwidth.
'  r  :  - :  -ed polystyrene



EAI 580 Analog/Hybrid Computing System

The EAI 580 Analog/Hybr id Comput ing System is a completely new sol id-
state ten vol t ,  desk-top computer wi th a capaci ty of  B0 comput ing ampl i -
f iers and eight comparator ampl i f iers.  l t  is  an advanced analog computer
that is easy to understand and operate,  in addi t ion to providing al l  the
capabi l i t ies needed for integrat ion into a hybr id comput ing system. Now,
for a minimum investment,  you can obtain an EAI 580, then expand the
system with addi t ional  analog and logic components,  and at  any t ime
in the future,  combine i t  wi th a digi ta l  computer for  fu l l  hybr id operat ion.

The 580 was born out of  the growing need for high performance analog
computat ion,  as wel l  as the requirement for  a hybr id or iented desk-top
computer.  l t  combines the low cost of  a desk-top computer wi th the out-
standing character ist ics and sophist icat ion of  more cost ly medium and
large scale analog/hybr id computers,  and i t  of fers the features a digi ta l
computer user needs so that he may take advantage of  the addi t ional
capabi l i ty  af forded by both hybr id and modern analog computat ion.

EAI 's Analysis and Computat ion Centers were instrumental  in the design
of the 580. Their  extensive exper ience in pract ical  problems using analog,
digi ta l  and hybr id comput ing systems was a major inf luence in determin-
ing what the EAI 580 required to provide the most advanced comput ing
capabi l i t ies and ef f ic ient  man/machine interface avai lable in a desk-top
computer.  A major study of  user and customer needs was another pr i -
mary contr ibut ion to the design concept.  The user or iented know-how
ref lected in the design of  the 580 is also a resul t  of  the same exper ience
that Ied to EAI 's development of  the f i rst  a l l  sol id-state analog computer,
and instal lat ion of  over 2000 desk-top comput ing systems.

The EAI 580 is the ideal  machine for use in government,  industr ia l  and
educat ional  faci l i t ies,  providing the user wi th an analog/hybr id comput-
ing capabi l i ty  to analyze the myr iad of  increasingly complex problems
occurr ing in v i r tual ly every scient i f ic  d iscipl ine.  Scient ists and engineers
involved in the study of  dynamic physical  systems wi l l  f ind that  the com-
puter gives them the abi l i ty  to solve an extensive var iety of  problems. At
the same t ime, s impl ic i ty of  operat ion of fers the beginner the opportuni ty
to become fami l iar  wi th the super ior  performance and sophist icat ion
demanded by and essent ia l  to seasoned users of  analog and hybr id
computers.

@ Copyright Electronic Associates, |nc.,1967. Al l  r ights reserved



EAI 580 Advanced Analog And Hybrid Features

The following features of the EAI 580
reflect the advanced analog and hybrid
computing capabil it ies of the system.
. Mode selection, t ime scale selection
and computing component control are
accompl ished by logic s ignals.  Al l  inte-
grator trays in the computer can be
control led indiv idual ly,  or  in groups
from the analog mode control, digital
logic program or by a digital computer.
This important feature permits the effi-
cient use of iterative analog and hybrid
techniques for the solution of boundary
value problems and partial differential
equations.

' Electronic Mode Control (EMC) allows
higher problem solt'{ion speeds and
more flexible control of integrators Trom
logic devices by incorporating solid-
state switches in place of relays.
. Outstanding dynamic and static char-
acteristics of the analog computing ele-
ments permit high speed repetitive and
iterative, as well as real time operation,
with maximum accuracy.
. The self-contained logic expansion ,of
general purpose logic gates, f l ip-flop
registers, counters and digitally con-
trolled analog switches allow decision
making, event initiation, data reduction,

timing and control to be accomplished
directly in the EAI 580. When operating
with a digital computer the logic can
be either synchronized with an internal
clock system or slaved to an external
signal from the digital computer.
. The EAI 580 is the first desk-top ana-
log computer with servo set potenti-
ometers. Up to 70 servo pots can be
read and setup using either the key-
board addressing system of the analog
console or the digital computer. In pure
analog problems they allow faster po-
tentiometer setup. In hybrid problems
these automatically adjustable potenti-
ometers may be set to coefficients cal-
culated by the digital computer. They
may also be used directly to vary par-
ameters dur ing a s imulat ion by means
of a manual proport ional  control ler .
. The computing capabil ity of the 580
can be conveniently expanded in the
field without additional console wiring.
The computer console is completely
pre-wired to accept a variety of plug-in
components. Power supplies provided
with the basic computer are capable of
operating a fully expanded console. In
addi t ion,  extensive t runking and slaving
facil i t ies permit the combined opera-
tion of several 580's as one large system.

. The EAI 580 simplifies and insures full
integration into a hybrid computing
system by providing for the direct ad-
dition of a built- in hybrid control
interface.

The EAI 580 Analog/Hybr id Comput ing
System contains many subsystems which
function together furnishing the user
with efficient, convenient and reliable
comput ing capabi l i ty .  The Programming
System, Addressing and Readout Sys-
tem, Pot-Setting System, and Overload
lndicator System reduce problem setup
and checkout t ime while providing flex-
ible and versati le computer operation.
The Digital Logic System augments the
computing capabil ity of the EAI 580 and
permits the automatic solution of many
kinds of problems. Master control of
analog and digital modes, problem
check modes and time scale modes,
assure speed and flexibil i ty in the oper-
ation of the entire system.

The EAI 580 is best appreciated by
considering specific features-features
which are the result of EAI's concern
with present and future customer needs
and extensive experience in the design,
manufacture and use of analog, digital
and hybrid computing systems.
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EAI 5S0 Master Control Panel

In the EAI 580 the Master Control Panel
provides the operator with an efficient
means of  communicat ing wi th and con-
trol l ing the analog and logic sect ions of
the computer. Mode Control, Repetit ive
Operation Timer and Time Scale Con-
trols, Signal Selection, and Potentiom-
eter Setting are accomplished using the
pushbuttons located on the panel. A
digital computer can also achieve these
capabi l i t ies should the 580 be used in
a hybrid computing system.

MODE CONTROL
Analog
Six buttons permit the operator to select
the desired mode of operation. Modes
may also be controlled by the analog
t imer or digi ta l  logic program. The RMT
(Remote) button is used when a number
of 580 consoles are slaved together or
tied to a digital computer. This allows
the operator to control his program
from any console in the system.

PP (Program Panel). When this button
is depressed the lC, HOLD and OPER-
ATE modes may be controlled from
logic signals on the Program Panel and
the internal repetit ive operation timer
automatically begins operation. (See
Repetit ive Operation and Time Scale
Control below.)

lC, HD, OP ( ln i t ia l  Condi t ion,  Hold,
Operate). All integrators are controlled
by these pushbuttons except those
which have been selected for individ-
ual  mode control  using logic s ignals.

SP (Set Pots). This mode is used during
pot setting and puts reference on the
input of an addressed pot. To prevent
overloads during setup leedback is
automatically provided for every ampli-
lr ier. As an additional operator oriented
feature, electronic switches are also
placed in the "on" state to insure proper
pot loading.

A

ST (Static Test). This mode forces all
integrators and track/stores into the lC
mode regardless of local patching, and
enables the operator to use the Signal
Selector System to help him perform a
static test.

Logic
The four buttons, 106, 1Os, 101, and
STEP, form a mutual ly exclusive group
which selects the clock rate for the
synchronized logic elements. The RMT
button is used when a number of  EAI
580 consoles are slaved together or t ied
to a digi ta l  computer.  Depressing this
button permits control of the system's
digi ta l  program from any console in the
system. The STEP button inhibits all
c lock pulses when in i t ia l ly  depressed
and subsequently provides one clock
pulse every time it is depressed. This is
an excellent feature for problem check-
out.  The digi ta l  mode control  but tons
are marked C, S, and R and put the logic
into CLEAR, STOP and RUN, respect-
ively.  The PP button al lows control  of
the logic modes CLEAR and RUN from
the Logic Program Panel.

REPETITIVE OPERATION
AND TIME SCALE
CONTROT

I nterval Timer Controls
The Interval Timer Controls, in conjunc-
tion with the Time Scale Selectors are
used to program solutions or portions
of solutions repetit ively in the range of
100 microseconds to 100 seconds per
solut ion.  This is accompl ished by cycl-
ing integrators and track/store ampli-
f iers between their two main opera-
tional states as determined by the two
intervals of the timer. Calibrated vernier
dials are used to vary the basic duration
of the two intervals for each cvcle, while
the associated mult ip l iers (x10, x1,  x0.1)
specify the desired range of operation.
Speed-up of the timer (x500) occurs

automatically with time scale selection.
In operat ion,  the t imer provides dual
logic outputs that appear on both the
analog and logic program panels, effec-
tively performing as two timers in one.
These outputs are logical complements,
permitting modes ol integrators and
tracklstore amplifiers to be operated in
complementary fashion-a highly de-
sirable feature for certain program re-
quirements. Logic sequences may also
be init iated and controlled by the two
t imer outputs,  and the t imer i tsel f  may
be started and stopped by logic signals.
Pushbutton/ indicators on the logic con-
trol panel provide both a visual indica-
tion of the timer state and a means of
set t ing or resett ing the t imer manual ly
for in i t ia l izat ion and checkout purposes.
The t imer also produces an analog ramp
signal (TB for Time Base) at the analog
program panel. The ramp may be used
as a plotter or oscil loscope time base,
or for any other use where a voltage
proport ional  to t ime is required in the
program. This feature eliminates the
need for a general-purpose integrator to
provide a time base.

Tirne Scale Selectors
Overall control of a program's time
scale is oossible from the Master Con-
trol Panel by means of the time scale
selectors. Choosing the One Second
pushbutton automat ical ly causes al l
integrators not under local control to
have an integration rate of one volt per
second per input volt. Alternately, for
high speed repetit ive prograin-solving,
the Two Mi l l iseconds selector is de-
pressed to automatically provide a
speedup in solution rate of 500 times.
For integrators under local control, an
additional factor of ten speed-up oc-
curs,  a l lowing '10:1 and 5000:1 changes
with respective selection of the two
t ime scale controls"  Such speed-ups in
program running permit many solutions
to occur each second for display on an
oscil loscope. The computer user then
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can visually evaluate the effects on the
solution of each program change that
he initiates.

SIGNAL SELECTOR SYSTEM
There are seven pushbuttons for select-
ing the types of component addressed.
They are as follows:
DtG (Digital)-This button is the key to
using the EAI 580 in a hybrid configura-
tion. lt causes a variety of terminations
within the computer to be made avail-
able to the internal interface chassis for
control from a digital computer, either
directly or via an external control inter-
face.

A (Amplif ier)-reads the amplif ier out-
puts. Optional trunk readout is also
provided in this mode.

P (Pot)-reads the servo-set or hand-set
pots.

D (Derivative)-an exce//ent program
checkout feature eliminating special
connections during checkout. With the
computer in the ST mode a derivative
address permits the appropriate sum-
ming junction of the integrator or track/
store to be monitored bv the DVM. The
display is the sum of the inputs mult i -
plied by the appropriate gains. An inter-
lock is provided to prevent accidental
addressing of a derivative in the IC or
OP m-odes.

D/10 (Derivative Divided by Ten)-per-
forms the same function as the "D"
address but the display output is 1/1Oth
of the actual value. lt is used whenever
the value of the derivative is too large
to be read directly without attenuation.

PP (Program Panel)-This pushbutton
connects the DVM to the DVM terminal
of the control tray on the Analog Pro-
gram Panel.

F (Function Cenerator)-allows balanc-
ing any of the 16 amplif iers normally
associated with the eight VDFG's (Vari-
able Diode Function Cenerators).

There are two columns of pushbuttons
labeled "Address", each column num-
bered from 0 through 9. These buttons
are used for entering the numerical
portion of an address. For example, to
address amplif ier 15 the operator sim-
ply depresses the buttons " A" , "1" , and
"5". The corresponding output wil l be
displayed on the DVM

POTENTIOMETER SETTINC
Setting a servo-pot from the keyboard
on the 580 is simple. The computer is
placed in the SP mode and the pot to
be set is addressed using the Signal Se-
lector System. The value to be set is
entered in the four vertical columns
labeled RDAC (Reference Digital-to-
Analog Converter). Each column is

numbered 0 through 9 to permit pot
setting to four places. After a value has
been set on the keyboard, the SET
button is depressed and the potentiom-
eter is automatically set to the value
(in less than a second) of the RDAC key-
board. The CL (Clear) button is used
primarily to terminate the setting pro-
cedure when an improper pot address
has been selected. A red l ight in the
left-hand window of the DVM lights
while the pot is setting or continuously
if an attempt is made to make an im-
proper setting.

As part of the Pot-Setting System, man-
ual adjustment of servo-set pots may be
accomplished in any mode by means
of the Pot Control Lever. This propor-
tional controller permits the operator
to vary parameters while the program is
actually running.

OTHER CONTROTS
Main Power Switches apply power to
the computer and two service outlets
for the peripheral equipment.
Program Panel Drive Switches marked
ENC (Engage) and DIS (Disengage) are
for the insertion and removal of the
motor driven program panel. A protec-
tive feature is provided which automat-
ically puts the computer in the SP mode
when either the ENG or DIS button is
depressed.

i
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EAI 580 Analog Readout Panel

This panel  contains the over load indi-
cators, digital voltmeter (DVM) display,
analog voltmeter,' hand-set potentiom-
eters, comparator display and controls,
and funct ion relay display and controls.
All control and readout devices. are
readily accessible and readable to the
operator seated at the console.

Overload Indicators
The overload indicators for the amoli-
f iers are la id out in four rows simi lar  to
the Analog Progam Panel so that the
operator can quickly locate the source
of any program inconsistency. When a
component overloads, the appropriate
overload indicator glows. In addition,
an audible alarm with an adjustable vol-
ume control signals whenever any com-
ponent overloads.

The Overload Indicator System of the
EAI 580 incorporates the same override
hold and stored overload features that
users of larger analog/hybrid systems
f ind especial ly valuable in saving t ime
during program checkout and solution.
Whenever any component overloads, a
special  output terminal  on the Analog
Program Panel provides a logic signal.
In order to halt a program run before
additional overloads occur, the pro-
grammer can connect th is terminal  to

override hold so that every integrator is
placed into HOLD, regardless of local
logic control. The override signal may
also be used to inhibi t  any logic se-
quence. This allows the operator to iso-
late the source of  t rouble as soon as i t
occurs. Stored Overload permits him to
"trap" transient overloads (without
stopping the solution) where the over-
Ioad might otherwise occur too rapidly
to be found, but could cause inaccura-
cies in a problem solut ion.

Digital Voltmeter
This is an accurate,  S-digi t  d isplay for
reading the value of whatever compon-
ent is addressed on the Signal Selector.
Its instantaneous operation and ex-
tremely high input impedance permit
direct potentiometer setup with rapid
reading of coefticient settings, as well
as general readout of program variables.
The DVM also provides analog-to-digital
conversion with digital outputs that can
drive external devices or be supplied
to a digital computer.

Analog Voltmeter
This is a precis ion mult i - range meter for
the monitor ing of  ampl i f ier  outputs,  in-
put trunks, and power supply voltages,
and is also used for the balancing of
operat ional  ampl i f iers.  Six meter ranges
are selected by a rotary switch.

Hand-Set Potentiometers
Manual potentiometer control is pro-
vided by 10-turn hand-set potentiom-
eters. Up to 10 hand-set pots may be
instal led in the console.

Comparators
and Function Relays
Comparators, by corhparing two analog
signals,  provide a logic s ignal  output
which represents the occurrence of
some event in the analog program. l t
may be used to communicate with logic
elements,  d ig i ta l ly  control led analog
switches, function relays, and a digital
computer. The EAI 580 provides con-
venient central control and indication of
the state of all comparators in the com-
puter. Each comparator has a pair of
push-buttons for these purposes. This is
extremely uselul for problem checkout
since i t  a l lows the establ ishment of  test
signals at the comparator outputs.

A simi lar  arrangement is provided for
each of the function relays. FIip-flop
storage provides the memory for the
function relays. The relays may be used
as manual function switches, driven by
comparator outputs or controlled by
digi ta l  logic or s ignals f rom a digi ta l
computer.
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EAI 580 Analog Programming System

The Analog Programming System of the
EAI 580 provid,es the user with a high
degree of f lexibil i ty and sophistication.
The programmer can make extensive
use of prewired panel connectors (bot-
t le plugs) to bui ld s imple devices which
perform the mathematical operations of
integrat ion,  mult ip l icat ion,  addi t ion,
etc. These special bottle plugs also aid
the user by cover ing terminals and
markings on the Program Panel which
may not be required dur ing a part icular
problem solut ion.  To further help the
programmer, a consistent panel color-
coding system is used and al l  markings
are printed with large high contrast let-
tering to make them easy to read and
prevent the programmer from connect-
ing terminals incorrect ly.

Faci l i ty  in programming, assigning and
locating components results from the
EAI 580 Program Panel being div ided
into four horizontal rows consisting of
eight near ly- ident ical  areas cal led f ie lds.
Two fields horizontally separated by a
vertical strip constitute a row. This sym-
metrical arrangement means that the
prcgrammer need only learn the basic
pattern for a single field.

Each field is divided into seven com-
ponent blocks arranged in a coordinate
addressing scheme. These blocks cor-
respond to the comput ing components
housed in s l ideout t rays direct ly behind
the panel .  The comput ing capabi l i ty  of
the 580 is conveniently expanded by
simply adding plug- in t rays to the fu l ly

wired console.  The vert ical  input/output
strip area in the center of the panel pro-
vides centralized terminations for read-
out,  control  s ignals and analog and
digi ta l  t runks.

A motor-dr iven eccentr ic cam rapidlv
moves the Program Panel sideways,
causing the spring loaded contacts of
the comput ing modules to make sol id
contact with the terminations of the
Program Panel.  This contact  is  designed
to be performed with a wiping action
that assures positive connection and
also keeps contact surfaces clean and
free of  oxidat ion.  Guide slots insure
correct  insert ion of  the panel  and hold
i t  in place unt i l  the operator is ready to
remove or engage the panel.

sv&f &&&rttp{FR
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One field of the Analog Program Panel with bottle plugs
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EAI 580 Digital Logic System

The logic section of the EAI 580 has
been designed to provide ease of use
in programming and in operat ion.  l t  is
an integrated system of synchronous
paral le l  logic elements terminated on a
removable logic Program Panel for
high-speed decis ion making, t iming,
control ,  and sequencing of  analog pro-
grams. The logic design employs the
latest integrated circuit techniques. To
aid the user, the status of all logic ele-
ments is displayed on the Logic Con-
trol Panel. Where desirable, the indi-
cators are pushbuttons, allowing opera-
tor intervention for making program
alterations and lor perlorming initializa-
tion and override functions.

The EAI 580 employs synchronous
(clocked) logic to eliminate operator
concern about rise times, propagation
delays through various components,
and race conditions. As a result, more
efticient operation is obtained in terms
of both operator t ime savings and pro-
gram performance. The logic elements
are driven with a basic timing reference
to insure changes of state in the logic
program at prescribed times, and to
allow such changes to take place one-
at-a-time under operator control. The
use of "clocked" Iogic also greatly sim-
plifies the checkout ol programs involv-
ing a numbet of elements by allowing
a logical step-by-step procedure to be
used.

Ir
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The Logic Program Panel of the EAI 580
is compact, l ightweight, and oflers the
user simplicity and flexibility in the or-
ganization of a program. Each logic ele-
ment is easily located, and necessary
connect ions are completed with a mini-
mum number of  operat ions.  In addi t ion
to normal outputs,  the binary comple-
ment is avai lable and indicated by an
inverter symbol, removing the need for
separate inverters. The panel also ter-
minates al l  t runk l ines reouired for com-
municat ion wi th the analog panel  and
external equipment.

Counter/Timers
The EAI 580 system employs two-decade
counters wi th a patchable Input count-
ing rate.  By proper choice of  input pulse
rate and related thumbwheel switch
settings, delay intervals from 1 usec to
9.9 seconds may be obtained. The inter-
val  may be set di rect ly on the decimal
coded thumbwheels, without need for
tr imming adjustments on an osci l lo-
scope. ln addi t ion,  the same uni t  may
be used for count ing,  as wel l  as t iming,
making i t  more f lexible than a mono-
stable t imer.  A pair  of  pushbutton/
indicators inform the operator of the
state of the counter and mav also be
used to set and reset the counter.

Logic Gates
Each of the 32 logic gates in the com-
puter is provided with an indicator

which l ights when the gate output logic
is ONE. Each gate may be programmed
for AND, NAND, OR, or NOR funct ions,
providing excellent programmer flex-
ibilitv.

Ceneral Purpose Registers
Ceneral Purpose Registers provlde the
operator wi th several  programming ad-
vantages. In addi t ion to including 4
independent ly usable f l ip- f lops,  the
registers are readily converted into up
counters, down counters, or shift reg-
isters. These various modes may be
programmed by the operator,  wi th a
minimum of ef for t .

A pair  of  pushbutton/ indicators,  for
each of the sixteen fl ip-flops in the gen-
eral purpose registers, indicate status
and permit  rapid program checkout and
ini t ia l izat ion.  Each pair  of  but tons may
be used to set and reset its associated
f l ip- f lop and the lef t -hand button which
lights in the set mode, serves as the
status indicator.

Digital Pushbuttons
Six pairs of  general  purpose digi ta l
pushbutton/ indicators provide a logic
ZERO or logic ONE at output terminals
on the Logic Program Panel.  These but-
tons ald in program checkout, initiation,
and sub-routine control, and are an es-
sential aid in maximizing the eftective
use of the logic.

10
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The complement of  h igh qual i ty com-
put ing components which const i tute
the EAI 580 makes possible a new stand-
ard of perlormance never before ob-
tainable in a desk-top computer. The
580 comprises many elements which
up to now have been avai lable only in
larger, more expensive systems. These
components are characterized by their
high speed operation, low drift, and
excellent static accuracy.

The system's high speed operational
ampl i f iers perform at fu l l  ampl i tude
over their  ent i re bandwidth wi th no
veloci ty l imi t ing.  Resistor networks are
arranged so that each ampl i f ier  is  con-
veniently converted into inverter or
summer operat ion by means of  bot t le
pr u8s.

Integrat ing ampl i f iers are provided with
adjacent integrat ing networks.  Simple
bott le plug connect ions convert  the
high gain ampl i f ier  to an integrator
which uses any of  four t ime scales.  In-
tegrators can be operated simultane-
ously at  d i f ferent speeds and in di f -
ferent modes-capabil it ies which are
particularly useful [or iterative and hy-
br id computat lon.  Also useful  in th is
regard is the integrator's abil ity to reset
very rapidly from the operate mode to
the in i t ia l  condi t ion mode.

Another feature which is especial ly use-
ful  for  i terat ive and hybr id computat ion
is the exceptional performance of the
system's track/store units. Extremely fast
s ignal  t racking combined with low dr i { t
storage is achieved through a novel cir-
cuit that uses two capacitor sizes in each
uni t .  The tracking operat ion is per-
formed using a smal l  s ize capaci tor ;  and
a large capacitor is switched in for the
storage function.

The standard complement of  nonl inear,
special  and digi ta l  components include
electronic quarter-square mult ip l iers,

diode function generators, comparators,
l imi ters and logic components.  Two
types of  e lectronic mult ip l iers are avai l -
able to satisfy a variety of requirements.
Mult ip l iers may be used to perform the
operat ion of  mult ip l icat ion and div is ion.
Terminat ions provided on certain mul-
t ip l iers permit  two ent i re ly independent
squar ing or square-root operat ions to
be performed at the same time.

Funct ion generator setup is remarkably
simple.  The Var iable Diode Funct ion
Cenerators (VDFC's) and their  controls
are convenient ly located in s l ide-out
drawers in the console.  The operator
makes al l  h is adjustments whi le seated
at the console.  Once the funct ion is set
a cont inuous plot  of  output versus input

:

may be made on the EAI 5BO without
making additional connections because
the 580 VDFG setup panel  contains a
bui l t - in ramp integrator to provide a
smooth sweep for setup. An addi t ional
input resistor for each DFC allows alter-
nat ive appl icat ions such as the use of
the unused output ampl i f ier  as an in-
verter and combined summation and
funct ion generat ion.

Comparators are provided with their
own amplif iers eliminating the need for
extra high gain amplif iers which would
otherwise be required for th is purpose.
A ful ly expanded 580 contains eight
comparators each with associated am-
plif ier ln addition to the B0 computing
ampl i f iers in the system.

. : : l  l ; r l . : -
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EAI 580 Individual Computing Components
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The complement of  h igh qual i ty com-
put ing components which const i tute
the EAf 580 makes possible a new stand-
ard of performance never before ob-
tainable in a desk-top computer. The
580 comprises many elements which
up to now have been avai lable only in
larger, more expensive systems. These
components are characterized by their
high speed operat ion,  low dr i f t ,  and
excellent static accuracy.

The system's high speed operaiional
ampl i f iers perform at fu l l  ampl i tude
over their  ent i re bandwidth wi th no
veloci ty l imi t ing.  Resistor networks are
arranged so that each ampl i f ier  is  con-
veniently converted into inverter or
summer operat ion by means of  bot t le
pr u8s.

Integrat ing ampl i f iers are provided with
adjacent integrat ing networks.  Simple
bott le plug connect ions convert  the
high gain ampl i f ier  to an integrator
which uses any of  four t ime scales.  In-
tegrators can be operated simultane-
ously at  d i f ferent speeds and in di f -
ferent modes-capabil it ies which are
particularly useful for iterative and hy-
br id computat ion.  Also useful  in th is
regard is the integrator's abil ity to reset
very rapidly from the operate mode to
the in i t ia l  condi t ion mode.

Another feature which is especial ly use-
ful  for  i terat ive and hybr id computat ion
is the exceptional performance of the
system's track/store units. Extremely fast
s ignal  t racking combined with low dr i f t
storage is achieved through a novel cir-
cuit that uses two capacitor sizes in each
uni t .  The tracking operat ion is per-
formed using a smal l  s ize capaci tor ;  and
a large capacitor is switched in for the
storage function.

The standard complement of  nonl inear,
special  and digi ta l  components include
electronic quarter-square mult ip l iers,

diode f unction Senerators, comparators/
l imi ters and logic components.  Two
types of  e lectronic mult ip l iers are avai l -
able to satisfy a variety of requirements.
Mult ip l iers may be used to perform the
operat ion of  mult ip l icat ion and div is ion.
Terminat ions provided on certain mul-
t ip l iers permit  two ent i re ly independent
squar ing or square-root operat ions to
be oerformed at  the same t ime.

Funct ion generator setup is remarkably
simple.  The Var iable Diode Funct ion
Generators (VDFC's) and their  controls
are convenient ly located in s l ide-out
drawers in the console. The operator
makes al l  h is adjustments whi le seated
at the console.  Once the funct ion is set
a cont inuous plot  of  output versus input

may be made on the EAI 5BO without
making additional connections because
the 580 VDFC setup panel  contains a
bui l t - in ramp integrator to provide a
smooth sweep for setup. An addi t ional
input resistor for  each DFC al lows al ter-
nat ive appl icat ions such as the use of
the unused output ampl i f ier  as an in-
verter and combined summation and
funct ion generat ion.

Comparators are provided with their
own amplif iers eliminating the need for
extra high gain amplif iers which would
otherwise be required for th is purpose.
A ful ly expanded 580 contains eight
comoarators each with associated am-
plif ier in addition to the B0 computing
amol i f iers in the svstem.
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EAI 5S0 System Expansion

The modular design concept of  the
EAI 580 provides a growth potential
which allows the customer to start with
a minimum investment then exoand the
system later as the workload and prob-
lem complexi ty dictate.  Al l  components
can be added to the system in the field
with no addi t ions of  wir ing harness or
solder ing required. Ful l  s laving capabi l -
ity is another of the ready-expansion
features of  the EAI 580

The instal lat ion of  a sel f -contained logic
expansion provides analog/hybr id cap-
abi l i ty  to the desk-top user.  The com-
binat ion of  analog and digi ta l  comput-
ing components increases the spectrum
o[ applications for the EAI 580 and
makes possible the solution of a wide
variety of more complex problems. This
logic expansion is easi ly added to the
basic console and al l  connect ions are
made via standard cables.

Further expansion into a fu l l  hybr id
comput ing system is made possible wi th
the addi t ion of  a hybr id control  inter-
face. This control  interface simpl i f ies
integrat ion wi th a digi ta l  computer by
direct ing communicat ion wi th the digi-
ta l  computer through the analog and
digi ta l  t runks,  mode control  l ines,  and
addressing system within the analog
console.  The digi ta l  computer is also
able to t ransfer data and control  s ignals
to the 580 by means of this interface.
ln a basic hybrid system the DVM may
also be used as an analog-to-digital
converter and a digi ta l - to-analog con-
version channel  is  also included in the
control intefface.

When a digi ta l  computer is added to
the system, faci l i t ies can be expanded to
accompl ish f ive major funct ions:

. Selection of analog modes by the
digital computer

. Sensing of analog modes by the digi-
tal computer

. Selection and readout of all address-
able analog components

. Setting of potentiometers by the digi-
tal computer
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. Exchange of data between analog and
digital computer programs

The select ion and readout of  analog
components and sett ing of  potent iom-
eters are readi ly achieved by the digi-
ta l  computer under direct  program
control  ut i l iz ing the interface expansion.

READOUT AND DISPLAY
The very necessary man/machine com-
municat ion involv ing the display and
documentat ion of  problem resul ts is
another area that is emphasized in the
design of  the EAI 580 Analog/Hybr id
Comput ing System. Recogniz ing the
need not only for the "availabil ity" ot
resul ts but also for  their  accurate and
reliable presentation EAI offers a com-
plete select ion of  equipment to sat isfy
these requirements.
In addi t ion to the high speed, sol id-
state DVM used in the readout system
of the 580, the system has provision for
peripheral devices such as X-Y record-

ers,  mult i -channel  str io chart  recorders
and a mult i -channel  h igh speed repet i -
t ive operat ion display uni t .  This display
uni t  is  a sel f -contained precis ion dis-
play system that employs an B- inch
osci l loscope. The user has the opt ion of
mount ing the display scope above the
Analog Readout Panel  or  connect ing a
portable version of  the same uni t .  Ei ther
way, th is uni t  provides simultaneous
display of four traces and requires the
setting of only three operator controls-
intensi ty,  posi t ion and number of  t races.
Sweep speed is automat ical ly control led
by the rep-op t imer of  the 580, or the
operator can cross-plot  four input chan-
nels against  a f i f th.

Standard on al l  EAI 5B0's is a Control
Module on the Analog Program Panel
that provides convenient terminat ions
for al l  readout and display equipment
used with the system as well as outputs
from the timer system of the computer.

Central Control Module EAI 580 with self-contained rep-op display



EAI 580 Applications

In many f ie lds of  science and industry,
analog, analog/hybr id and hybr id com-
putat ion are three of  the most powerful
engineer ing and design tools avai lable.
Much is wr i t ten about analog computa-
t ion and how i t  is  being used to solve
problems by s imulat ing al l  k inds of  dy-
namic physical  systems. The fol lowing
sect ion.  therefore,  concentrates on the
uses for analog/hybr id and hybr id com-
putat ion and br ief ly descr ibes some ap-
pl icai ions where they are proving to be
the most economical ,  t ime-saving meth-
ods of  solv ing complex problems. Sig-
ni f icant ly,  the EAI 580 is wel l  sui ted to
perform al l  of  these appl icat ions and
many others.

ANATOG/HYBRID
COMPUTATION
Analog/hybr id computers are character-
ized by having paral le l  d ig i ta l  logic ele-
ments as wel l  as analog comput ing com-
ponents.  Since many physical  systems
are a combinat ion of  both cont inuous
and discrete subsystems, the addi t ion
of logic increases the comput ing capa-
bi l i ty  of  the modern analog computer.
Subsystems such as relay switching sys-
tems, pulse c i rcui ts,  and on-of f  devices
can be convenient ly s imulated by the
digi ta l  components included in the EAI
580. For example,  s imulat ing the switch-
ing system in a large rai l road terminal
can be done with AND gates,  OR gates,
logic inverters and f l ip- f lops.  Sampled
data systems in which cont inuous proc-
esses are monitored by digi ta l  data
acquis i t ion systems and perhaps also
control led by digi ta l  control lers require
analog, digi ta l  and analog/digi ta l  inter-
face elements for  a real ist ic s imulat ion.
Uncommit ted analog and digi ta l  com-
ponents can best perform computat ion
tasks required in the invest igat ion of
adaptive control systems and optimiza-
t ion or maxima-minima problems.
The use of  paral le l  logic to control  the
analog computer resul ts in a s igni f icant
improvement in ef f ic iency and reduc-
t ion of  program run-t ime. l t  is  possible
to automate parameter changes and
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mode control  changes by using the digi-
ta l  components for  decis ion making,
t iming and control .  Many data reduc-
t ion tasks which are normal ly performed
manual lv can be imolemented on the
analog computer and performed con-
current ly wi th the computer run under
the t iming and control  of  the logic sec-
t ion.  "Slow t ime" plot t ing of  var iables
produced in the high speed repet i t ive-
operat ion mode, t ime mark generat ion
for parameter plots such as phase plane
and Nyquist  d iagrams, automat ic re-
scal ing and many other s imi lar  tasks are
pract ical  using the paral le l  logic of  the
EAI 5BO.

One speci f ic  example is the automat ic
plot t ing of  stabi l i ty  areas for a mathe-
mat ical  expression such as Mathieu's
Equat ion,y + (a -  2 q cos 2 t )  Y -  O.
In th is case the analog sect ion operates
in high speed rep-op making the neces-
sary thousands of  runs whi le the paral le l
logic controls the analog computer,
senses the stabil ity of the system equa-
t ion and controls the X-Y plot ter  so that
i t  automat ical ly plots the stable areas
for values of  a versus values of  q.

Iterative computation is another area
where the EAI 580 analog/hybr id com-
puter can be put to good use. This task
is character ized by the need to examine
the resul ts of  a computer run, make
loeical  decis ions based on this examina-
t ion,  and implement changes in the
computer program based on these deci-
s ions.  Such changes are typical ly made
on Darameter values and in i t ia l  condi-
t ions.  Some of the subclasses in th is
category are optimization studies, sys-
tem ident i f icat ion,  boundary value
problems, and curve f i t t ing.
In opt imizat ion,  for  example,  a system
(usual ly nonl inear)  is  g iven and i t  is
necessary to determine the correct val-
ues of n parameters so that a certain
error or cr i ter ion funct ion is ei ther maxi-
mized or minimized, or fu l f i l ls  other
given condi t ions.  The funct ional  re la-
t ionship between this error funct ion and
the parameters of  interest  is  in general
not known, and in any case, is exceed-
ingly complex.  In such si tuat ions,  unless
only one or, at most, two parameters
are to be investigated, the human op-
erator must be completely removed
from the loop and the process of seek-
ing the opt imum. This would involve
making numerous tr ia l  runs to deter-
mine the parameter changes which
would give the greatest  promise of  dr iv-
ing the error function towards its de-
sired shape. With paral le l  logic,  th is
tedious process can be automated by
putt ing to use the logical  decis ion-mak-
ing, t iming and control  e lements of  a
logic system.
Therefore, parallel logic aug,'nents the
computing capabil ity of the analog
computer.  l t  is  able to s imulate dis-
crete subsystems of larger dynamic sys-
tems as wel l  as accompl ishing decis ion
making, t iming and control .  In many
cases, the combined use of  paral le l  logic
with high speed rep-op permits thous-
ands of  runs to be made in a few min-
utes whi le,  at  the same t ime, an X-Y
plot ter  automat ical ly makes a plot  of
the desired parameters,  e l iminat ing
tedious hand-plot t i  n g.
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EAI 580 Applications

HYBRID COMPUTATION
A ful l  hybr id comput ing system is an
analog/hybr id computer and digi ta l
computer working together through a
hybr id control  interface, each computer
performing the tasks for  which i t  is  best
sui ted.  Hybr id computat ion is able to
resolve many complex problems which
were impract ical  to approach by ei ther
analog or digi ta l  techniques alone. The
following explores a few of the areas of
appl icat ion.

Bio-Medical  Engineer ing
The hybrid computer is a very effective
tool  for  both data analysis and physi-
ological  s imulat ion in the Li fe Science
f ie ld and i ts uses have been increasing
rapidly.  The hybr id computer of fers an
automat ic means for correlat ing the re-
sul ts of  these simulat ions to actual
data.  For example,  using a hybr id com-

puter i t  is  possible to s imulate the car-
diovascular system, cause the "patient"
to have a heart attack, observe the re-
sul ts and automat ical ly relate th is s imu-
lation to real EKC data in memory stor-
age. l t  enables the bio-medical  re-
searcher to do in the laboratory that
which would otherwise be impract ical ,
impossible,  or  dangerous. Furthermore,
complex experiments and analyses can
be made more rapidlv and more thor-
oughly than before, through use of the
automat ic capabi l i t ies of  the system.

Chemical Process Industry
Analog and hybrid computers have
oroven to be both convenient and eco-
nomical  tools for  the solut ion of  a wide
range of  problems in the chemical  and
petroleum f ie ld.  Analog computers have
been used for many years in the s imulh-
tion of chemical processes; however,
the pure analog approach imposes re-
strictions on the size of the system
which can be simulated. The cost of  a
digital simulation often exceeds the
marginal  savings which may resul t  f rom
the study. Furthermore, digi ta l  s imula-
t ion lacks the man-machine-problem
interact ion provided by analog or hy-
br id computers.  Thus, hybr id computers
have proven to be both convenient and

economical  tools for  the solut ion of  a
wide range of  problems in the chem-
ical  and petroleum f ie lds.

The pr imary appl icat ions have been in
the design and opt imizat ion of  process
control systems where a chemical proc-
ess is s imulated by the analog computer
and funct ions such as t ransport  delay,
complex funct ions,  or a digi ta l  control
system are represented by a digital pro-
gram. A common di f f icul ty in the s imu-
lat ion of  a chemical  or  nuclear reactor
is providing an adequate representation
of the t ransport  of  f lu id in pipes from
one point to another-from reactor to
heat exchanger.  The simulat ion of  th is
transport delay of a dynamic variable,
such as the t ime var iat ion of  the f lu id
temperature, is accomplished by the use
of the digi ta l  computer;  the digi ta l
memory stores the temperature func-
tion for a fixed or variable length of
t ime. By simulat ing systems such as
chemical reactors, heat exchangers, and
dist i l lat ibn columns, studies on design
feasibi l i ty ,  maximum yield and mini-
mum cost become economical ly prac-
t ical .

A hybr id computer permits s imulat ion
of a control system's performance as
the real physical system actually per-
forms; that  is ,  analog devices are repre-
sented on the analog/hybrid system, and
if direct digital control is the objective,
the digital system is used to design the
control program.

Computing System in
Education

The presence of analog and hybrid com-
puters in the universi ty enables the
faculty and students to investigate and
evaluate the rapidly evolv ing techni-
ques of  e lectronic computat ion and
simulat ion.  Furthermore. the role of  the
comput ing faci l i ty  is :

14



ffiffi

ffi
ffi

. To provide equipment for the simula-
tion of computer control of process and
systems for graduate and faculty re-
search, e.g., the kinetics and control of
a chemical process.

. To demonstrate to undergraduate
and graduate students the solution of
significant problems by analog and hy-
brid techniques.

. To provide a tool for instruction in
information processing and computer
design courses.

. To provide a tool for instruction in
science and engineering courses that
enables students to obtain a deeper
understanding of the dynamic behavior
of physical systems and phenomena.

This diversity of requirements demands
a f lexible system in which the analog
and digi ta l  sect ions wi l l  of ten be used
independent ly.

Since the comput ing faci l i ty  serves a
number of  purposes in near ly al l  depart-
ments of the university, there are a my-
r iad of  speci f ic  appl icat ions.  The 580
can be used to s imulate most systems
which are represented by a set of ordi-
nary di f ferent ia l  equat ions.  The digi ta l
computer may be used to automate the
setup and checkout of  the analog pro-
gram. For problems in which the phys-
ical system is represented by partial
d i f ferent ia l  equat ions,  the ent i re hybr id
computer wi l l  general ly be used. Some
studies,  such as aerospace vehic le s imu-
lation, may be represented by a mathe-
mat ical  model which is comoosed of  a
set of ordinary differential equations-
in which case the port ion demanding
high accuracy wi l l  be computed on the
digi ta l  computer and the lower accu-
racy computations wil l be performed
on the 580.

The Aerospace industry,  f  rom which hy-
br id computat ion developed, has suc-
cessful ly appl ied hybr id techniques to
a wide range of  problems. l t  is  possible
to establ ish certain c lasses of  oroblems
which place rather speci f ic  demands on
the simulat ion hardware. These classes
are I is ted as fo l lows:

. Aircraft Simulation

. Short Range Missile Simulations

Helicopler (VTOt) Simulations

ICBM Simulat ions

Space Vehicle Mission Simulations

Telemetry Data Reduction
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EAI System Support

Support  services -  essent ia l  in assur-
ing sat isfactory computer operat ions
and in providing for its effective usage
as a problem-solv ing tool  -  p lay an
important role in guaranteeing the suc-
cess of a computer laboratory. Cus-
tomer support  ranges from assist ing the
customer in equipment maintenance
and personnel  t ra in ing to the appl ica-
t ion of  new comput ing techniques in
the solut ion of  scient i f ic  and engineer-
ing problems. These act iv i t ies have been
largely responsible for  the high degree
of customer acceptance and regard for
EAl,  i ts  scient i f ic  comput ing systems and
i ts service.

The Service Division is the malnte-
nance arm of EAl. lt offers a complete
service program from in-house and fac-
tory repairs to the fu l f i l lment of  long-
term maintenance contracts.  The div i -
s ion is responsible for  system mainte-
nance, refurbishment and updat ing of
any comput ing equipment and of fers a
number of  service plans under which
EAI personnel  wi l l  assume ful l  respon-
sibi l i ty  for  maintaining customer equip-
ment or serve to supplement the cus-
tomer's own maintenance staff.

Another funct ion of  the Service Div i -
sion is to provide assistance to the new
customer in install ing new EAI equip-
ntent and fulf i l l ing warranty provisions.
The div is ion has the manpower essen-
t ia l  to the provis ion of  these two very
important services.

16

The last ,  and most important,  f  unc-
t ion of  the EAI Service Div is ion is the
f ulfillment of contracts to provide com-
prehensive on-sl le computal ional  ser-
vices in the user's computer laboratory.
The Service Div is ion has the personnel
t ra ined and exper ienced in al l  the com-
plex phases of  computer center opera-
t ions including administrat ion,  analysis,
operat ion and maintenance. Service Di-
v is ion personnel  wi l l  a lso develop, ex-
pand and maintain hybr id and digi ta l
computer software for the laboratory,
i f  reouired.

The Service Div is ion is resoonsible
for the worldwide network of EAI re-
gional  service engineer ing of f ices and
parts depots.  Each of f ice is equipped
and staffed to provide quick and eff i-
c ient  service to guarantee maximum
use of  the customer 's comput ing equip-
ment-whether or not i t  is  made by
EAl.  Trained service engineer ing per-
sonnel  are avai lable to provide emer-
gency service whenever i t  is  needed.

To provide "o{I-si te" analysis and
computat ion services,  EAI maintains
and operates f ive Computation Centers
in the Uni led Stales and several  more
in Europe. The Computat ion Centers,
located in th is country in Pr inceton, Los
Angeles,  San Francisco, Washington
and Houston , ofter equipment t ime
rental,  appl icat ions assistance and sys-
tems analysis. A complete professional
staf f  of  exper ienced engineer ing and
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scient i f ic  personnel  is  avai lable at  each
center to analyze technical problems,
interpret  scient i f ic  data and provide
complete engineer ing assistance to cus-
tomers. The EAI Computation Centers
also provide faci l i t ies and instructors
for EAI 's program of regular ly sched-
uled training courses. More than 5,000
students receive instruct ion vear lv in
the centers.  These students take courses
ranging from basic analog comput ing
techniques through equipment opera-
t ion and haintenance to advanced ana-
log programming. Special  courses,
cover ing topics such as analog com-
puter appl icat ions in the procesi  indus-
tr ies and biomedical  engineer ing are
given per iodical ly.

Close cooperation and inter-related
operat ions in research, engineer ing,
manufactur ing and market ing act iv i t ies
make i t  possible for  EAI to provide this
extensive back-up support by the Ser-
v ice Div is ion and the Computat ion
Centers-support that can only come
from a maior manufacturer.  This com-
plete technical  capabi l i ty  and EAI 's ex-
cept ional ly high standard of  qual i ty
stands behind every comput ing system.
Every EAI representative is backed by
the corporat ion's reputat ion for  qual-
i ty products and services.  EAI 's wi l l ing-
ness and abi l i ty  to maintain and op-
erate any manufacturer 's comput ing
equipment assures the customer of  the
f inest  in complete professional  support
in the operat ion and maintenance of
his faci l i ty .



EAI 580 Analog/Hybrid
Computing System Equipnrent

SUMMARY
A ful ly-expanded EAI 580 System is de-
scr ibed as representat ive of  the many
conf igurat ions that are avai lable to
sat isfy indiv idual  requirements.

COMPUTER CONSO!-E
Mode Control and Tiruling Systern
Analog mode control  selector

(wi th stat ic test  bus)
Time scale selector
Repet i t ive operat ion interval  t imer
Interval  t imer controls

(wi th f requency mult ip l iers)
Slave selector
Addressing and Readout System
Paral le l  input keyboard
Derivat ive check selector

(wi th 0.1 at tenuator)
Address select ion matr ix
Analog vol tmeter (r . r ' i1h range selecior l
Sol id state digi ta l  vol tmeter
Comparator and funct ion relay

indicator/pushbutton control  panel
Servoset Potentiometer System
Servo ampl i f ier
Precis ion reference vol tage div ider
Fou r-digit coeff icient selector/keyboard
Control  for  cont inuous coeff ic ients
Overload Indicator System
Overload indicator panel
Over load indicator bus (wi th automat ic
Hold and Storage feature)
Audible over load alarm

(with volume control)
Analog Prograrn System
Program bay (wi th latching mechanism)
Pre-Program panel
En gage/disen gage selector

(motor-dr ive)
Programming corcl  and bott le plug ki ts

Variable DFG Set-l. jp System
5et-up panei
Ampl i f ier  balance selector
Time base generator
Set-up ampl i f ier

Power Distribution System
Bus-bar distr ibut ion matr ix
Power supply monitor selector
-r"10 vol t  reference supply
Analog systein power suppnes

Logic System Expansion indicator/pushbutton controls
Program bay (wi th latching mechanism) Preset counter controls
Pre-Program panel  Logic power suppl ies
Ceneral  purpose logic communicat ion

l ines Control  lnterface System Expansion
Programming cord k i t  Console selector

Analog Computing Components
Summer- lntegrators .
)ummers
High Cain Inverters
Other Inverters . . . .

One Megahertz System clock
Logic mode controi  selector
Slave selector
Logic gate state indicators
Register indicator/pushbul ton controls
Digi ta l  funct ion switch

Other Ampl i f iers (assi  gned
Other Ampl i f iers (assigned

Analog and logic mode conir .
Analog address register
Servoset potent iomeler cn -

sel  ector
Analog value register
Time scale selector

to variable function generators)
tocomparators) . . . .

Track/Store networks
Handset Coeff icient Attenuarors
Servoset Coeff icient Attenuators
Mult ip l iers (quarter-square) .  . . .
Ten Segment Var iable Funct ion Cenerators
Sine/Cosine Funct ion Cenerarors
Logar i thmic Funct ion Cenerators
Feedback Limiters . . .  . .
Free Resistors and Diodes

Logic Conversion Components
Digi ta l - to-Analog Electronic Switches*.
Analog (voltage) Comparators
Funct ion Relays (DPDT)

Parallel logic Elements
Ceneral  Purpose Logic Cates
Ceneral  Purpose Registers (each with four f l ip- f lops)
Preset Counter/Timers
Logic Differentiators
Digi ta l  Funct ion Pushbuttons

Trunk Line Terminations
Analog Panel  Trunks
Logic Panel  Trunks

Peripheral Equipment
X-Y Plotter
Rep-Op Display Scope .
Mult ichannel  Str ip Chart  Recorder

*ln addition, each integrator may also be coni'erted ic
switch) by removing one bottle plug,
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