
























































































either with function relays or solid-state digital-to­
analog switches. 

The Analog Memory and Logic System adds the neces­
sary capabilit y for decision-making and automatic 
switching to the EAr 231R-V. Logic signals are used 
to indi cate the existence of conditions in the analog 
computer and mode control programs. Decisions based 
on these conditions are transformed into program 
changes by function relays or digital-to-analog 
switches. The Mode Logic Patching System provides 
a convenient means of inter-connecting the logic level 
outputs of the comparators, and the inputs to the 
switches to form a completely automatic control pro­
gram. Standard iterative routines may thus be devel­
oped and stored for use with a variety of analog 
programs. 

El ectronic Comparators 

To perform control and switching operations, using the 
results of decisions based on conditions existing in 
the analog computer program, the 231R-V includes 
provisions for a number of Electronic Comparators. 
Each Comparator consists of a high-gain, solid-state 
amplifier which accepts two analog voltage inputs and 
generates a logic level output. The output state of 
the comparator is determined by the algebraic sum of 
its inputs, and is referenced to the program by a logic 
signal which appears in both normal and complementary 
form at the Mode Logic Patching System. In addition 
to the c0mparator outputs, the patching terminations 
(Figure 49) at the Mode Logic Pre-Patch Panel also 
include a latching input-which makes it possibl e to 
inhibit the operation of the comparator. A ligh t to 
indicate the state of the comparator, and pushbuttons 
to manually override its inputs, are available on the 
control panel of the Memory and Logic Unit. 

Since the Electronic Comparators are most frequently 
used to perform signal switching operations or to 
control the sampling of problem variables, the com­
parators for use with the 231R-V are normally associ­
ated with either the function relays or Combination 
Track-and-Hold Units. The Model 12.956 Combination 
Track-and-Hold Uni t, described previously, consists of 
an Electronic Comparator and two sample-and-hold net­
works. The Model 6 .639 Rel ay Comparator (Figure 
50) includes a high-speed solid-state Comparator, and 
a transistor-driven, double-pole, double-throw function 
relay-which may be used independent of the com­
parator. Both Comparators are identical electrically 
and provide the same patching terminations. 
Function Relays 
To permit the use of lo gic l evels for signal switching 
operations, the 231R-V include provisions for a number 
of Function Relays. Because of their frequent as­
sociation with electronic comparators, a Function 
Relay is included with each Model 6.639 Comparator. 
These Function Relays consist of a high-speed double­
pole, double-throw relay and its transistor driven cir­
cuits. Patching terminations (Figure 49) at the Pro­
gram Patching System include the arms and both sets 
of contacts for the relay. The input to the driver 
which determines the state of the relay appears at the 
Mode Logic Patching System. 
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(a) Program Patch Panel 

(b) Mode Logic Patch Panel. 

Figure 49. Relay Comparator Patching Terminations. 

Digital-to-Analog Switches 

Since the function relay is unsuitable for high-speed 
repetitive or iterative operation, the 231R-V may also 
be equipped with Digital-to-Analog switches. The 
Model 12.1143 Digital-to-Analog Switch Card (Figure 
51) includes three high-speed solid-state signal 
switches, each of which consists of a precision in­
put resistor and transistor-driven diode gate- which 
is used to switch voltages to the summing junction 
of an operational amplifier. Analog input and output 
terminations for the gate appear at the Program Patch­
ing System. The control input terminates at the Mode 
Logic Patching System and may be driven by an elec­
tronic comparator to provide the solid-state equivalent 
of a single-pole single-throw relay comparator. 

Figure 50. Comparator Model 6.639 
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Figure 51. Digital-to-Analog Switch Card 

F unction Switches 

The 231R-V Analog Computing System includes pro­
visions for up to twenty single-po le, triple-throw 
manual function switches (Figure 52) located on the 
sloping panel of th e control console. The arm and 
three contacts of each switch terminate at the Program 
Patching System. 

NOISE GENERATORS 

In many branches of engineering and sc ience, th e 
so lution to a problem may be expressed only in statis­
tical t erms. This is particularly true in the analysis 
of the response characteristics of non-linear systems, 
examples of which a re found in missi l e guidance and 
control equipment. Such systems are seldom designed 
to perform a single task which can be completely 
specified beforehand; rather, they are intended to per­
form tasks se l ected at random from a repertory of pos-

Figure 52. Function Switches 
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sible tasks. Primarily , their purpose is to completely 
analyze the behavior of systems over a wide range of 
operating conditions and inputs. This may best be ac­
complished by applying statistical methods of analysis 
to an output distribution in response to random inputs. 
The General-Purpose Analog Computer ma kes possible 
s uch analyses through th e us e of a random inpu t devi ce 
- a noise generato r. 

EAI offers two interchangeable noise generator models 
(Figure 53) for use with the 231R-V Analog Computing 
System. The Model 44.200 Gaussian Noise Generator 
produces a vo ltage output with gaus sian amplitude dis­
tribution over the low-frequency range of 0 to 35 
cycles per second, for use in real-time simulation 
app li cations. For both hi gh-speed and real-time opera­
tion, the Model 44.274 Noise Generator supplies two 
noise outputs whi ch cover the range of 0 to 35 and 10 
to 20,000 cycles p er second. 

Both noise generators provide voltage outputs with 
gaussian amp litude distribution and pre c ise ly- controlled 
power frequency spectrum. The primary source of 
noise in each un it is a grid-controll ed gas thyratron, 

Figure 53. Noise Generators 



operating In a transverse magnetic field. The output 
of the thyratron is passed through a regulator circuit 
which continuously stabilizes its output against a 
reference voltage. The resulting noise voltage passes 
through an attenuator and amplifier, providing a con­
stant noise spectrum for high-frequency outputs, and 
a precision-network filtered, low-frequency output. 

Output monitoring is provided by panel-mounted meters 
which are filled with a silicon fluid for an extremely 
long and uniform time constant. Individual level ad­
justments make it possible to set the voltage amplitude 
of the noise outputs. Output terminations for both the 
low and high-frequency signals are provided at the 
231R-V Program Patching System. 
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Figure 55. ADIOS Input Keyboard 
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PERIPHERAL EQUIPMENT 
The performance of an electronic computer is of prime 
importance - but equally as important is its ability to 
communicate with the operator or programmer. Since 
much of this communication takes place through pe­
ripheral devices, a major consideration in the selection 
of a computer is the availability of suitable peripheral 
equipment. The quality and performance of these 
devices, and the manner in which they are integrated 
into the overall computing system, must also be con­
sidered if the computer is to function as an efficient 
problem-solving tool. 

To realize the full potential of the 231R-V, EAIoffers 
a complete line of analog computer peripheral equip­
ment. This equipment includes both time-base and XY 
recorders, cathode ray tube displays, digital input and 
output devices. Each is designed to function not 
merely as an addition to the computer but as an inte­
gral part of the computing system. Each has special 
control and interface circuitry associated with it to 
adapt it for efficient use with the 231R-V system. 

Although EAI manufactures most of its own peripheral 
equipment, certain items are produced for EAI by other 
manufacturers in order to take advantage of their ex­
tensive experience in specific fields. In all such cases, 
the suppliers of this equipment are leaders in their 
particular field and the equipment is manufactured to 
EAI specifications -- assuring quality and perform­
ance equivalent to that of the computer. 

AUTOMATIC DIGITAL INPUT -OUTPUT SYSTEM 
(ADIOS) 

While automatic computer programming has greatly 
profited from the data processing capability of digital 
computers through the use of assemblers, compilers 
and debugging programs, a large number of the opera­
tions required to program a General Purpose Analog 
Computer are still performed manually. Certain of the 
more tedious operations, however, have been eliminated 
through the use of servo-set coefficient attenuators and 
automatic readout facilities. To take full advantage of 
this, in the 231R-V Analog Computing System, EAI has 
developed the Series 330 Automatic Digital Input-Output 
System (ADIOS) which makes possible automatic, pro­
gramming of coefficient attenuator settings, readout of 
attenuator settings and component outputs, and com­
puter mode control from punched-tape inputs. This 
system provides the capability for semi-automatic pro­
gramming and checkout of the 231R-V - significantly 
reducing non-productive computer time, and facili­
tating the use of data processing equipment in calcu­
lating attenuator settings, static check values, etc. 

The ADIOS (Figure 54) conE?ists of a desk-style con­
sole, an IBM electric typewriter, input keyboard (Figure 
55), punched-tape reader, and a tape punch plus the 
necessary information-decoding and distribution cir­
cuitry to permit communication between these devices 
and the Analog Computer Console. The ADIOS may be 

used as the input/output unit for computing systems of 
up to seven EAI 231R computers. 

The interface equipment makes it possible to supply 
inputs to the Mode Control, Automatic Extended Read­
out (AERO), and Digital Attenuator Systems, and to 
read the Electronic Digital Voltmeter of an EAI Series 
231R Analog Computer. This interface consists of an 
input-output de coder, relay-controlled voltage divider, 
component address register, EDVM output buffer, and 
the necessary input and output distributors to route 
information to the appropriate devices. The flexibility 
of the system allows the ADIOS to perform a variety of 
functions as a control unit for the analog computer. It 
make s provisions for selecting computer operating 
modes, changing parameter settings, reading-out steady­
state values, etc., for automatic tape-programmed 
operation of the computer. 

The decoding circuitry of the ADIOS includes provi­
sions for performing the following input-output and 
control operations. 

1) Select up to seven analog computer consoles in any 
one system for control and entry or readout of in­
formation. 

2) Select the operating and checkout modes (OPER­
ATE, HOLD, INITIAL CONDITION, POT SET, 
RATE TEST, and STATIC TEST), and the Digital 
Attenuator System modes (ATTENUATOR SET, AT­
TENUATOR CHECK, and READOUT) of the analog 
computer console. 

3) Address the analog computer Automatic Extended 
Readout (AERO) System to adjust servo-set attenu­
ators or for readout of component outputs with the 
Electronic Digital Voltmeter. 

4) Set up the relay-controlled voltage divider to adjust 
servo-set attenuatorsin the analog computer, or for 
comparison of input information with actual problem 
voltages. 

5) Control and read the output register of the Elec­
tronic Digital Voltmeter. 

6) Switch the input of the DAS servo-amplifier to the 
patch bay of the analog computer to permit adjusting 
servo-set potentiometers with program voltage inputs. 

Input information to the ADIOS takes the form of com­
ponent addresses, attenuator settings or predicted com­
ponent output values, mode control commands, etc., 
which may be entered either manually thr ough the key­
board or automatically from punched tape. Outputs 
include voltage values measured by the Electronic 
Digital Voltmeter, and the results of comparisons be­
tween predicted and measured values of component out­
puts. Coded inputs to the ADIOS and outputs from the 
computer may be recorded by the typewriter, tape­
punch or both. The typewriter may also be used to 
manually enter alpha/numeric characters for record 
identification. 
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As an input-output system, the ADIOS makes it possi­
ble to automatically select and adjust servo-set coef­
ficient attenuators from punched tape, and simultane­
ously perform a comparison between the desired and 
actual settings. Similarly, predicted or calculated 
component output values may be entered into the 
ADIOS for comparison with outputs measured by the 
Electronic Digital Voltmeter. In both cases the type­
writer prints an error indication when the difference ex­
ceeds a pre-determined amount. In the ERRORS ONLY 
mode, only those comparisons resulting in an error 
indication will be printed out on the typewriter. This 
facility makes it possible for the computer to perform 
a complete static check by automatically checking the 
settings of coefficient attenuators and comparing the 
actual and calculated values of component outputs. 

The typewriter is the primary output device for the 
ADIOS. Its format includes, at the operator's option, 
columns for direct readout of computer instructions and 
run information from the tape, address of computer com­
ponents being adjusted or monitored - and their de­
sired or predicted settings or output values, and the 
actual values as measured by the EDVM. An error 
column indicates the result of an automatic comparison 
of predicted and measured values. The same informa­
tion, with a similar format, may also be recorded on 
punched tape. 

The ADIOS operator may choose, at his discretion, 
one of three output format variations for the Typewriter 
and/or Paper Tape Punch. A convenient three-position 
lever-switch (the RECORD switch) determines the 
selection. In the position labeled COMPLETE, all 
data is recorded during the input cycle as well as 
during the output cycle. NORMAL operation only re­
cords data on the output cycle. For the ERRORS 
ONLY position, no data is recorded unless an error 
exists. When ERRORS ONLY is employed, the ADIOS 
"interrogates" the computer. If the error between the 
RCVD and the EDVM is greater than a pre-determined 
amount, then data is recorded as in the NORMAL mode 
- with an additional print-out of an "e" indicating 
the error. The ERRORS ONLY mode punches or types 
an output only when its analog error detector indicates 
a discrepancy between the component's predicted or 
desired value and actual value. 

A complete sequential record of computer operation 
may be automatically obtained for each problem run 
when controlled by ADIOS. Alternately, the ADIOS 
enables a series of computer runs involving problem 
parameter changes, to be programmed such that the 
entire group of solutions can be obtained automatically. 

With the ADIOS Reprogram mode, a tape which has 
been used to set a number of coefficient potentiometers 
before a computer run can be used to make a new tape. 
The original tape containing the potentiometer ad­
dresses and desired values -- is placed in the tape 
reader, and as the tape passes through the reader a 
new tape is prepared - the readings from the EDVM 
being punched on the tape in place of the original 
value readings. This tape can then be used for future 
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problem runs. Optionally, a universal tape may be 
prepared with addresses only, to read out all coeffi­
cients and outputs, and thereby prepare a Reprogram 
tape which will set-up and re-check any problem. 

REPETITIVE OPERATION DISPLAY UNIT 

The General-Purpose Analog Computer is frequently 
used in the development of mathematical models to 
describe the behavior of physical systems. An inte­
gral part of this process is a "performance" compari­
son between a theoretical model and experimental data 
obtained from the actual system. By varying the para­
meters of the model, its performance may be matched 
to the data for a more accurate representation of the 
system. For a complex system, with a large number of 
parameters, an excessive amount of time is required 
for trial and error procedures using real-time computing 
techniques. The time may be significantly reduced, 
however, through the use of high-speed repetitive opera­
tion - where the computer solves the problem repeti­
tively while the operator observes the effect of various 
parameter changes. In order to do this efficiently, it 
is necessary that the computer operator be able to 
rapidly observe the effect of parameter changes on the 
problem solution, and simultaneously compare the 
theoretical solution with test data. 

The need for simultaneous presentation of several vari­
ables, at computing speeds encountered in repetitive 
operation, makes it impractical to consider the use of 
direct-writing recorders for display. For this reason, 
considerable emphasis has been placed on the develop­
ment of high-speed cathode-ray tube display units for 
use with the General-Purpose Analog Computer. 

To provide a Repetitive Operation Display suitable in 
accuracy and performance to the 231R-V Analog Com­
puting System, EAI offers the Series 1905 Repetitive 
Operation Display Unit (Figure 56). This system allows 
simultaneous viewing of up to eight problem variables 
on a 17" magnetic-deflection cathode-ray tube. Provi­
sions are included to permit the display of either eight 
input variables as functions of time or seven variables 
as functions of an eighth independent variable. An 
electronically-generated voltage and time grid elimi­
nates parallax and errors due to non-linearities in the 
display system. Significantly, the voltage calibration 
lines of this grid are slaved to the reference voltage 
supply of the computer for accurate measurement of 
signal levels. 

Timing for the display is derived from a crystal­
stabilized oscillator employing frequency dividers to 
establish different display times. Switching is pro­
vided to select display times of 10, 20, 40, and 80 
milliseconds. When used in conjunction with the 
Analog Memory and Logic System the Display Unit pro­
vides the 10KC timing reference or clock to synchronize 
the integrator mode control gates with the display. Ad­
ditional drive frequencies from the display unit are 
also made available at the Mode Logic Patching 
System. Any of the Display Unit outputs may be 



Figure 56. Series 1905 Repetitive Operation Display 

Figure 57. Series 1910 Eight·Channel Recorder 

patched to the interval timers of the Analog Memory and 
Logic System offering a wide variety of repetitive 
rates. 

The Series 1905 Repetitive Operation Display Unit is 
contained in a single-bay console which may be equip­
ped with an optional base for mobile operation. The 
cathode-ray tube is mounted behind a protective safety 
glass plate and includes a shield to minimize glare. 
Separate controls make it possible to vary the intensity 
level of each channel, or to display only those channels 
of particular interest at any time. Controls are also 
available to regulate the intensity of the grid and to 
select either the timing or voltage reference lines, 
or both. 

STRIP-CHART RECORDER 

The Series 1910 Recording System (Figure 57) is manu­
factured for EAI by the Brush Instruments, division of 
the Clevite Corporation, and is a version of their 
Mark 200 Recorder modified for use with the EAI 
Series 231R Analog Computing System. This recorder 
includes an eight-channel direct-writing oscillograph 
with a forced-fluid writing system, and provides simul­
taneous rectilinear display of eight analog (voltage) 
input channe ls and two timing or event channels. 
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(b) Dual Arm 
Figure 58. Series 1110 VARIPLOTTER 

(b) Vertical 

Figure 59. Series 205 VARIPLOTTER 



Inputs from the analog computer system drive the pen­
motors, through specially designed drive amplifiers, 
with pushbutton selection of nine attenuator steps for 
each channel. Overload lights for each channel in­
dicate when pens are not accurately following the 
input signals. Eight pen positioning controls permit 
each pen to be located anywhere within the c:hannel, 
and allow either edge of the channel, or any point be­
tween, to be used as a base line (zero signal position). 
In addition, a polarity reversal switch for each channel 
permits either a positive or negative display of unipolar 
signals, or reversal of bipolar signals without the use 
of additional analog computer components. 

Maximum recording accuracy is achieved with pen­
motors, which utilize the proprietary Brush Metrisite 
transducer for position feedback control to eliminate 
the mechanical restraint of the conventional torsion 
rod for zero return. The penmotor coil, supported by 
precision ball bearings, rotates freely in a constant 
magnetic field. Pen position is continuously sensed by 
the Metrisite, contained within the penmotor housing, 
to produce a signal proportional to displacement. This 
feedback signal is converted to d-c and compared 
against the input signal to the drive amplifier. Any 
difference between the Metrisite output and the input 
command produces an "error" signal, which is ampli­
fied and applied to the penmotor. 

A closed inking system supplies the ten writing pens 
with a permanent writing fluid. The fluid is held under 
pressure in a replaceable cartridge to eliminate pen 
clogging and to avoid the need for priming. Pen pres­
sure against the chart paper seals the pressure system. 
A special chart paper, designed to match the pres­
surized inking system by absorbing the correct amount 
of ink, provides sharp, uniform, high-contrast traces 
without sacrificing the economy of ink-type papers 
over comparable heat or electric writing papers. A 
solenoid-driven valve shuts off the ink supply when 
the instrument is turned off. 

The chart drive is contained in a separate chassis 
which may be pulled out on slides from the front of 
the recorder for use as a horizontal writing shelf. 
Provisions' are included for pushbut.ton selection of 
twelve chart speeds which range from 0.05 to 200milli­
meters per second. Control of the chart drive motor 
may be slaved to the 231R-V Mode Control System to 
conserve paper. Conversely, RESET, HOLD, and 
OPERATE pushbuttons on the recorder make it possi­
ble to select the analog computer operating modes 
from the recorder. 

In addition to the operating modes, the Series 1910 
recorder also includes three calibrate modes for adjust­
ing the zero signal voltage position, adjusting ampli­
fier gain, and for recording the attenuator setting for 
each channel. Pen deflections are used to provide a 
permanent record of the attenuator setting for each 
channel. Timing calibration provided by an internal 
pulse generator may be switched to either or both 
event marker pens. 

x-Y RECORDING EQUIPMENT 

The General-Purpose Analog Computer is frequently 
used to investigate the effect of parameter variations 
on the behavior of a physical system. This requires 
the comparison of a series of solutions to the same 
basic problem over a range of variations in parameters 
or initial conditions. The X-Y Recorder or plotting 
board is an ideal output device for this purpose since 
a number of curves may be plotted on the same set of 
axes to greatly simplify analysis. In addition, it pro­
vides an accurate means of recording computer output 
information and avoids the necessity for tedious and 
often inaccurate manual plotting of data. 

The EAI Variplotter X-Y Recorders provide fast, ac­
curate, and convenient plotting of information avail­
able in analog form. Particular emphasis has been 
placed on flexibility in the design of these recorders 
to satisfy the requirements of both special-purpose and 
general-purpose laboratory applications. The Vari­
plotter is available with plotting board sizes to ac­
commodate a variety of paper size requirements. The 
two most popular versions, the Series 1110 (Figure 58) 
and Series 205 (Figure 59) accept 11" x 17" and 30" x 
30" maximum paper sizes respectively. A unit with a 
45" x 60" plotting surface is available on special 
order. Since all Variplotters employ vacuum paper 
hold-down systems, the large plotting boards may also 
be used with smaller paper sizes. 

Both the Series 1110 and Series 205 Variplotters may 
be supplied either in a single-arm version - which 
permits plotting one variable as a function of another, 
or in a two-arm version for plotting two independent 
curves. All two-arm Variplotters are equipped with an 
automatic pen-interchange circuit which exchanges the 
functions of the pens to permit the use of the entire 
plotting surface for both curves. 

The Series 1110 and Series 205 Variplotters are de­
signed for either horizontal or vertical mounting. The 
Series 1110 may be mounted vertically in an equipment 
rack, or supplied with a table-top stand - with pro­
visions for adjusting the angular position of the plot­
ting surface from horizontal to nearly vertical. The 
Series 205 may also be supplied for horizontal table­
top use or for vertical mounting on a wall or bulkhead. 
Optional base cabinets for either horizontal or vertical 
mounting are also available. 

Input circuitry for all Variplotters includes provisions 
for fixed and variable scale factor adjustment - facili­
tating rapid enlargement or reduction of plots accord­
ing to the dynamic range of the variables under con­
sideration. Continuous parallax or origin adjustment, 
with provisions for zero suppression of up to one full 
board length in any direction, makes it possible to 
enlarge sections of a curve for investigation of specific 
interest areas. 

EAI Variplotter X-Y Recorders are readily integrated 
with the 231R-V Analog Computing System. Receptacles 
for plotter cables with terminations at the Program 
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Patching System are supplied with every 231R Control 
Console. An interlock is also designed into the plot­
ter which allows the pen-lift to be controlled by the 
computer Mode Control System. In this manner, the 
pen is prohibited from writing in all modes except 
OPERATE or HOLD to avoid excessive inking. 

The Variplotter may also be used as an input device 
to the 231R-V Analog Computing System with the addi­
tion of a curve-follower function generator accessary. 
The curve-follower produces a trace of an output volt­
age that is related to an input variable by an arbitrary 
function - drawn on standard graph paper with conduct­
ing ink. A high-frequency voltage applied to the inked 
line is sensed by a miniature inductive probe which 
replaces the pen. The function generator converts 
this signal to a DC voltage which is nulled in the 
input amplifier, causing the probe to follow the line. 

In addition to the Variplotter X-Y Recorders EAI offers 
the Dataplotter, which accepts both analog and digital 
inputs. Dataplotters may be supplied with 11" x 17'~ 
30" x 30'~ or 45" x 60 "plotting surfaces with provisions 
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for accepting keyboard, punched card, punched tape, 
or magnetic tape inputs. Versions of the Dataplotter 
are also available to operate directly on-line with 
digital computers or data processing equipment. 

OSCILLOSCOPES 
During the check-out of high-speed programs on the 
General Purpose Analog Computer, it is frequently 
necessary to make use of a general-purpose oscillo­
scope for monitoring tl'e control and problem signals. 
Since there are a number of excellent laboratory oscillo­
scopes available, the choice is frequently determined by 
a desire for standardization in the laboratory. As a 
convenience to 231R-V customers, EM. makes avail­
able oscilloscopes of different manufacturers, in a 
variety of models, for use with the 231R-V. Such 
oscilloscopes may be selected for either rack-mounting 
or table-top operation, and may include provisions for 
single or multiple trace displays. When mounted in the 
computer, the inputs to the instrument terminate at the 
Program Patching System to facilitate monitoring the 
outputs of individual computing components. 



COMPUTER TEST EQUIPMENT 

The 231R-V Analog Computing System provides a 
degree of reliability· previously unknown in the analog 
computer field. As with all quality electronic equip­
ment, however, optimum performance may be obtained 
only with routine preventive maintenance. In order to 
facilitate this maintenance, special care has been 
exercised in the design of the computer. Examples of 
this are found in the use of bus bar power distribution, 
interchangeable components and power supplies, and 
the accessibility of operating controls and monitoring 
provisions. To supplement thi s, EAI also offers test 
equipment specifically designed for use with the 
231R-V to enable more efficient maintenance, thus 
minimizing computer downtime. These equipments are 
offshoots of production test equipmer..t used by EAI 
in the manufacture and in-house checkout of computer 
components and systems. 

All computing systems are supplied with service 
shelves, test cables, schematic and wiring diagrams, 
component location charts and complete parts lists to 
aid maintenance personnel in the trouble-shooting and 
repair of individual computer comI,onents. These ac­
cessories provide complete access to all components 
and electrical connections so that .the unit may be 
tested in operation. More complete tests, i. e., those 
required for a thorough maintenance program, are made 
possible by patch panels permanently wired for stand­
ard test programs. 

MAINTENANCE TEST CONSOLE 

To avoid interruption of computer operation for com­
ponent maintenance, most large analog computer lab­
oratories include a separate maintenance facility 
equipped with appropriate test equipment. In many 
cases this equipment includes specially-constructed 
test jigs which make it possible to service computer 
components under power. Since proper servicing of an 
analog computer component may be obtained only under 
the same environmental conditions as those of the 
analog computer itself, these test jigs frequently fail 
to indicate mal-functions which effect the operation of 
the computer. 

To permit servicing of computer components under 
actual operating conditions, EAI has developed the 
Series 231X Maintenance Test Console (Figure 60) 
which provides the necessary facilities for performing 
off-line test and maintenance of EAI Analog Computing 
System components. The 231X has been designed to 
include a temperature-controlled oven, patch bay, mode 
control system, read-out system, etc., with character­
istics similar to those of the 231R-V Control Console. 
In addition, provisions are included in the console for a 
number of linear computing components (i.e. summers, 
summer-integrators, coefficient attenuators, and func­
tion switches), which may be used to simulate program 
operating conditions for components under test. The 
Maintenance Test Console is, therefore, a small analog 
computer itself, and as such serves not only as a test 
stand for computing components but as an expansion 

to the main analog computer as well - or as a small 
training computer. 

The 231X Console consists of a two-and-one-half bay 
cabinet with patch-bay, network oven, and maintenance 
work shelf. A recessed test cable well (Figure 61) 
conveniently located above this shelf provides exten­
sion cables for each of the components contained in 
the associated analog computing system. These 
cables are internally connected to appropriate com­
ponent patch-bay positions and power supply bus 
terminations to permit the programming of components 
in actual computing circuits. Similarly to the 231R-V, 
integral patch-bay terminations and receptacles are 
also provided for the acceptance of recording equip­
ment, enabling component performance monitoring. 

The ele ctrical and me chanical design features of the 
231R-V Program Patching System have also been in­
corporated into the 231X Console. This patching 
system makes use of a 2,070 contact patch-bay with 
removable aluminum pre-patch panel, employing the 
standard component terminations of the 231R-Y. Com­
puting networks are contained in a temperature-stabi­
lized oven directly behind the patch bay. All critical 
wiring in the console and test cables is shielded for 
low-noise operation. 

Operating controls for the Series 231X Maintenance 
Test Console (Figure 62) include provisions for selec­
tion of component outputs, control of the operating 
modes, and selection of special test conditions. 
Monitoring equipment includes an electronic digital 
voltmeter, vacuum tube voltmeter, and plotting and re­
cording equipment, as required. Provisions may also 
be included for a digital printer. Spare computing 
components and monitoring equipment may be used 
with the 231X to minimize the investment in test 
equipment. 

The Series 231X Maintenance Test Console has been 
modularly designed so that it can easily be tailored to 
the specific requirements of each 231R-V Analog Com­
puting System installation. Facilities may be included 
for testing not only computing components for the 
231R-V, but for other versions of the 231R and earlier 
EAI computers as well. The 231X may easily be 
expanded to accommodate new computing components 
as they are added to the Analog Computing System. 

PREVENTIVE MAINTENANCE CHECK (PMC) PANELS 

Although preventive maintenance routines may be 
easily programmed on the 231R-V Program Patching 
System, the time required for patching and the possi­
bility of patching errors makes it desirable to use 
permanently-wired pre-patch panels for this purpose. 
For this reason EAI has developed the Preventive 
Maintenance Check (PMC) Panels which provide a 
means of rapidly and accurately checking the per­
formance of components in the 231R-V Analog Com­
puting System. 

49 



J:igure 60. Series 231X Maintenance Test Console 
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Each PMC Panel consists of a metal patch-board, 
similar to the standard pre-patch panel used for pro­
gramming the computer, with a control assembly con­
taining the necessary circuitry and switching pro­
visions to perform both static and dynamic tests on 
each component in the computer. Standard test pro­
grams are permanently-wired into each panel to connect 
the computer control circuits and appropriate com­
ponents for the desired tests. These connections are 
made by pins inserted into the holes in the patch panel. 
When the PMC Panel is installed in the patch-bay 
these pins engage the spring contacts of the patch-bay 
in the same manner as the patch cord tips. 

Two PMC Panels (Figure 63) are necessary for a com­
plete test of the 231R-V Analog Computing System -­
one model to check all linear computing elements and 
another to check all non-linear components. Since no 
patching alterations or potentiometer coefficient 
changes are necessary to perform tests with thePMC's, 
a problem may be interrupted at any time to verify com­
ponent performance. Switches located on the PMC 
Panel select the tests, and make the proper connections 
to the components under test. 

When using the PMC Panels, the console monitoring 
facilities operate in a normal manner - enabling the 

Figure 61. Test Cable Well 

test results to be observed on the computer Electronic 
Digital Voltmeter. Furthermore, by employing the 
Automatic Extended Read-Out (AERO) System with the 
associated digital printer, results may be automati­
cally recorded. Multi-channel recorders and X-Y 
plotters are also used with certain test procedures. 

Figure 62. Control Panel 
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(a) Linear 

(b) Nonlinear 

Figure 63. Preventive Maintenance Check (PMC) Panels 
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Figure 64. Component Service Shelf 

MISCELLANEOUS TEST EQUIPMENT 

An assortment of special tools, test e quipment , spar e 
parts, etc . , are provided as standard equipment with 
each EAI 231R- V Analog Computing System to aid in 
the service an d maintenance of the computing com­
ponen ts. Test equipment supplied includes service 
shelves, test cables, and printed circuit card extenders 
for the compon ents co ntai ned in the co mputer. The 
service shelves and tes t cables make possibl e the 
general trouble -shooting and repair of indi vidu al com­
ponent chassis . Wh e n installe d in th e computer , the 
servi ce shelf (Figure 64) performs th e function of a 
test ji g which may be s ubstitute d for th e component. 
The asso ciated test cable th e n may be use d to provide 
comp lete electr i cal connections for the compon ent. In 
this manner the ci rcuitry is made availab le to ma inte­
nan ce personnel while the component remains e lectri­
cally connected to the computer. In the case of co m­
ponents which contain printed circuit cards, printe d 
circuit card extenders are s upplied to permit access to 
circui t components. 



COMPUTATION SERVICES 

The availability af suppart services fram the manu­
facturer is essential to. the successful aperatian af a 
large-scale camputing labaratary. Such suppart shauld 
nat anly assure the satisfactary aperatian af the cam­
puter, but pravide far its full utilizatian as an effective 
prablem-salving taal as well. EAI has incarparated 
this basic philasaphy into. a camplete pragram af 
custamer suppart activities to. assist the user in main­
taining equipment, in training persannel, and· in apply­
ing new camputing techniques to. the salutian af scien­
tific and engineering prablems. Cantinued suppart af 
this type has been largely respansibile far the high 
degree af custamer acceptance af the 231R Analag 
Camputing System. 

Available services fall into. twa general categaries: 
thase assaciated with training, applicatians assistance, 
and camputer time rental, and thase as.saciated with 
maintenance, repair service, and availability af re­
placement parts. Each af these functians is assigned 
to. a specific department in the EAI arganizatian to. 
assure the custamer af immediate respanse to. requests. 

Far thase services requiring an extensive knawledge af 
the pragramming and applicatian af camputing equip­
ment, EAI maintains and aperates a number af Campu­
tatian Centers in the United States and Eurape that 
affer equipment rental, applicatians assistance, train­
ing, and systems analysis. A camplete staff af ex­
perienced engineering and scientific persannel is 
available at each lacatian to. analyze technical prab­
lems, interpret scientific data, and pravide camplete 
engineering assistance to. custamers. These persannel 
are also. available to. canduct tr aining pragrams at 
custamer installatians and to. assist in the pragramming 
and aperatian af EAI camputing equipment. 

EAI has established a large netwark af regianal service 
engineering affices and parts depats thraughaut the 
warld. Each af the regianal lacatians is equipped to. 
pravide rapid and efficient service to. guarantee maxi­
mum utilizatian af EAI camputing equipment. Trained 
service engineering persannel are available at each 
affice to. supply emergency service when needed. EAI 
also. affers a variety af maintenance pragrams under 
which EAI persannel will assume camplete respansibil­
ity far the maintenance af custamer equipment, ar will 
serve to. supplement the custamer's awn maintenance 
staff. 

Inter-related aperatians in research, engineering, 
manufacturing and marketing activities makes it passi­
ble far EAI to. pravide this extensive back-up suppart 
- suppart that is available anly fram a majar manu­
facturer af electranic equipment. This camplete tech­
nical capability and EAl's exceptionally high stand-

ards af quality stand behind every EAI camputing 
system - assuring the custamer af camplete and pra­
fessianal suppart in the aperatian af his camputatian 
facility. 

TRAINING 

General-Purpase Analag Camputers, like ather camplex 
equipment, are anly as effective as the persannel who. 
use them. Praper maintenance and aperatian, as well 
as the pragramming, af any camputer requires special­
ized training - with apprapriate emphasis placed an 
the use af the techniques which permit mare effective 
utilizatian af the equipment. 

Since 1957 EAI has affered a camplete curriculum af 
intraductary and advanced caurses in analag camputa­
tian, including general camputer training as well as 
caurses related to. specific EAI camputing equipment. 
Advanced caurses are also. given an hybr id and analag 
camputatian which caver specific fields af applicatian 
such as chemical pracess, aeraspace, and bia-medical 
simulation. Althaugh these pragrams are affered peri­
adically at the EAI Camputatian Centers, general and 
specialized caurses, tailared to. individual require­
ments, may also. be presented at custamer facilities. 
To. supplement the training available at its Camputatian 
Centers, EAI will wark clasely with calleges and uni­
versities to. establish 'an-campus' caurses in camputa­
tian far industry, gavernment, and uni versity persannel. 

All EAI training pragrams are canducted by experienced 
engineer-instructars, who. also. prepare the written and 
visual training material. Since the instructars, when 
nat actually engaged in classraam wark, are assigned 
to. simulatian and analysis prajects far the many argan­
izatians served by the EAI Camputatian Centers, the 
mast recent develapments in camputing applicatians 
are integrated into. the training pragrams. 

Operation and Maintenance Courses 

With each 231R-V Analag Camputing System, a camplete 
training pragram is pravided far the aperatian and 
maintenance af the computer and its peripheral equip­
ment. This progr am, given periodically at the EAI 
Camputatian Centers, is divided into two courses. The 
first af these describes the programming and operatian 
af the computer, while the second familiarizes customer 
maintenance personnel with standard servicing techni­
ques and procedures. Each course cansists of a. week 
or more of lectures, homework assignments and labo­
ratary sessions - which make use of the 231R comput­
ing equipment installed at the Computation Centers. 

The Operators Course for the 231R begins with an 
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introduction to general-purpose analog computers, and 
is followed by coverage of the programming procedures 
and techniques for each computing component. In th e 
area of programming, the complete process from prob­
lem preparation to the actual solution on the computer 
is presented. Teams of three to five students are as­
signed to each of the computers to program problems, 
practice program checkout procedures and to produce 
solutions. This gives the student opportunity to make 
use of the lecture material and to gain operating ex­
perience on the 231R computer. 

The Maintenance Course includes a description of 
231R-V computing components, control console and 
peripheral equipment, and details the proper preventive 
maintenance and servicing techniques for this equip­
ment. Functional performance of each element, its 
h-lock diagram and circuit functions are presented to 
familiarize the student with component failure charac­
teristics. Preventive maintenance routines, test and 
alignment procedures and program patching are also 
taught. Laboratory sessions allow the student to put 
the test and maintenance procedures into practice, and 
to develop a proficiency through trouble-shooting mal­
functions intentionally introduced into equipment by 
the instructor. 

Applications Courses 

In addition to courses in the operation and maintenance 
of EAI computing .equipment, tuition courses are avail­
able which cover the application of general-purpose 
analog and hybrid computing equipment to industrial 
problems. These courses are general in nature, and 
are not specifically related to EAI computing equip­
ment. A variety of courses on advanced computing 
techniques used in general and in specific industries 
are also offered. 

Each. course develops the mathematical approach, and 
provides the basic analytical methods to be applied to 
a number of different problems. Lectures, homework, 
and laboratory assignments make it possible for the 
student to apply his engineering and mathematical 
training to the effective use of simulation in the analy­
sis of physical systems. In addition to providing the 
fundamentals of analog computation, courses include 
advanced techniques in partial differential equations, 
iterative computation, repetitive operation, and the use 
of such mathematical tools as vector analysis, method 
of steepest descents, and the adjoint technique. These 
methods, which have been proven successful in prac­
tice, are illustrated by examples drawn from EAI's 
experience in applying computers to modern scientific 
and engineering problems. 

The Applications Courses are designed to give scien­
tists and engineers a working knowledge of the analog 
computer and its applications. Their object is to train 
qualified people to plan and direct the use of computers 
in their industries for activities which are presently 
undertaken by manual calculation, direct experimenta­
tion, or prototype testing. Upon completion, the engi­
neer is conversant with many areas of mathematical 
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model building, and the use of modern computing tech­
niques to expedite this process. 

MAINTENANCE 

The efficient operation of a large-scale computing 
laboratory is dependent, to a large extent, on the 
availability of trained maintenance personnel - able 
to perform routine preventive maintenance checks as 
well as to trouble shoot and service the computer. 
Since the development of a staff with this level of ex­
perience takes considerable time, it is particularly 
important to the customer that the manufacturer of the 
computing equipment be in a position to supply this 
service in the degree necessary for each installation. 

EAI offers this through a world-wide organization of 
experienced service engineers. Distributed among 
more than 13 field service offices, these men are on 
call to provide assistance to the customer whenever 
and wherever it is needed. Comprehensive and effective 
programs for preventive, corrective, and emergency 
maintenance of EAI computing equipment - tailored 
to individual requirements -- are readily available. 

Years of experience in maintaining analog and hybrid 
computing equipment, analog and digital plotters, 
simulators and checkout systems, industrial and labo­
ratory instruments and industrial control systems has 
resulted in a diversified and thorough knowledge of 
electronic equipment and systems. The decentraliza­
tion of personnel, repair facilities and parts depots 
has made possible the complete maintenance of any 
sized installation, containing electronic equipment of 
all types of manufacture. This capability, coupled 
with the philosophy of controlling system performance 
instead of being controlled by equipment failure, has 
established EAI's record for qualified, dependable, 
timely service to industrial, university, commercial, 
military, and government installations. 

Service engineering is responsible for the installation, 
checkout and warranty maintenance of all EAI systems. 
Pre-installation planning and layout, installation, 
system operation and specification tests, customer 
familiarization and training assures maximum satisfac­
tion from EAI computing equipment. 

As a further service, EAI field engineers maintain 
close customer liaison through courtesy calls for 
technical assistance to engineering and maintenance 
personnel. Information on the latest engineeringmodifi­
cations and product improvements are automati cally 
provided as continued support in maintaining an up-to­
date facility. 

Installation 

During the installation of each 231R Analog Computing 
System, the EAI service engineer carries out a series 
of on-site tests to verify that the equipment meets its 
operational and performance specifications. These 
tests include the repetition of tests conducted during 
the final system checkout at the EAI manufacturing 
facility, and a comparison of results to assure that no 



damage has come to the equipment through handling 
and shipping. Shortly after installation the service 
engineer returns to the customer installation to correct 
any subsequent malfunctions. Thereafter he will make 
courtesy visits whenever possible to assist customer 
personnel in the maintenance of the facility. 

When emergency service is required, every effort is 
made to accomplish repairs as rapidly and economically 
as possible. Not only are the most frequently needed 
spares available at the regional service engineering 
offices, but a close liaison with the EAI parts sales 
departments guarantees rapid delivery of necessary 
replacement parts. 

The customer is supplied regularly with bulletins that 
describe new modifications and improvements to keep 
existing 231R equipment up-to-date. As design im­
provements are made, or new maintenance techniques 
develop, these bulletins are prepared and distributed to 
all 231R users. 

Maintenance Contracts 

To assure high quality maintenance service on a 
regular basis - to supplement existing staffs or to 
serve as the maintenance staff - EAI offers a variety 
of service engineering programs on a contract basis. 
These programs range from complete resident field 
service to periodic service programs. Weekly or 
monthly visits can be arranged, as well as longer 
periods, to assist the customer with major expansion 
or modification programs. 

EAI resident field engineers are responsible for the 
execution of maintenance programs, inventory control, 
availability of replacement parts and the proper opera­
tion of equipment at all times. This service not only 
assures maximum availability of computing equipment, 
but also provides an opportunity to train customer 
personnel in the service and maintenance of EAI com­
puters. When the training of customer personnel has 
advanced to an appropriate level, the resident contract 
may be converted to a periodic service program. As an 
optional part of the field service program, the customer 
may also contract to have the EAI field engineer stock 
and supply necessary replacement parts and provide 
major factory repairs for a fixed annual fee. This 
frees the customer from the burden of handling the 
purchase of small parts, and avoids a substantial in­
vestment in stocking replacement parts. 

Equipment Repair 

For those repairs which are impractical or inconvenient 
for the customer to perform, EAI offers an equipment 
repair service at several of their field service offices. 
Each repair center is fully-equipped for testing or re­
calibration of computing equipment. 

In order to provide rapid response to customer requests 
for replacement parts, EAI maintains a separate parts 
sales department. Qualified technical personnel assist 
the user in determining the proper replacement parts and 
in expediting the delivery of these parts. In cases 

where equivalent parts may be obtained locally from an 
electronic supplier, EAI provides the customer with all 
necessary information. Over 50,000 separate items 
which are manufactured by EAI, or supplied by other 
manufacturers to EAI specifications, are indexed and 
programmed for rapid location, quick delivery, and auto­
matic inventory control - thus guaranteeing maximum 
service for the life of the computer. 

COMPUT A TIOH 

Frequently, organizations with problems which require 
the use of electronic computing equipment do not have 
a sufficient volume of work to justify establishing 
their own computing facility. In order to make avail­
able to these organizations the needed computation 
service, EAI maintains and operates a number of Compu­
tation Centers in the United States and Europe. These 
Centers are strategically located to serve industry, 
research, and government organizations and include the 
most up-to-date EAI computing equipment together with 
a staff of trained engineering and scientific personnel 
thoroughly familiar with both analog and digital com­
puting equipment. Facilities are designed for maximum 
convenience and security and are staffed by personnel 
experienced not only in the computing sciences, but 
also in a variety of industrial fields. Each staff mem­
ber is both a skilled scientist and an experienced 
engineer. 

Almost a decade of successful teamwork with scientific, 
industrial and research organizations s tan d s behind 
the accomplishments of the EAI Computation Center 
staff. This experience has provided many organizations 
with the broad insight necessary to overcome communi­
cations barriers for effective exploitation of modern 
computing techniques. Organizations with tasks in 
such fields as physical science, engineering, manage­
ment control, and data processing who have found the 
cost of duplicating EAI facilities and capabilities to 
be prohibitive, employ the Computation Center services 
on a regular basis. This has frequently proven to be 
the best way to obtain the benefits of modern computing. 
science without extensive capital investment. The 
ability and experience to design and implement pro­
grams for all computer systems, both large and small, 
brings to these customers the most advanced techniques 
for tasks ranging from operations research to the solu­
tion of partial differential equations. 

Large-scale computing equipment available at the 
Computation Centers includes fully-expanded 231R 
Analog, and HYDAC Hybrid Digital-Analog Computing 
Systems. Portable computers are also available for 
off-site use. Because modern computing science con­
stantly creates better methods and equipment to meet 
new demands, a program of updating on a continuing 
basis brings these benefits to Computation Center 
users. As a result of systematic updating, average age 
of computing equipment never exceed 1.5 years. 

Security-cleared facilities and personnel are available, 
and all requirements for receipt, storage and transmis­
sion of classified information are rigidly fulfilled. 
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Methodical procedures have been initiated to safeguard 
proprietary information received from private industry 
and research organizations employing these services. 
Classified files for both Government and private indus­
try are maintained and no information may be released 
without appropriate approval or clearance. 

Centers are h.oused in modern, air-conditioned buildings 
designed for maximum efficiency, both as computation 
laboratories and engineering centers. EAI brings the 

56 

most advanced economical, efficient methods and 
machines of computing science within financial reach 
of every industrial, government, or research organi­
zation. 

Because the needs of organizations vary from computer­
time rental to analytical design tasks, preliminary dis­
cussions with Computation Center representatives to 
define individual requirements are encouraged. 
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