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Figure 1.1 Typical MiniAC Computing System



CHAPTER 1
L
INTRODUCTION

1.1 THE EAI MiniAC™ (Figure 1.1

The EAl MiniAC is an educational analog/hybrid simulation system specifically designed for technical colleges,
university engineering and science departments, and industrial training groups. Peripherals that can be used with the
MiniAC include an X-Y Plotter, and a display scope.

The MiniAC Console is the major system component and is a self-contained 10 volt reference analog computer. This
computer contains anaiog and logic computational components, control logic, hybrid (anaiog/logic interface}
components, and operating controls. A basic system can solve a non-linear second-order differential equation with an
imposed limit and has provisions for an analog comparison and logical operation. A fully expanded system can solve an
automatic optimization and plot two to three non-linear third order differential equations. Problems are introduced at a
removable patch panel; the removable feature permits storage of programmed problems,

1.2 PURPOSE OF MANUAL
This manual is written with three specific goals in mind:

1. To familiarize all users with the computer organization and patching facilities, the basic functions of the
various operating controls and indicators, and the general operation of the system as a whole.

2. To provide a guide for the occasional user or trainee that allows him to patch and run his particular probiem
without delving into circuit related details.

3. To provide the relatively experienced user those details that will permit him to utilize the MiniAC to its
fullest extent.

1.3 STRUCTURE OF MANUAL
To achieve the above goals, this manual is divided into three separate and distinct parts as follows:

PART 7 — FAMILIARIZATION AND GENERAL OPERATION
PART 2 — USERS GUIDE
PART 3— REFERENCE HANDBOOK

Each part of this manual is divided into three or more chapters. All chapters are numbered consecutively within a part,
and from part-to-part.

PART 1 — FAMILIARIZATION AND GENERAL OPERATION
Is oriented toward all users and consists of Chapters 1 through 3. Describes the overall system, locates and
identifies all major components, and contains general operating information for the computer as a whole. The

uset should be completely familiar with PART 1 hefore attempting to use the MiniAC or before proceeding to
either PART 2 or 3.

PART 2 — USERS GUIDE

Consists of Chapters 4 through 12. This portion of the manual is directed at the infrequent user and/or the
trainee. Part 2 is oriented toward problem solving and carries the user from patching and setting up the simplest
mathematical function all the way up to patching and running a sample two point boundary value problem.
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PART 3 - REFERENCE HANDBQOK

The reference handbook portion of this manual {Chapters 13 through 29) is directed toward the frequent or
relatively experienced user. Part 3 describes in detail the workings of the MiniAC subsystem by subsystem and
component by component. Sufficient information is provided to permit the experienced programmer to fully
utilize all programmable features to devise unique patching schemes on a subsystem and an individual component
basis.

1.4 HOW TO USE THIS MANUAL

First, read Part 1 to become thoroughly familiar with the arganization of the machine, the patch panel, the basic
function of the various controls and indicators, and the general operating procedures, Then, if reasonably on board with
Analog Programming and analog computers in general, refer to the reference handbook portion of the manual. If this is
your first introduction to an analog computer or you have seldom used ane, it is advisable to proceed directly to the
Users Guide. In either case (experienced or trainee), a cursory review of the Table of Contents will aid you in locating
specific information required to patch and run your particular problem,



CHAPTER 2

|
MACHINE ORGANIZATION

21 INTRODUCTION

This chapter provides information to acquaint the user with the appearance, location, and basic functions of major
components of the EAl MiniAC, Figure 1.1 illustrates a typical system with peripheral devices. The MiniAC is the heart
of the system and contains all necessary analog programming facilities, computing elements, control features, and basic
monitoring devices. All uncommitted programmable components are terminated at the patch panel and are
interconnected with patch cords as required by the specific program. The peripheral devices permit the operator to
interact with the master program and graphically record or document instantaneous problem solutions. The following
paragraphs give a brief description of those portions of the console (Figure 2.1) that are of prime importance to the
programmer/operator.

2.2 THE ANALOG COMPONENTS

A fully expanded MiniAC provides an array of analog computational devices. Table 2.1 lists the analog equipment
complement provided with a fully expanded MiniAC, This table alsc includes specific chapter references in which each
component is described. With the exception of the manual switches, coefficient potentiometers, and the variable
function generator, all analog components that perform mathematical functions are located directly behind the
setup switch/overload indicator panel.

Table 2.1. Equipment Complement: Analog Components

Chapter Reference
Component Quantity
Users Guide Reference Handbock
Linear (Including those associated with
multipliers, function generators, etc.):
Summer/Integrator (Z/]) 6 5 21
Five-Input Summer/High Gain {Z) 3 19
Five-Input Summer/Track Store {X/TS) 3 20
Two-Input Summer/Inverter (MULT/DIV) 3 23
Three-Input Summer (FG) 2 J 24
Inverter {VFG) 2 5 25
Potentiometers 18 5,6 18
Non-Linear:
Multiplier (MULT/DIV}; 3 b 23
Function Generators:
Log/Exponential 2 5 24
Variable {10 Segment) 2 7 25
Interval Timer: 1 9,10 29
Manual Switches: 3 5 28
Trunks: 12 - 14
Digital Voltmeter (DVM) 1 6 i6
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2,3 THE LOGIC COMPONENTS

The various logic elements available for use in the MiniAC provide operational flexibility to physical system simulation,
These logic elements permit simulation of descrete and continuous systems and provide a wide range of flexibility in
problem control. In other words, a logical event can be used to control an analog function and vice versa. All logic
elements (such as pushbutton tlip-flops, general purpose flip-flops, and the counter/timer) are physically located
directly behind the logic control panel (Figure 2.1). Table 2.2 lists the equipment complement provided with the logic
expansion and specifies the chapter(s} in which each component is described.

Table 2.2. Equipment Complement: Logic Components

Component Quantity Chapter Reference
Users Guide Reference Handbook

Gates:

Two Input 6 11 26

Four Input 4
Counter/Timer: 1 1 29
Flip-Flops:

General Purpose 4 11 57

Pushbutton 2
Monostable Muitivibrator (One Shot): 1 1 29

24 THE ANALOG/LOGIC INTERFACE COMPONENTS

Analog/logic interface components provide interface and control between the analog and logic portions of a program.
These devices include analog controlled digital {A/D) comparators and digital controlled analog (D/A) switches,

The equipment complement of analog/logic interface components is listed in Table 2.3. This table also includes specific
chapter references in which these devices are described. Like the analog and logic components, these hybrid devices are
terminated at the patch panel.

Table 2.3. Equipment Complement: Analog/Logic Interface Compaonents

Chapter Reference
Component Quantity
Users Guide Reference Handbook
A/D Comparators: 3 5 28
D/A Switches:
Uncommitted {SW) 3 5 28
Summer/Integrator Committed {10SW) 12 5 21
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2.5 THE CONTROL AND MONITORING SYSTEMS

The MiniAC is equipped with versatile control and monitoring systems that permit: selection of addressable analog
components for value readout and display; control of analog time scale; control of analog and legic modes; and slave
operations. Complete monitoring facilities are provided that permit status readout of togic elements as well as indicating
amplifier overload conditions. All aspects of these systems are described in Chapters 14 through 17 of the Reference
Handbook.

2.6 THE PATCH PANEL
2.6.1 INTRODUCTION

The following paragraphs describe the patch panel layout. This includes: general patch panel location of individual
components and controls; the component location numbering system {address): and general color coding information.
Detailed information concerning patch panel layout for individual components and controls (including patching
techniques and methods) are given in subsequent chapters describing the specific component or control system.

The removable panel (Figure 2.2) provides readily accessable termination and interconnection points for assembling
(patching) devices that perform mathematical and logical functions in any array required to obtain a given problem
solution. The patch panel also provides patching facilities for probtem control purposes and problem solution outputs.

Patching is the act of interconnecting the mathematical and logical elements so that the assembled {patched) devices
correspond to the “paper” program. Patching may be performed with the panel on the computer, or “"off-line”’. If more
than one patch panel is available, a problem may be prepatched {remotely from the machine) while another problem is
being run. In other words, one user can produce a problem solution while another is preparing a problem. The
availability of multiple patch panels permits retaining {storing) a patched problem or simulation that may be used
frequently for demonstration or other purposes,

2.6.2 PATCHPANEL LAYOUT
2.6.2.1 General

For ease in programming and Ioc:ating components for patching, the MiniAC patch panel is divided into symmetrical
fields. Basically, there are three nearly identical analog fields, an analog trunk field, a logic field, and a contro! field.
Each field is distinct and readily identified. Figure 2.3 is a simplified diagram of the patch panel and shows the general
patching outlines and areas associated with each field. As an aid in identifying the various patching areas, compare this
illustration to the patch panel details shown in Figure 2.2.
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2.6.2.2 The Analog Fields

Sw: DIGITAL CONTROLLED ANALOG SWITCH

Figure 2.3. General Patching Areas

Basically, each analog field is divided into six rectangular patching areas, or modules. Each module provides
terminations for at least two analog components. For patching convenience, each module includes terminations for a
potentiometer, and computer reference {£1.0 machine units) is distributed throughout each field.

A two digit number embossed en the patch panel identifies the patching module and the field, The first digit {(1-3) is
the field designation. The second digit is the assigned module number {1-6). For example, the fifth patching module in
field one is assigned the number 15 {field 1, module 5). Therefore, analog components terminated in this field/module

are identified by the number 15,

In addition to the field/module numbering system, modules are further identified by a symbol or mnemonic
designation that indicates the major computing component terminated in that module. For example, modules 7 and 2
in each field are marked with the X/f symbol (Figures 2.2 and 2.3}. This indicates that the major computing



component terminated in these modules is the summer/integrator, Table 2.4 lists each component and facility
terminated in the patch panel analog field, identifies each by symbol or mnemanic designation and module number,
and lists the quantity per field.

Table 2.4. Patch Panel Field Assignments for Analog Components

Symbol Quantity Per Field
or Mnemonic Module
Analog Component or Facility Panel Marking Number 1 2 3 Totals
Summer/Integrator z/ 1,2 2 2 2 6
Summer/High Gain z 3 1 1 1 3
Comparator COMP 3 1 1 1 3
Summer/Track Store /TS 4 1 1 1 3
Multiplier MULT/DIV 5 1 1 1 3
Digital Controlled Analog Switch Sw 5 1 1 1 3
Limiter LMTR b 1 1 1 3
Log X Function Generator FG 6 1 1 0 2
Manual Switch MAN Sw 6 1 1 1 3
Variable Function Generator VFG 6/7 0 0 2 2
Potentiometer None 1-6 6 6 6 18
{Colored
coded
yellow)
Positive Reference + 1-4,6 5 5 5 15
Negative Reference — 1-4,6 5 5 5 15
Analog Ground None N/A 0 0 8 8
{Color
coded
black])

To simplify the process of patching a problem, the analog fields use a readily identifiable color code. The principle
colors used are green, red, orange, yellow, white and black.

Green = Analog component inputs,

Red = Analog component outputs and positive reference.
Orange = Minus reference

Yellow = Potentiometers

White = Passive element manual switches and limiters
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2.6.2.3 The Trunk Field

The trunk field is located between analog fields one and two and is identified by the designation TRUNKS. These
terminations provide 12 general purpose trunk lines for exchanging analog data with another computer or for use with
external analog devices.

2.6.2.4 The Logic Field

All logic camputing elements are terminated in the patching area directly below Analog Field 3 (Figures 2.2 and 2.3).
Logic component terminations are contained in a separate field to minimize cross-talk {noise pick-up) and to reduce the
possibility of inadvertently patching an analog signal to a logic component, or vice versa.

The logic field has provisions for program patching of: AND gates, a counter/timer; general purpose and pushbutton
flip-flops, a monostable multivibrator, and down counted clock pulses. With the exception of AND gates, all logic
outputs on the patch panel are synchronized with the system clock. Each logic component is identified by panel
markings as indicated in the following list:

Logic Component Panel Designation Quantity
Gates: ‘

Two-Input GATE 1to GATE 6 6

Four-lnput GATE 7 to GATE 10 4
Counter/Timer CTR/TMR 1
General Purpose Flip-Flops FF1to FF4 4
Pushbutton Flip-Flops PB1 and PB2 2
Down Counted Clock PULSES {10°, 10%, 10°, 10%) 4
Monostable Multivibrator (One Shot) MONO 1

To simplify the process of patching a problem, the logic field has a color code simitar to that of the analog fields. The
colors used are green, orange, and red, These indicate the following:

Green = Logic inputs {1 = +5V;: 0= GRD)

Orange = Asynchronous {unclocked) logic outputs,

Red = Synchronous {clocked) logic outputs.

Red on White = Logic level output.

2.6.2.5 The Control Field

The control field {Figures 2.2 and 2.3) is the white patching area separating analog fields 1 and 2 from analog field 3
and the logic field. Primarily, the control field provides patching facilities to permit logic signals to be used for
individual component and computer mode control. The control field is functionally divided into three major areas as
follows:



1. Readout Selection and Control
2. Master mode Control

3. Local Control

The readout area is located in the uppermost portion of the control field and permits patching the readout setector to
external devices, as well as logic start/stop control of a remote display device (recorder or oscitloscope}.

The inverted L shaped area below the readout termination group is devoted to logic control of computer modes. That
is, if the patch panel {PP) is selected as master, the IC, H and OP modes can be selected by patching of logic signals. An
interval timer is terminated in this area to permit automatic repetitive operations,

The patch panel provides terminations that permit individual logic control of analog components terminated in analog
fields 1 through 3. Controlling individual anzlog components with logic levels patched at the control field is referred to
as local control. Local control functions that can be performed by patching include: integrator time scale and mode;
track-store/summer mode; D/A switch operation; and latch control of comparators. These logic control terminations
are divided into three identical groups {one for each analog field) and are identitied using the field/module numbering
system described in Paragraph 2.6.2.2. To avoid confusion and for simplicity of patching, all local controls are marked
with the corresponding field/module number and are further identified by the applicable symbol or mnemonic
designation. As in the logic and analog fields, the control field is also color coded. However, in this case the panel
symbol or lettering is color coded, not the background. The color codes used are green, red, and black. These indicate
the following:

Green = Logic input in all areas. DISPLAY 1-7 and MTR-IN may also be used as analog inputs.
Red = Synchronous logic output or fixed logic level (0 = logic zero output).

Black = Analeg ground.

2.7 DVMAND COEFFICIENT POT PANEL

The DVM and coefficient pot panel (Figure 2.4} contains the digital voltmeter (DVM) and the controls required to set
constant coefficients into an analog program. The DVM displays the numeric value (in machine units) ot any
component selected for readout. Refer to Chapter 6 in the User's Guide or Chapter 16 in the Reference Handbook
portion of this manual.

Problem coefficients are normally provided by the preset potentiometers mounted on this panel. These pots are
arranged in three vertical columns with six in a column. Each pot is terminated at the patch panel and is identified by
the numerical panel marking that correspoends to the patch panel address described in Paragraph 2.6. The individual pat
knobs are used to preset the desired coefficient value, The pushbutten switches immediately to the right of each pot are
used to display the pot output on the DVM. Pot setting procedures are given in Chapters 6 and 18 of the User's Guide
and Reference Handbook respectively.
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Figure 2.4. DVM and Coefficient Pot Panel

2.8 THE VFG PANEL

The variable diode function generator (VFG) is located directly behind the removable VFG panel (Figure 2.1). This
panel is only removed during set-up of the VFG and should remain in place at all other times to avoid inadvertently
disturbing the VFG setup. The VFG is described in Chapter 7 of the User’s Guide and Chapter 25 of the Reference
Handbook,

2.9 THE ANALOG CONTROL PANEL

The analog control panel (Figure 2.5} is located at the right side of the MiniAC directly below the VFG panel. This
control panel contains the power on switch; the computer analog mode controls; the time scale (rate) control; the
interval timer controls; the readout signal selector; manual switches and manual controls for the comparators. The basic
description and function of each control and indicator is given in Table 2.5.



SELECTOR

4
X5-X105 SECONDS 5
ANALOG MODE :
.
7 SEE TABLE 2.5 6
Figure 2.5. Analog Contral Panel
Table 2.5. Analog Control Panel: Controls and Indicators (Ref. Figure 2.5)
Control or Indicatar Chapter Ref.
Index | Type Desig. Position Function Users Ref
No. or Section Guide | Hdbk
1 3-Position MAN SW Used for manual control of analog functions. 5 28
Toggle (16,26,36) Numbered designations correspond to patch
Switch panel address in which these switches are

terminated.

Up When up (top of switch flush with panel}, UP
termination on patch panel is connected to
the switch wiper (arm}.

Down When down (bottom of switch flush with panel),
DN termination is connected to switch wiper.

Centered When centered, neither UP or DN is connected
to switch wiper.

{Cont)



Table 2.5. Analog Control Panel: Controls and Indicators {Continued)

Control or Indicator Chapter Ref.
Index | Type Desig. Position Function Users| Ref
No. or Section Guide| Hdbk
2 21-Position | SELEC- Selects addressed component for readout on DVM. 8 16
Rotary TOR-1 Connects output of selected device to SELECTOR-1
Switch output termination on patch panel.
11-37 Setting SELECTOR-1 at any one of these positions

selects the amplifier output of the addressed device
for readout as follows:

11,12,21,22,31,32=2/J

13,23,33=2/HG

14,24,34=2/TS

15,25,35=MULT/DIV

16,26=FG
36,37=VFG
T Selects ramp output of timer for readout.
MTR Selects any signal patched to MTR-IN termination
for readout.
3 20-Position | SELEC- 11-37 Connects output of addressed component to 8 16
Rotary TOR-2 and T SELECTOR-2 patch pane! terminations. All
Switch positions identical to SELECTOR-1 except
there is no MTR position.
4 4-Position TIMER- 1 Selects duration and range of timer intervals 9,10 29
Rotary SECONDS| .1 as follows:
Switch 01 A Interval B Interval
001 'E (Approx.) (Range}
1 0.7% 55-105S
A 0.75 .55-10.65
01 7MS 50MS-1.055
.001 7M3 5MS-0.105S
5 10 Turn TIMER Adjustable Selects duration of Timer B interval. Direct dial 9,10 29
Calibrated X5-X105 readout is muitiplied by TIMER-SECONDS
Potentiom- switch setting.
eter
6 Latching POWER Set When set (depressed), applies ac power to the 3
Pushbutton MiniAC.
Switch
Reset When reset (released), removes power.
(Cont)
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Tabie 2,6, Analog Control Panel: Controls and Indicators (Continued)

Control or Indicator

Chapter Ref.

Index | Type Desig. Position Function Users Ref
No. or Section Guide | Hdbk
7 Pushbutton | ANALOG Permit selection of any one of four analog modes 9,10 1417

Lamp MODE and source of master mode control. All except
Switches SL light to indicate selected mode.
{5)
IC Initial Condition: When depressed, integrators
attain their initial values.
HD Hold: When depressed, integrators not under
local mode control enter Hold {H) mode.
0]y Operate: When depressed, places integrators
- not under local mode control in Operate (OP)
mode.
PP Patch Panel: When depressed selects patch panel
control of the 1C, OP and H modes.
SP Set Pot: When depressed, selects Set Pot mode.
Essentially, places feedback around all amplifiers
to permit pots to be set under normal load con-
ditions.
Latching SL SLAVE: When two computers are intercannected,
Pushbutton one is usually the master and the other the slave.
When depressed, this switch selects the other
conscle as master.

8 Pushbutton | COMP Primarily used during program checkout to 11 17,28
Lamp {13,23,33) force the corresponding comparator to its oppo-
Switches site state. When lit, comparator true output is

high. When extinguished, output is low.

9 Latching RATE- Set Selects integrator FAST time scale. FAST lamp 11 1417
Pushbutton | FAST lights and the problem solution is 500 times
Lamp faster than normal.

Switch
Reset When reset, the problem solution is at the nor-
mal (or real-time) rate. Lamp is extinguished.
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2.10 THE LOGIC CONTROL PANEL

The logic control panel (Figure 2.6) is located directly below the readout and coefficient pot panel. The logic control
panel has pushbuttons for controlling; the logic modes, the counter/timer, and all pushbutton and general purpose
flip-flops. Indicators under the pushbuttons display the status of these elements. Additionally, this panel displays the
status of all AND gates. Refer to Table 2.6 for a description of the logic controls and indicators.

CTR/TMR

e
LOGIC MODE

2 3 4 35 87 8 %W

SEE TABLE 2.6 A

Figure 2.6. Logic Control Panel

Table 2.6. Logic Control Panel: Controls and Indicators (Ref. Figure 2.6)

2-14

Control or Indicator Chapter Ref,
Funection
Index | Type Desig. Pasition Users Ref
No. or Section Guide Hdbk
1 Indicator GATE Light to indicate that corresponding GATE 1M1 17,26
Lamps (1-10) output is true. Note that indicators for
unpatched gates remain lit.
2 Pushbutton | FF1- S-C The S pushbuttons display status of 11 17,27
Lamp FF4 corresponding numbered flip-flop. When
Switches Sis lit flip-flop is set. When extinguished
{4 pair) flip-fiop is reset or cleared. Depressing
S sets flip-flop. Depressing C clears flip-flop .
Used for initializing and program
checkout.
(Cont)



Table 2.6. Logic Control Panel: Controls and Indicators (Continued)

Index
No.

Control or Indicator

Type

Desig.

Position
or Section

Function

Chapter Ref.

Users
Guide

Ref
Hdbk

7 Pushbutton
switches, 1
momentary

CTR/
TMR

64-1
and
Blank

Numbered pushbuttons used for pre-
selecting desired count. These pushbuttons
light as count is attained. The
undesignated (blank) switch inverts
counter/timer output for program
checkout. This pushbutton also lights

" whenever counter/timer output is true.

11

17,29

Pushbutton
Lamp
Switches

(2 pair)

PB1,
PB2

S-C

Manual controls for pushbutton flip-flops.
Depressing S provides logic one at true
output of corresponding PB termination.
Depressing C cause logic zero at that point.
When PB is set, S indicator tights.

11

17,27

Pushbutton
Lamp
Switches

LOGIC
MODE

Control and display logic operating mode.
When any one switch is depressed, lights
to indicate selected mode.

CLR

Clear: When depressed clears all general
purpase and pushbutton flip-flops, counter/
timer, and down counted clock (PULSES).
Logic then enters STP (Stop} mode.

STP

Stop/Step: When initially depressed stops
running clock and all iogic elements hold
present state. Subsegquent switch operation
generates one clock pulse each time switch is
depressed. Used during program checkout to
manually step logic.

RUN

When depressed, enables running ciock and starts
logic program.

11

15,17
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211 SETUP SWITCH/OVERLOAD INDICATOR PANEL

2111 INTRODUCTION

The setup switch/overfoad indicator panel is located directly below the patch panel. This transluscent drop down panel
conceals the card file containing the majority of the MiniAC analog devices. Figure 2.7 illustrates the card location and

general arrangement of devices contained in the card file. Refer to this iliustration throughout the remainder of this
description.
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Figure 2.7. Setup Switch/Overload Indicatar Panel (Open)

2.11.2 THE IDENTIFICATION STRIP

The numbered designations {11-16, 21-36, and 31-35) on the identification strip at the top of the card file correspond
to the patch panel module address described in Paragraph 2.6. Note that the only analog components not installed in
the card file are the VFG's {devices 36 and 37), the coefficient potentiometers, and the manual switches.

The mathematical symbols and mnemonics directly below each module number identify the functions of the various
«

pushbutton switches mounted on each module, For example, the designation for device 11 indicates that the

upper switch {Z/f} selects the device function. The designation BAL relates to the bottom switch and is used only
during amplifier balancing procedures. The exact functions of the various switches are described in Paragraphs 2.11.3
and 2.11.4, The OUT/IN (black/red color code) at the extreme left of the identification strip indicates the setup switch
position for selecting a device function and corresponds to the color codes for each switch symbol.

2.11.3 THE SETUP SWITCHES

The majority of the MiniAC analog devices are capable of performing two or three mathematical functions. In most
analog computers having multi-purpose devices, the selection of a given function is performed by patching. To simptify



the patching process the components of the MiniAC make use of setup switches. These push-to-set, push-to-release
switches are mounted directly on the component card and must be set up prior to starting a probiem run. Each card has
either one or two set up switches. For example, device 16 is as capable of performing three mathematical functions. It
may be used as a log X function generator, an exponential (antilog) function generator, or as a summer. The desired
function for device 16 is selected using the upper two switches on the card {Figure 2.7). The switch location and its
function is identified by the symbols on the identification strip at the top of the card file. The LOG/EXP designation
corresponds to the uppermost switch, white the FG/Z symbol corresponds to the next lower switch. The slash mark
designates the switch position. The term to the left of the slash mark (color coded black) signifies that this function is
selected when the switch is released (out). The term to the right of the slash mark {color coded red) signifies the
function selected when the switch is set {IN}). These color codes correspond to the color coded OUT/IN designation at
the left of the identification strip. For example, if both device 16 LOG/EXP and FG/Z switches are released (QUT) the
device functions as a log X function generator (LOG-FG). If the (LOG/EXP) switch is set (IN), and the FG/Z switch
released (OUT), the device functions as an exponential function generator (EXP-FG). If the FG/T switch is set (IN}, the
device functions as a simple three input summer (I}, When using any device having two setup switches (15, 25, 35, and
16, 26), the lower switch {when IN) overrides the upper switch.

Table 2.7. lists the various devices and the setup switch function for each.

Table 2.7. Setup Switch Functions

Designation
Module Type Unit {OUT/IN Switch Functions
Number Black/Red)
11,12 Summer/Integrator T When OUT, device performs summation or inversion.
21,22 When IN, device performs integration with respect to
31, 32 time.
13,23 Summer/High-Gain Z/HG When OUT, device performs summation or inversion.
33 When [N, device performs high-gain summation. When
used in high-gain applications, external feedback must
be patched.
14, 24, Summer/Track-Store /TS When OUT, device performs summation or inversion.
34 When IN, device tracks the sum of the inputs and stores
the output on command.
15, 25, Multiply/Divide/Summer M/D When OUT, device perform multiplication (the preduct
36 of two variables). When IN, the device performs the
function of division.

MD/E When OUT, device performs multiplication or division
as determined by M/D switch. When {N, device is a two
input summer/inverter.

16, 26 Log/Exponent/Summer LOG/EXP When OUT, device is a Log X function generator. When
IN, device is an exponential {antilog) function generator.

FG/Y When OUT, device operates as Log X or antilog as determined
by LOG/EXP switch. When IN, device is a three input
summer,
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2.11.4 AMPLIFIER BALANCE CONTROLS

Each amplifier in the MiniAC (Figure 2.7) is provided with controls to permit amplifier balancing. These consist of a
balance potentiometer and a momentary pushbutton balance switch. The balance switch is the battom switch on the
card and is identified by the term BAL directly below the setup switch designations on the identification strip. The
balance switch on each card operates independently of the setup switches to permit amplifier balancing regard|ess of
the selected device function. Refer to Chapter 3 for amplifier balancing procedures.

2.11.5 THE OVERLOAD INDICATORS
As illustrated in Figure 2.7, each device having an amplifier is equipped with an overload indicator. When a device is
forced out of its correct operating range, the corresponding indicator lights and provides easy identification of the
overloaded component. Overloads are commonly caused by incorrect scaling of one or more problem variables. Refer 1o
Reference Handbook, Chapter 17 for a more detailed description of the overload warning system and overload criteria.
2.12 EXTERNAL CONNECTIONS

There are provisions at the rear of the MiniAC for connection of ac power, and interconnecting peripheral devices and
another MiniAC for slave operations. The following list gives the function of each rear mounted connector.

Connector Designation Function

AC Prime power connection. This connector must be connected to correct prime power
source: 115V +10% or 230V £10%, 50 — 60 Hz. Refer to Maintenance Manual, EAI
Publication Number 00 800.2072.

DISPLAY Provides interconnection points for EAl peripheral display devices such as the Models
1110, 1130, and 1140 XY Plotter, and the Model 0.34.0035-1 Display Scope. Refer to
Chapters @ and 10 of the Users Guide,

TRUNK Provides interconnection for exchanging analog data signals between two computers or
external analog devices. The internal trunk lines are terminated in the patch panel
TRUNK field. Refer to Chapter 14 of the Reference Handbook.

SLAVE Provides interconnection with another computer during slave operations. The slaved
computer will respond to all analog mede commands and time scale selection generated
by the master console. Refer to Chapter 14 of the Reference Handbook.



CHAPTER 3

|
GENERAL SYSTEM OPERATIONS

3.1 INTRODUCTION

This chapter is devoted to overall system operations such as: applying power; installing the patch panel; typical
sequence of operations when running a problem; and the methods of recording a problem solution. Unless experienced
with analog computers in general the operator/programmer should not attempt to operate the MiniAC until tharoughly
familiar with machine organization and the functions of all operating controls and indicators {Chapter 2}, and generally
familiar with all aspects of the control and monitoring systems (Chapters 14 through 17},

NOTE

If this is the initial turn-on and setup of the MiniAC, do not
apply power or attempt to operate this machine until all initial
checkout procedures given in the maintenance manual (EA]
Publication Number 00 800.2072) have been performed.

Although amplifier balancing is generally considered as a maintenance routine, procedures are provided to permit the
operator to randomly check amgplifier balance in problems where precise balancing may be deemed critical.

3.2 APPLYING POWER

Operating power is applied to the MiniAC by depressing the POWER pushbutton and then manually selecting either the
IC or SP analog modes and the logic CLR mode.,

Apply power and observe the MiniAC for normal operation as follows:

1. Depress the POWER pushbutton. (Figure 2.5)

2, Depress the ANALOG MODE — IC or SP pushbutton, {Figure 2.5} and observe that the corresponding lamp
lights. In SP, the IC lamp alsc lights.

3. Observe that the overload indicators {Figure 2.7} may randomly indicate overtoad conditions when power is
first applied.

4. Depress the LOGIC MODE — CLR pushbutton and observe that the STP indicator lights and all other
synchronous logic indicators are extinguished (GATE indicators depend on patching).

5. If the accuracy of the problem solution is critical, permit the MiniAC to warm-up for approximately 10
minutes prior to performing a program run,

3.3 PATCHPANEL INSTALLATION AND REMOVAL

The patch panel may be installed with or without power applied to the MiniAC. Install the patch panel as follows:
1. Ensure that the locking lever on the right side of the patch bay is at the fully extended position.

2. Grasp patch panel handles and align the upper and lower locating pins {on the left and right sides of the
panel) with the corresponding slots in the patch bay.

3. Gently insert the pins in the slots until the panel is secured by the spring loaded ball retainers.

4. Raise the locking lever until it snaps in the closed pasition {flush with patch bay).
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CAUTION

Do not force the lever to the locked position. If force is
required, lower the lever, remove the patch panel, and install it
correctly.

Remove the patch panel as follows:
1. Pull the locking lever to the fully extended position.

2. Grasp the patch panel handles, and pull panel straight back.

3.4 RUNNING A TYPICAL PROBLEM

341 INTRODUCTION

The following paragraphs (3.4.2 through 3.4.6) outline the general order of procedure, and provide general instructions
for setting up a typical program. These instructions include preliminary procedures; methods of initializing the analog
and logic components; procedures for testing the program; and the procedure for obtaining the dynamic solution. Note
that these instructions are general in nature and are only provided as a guideline. As applicable, specific chapter and/or
paragraph references are included to direct the user to the detailed operating procedure, Throughout the following
procedures, it is assumed that the program diagram, and program sheet is completed, The program sheet is described in
Paragraph 3.7.

342 PRELIMINARY PROCEDURE

1. Patch the problem in accordance with the program diagram.
2. Install the patch panel {Paragraph 3.3).
3. Select the analog SP and the logic CLR modes.

343 ANALOG INITIALIZING PROCEDURE
1. Using the Program Sheet (Paragraph 3.7), set each analog component function switch for the required
method of operation. Ensure tha the VFG SETUP switches are at OPER.

2. Ensure that the computer is in SP, and using the Program Sheet, set all pots {Chapters 6 and 18) used in the
problem as well as any that are to be used during problem checkout.

3. Set each MAN SW to the position required by the program (Chapters 5 and 28}.
4, Depress the ANALOG MODE-IC pushbutton and set each limiter level {Chapter 22).
h. If not already setup, set the VFG for the desired function (Chapters 7 and 25}.
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344 LOGICINITIALIZING PROCEDURES

1. Set each general purpose flip-flop (GPFF} and each pushbutton flip-flop (PBFF) to the desired initial state
{Chapter 27).

2. Using the CTR/TMR pushbuttons, preselect the desired count {Chapter 29) as indicated on the program
diagram.

3.  Set the TIMER (Chapter 29) for the desired interval as indicated on the program diagram.

345 TESTING THE PROBLEM

A large portion of problem patching may be static tested in the initial Condition (IC) mode. When testing the problem,
the various parameters should be verified against the calculated parameters and should be recorded as a part of problem
documentation. Refer to Chapter 8 of the Users Guide for more information concerning static test methods.

Integrators with zero output in the |C mode can be checked by applying arbitrary initial conditions (usually +
reference) to their 1C inputs. This can be accomplished by the use of manual switches {that should be included in the
program diagram) or by extraneous patching. In either case, all units must be returned to their original initial conditions
prior to starting a program run.

Perform problem checkout as follows:
1. Select the IC mede and apply any arbitrary inputs required for checkout.
Using SELECTOR-1 address each mathematical element in the problem {in turn) for readout on the DVM,

2
3. Compare the selected amplifier output with the calculated values.
4

Using the individual pot readout pushbutton (Chapters 6 and 16}, readout the value of each pot patched
into the problem. Verify the values.

5. Remove any arbitrary initial conditions applied for program checkout.

3.4.6 DYNAMIC SOLUTION

The exact method of obtaining a problem solution is entirely dependent on the type of problem, the desired results,
and the recording methods {if any} used. Some problems may require a single run, while others may require several
runs, with parameter adjustments made between runs, Other problems may require repetitive or iterative operations
with the results displayed on an oscilloscope.

To run a problem that is strictly under operator control {an unautomated program), establish the integrator initial
conditions by placing the computer in IC. (Depress ANALOG MODE - IC pushbutton.) Then, select the Logic Run and
Analog Operate modes (depress LOGIC MODE — RUN and ANALOG MODE — OP pushbuttons}. At the end of the
run, select the analog Initial Condition or Hold Mode (depress ANALOG MODE — IC or H) and the logic Stop mode

(depress LOGIC MODE — STP). If subsequent runs are to be made, update problem parameters as required and repeat
the above procedure.

To run an automatic rep-op or iterative problem, simply initialize the analog and logic portions of the program and then
depress PP. With normal TIMER patching, (Chapter 29) this will start the program run. After the run is completed, aor
the desired results are attained, select I1C and STP.
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3.5 RECORDING PROCEDURES

3.5.1 STATIC READOUT

Static readout of component outputs and parameters is performed using the digital voltmeter (DVM) and/or an external
menitoring device. Selection of components for readout is accomplished by patching and by using the signal selector
system (Chapter 8). Static readout is performed during static test procedures and is an integral part of the program
checkout,

352 DYNAMIC RECORDING AND MONITORING

During a problem run, the problem solution may be observed and/or permanently recorded on any one of several
devices. These include the DVM, and the Models 1110, 1130 and 1140 X-Y Plotter, and the 0.34.0035-1 Display Scope.
The DVM may be used in conjunction with the signal selector system, or the MTR-IN terminations. The remaining
devices are externat to the MiniAC and are selected by patching at the DISPLAY terminations in the patch panel
control field. Their selection is an integral part of the overall program, and is entirely dependent on the
readout/recording requirement. Patching and setup of peripheral devices, is given in Chapters 9 and 10 of the Users
Guide.

3.6 AMPLIFIER BALANCING
Generally amplifier balancing is considered a maintenance function and should be scheduled accordingly.

In some probiems where certain parameters are critical, the operator/programmer may want to ensure that specific
amplifiers are balanced as accurately as possible. The following procedures are provided to permit the
operator/programmer to occasionally check and balance an amplifier, or a small group of amplifiers on an arbitrary
basis.

1.  Open the setup switch/overload indicator panel (Figure 2.7) to gain access to the unit to be balanced.
2. Using SELECTOR-1, address the module for readout on the DVM,

3. Depress and hold the BAL switch {bottommost pushbutton on the unit}) and observe the DVM for an
indication +0.000, +10.

4. if the above requirement is not met, adjust the balance pot for the reading specified in Step 3.
CAUTION

The L/HG cards have more than one potentiometer accessible
for adjustment. In this case, the bottommost pot is the balance
pot. The other adjustments (as well as adjustments internal to
any card) are strictly for maintenance purposes and must not be
tampered with. Failure to observe this precaution will result in
erroneous solutions and may require maintenance downtime to
correct.



3.7 USING THE PROGRAM SHEET

Figure 3.1 is a sample of the Program Sheets used with the MiniAC. This sheet provides a means of documenting the
various program parameters and device assignments and greatly simplifies problem setup. The Program Sheet should
become a part of permanent problem documentation along with the program diagram and any recorded solutions,

MATHEMATICAL FUNCTIONS:

This section of the program sheet is devoted to the analog mathematical elements.

The numbers in the left-hand column correspond to the patch panel address system (Paragraph 2.6). The symbols in the
function column define the device function and corresponding setup switch positions {Paragraph 2.11). For example,
device 11 can be used as a summer (Z) or as an integrator (). When documenting the preblem, simply place a circle
araund the function each device is to perform. This provides a record of device assignments and is most useful during
problem setup.

The NOTES column is used to enter the output variable for each element used in the problem sclution. Any special
operating or programming considerations that must be observed can also be entered here,

The column designated OUTPUT is reserved for entering the output value measured on the DVM during the IC mode
Static Check. Qutput values should be compared against any calculated values entered on the program diagram. Be sure
to enter the proper sign (+ or ).

COEFFICIENT:

The coefficient portion of the program sheet is similar to the Mathematic Functions section. The numbers
correspond to the potentiometer address, and the notes column is used to enter the parameter represented by each pot
coefficient. The pot coefficient (from the program diagram)} is entered in the SETTING column. When performing IC
Mode Static Check, enter the pot output measurement in the QUTPUT column. This should be compared against the
calculated value,

VEG:

This section of the program sheet is tabularized for setup of the Variable Function Generators (Chapters 7 and 25). The
left-hand portion of the table is related to VFG36 and the right-hand portion to VFG37. The columns designated X and
Y are used to enter the pairs of values prior to setting up the VFG. The shaded areas in these columns indicate that
pairs of values are not entered when the VFG's are used as a combined unit in the 20PT mode. As a part of problem
documentation and for ease of VFG setup, always encircle the GAIN setting of the VFG,

GATES (1-10):

The box under each GATE number is used to enter the Static Check output {Logic 7 or 0) of each gate used in the
problem, This provides a record of the gate assignments and indicates the status indicator(s) that should be observed
during problem checkout.

FF, PB, and COMP:

Place a circle around the number that corresponds to any general purpose flip-fiop (FF), pushbutton flip-flop {PB) and
comparator (COMP) used in the problem.

CTR/TMR:

Enter the counter/timer setting in this block.
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MAN SW:

Enter the analog mode corresponding to each position of any manual switch used in the problem.

RATE-F:

if the problem is to be operated at a fast time scale, encircle F,

TIMER:

Enter the timer control settings in this box.



m M | m |AC PROGRAM NAME
DATE
MATHEMATICAL FUNCTION vFo
FUNCTION NOTES OUTPUT GAIN GAIN
nl = s |3|030] [l 30 30
12 z i X Y X Y
3| £ He o
4| T TS |
5| M D I 2
16 | LOG EXP T 3
21l = s 4
22 z i 5
23| T He 6
24| T 7 7
25| M 0 = 8
26 | LOG EXP = )
|l s 10
2| = s GATE
= s 1 ,2,3,4,5,6,7,8 9,10
3| ¥ Ts ]
| w o3 &
36 11 20 NV TR/ TMA :l
37|11 INV NV
.
COEFFICIENT
NOTES SETTING | OUTPUT MAN SW 16 26,36
H uP
12 OFF
13 DN
4
6 RATE
21
22
23
” NOTES
23
26
3
32 T
33
34
3s
| 36

PUBLICATION NO. 953 0108-0

Figure 3.1. Program Sheet

MIEES

3-7/3-8



PART

PART H
USERS GUIDE
(FOR THE INFREQUENT USER OR TRAINEE)

CHAPTER 4 — INTRODUCTION TO USERS GUIDE
CHAPTER 5 — PATCHING AND SETTING UP MATHEMATIC FUNC-
TIONS

CHAPTER 6 — SETTING AND READING COEFFICIENT VALUES

CHAPTER 7 — ARBITRARY FUNCTIONS FROM EMPERICAL DATA

CHAPTER 8 — CHECKING THE ANALOG PROGRAM

CHAPTER 9 — OBTAINING RESULTS USING AN X-Y PLOTTER

CHAPTER 10 — OBTAINING RESULTS USING AN OSCILLOSCOPE
AND HIGH-SPEED REPETITIVE OPERATION

CHAPTER 11 — LOGIC AND ITERATIVE OPERATION

CHAPTER 12 - EXAMPLE OF AUTOMATIC ITERATIVE OPERATION
(A TWO-POINT BOUNDARY VALUE PROBLEM)



CHAPTER 4

INTRODUCTION TO USERS GUIDE

4.7 USERS GUIDE

The following chapters (5 through 12} are oriented toward the infrequent user or trainee. This portion of the manual
provides a guide to permit you to patch and run your problem on a step-by-step basis, 1t is assumed that you have a
scaled analog computer diagram (paper program); and you are now ready to use the MiniAC. Naturally, the first step is
to patch your program. Chapter 5 acts as a translator to permit you to readily relate the symbols on the diagram to
components on the patch panel and their set-up switches, if applicable. This chapter is organized by function.

The next logical steps are to:

1. Set coefficient values, Chapter 6.

2 Setup arbitrary functions (if required) Chapter 7.

3. Static check the patched program, Chapter 8.

4 Connect the X-Y Plotter, Chapter 9: or oscilloscope, Chapter 10.

If logical operations are required, refer next to Chapter 11. Finally, Chapter 12 fully describes a typical iterative analog
computation problem.

4.2 GLOSSARY OF TERMS AND COMPUTING ELEMENTS

As an aid to the infrequent user or trainee, this introduction to the users guide includes a glossary of general terms and
a glossary of computing elements. It is recommended that the first-time user review these glossaries before continuing.

GLOSSARY OF GENERAL TERMS

1.  Analog Computer A system of electronic building blocks that perform certain mathematical
functions (i.e., if the input to one such block is x, then the output is y = f(x)),
and are interconnected with wires by an operator to conform to an electric
circuit block diagram. The result is an electronic model or simulation of some
physical system, in which each voltage on the analog computer (a computer
variable} is proportional to a variable in the physical system {a physical

variable),
2. Simulation The representation of one system by another, usually employing analogy.
3. Analog Program A diagram to interconnect the mathematical and fogic elements {electronic

building blocks) which includes information an scaling, patentiometer settings,
and static check values.

4. Analog Diagram The portion aof the program indicating the interconnection of mathematical
elements, this diagram may or may not be scaled.

5. Logic Diagram The portion of the program indicating the interconnection of logical elements,

6. Patch Panel A removable panel that is mounted on the operator side of the computer. The
front is labeled to show the input, output and control terminals of each of the
building blocks. The rear of the patch panel mates with the actual blocks. By
placing wires (called “patch cords’™) from terminal to terminal in accord with an
analog program the operator “patches his program’’. The program is executed
by placing the panel on the computer and performing made contro! operation,

" and is stored by physically staring the patched patch panel.
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10.

11,

12,

13.

14.
15.

16.

17.

18.

19,

20.
21.

22,

23.
24,

Scaling, Amplitude

Scaling, Time

Analog Signal

Logic Signal

Reference

Coefticient

Gain

Potentiometer (Pot)

Static Check

Program Check

Circuit Check

Mode

Mode Control

Repetitive Operation (Rep-Op)

Iterative Analog Computation

Logic Clock

Function Generator (FG)

A procedure by which a programmer adjusts the amplitude of problem variables
to fit within the reference range of the computer.

A procedure by which a programmer adjusts the relation between the time for
an experiment on the physical system (problem time} and the time to perform
an analogous experiment an the simulator (computer time).

The ratio between computer time, 7, and physical system time, t. (See sca/ing,
time) T = f3t.

A time-varying voltage on the computer which may be any value between
—Reference and +Reference.

A time-varying voltage which can have one of two values at any instant of time.
These values are called 1" and 0",

The maximum * value for a computer variable. {+Reference = +1.0 machine
unit, —Reference = — 1.0 rmachine unit.}

The combination of problem constant, parameter and scaling values which
determine a potentiometer setting; a multiplying factor, usually less than 1.

A multiplying factor, usually greater than 1.

An electrical device for multiplying an analog signal voftage by a constant (see
coefficient).

A means for debugging an analog computer program including patching
performed for the checking.

The portion of the static check which compares the computer program on paper
with the mathematical statement of the original problem.

The portion of the static check which compares the state of the computer
simulation at a single instant of time with what the state of the orginal system
would be at the same instant.

The state of the analog computer mathematical and logic elements.
Mathematical elements can be in Operate, Hold, Initial Condition or Set Pot;
while logic elements can be in Run, Stop, or Clear.

The process or act of selecting which mode the computing elements shall be in.

The method of operation in which the computer cycles between modes
automatically, with all parameters hetd constant. Usually used when an
oscilloscope display is desired.

That process of operating an analog computer in which: modes are controlled
by a logic program and; one or more parameters are changed each cycle, so that
many different solutions are produced. Compare to repetitive operation).

A timing signal that synchronizes the execution of a logic program.

A mathematical element, the output of which isa function of the input except
that the function is not integration or summation. FG's are usually “fixed’' to
function such as multiplication, exponentiation, etc.



25. Variable Function Generator (VFG) A mathematical element, the output of which is a function of the input. The

26. Boolean Algebra
27. Bit

1. Integrator (J)

2. Summer (Z)

3. Track-Store (TS)

4. Inverter

5, Multiplier {Mult)

6. Log/Exp

7. Comparator (Comp)

8. Gate

9.  Flip-Flop (FF)
10. Register

11. Counter

12. Timer

function is designated by the programmer and the VFG adjusted by the
operator to achieve the desired mathematical result. VFG’s are usually used
when empirical data are introduced into a simulation,

An algebra which deals with binary-valued variables, such as logic signals.

A binary digit, such as 1 or 0.

GLOSSARY OF COMPUTING ELEMENTS

A mathematic element which accepts one or more analog signals and
produces an analog output signal equal to the negative of the integral of the
sum of the inputs. Several of the inputs can be multiplied by a facter of 10, if
desired. Further, the initial value of the output can be programmed into the
integrator.

A mathematical element which accepts two or mare analog signals and
produces an analog output signal equal to the negative of the sum of the
inputs, some of which may be multiplied by 10.

A mathematical element which functions a “sample and hold" storage unit
under logic control. It accepts one or more analog signal and produces an
analog output equal to the negative of the sum of the inputs, some of which
may be multiplied by 10. The output can be placed in Hold at any time and
will store its present value. Further, the initial value of the output can be
programmed into the unit.

A mathematical element which accepts one analog signal and produces an
analog signal equa! to the negative of the input; a logic element which
performs the NOT function (see GATE).

A mathematical element of the function generator type which produces the
product of the two analag input signals.

A mathematical element of the function generator type which can produce an
analog output proportional to either; the natural logarithm of the input, or
the antilogarithm of the input (e~ ' %%},

An analog to logic element which accepts two or maore analog signals and
produces a logic signal whose value depends on whether the sum of the input
Is positive or negative.

A logic element which performs one of the Boolean functions, AND, OR, or
NOT.

A logic element which is a binary memory or storage device. The FF is the
basic building block for synchronized logical programs and stores one bit of
data.

A logic element which can store more than one bit of data.

A logic element which stores data pertaining to the number of occurrences of
an event,

A logic element which produces one or more logic signals which are 1 for a
certain length of time and which are 0 for a certain length of time. At least
one of the time intervals is usually adjustable,
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CHAPTER 5

PATCHING AND SETTING UP
MATHEMATICAL FUNCTIONS

51 INTRODUCTION

This chapter is devoted to presenting the various mathematical functions that each analog component in the MiniAC is
capabie of performing. The following paragraphs describe how each component and facility may be used on a
functional basis starting with the mathematical function of inversion and proceeding through such functions as
summation, integration, multiplication, etc. included with each basic mathematical function is an illustration that
shows the basic program symbol, patching, and setup requirements. The program symbols and patching requirements
for each function are shown with unity scaling {(machine units) rather than voltage values. A machine unit (MU=%1.0) is
equal to computer reference (£10 volts). Therefare, 0.1 MU is equal to 1.0 volt. Computer reference and machine units
are described in Paragraph 5.10.

5.2 INVERSION

There are six analog devices in the MiniAC that can perform the mathematicai function of inversion (multiplication by
—1). Because a multipurpose device can only be used for a single function in any given problem, some care must be
used when choosing a device for use as an inverter, Careless or hap-hazard choice may result in an inadeguate number of
devices to perform some other mathematical function. To avoid waste of computational power, the paper program
should be studied thoroughly before assigning the devices required in the prablem, Figure 5.1 illustrates the program
symbol, the basic patching, and gives the set-up procedure for each device that may be used to perform inversion.

5.3 SUMMATION

The algebraic sum of twe or more variables is achieved by means of summers. There are up to five devices that may be
used to obtain the function of summation. In fact, all devices that can be used for inversion (Paragraph 5.2) except the
VEG inverter, can also sum. The program symboi, the basic patching, and the set-up for each device that may be used
to perform summation is illustrated and described in Figure 5.2.

NOTE

The summer/high-gain, summer/track-store, and the
summer/integrator, all have the sarme symbol and patching
arrangement, and are therefore iflustrated as one.
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DEVICE _
ADDRESS SYMBOL PATCHING SET— UP
VFG OPERATION CONTROLLED BY MODE
SELECTOR SWITCH BEHIND VFG
36,37 PANEL. WHEN AT INV BOTH 36
AND 37 ARE AVAILABLE AS
| INVERTERS. IF VFG 20 PT MODE
u va-u IS SELECTED, 37 IS AVAILABLE
AS AN INVERTER
X l yE—x
FG FG/Z SWITCH SET.
16,26 WHEN PATCHING,EITHER
TERMINATION DESIGNATED | MAY BE
USED AS THE x INPUT.
I t
x y=—x
MULT MD/Z SWITCH SET.
15,25,35 MULEDIV WHEN PATCHING,EITHER
oW T TERMINATION DESIGNATED | MAY BE
2600 USED AS THE x INPUT.
©0fs0
| .y UO
X y=—x _
- O L)
[mdeT]
N O .'— y
0O O
—n TO

Figure 5. 1. Inversion: Patching and Setup




DEVICE

AND SYMBOL PATCHING SET—UP
ADDRESS
z Z /HG SWITCH RELEASED.
13,23,33 3 WHEN PATCHING ,ANY ONE
- TERMINATION DESIGNATED 1 MAY BE
L Ole USED AS THE x INPUT,
:m{)#o
o EE
| O O
x y=—x g
i B
10| — y
Ol O
wOH O
Z/18 S/TS SWITCH RELEASED.
14,24 ,34 14
24 /TS WHEN PATCHING,ANY DNE
TERMINATION DESIGNATED IMAY BE
+O[C USED AS THE x INPUT.
INO —O
{ QfeQ
% y=—x
' 9 &—
i X =
VGG
Xollie
1w 1w
2/ Z// SWITCHRELEASED.
"
12 T/ WHEN PATCHING, ANY ONE
21,22 TERMINATION DESIGNATED |MAY BE
31,32 elte) USED AS THE x INPUT.
nOI-O
| Ope O
x y=—x
9 o
« —
VOl O
O D
w{) ol

Figure 5.1. Inversion: Patching and Setup (Cont)
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DEVICE

ADDRESS SYMBOL PATCHING SET—-UP
z | DEVICE * CORRESPONDING
13,23,33 | o D WRESS T $/HG6,2/TS,0R Z/f
w ] Qe SWITCH RELEACED,
10 z= —(u+v+w+IOx+|0y] Ay
X 1o
Z/TS y 10 ---EN_O"“ O
14,24,34 ¥e ¢
NOTE: T
THESE SUMMERS HAVE 1 O
z/f FIVE INPUTS. TWO WITH. ]
L2 FACTORS OF 10, VT | eb—2:
21,22 "1l o
31,3 —
! 2 X 10 10
y e ——
%:2,2/TSPRZ/S
FG
16 FG/Z SWITCH SET.
626 | AT
y 2=—(IOw+x+y)
NOTE:
THIS SUMMER HAS
THREE INPUTS WITH
ogn.v ONE FACTOR OF
10.
* = 1 1
¥ ——
MULT/DIV 5 MD/Z SWITCH SET.
15,25,35 l MULT/DIV
X 5 ; LMTR
st
y — o1 @
el
NOTE: WOl o
THIS SUMMER I3 MORE SN
LIMITED THEN THOSE GO
ABOVE. FROCT
IT HAS ONLY TWO nO| &z
INPUTS AND NO FACTORS
OF 10, o) O
L I
y ——

Figure 5.2. Summation. Patching and Setup




5.4 INTEGRATION

The major device that distinguishes the analog computer from other computers is its ability to perform integration with
respect to time. The MiniAC has one device, the Z/[ {(Summer/Integrator) that performs this function. The zZ/f
{devices 11, 12, 21, 22, 31, 32) may be used to produce the integral of the sum of several input variables. In addition to

performing this function, the £/[ can store {or hold) any value attained while operating, and can be started at an
arbitrary initial condition. Refer to Paragraph 5.10.

Figure 5.3 illustrates and describes the program symbol, patching, and setup requirements for performing the function

of integration,

b
z= —.I;) (utv+w+tOx+(0y)dt+2(0)

NCTE:

POT USED TO PROVIDE
INTERGRATOR WITH

INITIAL CONDITION (IC)
SEE PARAGRAPH 5.10.

DEVICE SYMBOL PATCHING SET-UP
ADDRESS
/g -1.0 Z/f SWITCH SET.
12 SET POT 11, z(0) TO DESIRED IC
21,22 o
3|,32 Z( ) NOTE:
| REFER TQ CHAPTER |14 FOR
U DETAILES CONCERNING MODE
vV AND TIME SCALE CONTROL.
w— I z
10
olliTe)

Figure 5.3. Integration (With Initial Condition): Pa tching and Setup

55 MULTIPLICATION AND DIVISION

5561

The process of muitiplication (and division) on an analog computer is handled in one of two ways, depending on
whether it is desired to multiply two variables (XY) or a variable and a constant {
these methods of multiplication, and the mathematical function of division,

INTRODUCTION

kz). The following paragraphs describe

55
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552 PRODUCT OF VARIABLE AND CONSTANT

The MiniAC has eighteen coefficient potentiometers {pots). Six pots are terminated in each analog field. Each pot takes
on the address of the patching module in which it is terminated and is characterized by a single input and a single
output. The program symbol and patching requirements for pot 12 (P12) are illustrated in Figure 5.4. The coefficient k
is restricted to the range 0 < k < 1; or k must be greater than zero and less than 1.0 MU. Setting the pot coefficient

value is described in Chapter 6.

DEVICE B
ADDRESS SYMBOL PATCHING SET—-UP
P PLACE COMPUTER, IN SP DEPRESS.
11=-16 SWITCH ADJACENT TQO POT AND
21-26 SET POT SO THAT DVM INDICATES
3136 VALUE OF k.

THE VALUE OF k DEPENDS ON POT
LOADING. THEREFORE, y MUST BE
PATCHED BEFORE SETTING POT.
REFER TO CHAPTER 6 FOR DETAILED
PROCEDURE.

Figure 5.4. Multiplication of Variable and Constant: Patching and Setup
553 PRODUCT OF TWO VARIABLES

The product or ratio of two variables requires the devices designated MULT/DIV (addresses 15, 25, 35}. Each
MULT/D!V unit has two setup switches that must be released when using the device as a multiplier. Figure 5.5
illustrates the program symbol, the basic patching, and the setup requirements for multiplication of two variables.

DEVICE
ADDRESS SYMBOL PATCHING SET—UP
MULT/ DIV 15 M/D SWITCH RELEASED
MULT/DLV
15,25,35 N T MD/Z SWITCH RELEASED
S s O
D o
y mo Q_Q:
::m ui.o
NOTE: B © .
x ANDy MUST NOT BE [ OO
PATCHED FROM THE Tt
OUTPUT OF A POT N N o —
AND D (x AND y) ARE x——’ z
INTERCHANGEABLE. e O
y —
1O 10O

Figure 5.5. Multiplication of Two Variables: Patching and Setup



554 ODIVISION

The MULT/DIV device {15, 25, 35} is used for division by setting the M/D switch and releasing the MD/Z switch. Refer
to Figure 5.6.

DEVICE _
AV SYMBOL PATCHING SET-UP
MULT/ DIV M/D SWITCH SET
15,25,35 MD/Z SWITCH RELEASED

NOTES:

I. N=NUMERATOR
D=DENOMERATOR

2.x MAY BEAPOT
OUTPUT

N o—
3.y MUST NOT BE APOT < A ¢ z
OUTPUT. . D O
GBI e w|
OO

5.y MUST BE >0

Figure 5.6. Division: Patching and Setup

5.6 SQUARING AND SQUARE ROOT EXTRACTION

In addition to multiplication and division, the MULT/DIV devices (15, 25, 35} can be used to perform functions of
squaring and square root extraction. Since X% = X « X, it should be apparent that the square of a variable is produced
by multiplying X by itself (Paragraph 4.5.3). To obtain X?, use the same setup given in Figure 5.4, but patch X to both

7

the N and D inputs. <

Obtaining the square root of X is somewhat more complicated as it requires the use of a summer as well as the
MULT/DIV device, The requirements for sguare root extraction are shown in Figure 5.7,

“SYMBOL )
DEVICE AND PATCHING SET—UP
ADORESS CONSIDERATIONS
5 ERN 15 2 /HG SWITCH SET
I3 - i00p f oL M/D SWITCH RELEASED
MULT/ DIV »0ls @ ‘ sOli O MD/ T SWITCHRELEASED
5 . -~} [C
i X v 15/13 y WO O E OO NOTE:
© [ I SPECIAL DIODE CAPACITOR
of O (MO vO NETWORK CAN BE MANU -
i S FACTURED LOCALLY US-
y=—4/x ol © Follte ING A STANDARD DIODE
Wt AND A 100pf CAPACITOR,
x>0 9 C_.y N O MODIFY PATCH CORD AND
x — / ) INSTALL NETWORK AS
) o o @ ’ SHOWN,
10&0 O VON O
[ Y

Figure 5.7. Square Root: Patching and Setup
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The curve indicates that a fixed scale-factor, 0.1, has been applied to the device so that it can be used over 4 decades of
x (realizing that 0.7 tn 0.0001 = 0.9211}. Therefore, some care must be taken in scaling when Inx and not 0.1 Inx is
required in a program. Patching and setup is straight forward as illustrated.

5.7 LOGARITHMS/EXPONENTIAL FUNCTIONS (FG Devices 16, 26)
5.7.1 NATURAL LOGARITHM (inx)

The natural log function, Inx, can be generated on the MINIAC subject to certain restrictions. One of these restrictions
has to do with amplitude scaling, in that the input/output relation of the device is constrained to be that described in

Figure 5.8.
Ollnx
;
10 1
0.8
0.6908 -~—-|
+xin=0.0001 TOLO MU
0.6
0.4605 --—-
!
0.4 1 !
1
1
]
)
0.2303 -—--}r-- -
024! :
I .
I 1
] ]
! '
! I
: |
g + T ¥ T * +xin
0.0l 0.l 0.2 0.4 0.6 0.8 10
9. 0.1Ln x CHARACTERISTICS
SYMBOL
DEVICE
AND PATCHING SET-UP
ADDRESS CONSIDERATIONS
F6 fo LOG/EXP SWITCH RELEASED
16,26 Egﬂm: FG/Z SWITCH RELEASED
035{2
Ln i .
7 16 y=0.1 Lnx "0
=0
+0.0001< x < +1.000 9] o—
ool o
XeRXe

b, PATCHING AND SETUP

Figure 5.8. Natural L cgarithm
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5.7.2 EXPONENTIAL fe” 19%)

The exponential function often found in physical problems as e~ '®* or exp {—10x], is easily generated using the FG

device found in locations 16 and 26. A fixed scale factor is also applied to this device as indicated in Figure 5.9, As in
the case of generating the natural logarithm, patching and setup is straight forward.

9-|0 X
1.0+

0.8 4

+xin=0.9211 TO ZERQ MU
0.6 4

0.4 4
0.3679 -—-1

1
]
]
¢
I
[}
I
I
1
1
[}
]
t
|
1
]
1
Tom———-

0.2 9

i
]
1
1
1
'
1
I
|
1
!
|
r

1
]
[}
t
f
|
|
|
|
|
|
|
|
v

Y T T ¥ " ¥ ™T +xin
0.0l 0.1 0.2 0.4 0.6 | 0.8 L0
0. EXPONENTIAL CHARACTERISTICS c.6so8 0.5211
SYMBOL
A%%\gg;s AND PATCHING SET —UP
. CONSIDERATIONS
FG F‘g LOG/EXP SWITCH SET
16,26 TER FG/Z SWITCH RELEASED
P
EXP OHS-E
X 18 -10x ‘
y= £ [Te} +O
O -0
9" o
. —
vy O
00

b. PATCHING AND SETUP

Figure 5.8. Exponential Function
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5.8 CONSTRAINTS (LIMITS)

Many functions that occur in engineering and scientific problems must be constrained or limited to some maximum
value, Suppose a variable {w) is constrained in a problem to be in the fange b<w=ta: where b<—0.1 MU and a>+0.1
MU. The variable w may be the output of a summer or an integrator. As can be seen in Figure 5.10, the output variable
w is limited to the values of a and b as determined by the coefficient pot settings. This * limiting is especially useful
with integrators to prevent overloading. An amplifier or integrator can be limited to any value from £0.1 to 1.0 MU,
Due to certain electrical restrictions, limits below £0.1 machine units are not reliable on all units.

HARDWARE
RESTRICTICN

Q. CONSTRAINT DIAGRAM (£ LIMITING)

SYMBOL
ADD%‘QSSES AND PATCHING SET-UP
CONSIDERATIONS
LMTR : |. FORCE AMPLIFIER OUTPUT TO
15.25.35 Y GO POSITIVE AND ADJUST
R ' UPPER LIMIT POT {a).
14 15 2 FORCE QUTPUT TO GO
215 MO NEGATIVE AND ADJUST LOWER
o T(b).
al-eTooh LIMiT PO
S m"——‘ oo o @ NOTE:
L — \\ ) OBSERVE POLARITIES
[ |14 w APPLIED TOPOTS.
— < IN U
‘; 10 o __.-//. UPPER LIMIT=NEGATIVE.
o et el LOWER LIMIT =POSITIVE.
wz={x+y+102z) X — WD REFER TO CHAPTER 22 FOR
- - L@ olvol o A MORE DETAILED
u=UPPER LIMIT za RO CEDURE
L =LOWER LIMIT =b YT e:0 o :
NOTE: 2T \ '
LIMITED DEVICE CAN BE o@ 0O\ O O
ANY UNIT WHOSE SUMMING \ "

JUNCTION (SJ) IS AVIAL -
ABLE AT THE PATCH
PANEL ;OR AN INTEGRATOR

(o)

b, PATCHING AND SETUP

Figure 5.70. Constraints: Patching and Setup
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59 SWITCHING FUNCTIONS
5.9.1 MANUAL SWITCHING

Three manually-operated switches {16, 26, 36) are included in the fully-expanded computer, located physically in the
upper left-hand corner of the analog control panel. They are labeled MAN SW. Each can be set in one of three physical
positions: top fully depressed {flush with panel}; bottom fully depressed (flush with panel); and centered (neither top
nor bottom is flush with the panel). The switching functions corresponding to these positions are as follows:

Position Function Diagram
Top In UP connected to unmarked terminal. UP
‘\—4
)
—0
pn ©
N .
Bottom In DN connected to unmarked terminal. UP o .
DN
Centered Neither connected to inal. P '
connec unmarked terminal U o
L—o
pn ©
A switch may be used to select between two functions:
x —O —O— 2 UPlz=x
IN —*—¢ ouUT CTR: z=0
y —© —0 DN:.z=y
or to "feed” a signal to one of two destinations:
x o—y UP: y=x,2:=0
IN ouT CTR:y ANDz=0

O——1z DN: z=x,y=0
or in a simple “on-off” arrangement

x —O —O— ¥ UP y=x
IN -—4—J' CTR:y=0
e} —0 DN y=0

59.2 AUTOMATIC SWITCHING (Programmed Switch)

At times, it is not desirable or convenient for a switching function to depend on a human operator. For example, you
may wish to close a switch at the instant a certain event occurs. This requires that the switching time be much less than
human response time. Further, you may make several runs that require the switching time be repeatable. Under such
conditions, manual switch operation is impractical: manual reactions are not fast enough and cannot achieve the
necessary consistenéy. A fast acting programmed switch (operated by the computer program), is required.
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5.9.2.1 General-Purpose Programmed Switch

The programmed switch is a very different device for electrical reasons and is not a 1:1 replacement for the manual
switch. It normally consists of two devices: an electronic switch (SW16, 25, 35} and a comparator {COMP13, 23, 33).

The comparator, shown symbolically below,

ANALOG ¥ 3 A LOGIC
INPUTS — OUTPUT
y — -_—

L>— -2

accepts inputs from analog fields 1-3 and produces logic signals A and B. These logic signals differ from analog signals in
a very fundamental manner: while an analog signal may be anything from —Reference to +Reference, a logic signal can
only be one of two possible values. Much as we simplified things by calling Reference = 1.000, we call the two Ioglc
values {or states) ONE (1) and ZERO (0). The B signal from the comparator is the logical complement of A, ie,B= A
(B equals NOT A). The foliowing *“truth table” shows all possible combinations of A and B.

A B=A
0 1
1 0

What makes A = 0 or A = 1? The answer is, the analog inputs:
ifx+y>0 A=1

ifx+y<<0,A=0

The case x + y = 0 is not considered because of the electrical limitations of the comparator. In the usual application,
one of the inputs (say, y) is a constant or bias, and acts as the reference for switching.

A=1 WHEN x+(Q)>0
13 A OR
x>Qa

Az0 WHEN x <a

e
—I

The electronic switch (SW) accepts a logic signal {ON) that closes the switch when ON = 1 and opens it when ON = 0. It
must be noted here that SW is always used with one of the 2 devices (11-14, 21-24, and 31-34), because it is not a
simple switch (as is MAN SW), but actually a switched input for a * Y device. Thus, the ""10" is the input terminal of the
switch. However, the SJ termination is not an cutput in the sense that an analog signal can be measured there, only in
the sense that you must connect the SW-SJ termination to the SJ termination of a Y/HG or /TS (SJ to SJ); or in some
rare instances to the 0J of a X// (SJ to 0J). Figure 5.11 shows X 13 with a normal input {z) and a switched input {x}.
The output {y) depends on the state of the logic control signal (C). Note that the ON control termination for SW-15 is
located in the CONTRQOL field, while the input (10} and pseudo-output {SJ) are in the first analog field. Also note that
the output terminals of COMP-13 are adjacent to SW-15 ON which makes using COMP-13/SW-15 as a programmed
switch convenient.



DEVICE SET-UP
ADDRESS SYMBOL PATCHING PROCEDURE
COMP c 13 s | 2/HGSWITCH RELEASED
13,23,33 ey OO & 71
1
SwW , 1o SJ S 0|~ @] 591 O
15,25,35 wol- 0 oo
13 Y COMP % —=
—1 o © elRle
C1S NORMALLY THE LOGIC 1O © ol o
OUTPUT OF A COMP. CAN TR
BE ANY LOGIC SOURCE. ¢ e—y [xO] ©
WHEN ¢=0,y=—2z z = '
WHEN c= 1,y =~(10x+2) OLO COLO
w 1 1_0 IIO,_:
i T compsa T Tswas
OO L O Q—o—, ON,
\./
ANALOG 10 SW 2// SWITCH SET
FIELDS (A) 2
z/f . NOTE:

AND e~ A OO THESE SWITCHES MAY
CONTROL ALSO BE USED WHEN THE
FIELD 2 WO O UNIT IS OPERATED AS A

S—losw SUMMER(Z// SWITCH
1,2 Ofe O RELEASED).
21,22 y
31,32 'O @1z _
10 SW - .
(B) HellNe ‘
10 SW{A) ANC 10SW(B)=LOGIC OO
OUTPUT OF COMP OR ANY X
LOGIC SOURCE. ar lee o
TRUTH TABLE y ———— ,
(8) ?
AlB | z .
ofo 0 PO OO0
o1l1 -/ ydt A—T
Ilo -/ xdt B
]! =S (x+y)dt
Figure 5.11. Programmed Switches: Patching and Setup
59.22 The Z// Switches
It was mentioned in the preceding Paragraph that an SW is tarely used with a /1. And for good reason — each X/f

afready has an assigned pair of programmahle X 10 iputs. The X170 inputs on each /I can be controlled by logic
signals in the same manner as the general purpose switches, when the integrator is in the OPERATE mode or when it is
used as a summer. The Z// switches are automaticatly disabled during the H and 1C computer modes.
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Figure 5.11 also shows the control area for an integrator and the integrator element itself to illustrate the controls for
the two X 10 switchable inputs. As shown, the left-hand 10-SW termination controls the left-hand X 10 input, while the

right-hand 10-SW controls the right-hand X10 input,

The absence of patching at 10-SW causes the switch to be ON, allowing the integrator to follow normal mode selection.

5.9.2.3 Using SW with /]

In the case when it is necessary te have more than two switched inputs on a /[ or a gain 100, one or more SW devices
can be added by patching the SW-SJ to the 0J terminal of the /. When patching SW-5J to 2/1-0J there is an
important consideration: the X10 input of the SW behaves as if it were a X700 input.

510 CONSTANT VALUES

In many probtems, constant values are required. Constants are obtained from a source of constant signal level, known as
Reference. The reference source is terminated at various locations on the patch panel as either positive 1.000 MU or
negative 1.000 MU. Each patching module with an address ending in 1, 2, 3, 4 and 6 has both +Reference and
—Reference terminations. See Figure 2.2. +Reference is color-coded red and —Reference, orange. A constant value of
zera (or ground) is terminated in the black horizontal strip between analog field 3 and the logic field.

The assignment of the value £1.000 to reference is entirely arbitrary; {10 volts in the MiniAC), though guite sensible.
Reference is actually a voltage that depends on the electrical design of the system. The MiniAC system operates within
specifications when all signals lie between +Reference {+10.00 volts) and —Reference {—10.00 volts). Since this is not
an operating concern, we can normalize everything by dividing the voltage value of Reference by 10. This implies that
Reference is +1.000 machine units {unity) and that all signals are in the range —1 to +1. The effect of this is to make
amplitude scaling easier and independent of the actual voltage value of Reference.

A constant other than reference (and less than unity) can be abtained by patching the output of a pot to the device
requiring the constant and patching reference to the pot IN termination. After all patching is completed, the pot is then
set to the desired coefficient value.

A sample constant of less than 1.0 MU to provide an initial condition for an integrator is achieved as shown below.

£ir
+1.0 e
IN - O
O% o
o o
1C ol
INITIAL VALUE = - a ola
@biio-o
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(I R N B

] g 1 £
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O
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[ N |

L [

Figure 6.1. DVYM and Coefficient Pot Controls




CHAPTER 6

L |
SETTING AND READING COEFFICIENT VALUES

6.1 INTRODUCTION

When a pot is used to introduce a parameter or a constant into a program, that pot must be set to the value required by
that program. This chapter describes how this is done. We must first note that a// patching involving pots must be
completed before attempting to set the first pot. This point will be repeated to stress its importance.

6.2 THE DIGITAL VOLTMETER AND POT CONTROLS

The digital voltmeter (BVM) is the primary measuring device for constant values. Since a pot coefficient is a constant,
we will use the DVM in our pot-setting procedure,

The DVM is located just to the right of the patch panel (Figure 6.1), and displays vaiues to three significant figures to
the right of the decimal peint. Since the maximum reading of the DVM is +1.000 and the maximum setting of a pot is
1.000, the DVM will provide direct readout of the coefficient value.
Beneath the DVM are the eighteen pots with their controls, Each pot has a rotary knob used for adjusting the
coefficient and a momentary pushbutton switch used in the setting procedure which is detailed below.
6.3 PROCEDURE FOR SETTING A POT
The following table lists all of the steps for setting a pot to its required value, k, where 0 < k < 1.
NOTE
It is not possible to set a pot to 1.000 because of certain
efectrical design requirements. If your program appears to

require a pot with a setting of 1.000, replace that pot with
a patch cord.

Step Action Note
1 | Analog mode: SP This is the Set Pot mode.
2 | Patch panel engaged with a// patching completed and ail Important!

setup switches properly set.

3 | Press pushbutton to the right of desired pot and hold. This switches certain internal circuits
50 that the coefficient value is displayed

4 | Rotate pot knob until ired fficient is indi
p nob until desired coefficient is indicated on the DVM.

by DVM.

5 | Release pushbutton
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6.4 PROCEDURE FOR READING POT VALUES
By “reading pot values”, we can mean one of two things:

1. What is the coefficient setting?

2. What is the output of the pot?
The first guestion would arise in a simulation in which you had to vary a parameter until some desired response (of the
program} was reached, at which point the pot setting must be known in order to calculate the parameter value. The
procedure is simple:

1. Analog mode: SP

2. Press pot pushbutton and read coefficient value on DVM.
The second question often arises during the check-out phase of programming (Chapter 8}: The actual output of a pot
{i.e., output = output times coefficient) is required for further calculations. The procedure is:

1. Analog mode: IC

2. Press pot pushbutton

3. The DVM now displays the sign and magnitude of the pot cutput.
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CHAPTER 7

|
ARBITRARY FUNCTIONS FROM EMPIRICAL DATA

7.1 INTRODUCTION

tn addition to the mathematical functions previously described, the engineering problem solver is often confronted with
functions arising from empirical data. For example, an ecological study may include tabular data of pollution values
measured at 50 points along a river. Since these data are to be used in the river simulation, a device that can be
pragrammed with these data is needed. This device is the variable function generator (VFG),

7.2 VFG THEORY

The VFG operates on the assumption that a single-valued function can be approximated by a series of straight lines.
This is one of the fundamental assumptions in nearly all non-linear analysis, and is used in essentially all computer
methods for non-linear problem solving. Consider the function shown in Figure 7.1a. Suppose we are interested in the
function hetween X, and X,- The question is, how do we best approximate the curve with straight-line segments, and
how many segments are available? With a ten-segment VFG we can “eyeball’’ a straight-line function by increasing the
density of segment ends {breakpoints) at places where curvature is great and reducing breakpoints where curvature is
minimal,

The result of this procedure is a table of pairs of values (yi, xi) where y, is the value of y when x = x.. The MiniAC VFG
accepts these value pairs to produce a straight line segment approximation to the curve.

H you already have tabular data (say, peollution versus distance from the plant}, you may be tempted to use these as
pairs of values for the VFG. Don‘t! Instead, plot your data, draw a smooth curve through the points, and then divide
the curve into straight line segments (Figure 7.1b).

7.3 THE VFG (DEVICES 36 and 37)

The VFG is actually a pair of 10-segment devices that can be operated as independent 10 segment units, or combined to
provide a greater number of segments. Combining the VFG's is useful in functions having several regions of curvature,
As illustrated in Figure 7.2, the dual VFG control panel is divided into three distinct and separate areas. The segment
and setup controls for VFG 36 are to the left of the panel, and those for VFG37 are to the right. The area at the
bottom of the panel contains controls that are common to both VFG sections.

X0-X10 POTS:

The vertical row of potentiometers {designed X0 to X10) at the outer edge of each VFG section are used to set the
values of X required to setup the function. The X0 and X10 pots select the initial and final values of X. The controls
designated X1 through X9 select the breakpoints.

YO0-Y10 POTS:

The vertical row of potentiometers designed YO through Y10 on each VFG section are used to set the Y output or fx.
The Y0 and Y10 pots correspond to the initial value of fx and the fina! values, respectively. The Y1 through Y9 pots
select the value of fx for the carresponding breakpoint or value of x.
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GAIN SELECTOR:

The GAIN selector {uppermaost switch) on each VFG section controls the change in slope {gain}) of the output amplifier.
There are four gains {1, 3, 10 and 30} available. As larger values than 1 are selected steeper curves can be set. Since the
GAIN control increases the sensitivity of the Y controls, large gains make accurate settings progressively more difficult.
If the slope is changing more than 1.4 volts/volt, a gain greater than 1 is required. Always use the least possible gain
setting. GAIN-1 must be selected when using the VFG in the INV {inverter) mode,

POINT SELECTOR:

The POINT selector {middle switch) in each VFG section is used during VFG setup to select the point being set.
Positions 0-10 correspond to the X0-X10 and YG-Y 10 controls. The POINT switch must be placed in the OFF position
after the function is setup and prior to placing the VFG in service.

SET/OPER SWITCH:

The SET/OPER switch (bottommost switch) in each VFG section is placed at SET during the VFG setup procedure.
The VFG cannot be placed in service until the switch is set at the OPER position.

MODE SELECTOR:

The MODE selector is located in the central area between the VFG sections and is common to both, When set at 11PT
each VFG section can be used as independent 11 point {10 segment) VFG's. When at the 20PT position, the VFG
sections are combined to provide a single 20 point VFG. The combined output is taken from VFG36 and the output

amplifier of VFG37 becomes a free inverter, When the MODE selector is set at INV, both output amplifiers become
free inverters.

Y-SET PUSHBUTTON:

This momentary pushbutton switch is used during VFG setup while setting the Y0-Y 10 potentiometers, Depressing this
switch displays the value of ¥ {at the selected point} on the DVM.

NOTE

When the VFG is unused or is operated in the INV Mode, false overloads
may be indicated. If a valid function is stored in the VFG, the possibility of
false overloads may be eliminated by patching the IN terminations to
ground. If an invaiid function is stored, false overioads may be indicated
even with the IN terminations grounded. If this occurs, set the X0 and Y0
pots at mid position and turn all other pots fully clock wise.

7.4 SET-UP PROCEDURE

74.1 11PT (10 SEGMENT) MODE

1. Prepare a table of values for each X and Y setting.

2. Select the computer IC Mode.

3. Using SELECTOR-1 (on Analog Cantrol Panel} address the VFG (36 or 37) that is to be set up.

4, Remove the VFG cover panel and place SET-OPER switch at SET.

5. Set GAIN switch at 1 (unless you know that a larger gain is needed), and set the POINT switch at 0.
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6. Rotate all X pots {X0 through X10} fully clockwise.
7. Adjust X0 until the desired value is indicated on the DVM,

8. Press the Y-SET pushbutton and adjust YO until the desired value is displayed on the DVM; then release
Y-SET.

9, Repeat Steps 7 and 8 for POINT positions 1,2, 3,. . . 10.
NOTE

If the Y value for any point cannat be attained, increase the
GAIN setting to the next higher position. Then turn all X
pots fully clockwise, and reset the entire function starting
with Step 7.

10. After setting the last X,Y point it may be necessary to “touch up” the functions by repeating Steps 7
through 9.

11.  When the final Y value is set, set POINT switch at OFF, place SET-OPER switch at OPER, and replace VFG
cover panel,

12.  If desired, check the function using the XY Plotter. Simply setup the program shown in Figure 7.3, and
axecute the plotting instructions given in Chapter 9.

+1.C

0.1
VFG

Figure 7.3. Program for Plotting VFG Output
742 20PT (19 SEGMENT) MODE

This mode provides increased accuracy through the use of more segments. Basically the function is set in the same
manner as functions having ten segments or less, except as follows: the MODE switch is set at Z0PT; the X 10 control on
VFG36 is not used: and the X0, Y0, Y1 and GAIN controls on VFG37 are not used. The GAIN-37 switch must be set
at 1if VFG37 is used as an inverter.

—_

Prepare a table of values for each X and Y setting.

Select the computer IC Mode.

Using SELECTOR-1 {on Analag Control Panel} address VFG36.
Remove VFG cover panel and place both SET-OPER switches at SET.
Set both GAIN switches at 1 {unless you know a larger gain is required).
Set VFG36 POINT switch at 0 and VFG37 POINT switch at OFF.
Rotate X pots (X0 through X10) on both VFG’s fully clockwise.

Set X0-VFG36 for desired value, as displayed on DVM.

© ® N @ &R W N

Press Y-SET and adjust Y0 until the desired value is displayed on the DVM, Then release Y-SET.



10.
11.
12.
13.
14,

15.

16.
17.

Repeat Steps 8 and 9 for POINT-36 positions 1,2, 3,. . . 9.
After completing the Y9 setting, set POINT-36 at OFF and POINT-37 at 1.

Set value of X for tenth breakpoint using X1-37.
Depress Y-SET and adjust Y 10-36 for the desired Y value.
Continue to alternately set X and Y for the remaining POINT-37 positions (2-10) using the corresponding

X2, X3. .. X10potson VFG37.
After setting the last X,Y point it may be necessary to ‘,touch up” the function by repeating Steps 8
through 14.
After setting Y10-37 set POINT-37 at OFF, and place both SET-OPER switches at OPER.

If desired, check the function using the XY plotter, See Figure 7.3

7.5 VFG PATCHING

Basic VFG patching the program symbeol for each VFG mode of operation is illustrated in Figure 7.4.
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CHAPTER 8

|
CHECKING THE ANALOG PROGRAM

8.7 INTRODUCTION

At this point, you should have an analog program patched on the MiniAC patch panel; all setup switches in the proper
position; all pots are set to the proper values; and the VFG's set up. However, you are not ready to enter the operate
(OP) mode, as the static check has not yet been performed. The following paragraphs describe the methods of static
checking and documenting the problem,

8.2 STATIC CHECK THEORY

The purpose of the static check is to ensure that the patched program represents the mathematical statement of the
system to be simulated. This implies correct patching, correct scaling, and correct operation of the computer electronic
elements which produce the mathematical functions (Figure 8.1).

The process of checking is two-fold; there is a portion done on paper (program check} and a portion done on the
computer {circuit check). The program check requires that an initial set of data (parameter values and initial
conditions) be used to calculate the values of variables whose injtial conditions are not specified, and that the
calculations be made in two ways; using the original equations, and using the computer diagram. To make the program
check, you must know all initial conditions and all pot settings, When the two methods yield equivalent answers, the
paper program represents the original mathematical equations.

To make the circuit check, you must measure the output values of the computational devices that perform
mathematical operations, and match these against the values calculated from the computer diagram and entered on the
Program Sheet, If they agree, all is well statically.

ORIGINAL PAPER PATCHED SOLUTION
R
MATH |EQUATIONS| rpanscripTioN | PROGRAM [ oproning | PROGRAM [T o ARE
ERRORS ERRORS ERRORS FAILURE

Figure 8.1. The Programmming Process and Possible Errors

8.3 PROGRAM SHEET

Figure 8.2 shows the Program Sheet used when static checking and running of a problem. Use of the Program Sheet is
best shown with the sample program given in Figure 8.3. Figure 8.2 shows how the devices are set up to perform the
desired mathematical operations, what the variable represented by each output is, and what the value of that output
{(under static check conditions) should be. This figure also shows the parameter represented by each coefficient, the pot
setting, and the pot output under static check conditions. The latter value will help you track down many of the
problems that may occur during patching.

8.4 STATIC CHECK PROCEDURE

The DVM and SELECTOR Control (Figure 8.4} are used to static check a prablem patched on the computer. When the
SELECTOR-1 indicates any number, 11-37, then the output of the mathematical element with that address is displayed
on the DVM. Further, that output will also appear at the SELECTOR-1 patch panel terminal. For example, if
SELECTOR-1 points to 11 {which in Figure 8.3 is an integrator} then the output of [ 11 is displayed on the DVM and
also appears at the SELECTOR-1 termina!. SELECTOR-2 connects the selected output to the SELECTOR-2 patch
panel terminal.
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The following s a step-by-step static check procedure for the sample problem illustrated in Figure 8.3 and documented
on the Program Sheet {Figure 8.2). It is assumed that you have performed all analog initializing procedures (Chapter 3).

1. Select ANALOG MODE-IC,
2. Readout all mathematical elements elements in order using SELECTOR-1,
a. SELECTCR-1: 11;does DVM = +0.8007
b. SELECTOR-1: 12;does DVM = +1.000?
c. SELECTOR-1: 15;does DVM = +0.640?
d. SELECTOR-1: 25:does DVM = +0,6407

3. If one of the integrators reads incorrectly, stop right there and cneck the IC pot setting (depress
corresponding pot pushbutton and read DVM).

If the integrators are OK, but one {or more) other device is not, check the patching from other eiements to
this one, and the outputs of any pots {Step 6) connected to its inputs.

4. Readout each pot in turn (depress the associated pot pushbutton and read the DVM}. Record the cutput of
each pot on the program sheet,

At this point, it is well to review just what has been accomplished and, perhaps more importantly, what has not been
accomplished. The measurements just described cover many checkpoints, but are not a complete check. Since the
output of an integrator in the IC mode does not depend on its input{s}, the X10 input of I' 11 and X1 inputof i 12
have not been checked. Notice that the P12-1 12 patching is checked because the output of I 12 depends on the output
of P12, but not on P21. Remember static checking is performed on the IC mode! How can you be sure that these
“uncheckable” connections are correct?

To reduce the possibility of patching errors, follow exactly the patching shown on your diagram, and check the
patching against the diagram. Lightly tracing over the interconnecting lines on the diagram while patching the problem
is a good method of ensuring that the patching is complete and correct. The use of a yellow pencil is recommended, as
it is easily visible on other diagrams, but does not mar the drawing.
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CHAPTER 9

OBTAINING RESULTS USING AN X-Y PLOTTER

9.1 INTRODUCTION

The X-Y Plotter is the traditional device used for recording “hard copy’ of analog computer solutions. The typical
general purpose plotter has the following characteristics:

1. Movable pen and arm (Y and X} which follow input signals,

2. Controls for locating the initial pen and arm positions (YO and X0).

3. Adijustable scale factor controls for pen and arm, calibrated in volts/inch or volts/centimeter,
4, Plotting paper hold-down system, usually a vacuum system,

5. Remote or local contro! of writing (pen control),

The fellowing paragraphs describe: connecting the plotter to the MiniAC; calibrating the plotter; selecting the signals to
be plotted; and operating the computer to produce a result.

If you have an EAI Plotter compatible with the MiniAC, refer to Paragraph 9.2. Otherwise, read Paragraph 9.3,
9.2 MiniAC TO EAl PLOTTER

9.21 CONNECTOR LOCATIONS

At the rear of the MiniAC, there is a connector labeled DISPLAY, The plotter data cable must be plugged in here. With
the cable in place, signals are routed from the MiniAC to the plotter via the DISPLAY terminations in the upper part of
the patch panel CONTROL field. The DISPLAY inputs (Figure 9.1) are allocated as follows:

1-Y1 A

2-vY2

3-Y3 > SCOPE
4-v4

5--X J

6 - X

7-Y PLOTTER

START — PEN UP/DN

Three terminals are used: 6,7, and START. Terminal 6 is the X input to the plotter, terminal 7 is the Y input, and
START allows a /ogic signal to operate the pen {position it up or down) remotely.

9.22 X VERSUSY PLOTTING

One typical connection is shown in Figure 9.1. Here we are plotting the cutput two devices using SELECTOR 1 and 2.
Each selector can be set to any active mathematical element. The pen is controlled by the Operate {OP) mode signal.
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With the plotter calibrated {Paragraph 9.4) and paper in position, a solution can be recorded. Start with the computer
in the 1C mode and then press the OP button. The pen will drop to the writing surface and the run will start. When a
sufficient record has been made, press the 1C button to re-initialize the computer.

923 Y VERSUSTPLOTTING

A Y versus T (time) plot can be made in exactly the same manner as X versus Y described above. Hf device selected by
SELECTOR 1 is an integrator as shown below the integrator will provide a “time-Base'” T seccnds long (it takes T
seconds for the output of the integrator to go from Q to + 1 machine unit.

The TIMER can also be used to provide a time base. This eliminates the need of using one of the six MiniAC
integrators. A time base of a desired length can be set up using the TIMER — 1- ,1- .01- .001 SECONDS and the
X5-X 105 controls. For example, a 20 second time base is set by selecting 1 SECOND and dialing 20 with the X5-X105
control. The patching for this is shown in Figure 9.2. Note that the MiniAC must be in PP for the timer to operate.

| CONTROL
SELECTOR

T oerLay_J
! N O 2020 50
[ - START REMOTE
PEN
CONTROL

ALTERNATE m

PATCHtNG/I/O(
FOR USING™ L "

UNOI HO ()

TIMER
INSTEAD OF IC-oP
SELECTOR 2 MODE
P CONTROL

Figure 9.2. Typical Patching for Y Versus T Plot

The procedure is as follows:
1. Select IC Mode.
2. SELECTOR-1:T

3. SELECTOR-2: Device whose output is to be plotted.



4, Set TIMER duration using SECONDS and X5-X 1056,

5. Press PP button: This transfers mode control to the TIMER which will place the computer in OP for the
duration set in Step 4, and in IC for 0.7 second. The same plot will be repeated, unless you press the I1C
button {removing control from the TIMERY}, prior to another OP period,

9.3. MiniAC TO NON-EAI PLOTTER

If you have a non-EAl Plotter, and do nct have a compatible data cable, the DISPLLAY terminations cannot be used to
supply signals from MiniAC to that plotter. tnstead, the SELECTOR terminations must be patched directly to the X
and Y terminals of the plotter, Furthermore, you may have to raise and lower the pen manually. The pen must be
raised before the end of the OP period or a retrace will occur,

The plotter manufacturer may have provided a means of using an external logic signal to lift the pen. Consult his
manuals; if a level of +5 volts is required, use the true output of OP (as used to drop the pen on the EAI Plotter).

9.4 CALIBRATION

The simplest way to calibrate an X-Y plotter involves the following procedure:
1. Set al! plotter scale factors to their lease sensitive positions (highest volts/inch).
2. Input zero for both X and Y. This can be done by grounding the X and Y input terminals.

3. Position the pen and arm to YO0 and X0. The Y0/XO0 position will usually be either in the center of the paper
for a four-guadrant plot, at the lower left for a first-quadrant plot, ar at the left center for a first-and
fourth-quadrant plot.

At this paint assume that we wish to plot #/200 (6 is measured in degrees) against time. Also assume that the time scale
factor is such that each second of computer running time (T) represents 2 hours of problem time and the real time of
the problem is 60 hours. The computer run time is then 30 seconds (60/2). We are using 11 x 17 inch graph paper {(a
10 x 15 inch plotting area} and expect that § may be both positive and negative. Therefore, the calibrated graph should
appear as shown in Figure 9.3,

From out knowledge of amplitude scaling, we know that {|6/200] < 1. Therefore, Step 4 will allow us to properly label
the vertical axis.

4. With Y0/XO0 set at the point shown, unground the Y input and patch it to +1.Q machine unit The pen

should move slightly. Increase the scale factor sensitivity until the pen points exactly to the adjustment
point shown in Figure 9.3. Remove the +1.0 from Y.

5. Unground the X input and repeat Step 4 using the X-scale factors. This allows us to property label the
X-axis,

6. Restore the X and Y connections to the SELECTOR system,

9-3
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CHAPTER 10

OBTAINING RESULTS USING AN OSCILLOSCOPE
AND HIGH-SPEED REPETITIVE OPERATION

10.1 INTRODUCTION

While the X-Y plotter (Chapter 9} is the basic tool for recording hard copy output of an analog computer, it is an
electro-mechanical device and is relatively slow in operation. Additionally, it is not always necessary to record every
problem solution.

Many simulations involve multiple runs with one or more parameter values changed between runs. For example,
plotting the results of each of 100 runs with 10 values each for two parameters would take 1 to 2 hours. In such case,
repetitive operation (Rep-Op) at a high rate of repetition and an oscilloscope {for observing the solution curves) should
be used. Then, when the desired parameter values are cbtained (by adjusting pots, etc.) we can siow down the solution
and plot the final results in slow time,

10.2 REP-OP

Repetitive operation (Rep-Op) permits automatic switching between the computer OP and IC modes. High speed
Rep-Op can produce up to 150 sclutions per second. When using oscilloscope to display the Rep-Op problem solution
you can observe how system behavior changes as a pot (parameter) is adjusted. Patch the TIMER as shown below, and
then proceed as follows:

L TIMER ]
TO—RuN RO e 8O

ud
|ck

HO

L

1. Replace all manual switches that are changed during the solution, with programmed switches (Paragraph
5.9).

Set the TIMER for T/500. T is the length of time the program runs when in slow time.
Press the RATE pushbutton. FAST will light.

Connect the signals for display on the scope {Paragraph 10.4).

Press the ANALOG MODE-PP pushbutton. The program will start.

I

Adjust the probiem parameters as reguired to obtain the desired results.

10.3 THE TIMER

The TIMER provides logic signals A, B, EB, and an analog signal T. The A and B signals are timed intervals that are used
for controlling computer modes. The A interval is about 0.7 second long when the TIMER-SECQNDS switch is at 1 or
.1, and 7.0 milliseconds when it is at .01 or .001. The B interval can be set for any duration from 5 milliseconds to 105
seconds using the TIMER X5-X105 control. The B interval is typically set for 5 milliseconds to 105 milliseconds in high
speed Rep-Op. EB is a one-microsecond puise that occurs just prior to the end of the B interval. T is an analog signal
that increases linearily from 0.0 to 1.0 machine units in one B interval.

There are two logic control input terminations (RUN and H) for the timer. The Timer operates when RUN = 1 and PP
is depressed. When RUN =0 the timer goes to and remains in the A interval. When RUN goes high, the Timer goes
through a normal A Time before going to B. RUN need only go low for one microsecond to force the Timer into the A
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interval. The H termination can be used to hold the H interval, When H = 1, the Timer remains in the B interval and
T = the analog value attained when H goes high. When H goes low, the Timer will complete the normal B interval. More
detailed information is given in Chapter 29,

I T
A 0 I | 7ms I [I
} I 07s | ' ;
| r [

B 0 | Sms 21053 |

o
o]

EB

opP

|
|
|
|
|
[]
I
I
l
4
I
i
1
|
|
|
|
|
|
{
|
IC |

Ic ) oP i IC OP i IC

10.4 MiniAC TO EAl SCOPE

The EAI Model 0.34.0035-1 Scope can be used with the MiniAC as a Rep-Op display device. An interconnecting cable
is provided with the display scope which plugs into the DISPLAY connector at the rear of the MiniAC and the scope
input connector, The scope accepts four signal inputs (Y1, Y2, Y3, and Yd,) that may be plotted against time (SWEEP
mode) or against Y4(X Plot mode). The 1-4 DISPLAY terminations (in the patch panel control field of the MiniAC}
correspond to the Y1 — Ya scope inputs. The sweep signal for the scope is normally obtained by patching TIMER-T to
DISPLAY-5 and also provides automatic blanking during IC.

10.5 MiniAC TO NON EAI-SCOPE

If you do not have an EAI Model Scope for Rep-Op display, EAI can provide an optional general purpeose data cable for
interconnection with the non-EAI scope. This cable has eight output plugs that correspond to the DISPLAY 1-7 and
START terminations on the patch panel.

NOTE
The START output at the DISPLAY connector is a
buffered logic signal (1=5V and G=0V) and is in phase with
the patch panel START input.
If the non EAI scope has both X and Y inputs, it may be used like an X-Y.T-Y plotter. Consult the reference or

operator’'s manual supplied by the scope manufacturer for instructions concerning X-Y and T-Y displays. Remember
that QP time is typically between 5 milliseconds and 105 milliseconds in high-speed Rep-Op.
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- CHAPTER 11

|
LOGIC AND ITERATIVE OPERATION

11.1 INTRODUCTION

The logic signal is defined as a time varying signal having one of two values: one {1) and zero (0). Logic signals are
available at the output of any device terminated in the patch panel logic field, and (with the exception of the analog
outputs SELECTOR 1 and 2, and TIMER-T) all red terminations in the control field. Refer to Figure 2.2.

With the exception of MTR-IN and DISPLAY-1 to 7, all green terminations in the logic and controfl fields respond to
logic signal inputs or commands. This chapter describes the various methods of controlling analog modes using logic
signals, the various logic components, and iterative operations.

11.2 LOGIC CONTROL OF ANALOG MODES

11.2.1 OVERLOAD DETECTION

One of the most basic of ali automatic made control logic programs is the automatic overload detection program. At
the lower right corner of the CONTROL field, there are three terminations OLS, OL and ORH, OL provides a logic
output that is high {equals logic ONE) whenever a component overloads {OverLoad).

If a momentary overload occurs, you may not see the corresponding overload indicator light up. You can store this
overload condition by patching OL to OLS (QverLoad Store). Thus if a momentary, overload occurs, the light will
remain on. An overioad condition must exist for about two milliseconds before OL goes high,

The occurrence of an over!oad means that a device has been forced to operate outside its proper operating range,
invalidating the solution produced from that instant on. If OL is patched to OR H, the entire computer will be forced
into the HOLD mode (OverRide Hoid). Whenever ORH=1, the computer is in Hold regardless of any other patching or
mode selection by pushbutton except SP.

11.22 THREE MODE REPETITIVE OPERATION

Features of the MiniAC permit two-mode {IC and OP) and three-mode (IC, OP, and HD) repetitive operations. Two
mode Rep-Op is described in Chapter 10. Three-mode Rep-Op is often used during iterative calcutations. For exampie,
the program is initialized (IC}, run {OP), and then stopped (HD) so that given measurement or observations can be
made. The measurements are then translated into new or updated parameter values that are introduced during the next
IC interval. Then, the program is run again {(OP). lterative operations on the MiniAC can be performed at the Normal

(or slow) rate, or at the more usual FAST rate. The time interval for each mode at each rate is shown in the following
table;

Rate IC HD Note
(Fixed) oP (Fixed)
SLOW | 0.7 sec. 5ms-105S 0.5-1ms | RATE and OP
FAST | 7.0ms 5ms-1.055 051ms | & Separate
selections.
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Typical patching for three-mode operation is as follows:

LOWER RIGHT HAND
+— CORNER OF PATCH
PANEL

| T [
T (G—ORINO H O EB.’BO

=
=]
=z
O

T, W— {1

¢

2

I

H

;
;
§

OF

REQUIRED ONLY WHEN
ANY INTEGRATOR IS
«+——PATCHED FOR LOCAL
MODE CONTROL.
(PARAGRAPH 11.2.4)

oL

ORH

When the PP button is depressed, a signai is sent internally to start the TIMER which responds by providing a signal
equivalent to a full A (IC) interval. At the end of the B interval, a signal EB {End of B) is sent to the mono which sends
a pulse of 0.5 to one millisecond duration to the analog mode H and QORH control inputs. At the end of this H-period,
the mode is I1C for the remainder of the A interval. Then, another B or OP interval occurs, and the cycle begins anew.

COMPUTER
MODE I op M, oP o
| b | I\
TIMER/MON A 8 LA B D
E ONO 7rns-i 0.5-|ms—’% }c— { : }
| | Rs6ms I
fidrivomid I MONO—»  to—
—»i  la—MONO

11.2.3 MASTER MODE CONTROL BY LOGIC SIGNALS

So far we have discussed how the MiniAC can be controlied from the mode control pushbuttons and by the Timer, in
either two or three-mode Repetitive Operation, In general, the computer can be controlled from any set of logic signals
patched to the I1C and H input terminals in the CONTROL field.

TIMER |
TO—OrNO n O 0 80

2O

<Ol | MASTER MODE
.co| [ CONTROL INPUTS

s




The computer takes on modes as indicated by the following table:

Logic Signal Input Resulting

Patched To: Mode Note
IC H
0 0 OP When unpatched, IC
0 1 H input terminal is high
{1) and H input ter-
1 0 IC minal is low (0).
1 1 H

Thus, two-mode operation, {switching between IC and OP) requires only one logic signal, patched to IC. If this signal is
called M, then M=0 is OP and M=1 is IC. Three-made operation, of course calls for two logic signals. To initiate such
jogic control, press the PP button. This also enables the TIMER,

11.2.4 LOCAL MODE CONTROL BY LOGIC SIGNALS

in addition to pushbutton control and master mode control, both of which control all integrators as a group, you can
control individuat integrators from the focal control terminals in the CONTROL field. The local control area for [11 is
shown below:

LOCAL RATE
CONTROL INPUT

g
—4r0reOn0OHOR0O

—

LOCAL MODE
CONTROL INPUTS

We have already discussed the two terminals marked 10 SW (Chapter 5). The I1C and H terminals are exactly analogous
to the I1C and H terminals of the master mode control, and follow a similar mode contral truth table. When unpatched,
or both inputs are high, the integrator follows the master mode selection.

The F terminal is used to locally control the integrating rate of the particular integrator. It is analogous to the RATE
{FAST) button on the contro} panel. There is no master rate control logic input.

F Input Signal Rate

Not Patched Selected by RATE button
0 Normal, X1
1 Fast, X500

The symbol and patching for a locally fast integrator is:




and for a locally normal integrator:

NOTE

A source of logic O is terminated to the left of each comparator
logic area in the CONTROL FIELD. Logic 1 can be obtained
from the true output of any unused AND-gate, or from the two

terminals above GATE 5.

11.2.5 MODE CONTROL PRIORITIES

1. S§P — this is the highest priority mode and is selected by pushbutton only.

2. ORH — this overrides all other mode control, be it pushbutton or logic signal except SP. Only when ORH=0
or is not patched can the MiniAC follow other modes.

3. Local Mode — any mode control signals patched to the IC/H terminals of an integrator block will take
precedence over 1ogic signals patched to the master mode inputs and over button-selected mode control.

4. Master Mode, Pushbuttons — pushbutton mode control commands all non-locally controlled components.

5. Master Mode, Logic Signals — logic signals to the master made IC/H are only effective if the PP button is

pressed,

11.3 LOGIC DEVICES

11.31 AND, OR, NOT GATES

Gates are devices for combining logic signals in an algebraic fashion. This particular algebra is called Boolean algebra and

has three basic operations: AND, OR, NOT.

Inputs Outputs
a b a AND b aORb NOT a
{a*b) (a+b) {a)
0 0 0 0 1
0 i 0 1 1
1 0 0 1 0
1 1 1 1 0




Expression Symbol

a AND b a*b, ab
aORb a+b
NOT a a

Some of the basic laws of Boolean algebra are summarized below {X, Y are Boclean variables}:
X Y=Y-X
X+Y = Y+X
(X} = X
{XeY)eZ=X{Y-2)
(X+Y)+Z = X+ Y +2)
XAY+Z) = X Y+X-2
XHYZ) = (X+Y}- (X42Z)

x
+
=
1l
x
.<

X+X =1, X-X=0
X+0 =X, X-0=0
X-1=X, X+1=1

The AND-gate supplied with the MiniAC is capable of performing all three Boolean operations.

A O \ @/T:UE CUTPUT
B Q‘J v

Y

FALSE OR COMPLEMENTARY QUTPUT

A B X Y
0 o 0 1
0 1 0 1
1 0 8] 1
17 [ 1 0]

“or not patched




Note that ¥ = X, and that an unpatched AND-gate behaves as if its inputs are patched to ones. This is true not only for
the six two-input gates {1-6) but also for the four four-input gates (7-10); all unpatched inputs hehave as if a logic 1
were patched.

Every device producing a logic signal has both TRUE and FALSE outputs terminated at the patch panel except for the
MONOQ, PULSES, OL and the TIMER EB. !f you need the complement of one of these signals, say, EB, use an
AND-gate as indicated.

EB

ﬁ%_ Y
UNPATCHED ’0— EB

Should you need the COR function, as shown below

OR GATE
SYMBOL

use an AND gate with the following Boolean algebra

EQUIVALENT
OR GATE



11.3.2 FLIP-FLOPS

11.3.2.1 Flip-Flop Operation

Flip-flops are logic memory devices, somewhat analogous to light switches found on the walls of your home. When you
press the switch up, the lights go on ("SET”) and the switch stays up even when you take your finger away. When you
press the switch down, the lights go out ("CLEAR’’) and the switch stays down even when you take your finger away.
In a similar manner, when you input a logic 1 to the S {SET) input of a flip-flop, it will become SET {the TRUE output
becomes 1) and will stay SET even when you remove the 1 (apply a logic 0}, and conversely.

The flip-flop has five terminals, as shown below:

S

E —— TRUE
Y

c ——— FALSE

Inputs — S{SET) and C{CLEAR):
Cutputs — TRUE and FALSE
Control - E{ENABLE}

CTRwR ] e i ] | Lrre] | LeEs] | Lerel BT
56] Ol+o] ol=0] 0|0 o] -o] ol :6 2g
ﬁduzco ico gco gco gﬁg?V
- R ) s FF ENABLE ] v T
50 O Q0’00 1O 20 30 « O O} O

The ENABLE can be beiter understood with a somewhat revised flip-flop diagram:

l.___..........__
S T——I_—©

_
e+

Al
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if E =1 or unpatched, then the two AND-gates which are an integral part of the flip-flop device can respand to Sand C
signals. If E = @, then a logic 1 is inhibited from getting to the internal S and C connections, and the flip-flop cannot

change state.
A — internal SET = S*E
B = internal CLEAR = C+E

Recall that X1 = X and X+0 = 0, and the purpose of ENABLE should be clear.

11.3.2.2 Flip-Flop
11.3.2.2 Clocked Flip-Flops

The MiniAC flip-flops are synchronized to an internal logic system clock. The basic reason for synchronization is to
resolve the uncertainties caused by delays in signal propagation that occurs in unsynchronized systems, The ciock signal
is a series of narrow pulses occurring at the rate of one per microsecond.,

— s — —»| 25100 ns

A 11 71 1

CLOCK PULSES

The key to synchronization is the concept that actions can occur only during the time that the clock pulse is switching
from a high to a low. It is as if we had a synchronized flip-flop gated to the clock as shown.

s T T T

S T

CLOCK 4|——E FF

—
X
c
m

L]
CLOCK CI) ________ i_l—‘l ﬁ —iii jii
A R
FF TRUE (I) __________________ I'r —'[

Suppose the flip-flop is cleared with the clock running {logic mode RUN), and a signal A is applied which goes high
sometime between clocks 1 and 2. Between 1 and 2, the flip-flop is inactive and does not respond. However, during
clock 2, the clock enables the flip-flop to see A = 1 as a SET command. The actual change takes place abruptfy on the
trailing edge of clock pulse 2.



11.3.2.3 A Triggered Flip-Flop (Toggle Flop)

A triggered ftip-flop (or toggle flop) is one that changes state with each clock pulse. Symbolically it is shown as:

The patching for the triggered flip-flop in the MiniAC is as follows:

I
CLOCK O l_-l

Lrez ]

-~

J']

.

CLEARED

-

711.3.3 SHIFT REGISTER

A shift register can be patched from flip-flops. A shift register is a collection of two or more flip-flops connected in

|
|
1
|
|
|
SET |

CLEARED |

]

SET

such a manner as to store a pattern of 1’s and 0's; and transfer these across the register. A 3-bit register, the program

symbal and the basic timing requirements are illustrated in Figure 11.1. Operation of this register is described in Table

11.1.,
Table 11.1. Shift Register Operation
. Bit
Clock IN | SH Action Pattern
1 1 0 None 000
2 1 1 | Shift 1-bit from [N to Flip-Flop 100
3 0 0 None 100
4 0 1 | Shift 1-bit from Flip-Flop 1 to 010
Flip-Flop 2 and 0-bit from IN
to Flip-Flop 1.
0 C None 010
6 0 1 | Shift 1-bit from Flip-Flop 2 to 001
Flip-Flop 3, C-bit from Ftip-Fiop
1 to Flip-Flop 2, and C-bit from
IN to Flip-Flop 1.
7 0 0 None 001

{Cont)



Table 11.1. Shift Register Operation {Cont)

Bit
Pattern

001
001
001
000

000
000

Action

None

None

None

Shift 1-bit from Flip-Flop 3 out

of register, O-bits into all Flip-

Flops.

None

Shift O-bits into all Flip-Flops.

SH

1

1

IN

0

0

Clock

10

11

12
13

iN

SH

0. 3-8IT REGISTER

i2

~C

) IS HO S,

o[ TTTPTTTECCE

- — - — — — <}

- - — —— =}

«L_ o -

CLK

T

—— e —_——

T

IN

SH
FFI

b. BASIC TIMING

———)——-

FF2 ©
FF3 O

LI

TRUE AND FALSE
FLIP—FLCOP CUTPUTS

A

hl

IN

SH

c. SYMBOL

Figure 11.1. Shift Register Cperation
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11.3.4 BINARY COUNTING

Many logic programs involve counting of events that can be represented by logic signals. We approach counting these
events by preselecting a certain number of these occurrences and then counting them with a logic upcounter (Figure
11.2). The preselected number, N, can be anything in the range 1 - 127, and allows as many as 128 occurrences of an
event to be counted. The preselected count is set into the counter by depressing one or more of the numbered
pushbuttons (64, 32, 16, 8, 4, 2, 1} such that their total is one less than the desired count,

s IR/ )
sO
CI| CcTR/TMR o i
N
¢ a(
PRESELECTED
COUNT b. PATCHING
a PROGRAM SYMBOL AREA
A IR 2 T T T
FFI FF2 FF3 FF4
B . ::E‘ s U o
CTR/TMR
64 32 [£:] - 4 2 1
LOGIC MODE i PBI P2
::;:L_g 1 T8 .hq:[u : 3 K 3 P

LOGIC CONTROL PANEL

Figure 11.2. Logic Counter

The rules for counter usage are simple:

1.

The counter must be set before attempting to count. This is accomplished by inputting a short duration
high teo the S terminal.

The CI {CARRY In) signal is a logic signal. The counter increments each time Cl goesfrom Oto 1, but NOT
from 110 0.

A high into the C {Clear) terminal makes the counter output low on the next clock, but does not clear the
register associated with the 1, 2, 4, . . . 64 pushbuttons. The logic mode CLR button clears the register.

If C goes high while Ci is low the counter will increment one and the indicated output may be invalid.

11-11



11.12

A simplified circuit diagram is shown in Chapter 29 of the Reference Handbook. Let us examine a simple counting
application that is typical of the use of counters. Suppose we wish to place the MiniAC in Hold whenever a certain
variable, y, becomes positive for the 20th time,

1

S

y —] come 2 CTR/TM'R_—D—@ ORH
'

When you change the logic mode from CLR to RUN, a short duration set signal is output from the flip-flop, this makes
the counter/timer output 1 and the ORH input O.

Whenever Y goes from a negative value to a positive one, the comparator output goes from 0 to 1 and the counter
increments. After 20 increments, the ORH input becomes high and the MiniAC enters the HOLD moede.

If you need to merely count the number of times an event occurs, convert that event to a logic signal which goes high -
to signify occurrence and patch to the Cl of the counter with N = 127. When the run is completed, do not change the
logic mode to CLR, as this would clear the pushbutton register. Add up the numbers on the stifl-lighted pushbuttons
and you will have the number of times the event occurred.

71.35 LOGIC TIMING
We have used the analog mode or rep-op timer previously, and have seen that the smallest time that could be set is 5
milliseconds. Our logic, on the ather hand, operates with a clock having a period of one microsecond — 5000 times

faster. Thus, a separate time is required for timing logic events.

Logic timing can be accomplished by counting events which occur regularly. Such “‘events” on the MiniAC are usually
pulses terminated on the patch panel adjacent to the CTR/TIMER.

[ cTR/TMR

sO
ME
[Pucses |
et ec Ot w QD00

Each pulse train looks like this:

ol le—ips et —

S . . n M

where = 10°, 10%, 10%, or 10?, as selected.




in other words, you can choose a pulse train of 1 microsecond pulses occurring 100,000 times/sec, 10,000 times/sec,
1,000 times/sec, or 100 times/sec. The timer configuration is:

1on —C1 A 5 out
| N

:4—I0,u.sec ——-;

0% [] 1 L
. I-_L 20 sec -n
A U U

In the most general case, the time between puises from the false output of the CTR/TMR is:

(N+1) 107 " seconds

Thus, if you need a timing pulse that becomes high for 1 microsecond every second, press the 64, 32, 3(=99) buttons
and connect the 10~2 puise output to the Cl.

Considering the extreme and several intermediate cases, we have the following table,

Time Between Pulses N 107"
100 microseconds 9 10°
1 millisecond 99 10%
a 10*
10 mitliseconds ag 10*
9 10°
100 milliseconds ag 10°
9 10°
1 second 99 10?
1.28 second (Maximum) 127 102

11.3.6 SWITCHABLE LOGIC LEVELS
The MiniAC has two logic pushbuttons {PB} which control two sources of 1 and 0.
Each buttan has two controls on the logic control panel [Figure 2,6), one labeled S and the other C. When S is pressed,

it lights and the true output of the PB goes high. When C is pressed, the S light is extinguished and the false output goes
high. PB's are very useful in checkout and for introducing manual control in the logic program.

1113



11.4 ANALOG MEMORY
The ability of the analog computer to simulate at high speed becomes the ability to automatically iterate when memory
is added to the analog "'side” of the computer. Analog memory is performed by a device that samples an analog signal

continuously and, on logic command, holds a single value of that signal. The device is known as a track-stare, or T-S
amplifier,

1141 THE T-SUNIT (Figure 11.3)

When the Z/TS switch is depressed, devices 14, 24, 34 can be used as T-S units.

14
/78
— | Losic *Ol+0
INPUTS wol o
— Jcie|r
ANALOG | —t ] oS
INPUTS | T ANALQCG
o OUTPUT KellNe!
10 | -
RG] B
0. SYMBOL ol o S :55 O Ol
1w el

b. PATCHING AREAS
Figure 11.3. The Track-Store Unit

To understand how the T-S behaves, refer 1o Figure 11.4,

A is the logic IC signal: whenever A =1, the output is the negative value of the analog IC input (in our
example, —0.5 is the analog I1C}.

B is the logic T7-S signal — B=1is TRACK, B=0 is STORE. Note that A overrides B.

i,y
+| -+ X
5 -
|
|
¥ | | I
| I
—1.0 o . L L ! t
! | 1
.5 : | 1 '
1 N\ 4
¢ A : ' : '\
! I 1 1 1
B ! 1 1 | I 1
Icl1ci T ! ! ! [ I i
i 1 1 | | f
| ! ! ! [ I 1
_ ] — -1 4+ 1 1 I ! I
X T ¥ ! j | 1 1 | ! !
| | | | | ) |
1 ‘,____.T._' 1 I I |
1 | | |
0. PROGRAM ‘ 1
A0 l l — I
P i

;j

I

| | |
MODE r—— JC ~——#— T —pa— S — praTore— 5 ——opa——— T
! 1 1 | | [

b. WAVEFORMS

Figure 11.4. Track-Store Behavior
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11.42 PARAMETER SWEEP PROGRAM

One of the most common uses of analog simulation is the investigation of a system behavior when a single parameter is

changed. If operating the simulation manually, you wili probably follow a regimen as:

1. Adjust the parameter to its initial value, the computer is in the SP mode,

Select IC, then OP and plot the variable of interest, say Y,

2
3. Go to H at the end of the run and note the value of Y, calling it (yend)O.
4

Select SP and set the parameter to the next value. Repeat 2 and 4.

The major ingredients of this recipe are adjust the parameter, control the mades, record the final value of y. We aiready
know how to control modes with logic (Paragraph 11.2). Parameters can be introduced with multipliers in place of

pots. That is

can be replaced by

if ¢ is now a signal {a parameter which changes during IC but stays constant otherwise} instead of manually adjusted
constant, We'll discuss how to generate a as a signal below, The question now is the record of the final value of y.

The basic set-up is:

Qa
GENERATOR

Qi

Refer to Figures 11.5 and 11.6 for programming and patching information. The timer is set up te give 3-mode rep-op,
the three modes being IC, OP, H occurring in that order. Adjust the B {OP) interval of the timer to give the desired OP
time; use the oscilloscope display as a guide. The A(IC) interval and the H interval are fixed. The FAST integrator rate

SIMULATION
OF
SYSTEM

y(t,ai)

-a

—

TIMER

FINAL
VALUE

y (T, ai)

button must be depressed for high-speed operation.

Now, we use the T-S unit to pick up the final value of y. As the T-S output goes to the plotter, we would like to

TRACK onfy when the simulation has gone to the H mode, and STORE otherwise. This ensures that the (T,ai} function
will be a staircase-type function as shown.

X=Y
PLOTTER
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Figure 11.6. Parameter Sweep: Patching
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11.43 PARAMETER IMPLEMENTATION

As mentioned above, we face the requirement for generating parameter values as if they were signals and not merely
constants, There are several ways, but they all hinge on producing the following plot in rep-op:

@ mox T | 1o I b I I
' o % L l !
| 1
a I 1o | ot I [
| [ | [ | |
] 1o I to | I
| 1 | | | | | |
I i1 I o I |
1 [ t b I ]
| f ; : : : : az=a+AQ : eic
| 4L
) (| | [ -
! [ v Xy=Qpo+Aaa W ﬁl"\,\r
1 1 1 ] | | 1
Qo ' ™~ | Lo I I
. 1 1 1 1 1 1 | -t
Ic | opP ‘Hl 1c ! opP '] 1 | oP I H

The irregular line is meant to call your attention to one important fact; we don't care how we get from one a value to
the next, as long as o is constant when required (in our case, during OP1)

11.4.3.1 ' Using an Integrator

The following scheme shown in Figure 11.7 causes the integrator to cycle between H and OP. Use the connection to
ORH to establish the HOLD mode as this integrator will have local mode control.
There are several things to note:

1. This integrator runs in slow time.

2. The integrator initial condition is not the initial value g, it is the previous value, a_ . We integrate over the
first A interval to set a,, = —a_, +Aa.

3. TimeTis approximately 6 milliseconds and corresponds to the A interval minus the MONO time.

11.4.3.2 Using a Counter

If you can spare the flip-flops and switches, a counter can be used to handle 7 values of a given parameter, without the
negd for a multiplier,

Each IN pulse triggers Flip-Flop 1 (makes it become 1 if it was 0 and vice versa). Flip-Flop 1 is set and, when an IN
pulse is applied, Flip-Flop 2 triggers. If Flip-Flop 1 and Flip-Flop 2 are set, the next IN pulse triggers Flip-Flop 3.
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Figure 11.7. Parameter Implementation with an Integrator
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IN Pulses Fiip-Flop 3 Flip-Flop 2 Flip-Flop 1
0 0 0 0
1 0 0 1
2 o 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1
8 0 0 0

Etc.

In other words the combination shown is an 8-count {0-7) binary upcounter. The states of the switches produce the
following output:

IN Pulses K
0 K, {all flip-flops are cleared)
1 K +10(-1AK) = K +AK
[+] Q
2 K, t28K
3 K0+2AK+AK=KO+3AK
4 K +44AK
(o]
5 K +5AK
a
8 K0 + 6AK
7 KO + THK = KMA><
8 K
Q
Therefore, AK = (KMAX — KO)/7

11.4.3.3 Using an Analog Accumulator

Another method for providing incremental parameter values uses a device called an analog accumulator,
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i N is H {Hold), we have:

COMPUTER MODE | A(IC)
T/S | MODE l s
T/S 2MODE b
I
y T
|
|
|
|
|
|
|
1
YO

This circuit can also be patched using integrators as track-store units with certain limitations. Refer to Chapter 21.

The analog accumulator (Paragraph 11.4.3.3) has one restrictive characteristic: it uses up two T-S units. On the other
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1 —Aa 0
0 -Aa Aa
1 —20a Aa
0 —2Aa 20a
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0 -3Aa 3Aa
etc
1 | |
B(OP} | H | | B
s Rl ! 5
I
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o |
| | |
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| | |
o I
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| T
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| |
T !

11.4.4 BOUNDARY VALUE PROBLEM
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hand, it is very useful in solving boundary problems, using proportional correction a{i + 1) = a{i} + Ke{i)

where
ali}
eli)
and
K

is the value of a for the ith run.

is the error in the final value of the variable at the boundary, i.e., € = (x desired — x actual)/at the boundary.

is the proportional constant.

B

B (OP)
T

A(IC)

SIMULATION

x(t)

TIMER

€(t)

O
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Note that the output of the summer, €{t), is only meaningful ot the end of B {and in HOLD). Since T-S 1 tracks during
B, it has the correct Ke(i) at the end of B and supplies the proper (i + 1} to T-5 2 during Al

You may have to vary K to find the correct sign for convergence and a reasonable value for fast convergence. The sign of
K is changed, of course, by adding an inverter after the summer which produces ¢(t).

The single-integrator parameter increment circuit may also be used to solve boundary-value problems, as shown below.
in this case, the entire simulation is put into the HOLD mode by the mono, so that when the mono output is high, the
final value of the error is stared. During this interval, the input to the parameter updating integrator is turned on, so
that the integrator output will change by an amount proportional to the input crror. When the manostable period is
over, the integrator input is turned off, and the simulation is put into the 1C mode.

The parameter updating integrator is in the IC mode whenever the PP signal is low {i.c., whenever the iteration is being
reset). Of course, any other logic signal may be used to control the resetting of the iteration scheme. The mano controls
the mode of the simulation by means of the "HOLD’’ mode input terminal (not the "ORH" terminal, as this would
prevent the parameter updating integrator fram changing).

Note that the amount by which the parameter changes is proportional to the error, and to the mono interval TN|
(nominally 0.5 to 1.0 milliseconds). For this reason, the pot-setting is made inversely proportional to TM. In practice,
the precise value of TM is not significant, as the pot-setting is determined empirically in any case.

TIMER :_'_ J
EB MONO

-/

H I
10 < SIMULATION XL§
H a(t)
Ic
PP O
Xp

N
\

K/IOTM



11.43 PARAMETER IMPLEMENTATION

As mentioned above, we face the requirement for generating parameter values as if they were signals and not merely
constants, There are several ways, but they all hinge on producing the following plot in rep-op:
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] 1o I to | I
| 1 | | | | | |
I i1 I o I |
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1 1 1 ] | | 1
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The irregular line is meant to call your attention to one important fact; we don't care how we get from one a value to
the next, as long as o is constant when required (in our case, during OP1)

11.4.3.1 ' Using an Integrator

The following scheme shown in Figure 11.7 causes the integrator to cycle between H and OP. Use the connection to
ORH to establish the HOLD mode as this integrator will have local mode control.
There are several things to note:

1. This integrator runs in slow time.

2. The integrator initial condition is not the initial value g, it is the previous value, a_ . We integrate over the
first A interval to set a,, = —a_, +Aa.

3. TimeTis approximately 6 milliseconds and corresponds to the A interval minus the MONO time.

11.4.3.2 Using a Counter

If you can spare the flip-flops and switches, a counter can be used to handle 7 values of a given parameter, without the
negd for a multiplier,

Each IN pulse triggers Flip-Flop 1 (makes it become 1 if it was 0 and vice versa). Flip-Flop 1 is set and, when an IN
pulse is applied, Flip-Flop 2 triggers. If Flip-Flop 1 and Flip-Flop 2 are set, the next IN pulse triggers Flip-Flop 3.
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Figure 11.7. Parameter Implementation with an Integrator
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IN Pulses Fiip-Flop 3 Flip-Flop 2 Flip-Flop 1
0 0 0 0
1 0 0 1
2 o 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1
8 0 0 0

Etc.

In other words the combination shown is an 8-count {0-7) binary upcounter. The states of the switches produce the
following output:

IN Pulses K
0 K, {all flip-flops are cleared)
1 K +10(-1AK) = K +AK
[+] Q
2 K, t28K
3 K0+2AK+AK=KO+3AK
4 K +44AK
(o]
5 K +5AK
a
8 K0 + 6AK
7 KO + THK = KMA><
8 K
Q
Therefore, AK = (KMAX — KO)/7

11.4.3.3 Using an Analog Accumulator

Another method for providing incremental parameter values uses a device called an analog accumulator,
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i N is H {Hold), we have:

COMPUTER MODE | A(IC)
T/S | MODE l s
T/S 2MODE b
I
y T
|
|
|
|
|
|
|
1
YO

This circuit can also be patched using integrators as track-store units with certain limitations. Refer to Chapter 21.

The analog accumulator (Paragraph 11.4.3.3) has one restrictive characteristic: it uses up two T-S units. On the other
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hand, it is very useful in solving boundary problems, using proportional correction a{i + 1) = a{i} + Ke{i)

where
ali}
eli)
and
K

is the value of a for the ith run.

is the error in the final value of the variable at the boundary, i.e., € = (x desired — x actual)/at the boundary.

is the proportional constant.
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Note that the output of the summer, €{t), is only meaningful ot the end of B {and in HOLD). Since T-S 1 tracks during
B, it has the correct Ke(i) at the end of B and supplies the proper (i + 1} to T-5 2 during Al

You may have to vary K to find the correct sign for convergence and a reasonable value for fast convergence. The sign of
K is changed, of course, by adding an inverter after the summer which produces ¢(t).

The single-integrator parameter increment circuit may also be used to solve boundary-value problems, as shown below.
in this case, the entire simulation is put into the HOLD mode by the mono, so that when the mono output is high, the
final value of the error is stared. During this interval, the input to the parameter updating integrator is turned on, so
that the integrator output will change by an amount proportional to the input crror. When the manostable period is
over, the integrator input is turned off, and the simulation is put into the 1C mode.

The parameter updating integrator is in the IC mode whenever the PP signal is low {i.c., whenever the iteration is being
reset). Of course, any other logic signal may be used to control the resetting of the iteration scheme. The mano controls
the mode of the simulation by means of the "HOLD’’ mode input terminal (not the "ORH" terminal, as this would
prevent the parameter updating integrator fram changing).

Note that the amount by which the parameter changes is proportional to the error, and to the mono interval TN|
(nominally 0.5 to 1.0 milliseconds). For this reason, the pot-setting is made inversely proportional to TM. In practice,
the precise value of TM is not significant, as the pot-setting is determined empirically in any case.
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CHAPTER 12
R —

AUTOMATIC ITERATIVE OPERATION EXAMPLE
{A TWO-POINT BOUNDARY VALUE PROBLEM)

The following problem is presented as a guide to programming, checking and running a typical iterative program. We
will first present the problem and then “Walk’' through the solution. Finally, you are asked to patch it, check it and run
it, with a procedure that is documented.

121 THE PROBLEM STATEMENT
12.1.1 INTRODUCTION

Consider & slender, homogeneous rod of length L with both ends maintained at a constant temperature To, as shown
below.

To To
- -
e
A I [~

To 7 } ~ To

A

- I [~
-~ | L~
e

= | L -
x=0 AT — =L

2 &

Assuming heat transfer by conduction and radiation, we wish to determine the steady state temperature along the rod.

12.1.2 EQUATIONS

The heat transfer equation is given by

The boundary conditions can be written as
T{0) =T{L) = TO
Applying symmetry, the temperature gradient at the midpoint is

dT
dx

=T"=0atx=L/2 (2)
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Equation (1) can be readily implemented on the analog computer. However, a problem arises because the boundary
conditions are specified at opposite ends of the rod {i.e., T(L/2)is unknown) the initial gradient, dT/dx (0}, is

unknown.

To solve this problem, the following iteration scheme is to be employed.

T 0 =T7{0) - GAIN e T {L/2) {3)

1+1
Iteration will be regarded to have converged when

dT (L/2)
dx

< an arbitrary tolerance (4)

712.1.3 VALUES

The following values are to be used:

T{0) = 2000 deg. Kelvin

L = 0.5 meters

k = 8x 1078 (deg. Kelvin)~ 3 {meters)™?
Tl < 2000 deg. Kelvin

g—I < 40,000 deg. Kelvin/meter

12.2 PROCEDURE

12.2.1 PREPARING THE SIMULATION

We will now designate an analog/hybrid simulation to implement the heat transfer equation and the iteration scheme.
The iteration will be accomplished automatically in two-mode high-speed repetitive operation, and will include iteration
reset, automatic stop when the correct |C is reached, and continuous display of temperature.

To initiate the design, let us draw an unscaled analog diagram for the heat transfer equation.
T =kT? ,0<x=L
where T =dT/dx
T = d{dT/dx)/dx

and x is represented hy time, t, on the computer. This implies that we must carefully choose the B(OP) time to
correspond to x = L/2, as we are using the symmetry of the system.



L (0) is the i-th value of the unknown parameter T’ {0}, the initial value of T', We know the value of T' at x = L/2 but
not at x = 0. We will use an analog accumulator {Paragraph 11.4.3.3) to obtain the values of T’ {0) in accordance with
Equation 3.

B(OP) AIC)

‘ ITERATION RESET
T |IC

2\ Ti'(O)
1
TO(O)
+
GAIN C)

!
K] P
e

The pushbutton allows you to reset the iteration at any time. Pushing the button forces T-S 2 to the IC-mode, forcing
the IC of integrator 1 to be the initial guess for T’ (0).

We are also interested in setting up a program for the automatic stop feature. That is when T’ {(x} = O at x = L/2, we

wish to stop iterating as we have arrived at the solution. Sirce zero is difficult to attain, we will use the criterion of
Equation {4):

T {(L/2}]<TOL
First consider

|[T" {x})] =< TOL or
—TOLST'{x)S<+TOL

12-3
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TOL

+1.0 (T'(x)< TOL)

) = TOL< T'{x)<TOL)

Y
|/ L
B . [
v

(T'(x)}) < -TOL) i (T'(x) >-TOL)

710

TOL

How do we now take care of {(=TOL < T’ (x) <TOL) atx = L/2? Recall that we chose the B {OP) time to correspond
to x = L/2: therefore, the EB signal from the timer occurs at the exact instant (£ 1 microsecond, negligible in the analog
time scale) that x = L/2. Therefore we can add the following circuit.

\ (-TOL<L T'{x)< TOL)

—V

}-TOL<T'(L/2) < TOL)=STOP
|—

EB

STOP is a logic signal that will be high for one microsecond at the end of each B{OP) interval, if and only if the
tolerance condition is met.

Now we take the one microsecond STOP signal, change it to a logic 1 of arbitrary length (HALT) and apply it to the
accumulator. Forcing T-S 2 into the STORE mode inhibits further changes in T’ i {o).

STOP

E8 HALT

Y

A PB RESET

T (0)



Let’s see how this works, We reset the problem by pushing the PB. This clears the flip-flop and initializes T-S 2. Then
we release the PB, allowing the iteration to begin. Whenever A=1, T-S 2 will TRACK; whenever A=0, T-S 2 will STORE.
Now along comes a run for which |T' (L/2}|STOL. The short STOP pulse sets the flip-flop inhibiting the gate
controlling T-S2. In other words, that gate feeds a logic 0 to T-S 2, forcing it into STORE until the flip-flop is reset!

In order to study the effects of the gain, K, on the iteration, we have included a counter to count the number of runs
{up to 128) that are needed for the iteration to converge.

EB -——\
et CTR
J STOP 127

s S c

. HALT

<} 1
c

< RESET

1222 SCALING

The computer variables are

T/2000
and
T'/40000

Therefore the output of MULT 15 is —(T/2000)2, the cutput of MULT 25 is = (T/2000)?, and pot 11 is:

(2000)%k 4x108k
400008

B

Also, pot 12 is 40000/25008 = 16/

8 is the scale factor which allows computer time to represent the length of the bar, Suppose we choose to let 20 seconds
represent the total length of the bar, L. Since L = 0.5 meters,

8 = 40 sec./meter

When we go to high speed rep-op, we will get a speed-up of 500 to 1 so that an OP time of 10 milliseconds will
represent L/2,
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Our analog diagram now looks like this:

T'(0)
F0000
T 16
~ | 30000 B {2—0%3]
X ﬂ‘IZ, ! 12
(.400)
8
4x108 K
2X0°K (1) (.800)
B
! 25

T 4q
2000

12.3 CHECKING THE PATCHED PROGRAM

1231 STATIC TEST

After all the pots have been set, a conventional static test can be made.
1. Analog mede: IC
2. Logic mode: CLR (actual mode will be STP}
3. SetPB 1andPB 2.
4

Using Selector-1, read the outputs of the mathematical elements. If any output is incorrect, check the
elements in the order that they effect each other. For example, T-S 14 provides the initial condition (1C) for
£ 11; MULT 25 provides the input to INV 26.

5. Read the pot outputs.

1232 LOGIC TEST
A partial test of the logic can be made by checking the status on the analog and lotic control panels as follows {Analog
mode: 1C; Logic mode: CLR}:
1. COMP 13: ON
2. COMP 23: ON
3. AND-1: OFF
4. Depress COMP 13 button; COMP 13 should go OFF and AND-1 should go ON. Release the pushbutton,



5. FF1: OFF
6. FF2:OFF
7. CTR/TMR: OFF

12.3.3 DYNAMIC CHECK

1. Clear PB-2

2. Logic mode: RUN

3, Set TIMER for 10 milliseconds
4. RATE: depress FAST

5. Analog mode: PP

The oscilloscope should now display the solution of 7° - kT? from x = 0 to x = L/2 with the initial condition T (0} and
T {0).

Q

12.4 RUNNING THE PROGRAM

All that is needed at this point is to clear PB-1, This allows the iteration to commence. If Selector 1 is at 14, the digital
voltmeter will display the value of T’{0}/40000 which is presently being used.

To reinitialize and begin another iteration cycle, simply set and clear PB1, If a parameter change is to be made, proceed
as follows:

i. Loagic: CLR

2. Set PB-1

3. Analog=SP

4, Now you can change K {the iteration gain) or any other parameter if you like,
Analog = IC
Logic = RUN
Analog = PP

5. The computer is now in *‘rep-op” with T'{0) equal to whatever you have chosen as a starting point.

6. Clear PB-1 to begin iteration.

In case an overload occurs during the B {OP) mode, this fact is detected by gate 3, and the OVERRIDE HOLD (ORH)
feature is activated, putting the simulation into the HOLD mode for the duration of the run. (Why not simply connect the
OVERLOAD signal directly to ORH and eliminate the gate?)
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CHAPTER 13

|
INTRODUCTION TO REFERENCE HANDBOOK

The following chapters (14 through 29) are oriented toward the frequent or relatively experienced user. This portion of
the wmanual provides detailed descriptions of the MiniAC operations subsystem-by-subsystem and
component-by-component. Sufficient information is provided to permit the experienced programmer to fully utilize all
programmable features to devise unique patching schemes on a subsystem and individual component basis,

Detailed operating and patching information concerning the various MiniAC Control and Monitoring Systems are
described in Chapters 14 through 17. These include the following:

Analog Mode and Time Scale Control
Logic Clock and Logic Mode Control
The Signal Selector {Readout)

The Overload and Status Indicators

Individual components, or smail groups of closely related components are described in Chapters 18 through 29,
Basically, each component chapter includes the following information.

Location and Identification:

Where is it terminated?
How is it identified?

Device Description or General Operation

What is it?
How does it operate?

Device Use:

How to use the component.

Since it is virtually impossible to describe all conceivable patching configurations and methods of operation, many of
the component chapters include simplified and equivalent circuits. The simplified circuits are provided for (but not
limited to) the knowledgeable user to delve into the technical aspects (at his discretion} and develop unique
applications and/or patching configurations. The equivalent circuits permit the non-technical user to gain a better
understanding of component operation and thereby utilize the MiniAC to its fullest capabilities.

13-1/13.2
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CHAPTER 14

L
ANALOG MODE AND TIME SCALE CONTROL

4.1 INTRODUCTION

The MiniAC is equipped with a versatile analog mode and time scale control system that simplifies initial programming
and subsequent program changes. Essentially, there are three computer modes, four analog modes, a special mode, and
two integrator time scale selections available. The three computer modes are Master Mode Pushbutton Control, Master
Mode Patch Panel Control ((PP} and the Slave Mode {SL). The four analog modes are: Set Pot (SP): Initial Condition
(1C); Haold {H); and Operate (OP). SP is a ‘'set up” mode normally used when setting potentiometer coefficients and
when initially testing the program. The I1C, H and OP modes are “‘operating” modes normally used during a preblem
solution, Override Hold {ORH) is a special method of operation used to "“freeze” the problem solution and overrides
the IC, H, and OPF modes. The time scale {integrator rate) control system permits selection of either of two values of
feedback capacitance for the integrators. Selection of computer time scale is made using a single pushbutton control,

Control of analog mode and time scale is performed at two priority levels {{ocal and master). Control at the master level
has the lower priority, and can be performed by pushbutton at the analog control panel, by another MiniAC Computer
(when SL is selected) or by patching {when PP is selected) at the Master Mode terminations in the patch panel control
field.

The local level of control permits operating mode and time scale selection of individual integrators and track/store
amplifiers to be controlled by logic patching in the control field. With the exception of the Set Pot (SP) and Override
Hotd (ORH}, local control patching overrides any master control on an individual component basis,

14.2 THE ANALOG MODES
14.2.1 SET POT (SP)

This is a pre-operational setup mode used when initializing the computer. When SP is selected +1.0 machine units
(+10V) is applied to the Hi side of all pots. Additianally, switching networks in the various summers,
summer/track-store units, and summer/integrators ensure that all amplifiers are provided with resistive feedback to
prevent overloading. The summing junction provides a load to the input source equivalent to the load present while the
computer is in the Operate {OP) mode. This permits setting potentiometers under normal load conditions.

14.22 INITIAL CONDITION (IC)

This operating mode is used prior to each computer run to set the output of atl integrators to the predetermined initial
values. Essentially, all components except integrators are in the Operate mode. The |C mode can also be used to static
check the patched program.

1423 HOLD (H)

The Hold mode disconnects all integrator inputs and holds the integrator outputs at their existing values. Essentially, all
other companents remain in the Qperate mode.

14.24 QPERATE (OP)

In this mode, the integrators are released and respond to their respective input fevels. Placing the computer in QP
initiates the dynamic solution to a problem.
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1425 OVERRIDE HOLD (ORH)

This special method of operation overrides any selected local or master mode to force all integrators into the Hold
mode. ORH can only be controlled by patching and is primarily used to freeze the problem solution when an overload
occurs,

14.3 THE TIME SCALES

The time scale control system permits selection of either of two different values of feedhack capacitance for all
integrators terminated at the patch panel. The value of feedback capacitor for any given integrator determines the
integration rate.

Contro! of the analog time scales is performed at both levels {master and local). The contral circuits operate relays in
the integrators that select the value of feedback capacitance. This is accomplished using two time scale ranges {Normuai
and FAST). A one second time scale is equivalent to an input of one machine unit {1 MU = 10V) to a gain-of-one or:
the rate of integration is 1.0 machine unit/second. If the time scale is 2 milliseconds, the integration is 1 machine unit/2
milliseconds. Table 14,1 defines the basic correlation between the time scale range, the input gain, the time scale, and
the capacitor values for each.

Table 14.1. The Time Scales

Time Scale Capacitor f Input Time Scaie
Range Value Gain {1 MU per unit of time)
Normal 1.0 uF ] 1.0 second
10 0.1 second
Fast 0.002 uF 1 2.0 milliseconds
(F} 10 0.2 milliseconds

14,4 PUSHBUTTON MODE AND TIME SCALE CONTROL

With the exception of Gverride Hold {ORH}, all analog modes of operation and computer time scale can be seiected
manually using pushbuttons on the Analog Control Pane! (Figure 14.1). The four pushbuttonsdesignated iC, HD, OP,
and SP correspond to the setup and operating modes described in Paragraphs 14.1 and 14.2. The pushbutton designated
RATE-FAST is the time scale selector, When refeased (lamp extinguished), the normal time scale range {Paragraph 14.3)
is selected. When depressed {lamp lit}, the time scale is 500 times faster than normal. Depressing the appropriate
pushbutton selects the desired mode and time scale of this computer, and also controls the mode and time scale of a
remote MiniAC when a remote computer is in the SL {Slave} mode.

Prior to operating the analog pushbuttons, ensure that this computer is selected as the “master” (the SL pushbutton is
not depressed). Mode and time scale cannot be controlled locally by pushbutton when this console is slaved to another,
Details of slave operation are given in Paragraph 14.7.

The following procedure outlines the typical sequence in which the analog pushbuttons are operated.
1. Ensure that all device setup switches are praperly set.
2. Ensure that the SL pushbutton is released. This computer has control.

3. Depress SP and set all patched pots to the coefficient values required by the program. Pot setting procedures are
given in Chapter 18.



4. Select the appropriate time scale per program requirements (Paragraph 14.3}, When the FAST pushbutton is
depressed (lamp tit) the computer time scale is 500 times faster than normal.

5. Depress IC to place all patched integrators at their initial values.

6. Verify the predetermined voltage values existing at the various check points in the program. See Users Guide,
Chapter 8.

7. When ready to start the program run, depress OP.
8. f at a given point in time (or after some event) it is desired to examine {readout) any integrator{(s), depress HD.
9. |f the program is to be continued, depress OP. !f it is desired to restart the program, depress IC and then OP.

10. At the end of a program run, or when the desired results have been obtained, depress IC or SP,

14,5 PATCH PANEL MASTER MODE CONTROL
714.5.1 GENERAL OPERATION

The master mode input terminations designated IC and H (Figure 14.1) operate in conjunction with the PP {Patch
Panel) pushbutton to control the three basic analog modes (CP, H and IC). When patch panel control is selected, (PP
pushbutton depressed) the IC and H input terminations respond to logic inputs (1 = +5 volts and 0 = 0 volt) to permit
the analog program to be controlled by logic patching. Note that mode control patching at the local level overrides
master mode patching and pushbutton control on an individual basis. Using the patch panel to obtain master mode
control has numerous useful applications; particularly in problems requiring repetitive or iterative operation.

14,52 THE INPUT CONTROL TERMINATIONS

When the PP pushbutton is depressed (lamp lit}, the green input terminations {IC and H) respond to logical ones and
zeros 1o select the computer mode of operation. The logic control inputs may be from any logic level source of
predetermined duration on the patch panel. Table 14,2 is a truth table showing the logic signals (1 or 0) required at the
IC and H inputs to select any one of the three operating modes.

Table 14.2. PP Master Mode Truth Table

Input
Logic
Mode| Signals Notes
IC H When unpatched I1C
c |1 0 te_rmlnatl_on is normally
high (logic 1), and H
OP | O 0 termination is normally
0 1 low {logic 0}.
H
1 1

An important consideration when using the master mode input terminations for control is the fact that when
unpatched, the |IC input termination is normally high, while the H termination is normally low. This permits switching
between IC and OP with a single control input patched to IC. In other words, for normal two-mode rep-op control
(Paragraph 14,55}, the H termination is left unpatched.,
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If the overall program requires automatic selection of all three operating modes isuch as during iterative operations,
Paragraph 14.5.6}, the H termination as well as IC must be patched into the program. \With H patched, the integrators
will enter the HOLD mode whenever H goes high.

14.5.3 THE QUTPUT TERMINATIONS

There are three pairs of output terminations (PP, IC and OP) associated with patch panel mode control. Each

TRUE

termination pair provides a true and a false logic output as indicated by the logic inverter symbol { ).
FALSE

The false output is the complement of the true output.

The true IC and OP outputs go high {logical ONE) whenever either of the corresponding analna modes (1C or OP) are
selected. Table 14.3 shows the |C and OP output levels present during each computer mode of operation.

Table 14.3. Master Mode Patch Panel Qutputs

Qutput Termination
Mode iC op
True False True False
iIc 1 0 o] 1‘ 1
cP 0 1 10 |
H [ @ 1 0 1
ESN 0 0 1

Unless slaved to another computer, these logic levei outputs are synchronous and cen pe used in numerous zpplications
such as; operating and controlling 2 given logic function, starting a logic sequence when s given analog mode is
selected, and even providing a start signal to an XY plotter or some other external davice.

The true output of the PP {patch oanel) termination only coes high wiren the PP cushbutton is degressed. This outout
remains high until another mode is selected manually. The PP outouts can be used to enable any desired logic
function, or as a start signal.

1454 SELECTING PATCH PANEL WIODE CONTROL
Patch Panel Mode Control is normally used 1o 0Digin repelt

14.5.6). Depressing the PP opushbuttorn will initiate -2 ¢
patched low {Chapter 29).

14.5.5 REPETITIVE QPERATION

Figure 14,2 shows the method of using the Master “Jode input terminations to obtz n renst’t w2 0o ation ired-00¢. The
goal in rep-op is to automatically cycle the co~outer betveen the analog IC and OP —odes 37 50™~e cragetarmined rate.
This permits problem solutions to be disolaved on an osci'l'scaore, To ecco™o' 's” s, 1me !
(Chapter 28) must be used as the mode control eig~—ent. Tre timar crovides 7o :

9]
t
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of each interval is determined by the timer cortro' satiings tniz~z’ & cen e gther o7 T
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14.6

As shown in Figure 14.2, the A and B intervals go high in turn and are never high (true} at the same time. Interval B
goes high when interval A drops and conversely, A goes high when B drops. The A interval corresponds to the computer
IC mode and the adjustable B interval corresponds to the OP mode.

With the patching shown, the computer is furced to the IC mode when A goes high, and into the OP mode when A goes
jow, When the PP pushbutton is depressed {lamp lit}, the timer starts and the problem run is initiated. Hf it is desired to
start the problem from a source other than PP, patch RUN to the output of the device selected for control. When the
run input goes high {and if PP’'s is selected) the timer will start.

1456 ITERATIVE OPERATION

The Master Made input terminations can be patched to automatically control all three operating modes for use in
iterative operations. lterative operation is similar to rep-op {Paragraph 14.5.5) and is generally used to start a normal
analog sequence and then place the computer in Hold while a parameter is updated or a logic sequence is performed,
The problem in this case is to place the computer in 1C at time minus zero (—TO), and at a given time (TO) switch to the
Operate mode (starting the analog program). Then at some other specific point in time (T1} place the computer in
Hold. At the end of the Hold interval, the computer will return to the IC mode and the entire sequence of events will
repeat,

Figure 14.3 shows the patching and basic timing requirements for automatic three-mode iterative operation. Note that
the monostable multivibrator (MONQ) must be patched to provide the Hold mode or H interval. With the patching
arrangement shown, depressing PP starts the timer and initiates the problem run.

As in the case of rep-op: interval A is patched to the IC control input; intervals A and B go high in turn; one
microsecond before interval B ends, EB (end of B) is generated. This one microsecond pulse triggers the MONOQ
{Chapter 29). The MONQO output goes high for .5 to 1.0 millisecond and is used to force the Master Mode H control
input high, When H goes high, the computer enters the Hold mode. Note that A is also high. When the MONO times
out, the computer returns to the IC (A = 1} mode and the entire sequence is repeated.

14.5.7 OVERRIDE HOLD AND OVERLOAD STORE OPERATIONS
14.5.7.1 Introduction

Override Hold (ORH) is a special method of aperation that forces all integrators into the Hotd (H) mode. ORH can only
be controlled by patching and completely averrides all master and local control. Override Hold can be used in any
application where it is desired to place all integrators in Hold regardless of local mode control patching.

In many problem solutions it may be desirable to place the computer in Hold when an averload occurs. Overload Store
(OLS) provides a programmable means of detecting and storing an overlcad. When OLS is used, the first overload forces
the master overioad indicator to light. This indicator will remain lit until the overload condition is corrected and OLS is
reset.

Combining ORH and OLS permits storing the overload and freezing the problem solution before other amplifiers
overload. With the problem frozen at the values attained when the overload occurred, the operator can analyze and
correct the condition causing the overload, or at least determine its affect on the problem solution.
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The ORH and OLS paiching area is directhy below the Master Mode output terminations ai iustrated in Figurs 1401
The OL {overload! and OLS (overload stored terminations are directhh rebated to the overload system. The ORH
termination is a control input and is independent of the overload system. ORH s normallhy fov. and when patched high,
forces all integrators into the HOLD mode. CLS is the control input used 10 Torce the overload indicator to remain It
The OL termination is a logic output that goes high whenever an overload occurs. The following Parsoraphs (14.5.7.2
through 14,5.7.4) outline the various methods of performing ORH and OLS operations, Basic patching is iflustrated in
Figure 14.4,

NOTE.

iN PARTS a AND b, OLS CANNCT BE RESET
UNLESS OVERLOAD IS NO LONGER PRESENT.

i

A

g

J/

g
(3 ]

LOGIC INPUT

(-t
a—nt

LOGIC INPUT s 1:STORE & FREEZE
JLE s A e
osemeut | et S T S T
I=ENTER ORH o z o RETURN T R
(HOLD) - SELE! j
O0=RETURN TO R o

SELECTED MODE ™

a. USING ORH INDEPENDENTLY b. STORING AN OVERLOAD c¢. STORING OVERLOAD AND
FREEZING PROBLEM

Figure 14.4. Basic ORH and OLS Patching

14.5.7.2 Using ORH Independently

Override Hold can be used independently of the overload functions to force afl intearators into the Hold NMode at some
given peint in time {and’or for a given time pericd!, or after a given loaic event has occurred. A urime example of using
ORH in this manner is during iterative operations where the computer must cveie repetitively through the 1C, OP and H
modes (Paragraph 14.5.6). In some iterative applications, the Master Mode H termination can be patched to
automatically select the Hotd mode. However, if any one or mode integrators are under individual viocalh control, ORH
must be used to ensure that ali integrators enter Hold during the H intenval This is accomplished by patching the logic
control signal tha represents the H interval to the ORH termination {Figure 14.32". Then whenever ORH goes high, all
integrators are automatically forced into Hold.

14.5.7.3 Storing an Overtoad

As previously mentioned, OLS can be used to store an overload. This can be accomiplished by simoly patehing OLS high
(Figure 14.4b}. Then, whenever an overload occurs, the System Overoad indicatar widl fight and remain it
Additionally, the output at the OVL termination will reman bish. This methad of csing QLS anly provides an
indication that an overtoad has occurred and does not drovert ot wnphiers from subsequentiy overloading, \When
patched high, CLS can only be reset by removing the control fevel patched to QLS. and it the overlead is other than
momentary, carrecting its cause. Using the output of a pushbutton fhp-flop (Chapte 2TV to select OLS provides a
convenient means of resetting the OLS function.

14.5.7.4 Storing an Overload and Freezing the Problem

To store an overload and freeze the problem sclution, alt three terminatians (OLS QL and QRHY must be patched as
illustrated in Figure 14.4c. Note that OL is patched to ORH. Therotore, when an overfoad occurs UL gaes high and



enables ORH, Since OLS is patched high, OL remains high and all integrators enter and remain in the Hold mode. The
integrators can only be returned to the previous operating mode when OLS goes low, Using a pushbutton flip-flop to
generate QLS provides a convenient means of resetting OL and returning the integrators to the selected mode.

14.6 LOCAL PATCH PANEL CONTROL
14.6.1 INTRODUCTION

The local control logic permits each integrator and track/store summer to be controiled at the patch panel, and on an
individual basis. With the exception of the Set Pot (SP} and Override Hold (ORHY}, local control has the highest order of
priority, and when selected, overrides all other methods of master control. The local centrol patching areas are located
in the patch panel control field as illustrated in Figure 14.1. Local control of integrator mode and time scale is limited
to the three operating meodes {IC, OP and H) and the two time scales (Normal and FAST). Control of track/store
summers is limited to three modes ({Track — T, Store — S, and IC), Note that control faciiities for comparators (in
modules 13, 23, and 33) and D/A switches {modules 15, 25 and 35) are also provided in each local patching area. Since
local control and general operation of D/A switches and comparators is not directly related to the computer modes,
control of these elements is not described in this chapter. For control and patching information concerning D/A
switches and comparators, refer to Chapter 28.

714.6.2 LOCAL CONTROL OF INTEGRATCORS

Local patch panel control of integrators provides a program feature that permits individual integrators to operate at a
different time scale and/or in a different mode then that selected at the master level. In other words, tocally controlied
integrators can be forced to operate in a specified mode or time scale while all other integrators {not patched at the
local level) follow the master program. Individual integrator control patching areas (Figure 14.1) are identified by the
integrator symbol {f}, and the numerical moduie address, This symbo! and address corresponds to similar designations
in the analog fields. For example, the [21 local patching area controls the integrator designated £/f—21 in the analog
field. There are five local control input terminations for each integrator. The terminations designated 10 SW are
controls for switching gain-10 analog inputs to the integrator. Refer to Chapter 21 for their use and operation. The
termination designated F responds to logic level inputs to select either the Normal or Fast time scale. This termination
is normally low and if left unpatched, the integrator time scale is controlled by the master time scale, FAST
pushbutton. Patching a constant logic ONE to this termination (Figure 14.5a), forces the integrator to operate at the
Fast rate, regardless of the master selection. If a constant logic ZERQO is patched to F, the integrator is forced to
operate at the Normal rate. If a changing logic level is patched to F, the selected integrator can be made to change time
scale at any given point in the program. Integratar modes are controlled locally by patching the IC and H terminations.
Figure 14.5a illustrates the basic patching requirements for local mode control and defines the logic levels required for
each operating mode.

The input logic levels used to control individual integrators may be patched from any logic source available at the patch
panel, If for example, the mode selection is dependent upon the analog program, the true output of a comparator
(Chapter 28) may be patched to the appropriate IC or H termination. If under logic program control (such as switching
analog modes on completion of a sequence of iogic events), the true output of any applicable logic element may be
patched to these terminations. If the goal is to simply switch the individuat integrator(s) to Operate while all other
integrators are in Hold (a common technique), the local control inputs may be patched to the Master Mode output
terminations as illustrated in Figure 14.5b. With this arrangement, a// integrators enter IC when the Master (C mode is
selected. When OP is selected, all integrators with unpatched controls enter OP and the individually patched integrators
enter Hold (retain their IC values). When the Master H mode is selected, all unpatched integrators enter hold and those
with patched control inputs start to integrate.
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LOCAL MODE TRUTH TABLE

22
LOCAL F@ c l;f_J“’ OO LOGIC
Q@ ® ®s+OswO| ocaL ON/OFF LOCAL | INPUTS
TIME SCALE ‘ | CONTROL OF MODE NOTES
CONTROL S GAIN =IO IC H
{NORMALLY — ANLG INPUTS.
LOW) LOCAL SEE CHAPTER 2!
0=NORMAL , MODE CONTROL Ic | o | TO SWITCH BETWEEN IC AND
=FAST (NORMALLY HIGH) OR PATCH CONTROL SIGNAL
SEE TRUTH TABLE TO IC AND PATCH HTO CON-
oP 0 o} STANT LOGIC ZERO FOR
THREE MODE CONTROL, BOTH
0. BASIC PATCHING y o | IC AND H MUST BE PATCHED

WITH CONTROL INPUTS.
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— op 0 | 0 | H
b. TYPICAL USE H 0 0 0 0 opP

Figure 14.5. Integrator Mode and Time Scale: Local Control Patching

14.6.3 LOCAL CONTROL OF T-S AMPLIFIER

When operated in the Track/Store function, Summer/Track-Store units {in modules 14, 24, and 34) can be controlled
individually at the patch panel. As shown in Figure 14.1, each unit has two logic inputs (IC and T) terminated in the
control field (Figure 14.1). The individual track/store control patching areas are identified by the designation TS, and the
numerical module address. This designation and address corresponds to similar designations in the analog fields. For
example, TS24 local patching area controls Z/TS-24 in the analog field.

When unpatched, the termination designated IC (Figure 14.6a) is low. If patched high, the T-5 summer will enter the |C
mode. This corresponds to the integrator IC mode and permits the TS summer output to go to a predetermined initial
condition value. The termination designatad T controls the track and store modes. T is normally high and when
unpatched maintains the unit in the track mode. When in Track, the unit acts like a summer in that it follows or tracks
the analog inputs. Refer to Chapter 20 for more detailed information concerning the track/store function. The Store
mode is comparable to the Hold mode of integrators. With the IC control input low or unpatched, the unit can only
enter Store (S) when the T input goes low, As in the case of integrator local control, the T-5 control inputs (1C and T)
may be patched from any logic source available at the patch panel, depending on program functions. It is sometimes
desired to have the T-S unit switch mode in step with the computer modes of operation. This is accomplished by
patching the IC and T control inputs to the Master Mode IC and OP output terminations as shown in Figure 14.6b.
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14.7 COMPUTER SLAVING AND ANALOG TRUNKS

The MiniAC has provisions that permit this console to be controlled by another analog computer. Basically, all slave
operations are performed at the master control level and any local ORH patching or local control (individual) patching

on the slaved computer overrides the master,

When slaving this console to another, merely depress the ANALOG MODE—SL pushbutton {Figure 14.1}. This transfers
control of the IC, OP and H modes and the Normal and FAST time scales to the other computer. The SL pushbutton
must be depressed a second time (released) to re-gain control locally. |f during a slave operation, the interval timer in
the slaved computer is used in the problem, the PP pushbutton must also be depressed (lamp lit}.

When using the MiniAC in a two console system (slaved or otherwise), the TRUNK 1-12 terminations {Figure 2.2) are
normally used {for exchanging analog data between consoles,
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CHAPTER 15

|
LOGIC CLOCK AND LOGIC MODE CONTROL

15.1 INTRODUCTION

The MiniAC logic clock and fogic mode control system provides synchronization and timing between the analog and
logic devices, The clock is crystal controlled and operates at a fundamental frequency of one megahertz, A frequency
divider and downcounter provide output clock pulses at rates of 100 kilohertz {10%), 10 kilohertz {10%), 1 kilohertz
{10°) and 100 hertz (10%).

Three logic modes (Run, Stop and Clegar) control the clock outputs as well as the various logic elements. The Run mode
enables the output clock pulses, while the Stop mode inhibits them. The logic elements (flip-flops and counter/timer
and downcounted clock) are reset in the Clear made.

Control of the logic modes and the downcounted ¢lock outputs is performed at a level equivalent to the master level of
analog mode control (Chapter 14). Local control is not applicable, The logic modes are controlled by pushbuttons, at
the local logic control panel (Figure 15.1). The down counted clock outputs are controlied by the selected logic mode
of operation and can be inhibited by patching in the logic field.

16.2 THE LOGIC MODES
18.2.1 RUN

This operating mode applies the one megahertz system clock to all logic elements {except AND gates). When in the Run
mode, all clocked logic elements will operate in synchronization with the clock. Generally the Run mode can be
compared to the analog Operate (OP) mode, and is synchronized with the OP mode.

1522 STOP/STEP (STP)

The Stop/Step mode disconnects the clock from all clocked logic elements {including the clock downcounter),
permitting these elements to hold the state {condition) attained at the time the Stop mode is selected. In general, this
mode may be compared to the analog Hold {(H) mode. When in the Stop mode, the logic sequence can be stepped
manually for program checkout and maintenance purposes.

15.23 CLEAR (CLR)

The Clear mode is generally comparable to the analog Initial Condition (1C) mode. The Clear mode is used to initialize
the logic elements. When clear is selected, all flip-flops, the counter/timer, and the clock downcounter return to their
zero state, The logie then remains cleared, and in the Stop mode, until manually stepped, or RUN is selected,

15.3 LOGIC MODE CONTROL

All logic modes are selected manually at the logic control panel using the LOGIC MODE pushbuttons (Figure 15.1).
These three pushbuttons (CLR, STP and RUN) correspond to the logic modes described in Paragraph 15.2. The clock
downcounter outputs (PULSES) in the logic field are only active in the Run moade. When the STP pushbutton is
initially depressed, the logic elements hold the state attained when Stop was selected. Subsequent operation of this
pushbutton generates a single clock pulse each time it is depressed and will advance the logic functions a single step at a
time. Manual stepping of the logic program is most useful during program checkout and maintenance operations.
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The following procedure outlines the typical sequence in which the LOGIC MODE pushbuttons are operated.
1. Depress CLR to place all clocked logic elements in their zero state (reset).
2. Preset all flip-flops {Chapter 27) and the counter/timer {Chapter 29) as required by the overall program.

3. Repeatedly depress STP {while observing the logic indicators) to verify the logic sequence of events.
NOTE

White performing Step 3, wuse the manual control of
flip-flops and the counter/timer to invert their logic outputs
on an as required basis. See Chapter 27 and 29.

Depress CLR to reset all clocked logic elements.
Preset all flip-flops as in Step 2.

When ready to start the program run, depress RUN.

No o b

If at any point in time it is desired to arbitrarily examine {Readout} any logic event depress STP. To restart the
program, depress RUN,

8. At the end of a program run, or when the desired results have been attained, depress CLR or STP.

15.4 THE CLOCK DOWNCOUNTER (PULSES)

The clock downcounter, is a key part of the logic clock system and adds to programming flexibility by providing clock
output terminations with frequencies of 10°, 10%, 10* and 10? Hz. Each output is a positive pulse train developed by
a countdown from the internal master clock.

As shown in Figure 15.1, there are five terminations (designated PULSES) associated with the clock downcounter, The
C termination is a control input for clearing (resetting)} the downcounter, This termination is normally low, and when
patched high all PULSES outputs go low and remain low until C goes low. The four cutput terminations designated
PULSES are primariiy used to control the counter/timer {Chapter 29} and providing the C input is not patched high, are
always present when the logic Run mode is selected. When the logic Clear mode is selected, the timer resets in the same
manner as when controlied by the PULSES-C input. When the logic STP mode is initially selected, all outputs remain in
the state attained at the clock just prior to entering STP. Subsequent operation of the STP pushbutton {without
entering any other logic mode) will generate one count every time the button is depressed.

Table 15.1 shows the frequency and period (1/F} for each downcounter output. Since most logic components in the
MiniAC operate on the trailing edge of a clock, the period of each output is defined as being from the trailing edge of
one pulse in the train to the trailing edge of the next pulse.

These clock outputs can be used in any application requiring synchronization with the master clock, but at a lower
frequency. This is accomplished by patching the appropriate output termination (10° 10* etc.) to the input of the
element to be controlled. Typically this will be the Cl {count in} input of the counter/timer. Refer to Chapter 29 for
patching information.



Table 15.1. Clock Downcounter Qutput Frequencies and Time Periods

Pulses Period
Output (Microseconds)
10° 10,000
10° 1,000
10° 100
10° 10
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CHAPTER 16

]
THE SIGNAL SELECTOR

16.1 INSTRUCTION

The MiniAC Signal Selector System provides a convenient means of monitoring the output (analog value} of nearly all
analeg components in the computer. Additionally, the selector system permits readout of external devices {and/or the
use of peripheral devices) to monitor the value of any compenent selected for readout.

Basically, the selector system (Figure 16.1) consists of two selector switches (SELECTOR 1 and 2) the digital voltmeter
(BVM}, a group of terminations on the patch panel (designated SELECTOR), and the individual potentiometer readout
pushbutton switches, The DVM provides a numeric display representing the sign and value of the component selected
for readout. SELECTQR 1 is the main readout control and connects the output of the selected device directly to the
DVM and the SELECTOR 1 termination. Therefore, the output of any device addressed by SELECTOR 1 isdisplayed
on the DVM and is also present (as a patchable signal) at the SELECTOR 1 termination. The switch designated
SELECTOR 2 is primarily used in conjunction with external and peripheral devices. This switch merely connects the
output of the addressed device to the SELECTOR 2 termination. Figure 16.2 is a simplified diagram of the selector
system and is provided to illustrate the overall operation and flexibility of the readout capabilities. Note that the
individual potentiometer pushbuttons permit readout of a potentiometer coefficient or value, Depressing one of these
switches disconnects SELECTOR 1 from the DVM and the DVM displays the pot wiper voltage, Refer to Figures 16.1
and 16.2 as necessary throughout the remainder of this chapter.

16.2 READOUT OQF ADDRESSABLE COMPONENTS

With the exception of; D/A and MAN switches, limiters, and comparators, all components terminated in the three
analog fields can be monitored on the DVM without extraneous patching. In addition, the T output (a sawtooth) of the
interval timer (Chapter 29) can also be selected. Numbered designations {11, 12, etc.} on each switch {SELECTOR 1 or
2) correspond to the component numbering system {module address) described in Chapter 2, and identifies the
component selected for readout on the DVM, To address (select) any companent in the analog fields for readout on the
DVM, simpty set SELECTOR 1 at the cerresponding module number. Table 16.1 summarizes the type of component
selected for each switch position of SELECTOR 1 and describes the basic switch functions. To select any addressable
component for external or peripheral monitoring functions patched to the SELECTOR 2 termination, simply set the
SELECTOR 2 switch at the desired module number, Note that SELECTOR 2 addressing is identical to SELECTOR 1
except it does not have an MTR position.

Table 16.1. Device Addressing (SELECTOR-1)

Switch Addressed Function
Position Device

11, 12
21, 22 X/

Selects addressed component for value readout on
31, 32 DVM. Also connects selected device 10

13 SELECTOR-1 termination.

23 z
33

14
24 Z/TS
34

16-1



16-2

Table 16.1. Device Addressing (SELECTOR-1} (Cont)

Switch Addressed )
. . Functicn
Position Device
15 Selects addressed component for value readout on
25 MULT/DIV DVM. Also connects selected device to
35 SELECTOR-1 termination.
16
26 FG
36
37 VFG
T Interval Timer Selects interval timer SAWTOOTH QUTPUT (T}
for readout on DVM. T is also connected to
SELECTOR-1 Termination.
MTR MTR IN Connects MTR IN termination to DVM. The value
Termination of any signal patched to MTR IN is displayed.

16.3 THE DVM DISPLAY

The value of a selected analog component is read out on the BDVM display indicators. These indicators (Figure 16.1) are
centrally located at the top of the potentiometer panel. The DVM display is active whenever computer power is applied
and displays analog values in machine units. One machine unit is equal to computer reference or * 10 volts. The teft
most indicator displays a minus sign whenever the signal being measured is a negative value. The next indicator to the
right displays a numeral one if unity or greater is measured. The remaining indicators provide numeral readout of all
values less than unity. Note that the display in this case (Figure 16.1} is .962 (the decimal is stationary). This is
equivalent to 9.62 volits at the output of the selected analog device.

164 THE SELECTOR TERMINATIONS
16.4.1 SELECTOR 1 AND 2

The terminations in the patch panel control field designated SELECTOR (Figures 16.1 and 16.2) are an integral part of
the signal selector system. These terminations may be used for monitaring ar any other program purposes. The numeric
designations 1 and 2 correspond to the SELECTOR 1 and 2 switches, Therefore, the value of any component selected
for readout by switches 1 and 2 appears at the corresponding numbered termination. The signals at these terminations
can be patched to the DISPLAY terminations for use by a peripheral device, to an output trunk, or can even be patched
into the program if required. Using terminations 1 and 2 in combination permits simuttaneous monitoring of two
components or channels. The black {ground) termination may be used in conjunction with the 1 and 2 terminations
when monitoring a component output on an external device such as a DVM or oscilloscope.

16.42 SELECTOR-MTR IN

When the SELECTOR 1 switch is at the MTR position, the output of an external analog device patched to MTR-IN
{usually via an input trunk} is selected for readout on the DVM. When using this termination, ensure that the external
analog signal source is compatible with the MiniAC (£10V). Note that the MTR-IN terminations can also be used for
monitoring power voltages or logic signais during maintenance operations.
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CHAPTER 17

|
THE OVERLOAD AND STATUS INDICATORS

17.1  INTRODUCTION

The MiniAC is equipped with an overload indicator system and various status indicators {Figure 17.1). The overload
indicators provide a visual alarm to inform the operator of an amplifier overload condition. The status indicators permit
the operator to monitor the status of: analog time scale; analog and logic modes; all logic elements (except the MONO);
and comparator outputs. The following paragraphs describe the function and use of these indicators.

17.2 THE OVERLOAD INDICATOR SYSTEM
1721 OVERLOAD CRITERIA

An amplifier is regarded as overloaded when its summing junction departs from virtual ground. This usually indicates
that the output has been driven beyond its normal operating range and is generally referred to as a voltage overload. A
current overload occurs when amplifier exceeds its current output capability. Current overloads are usually caused by
illegal patching such as, connecting the output of two amplifiers together, Most amplifiers in the MiniAC are capable of
producing outputs up to about 1.1 or 1.15 machine units (11.1 or 11.5 volts} before overloading. A multiplier or a
function generator overloads when any input exceeds 1.0 machine unit (10 volts).

Overloads are generally caused by incorrect scaling of one or more problem variables, by improper time scale selection,
or by patching errors. However, a component malfunction can also cause overloads,

17.2.2 THE OVERLOAD INDICATORS

As shown in Figure 17.1, the overload indicators are mounted on the cards behind the swing-down setup switch and
overload indicator panef. in all, there are 21 indicators (20 component and 1 master). When an analog companent
overloads, the corresponding lamp glows and ifluminates that portion of the etched panet directly in front of the lamp.
Additionalty, the master overload indicator {designated OL) also lights. This indicator is used in conjunction with the
OLS and ORH function described in Chapter 14. The overloaded component {amplifier, multiplier, etc.) is identified by
the etched number {11-37) that corresponds to the patch panel module address. Note that with the exception of the
VFG’s {36 and 37), the timer {T) and the master overload indicator (OL), the indicators are mounted directly on the
companent card in the card location corresponding to the module numbering system.

17.2.3 LOGIC LEVEL AND CONTROL

In addition to the Visual overload alarms, there is an overfoad output (OL) in the patch panel control area. This
termination goes high whenever any component overloads and can be used in conjunction with programmable features
that force the computer into the Hold mode (override hold) and/or store a transient overload (OLS), Selecting the Hold
mode and storing an overload freezes the problem to permit focating a source of trouble. Details of these features are
given in Chapter 14,

17.3 ANALOG STATUS INDICATORS

17.3.1 INTRODUCTION
All analog status indicators are located on the analog control panel as illustrated in Figure 17.1. Note that all of these
indicators are associated with pushbutton switches, This description is oriented only toward the monitoring function,

For a description of the pushbutton functions, refer to Chapter 14 and Table 2.5. The indicators on this panel are used
to monitor the state of all comparators, the computer rate (time scale}, and computer modes.
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17.3.2 COMPARATOR INDICATORS

The COMP group consists of three indicators designated 13, 23, and 33. These designations identify the comparator by
the module address described in Chapter 2. When illuminated, the COMP status indicators signify that the
corresponding comparator output is at a logic ONE (the algebraic sum of the analog inputs is a positive value),

17.3.3 TIME SCALE INDICATOR

The RATE-FAST indicator is associated with the time scale control system. When extinguished, the normal computer
time scale is selected. When illuminated, this indicator signifies that the scale selection is 500 times faster than normal.

17.3.4 ANALOG MODE INDICATORS

The ANALOG MODE group consists of four indicators that correspond to the analog modes and two indicators that
signify the source of mode control. The indicators designated |C, HD, OP and SP correspond to the computer modes
described in Chapter 14. When any one of the analog modes is selected, the corresponding indicator illuminates. The PP
{Patch Panel} lamp illuminates when the patch panel is selected to provide programmed computer mode control. If PP
is extinguished and SL is not depressed, all analog modes and computer time scale (RATE} are under local pushbutton
control.

17.4 LOGIC STATUS INDICATORS

As illustrated in Figure 17.1, the logic control panel contains all indicators associated with the logic elements and logic
mode control. Note that all indicaters (except those designated AND GATES) are associated with pushbutton switches.
This description is oriented only toward the monitaring function of the indicator. For a description of the pushbutton
functions, refer to Table 2.6 and the individual chapters describing the corresponding logic efements.

The GATE group illuminates when the corresponding AND Gate output is high. The numeric designation 1-10
corresponds to the patch panel gate numbering system. Up to ten AND Gates are terminated in the patch panel logic
field and are designated GATE 1 to GATE 10. Note that unpatched gates always have a high output. Therefore, the
indicator for any unpatched gate will always be illuminated. Refer to Chapter 26 for AND Gate operation.

The general purpose flip-flop indicator group is identified by the panel markings FF1 to FF4. Whenever a flip-flop is set
(either manually or by program), the correspanding S set) indicator illuminates. When the flip-flop is reset the lamp
extinguishes,

The CTR/TIMER group consists of eight pushbutton indicators. Seven of these (the numbered ones) illuminate in
ascending order (from right to left) to disptay the BCD value to which the counter has advanced. For example, when a
count of 21 is reached, the 16, 4 and 1 indicators are lit. As the counter cycles through its count, these lamps
extinguish (in turn) and again illuminate when the count is completed. The counter and display will continue to cycle
until the counter is cleared either manually, or by the patched program. The blank (undesignated) pushbutton lamp
tights when the true output of the CTR/TMR goes high and remains lit until the preselected count is reached or the
counter is cleared. For more information concerning the counter/timer, refer to Chapter 29,



The LOGIC MODE group consists of two indicators designated STP and RUN. When the Stop or Run logic mode is
selected, the corresponding indicator illuminates. Note that the CLR pushbutton is not an indicator. When CLR is
depressed, the logic elements are reset and the computer automatically reverts to the logic Stop mode. Refer to Chapter
15 for more information.

The pushbutton flip-flop (PBFF) indicators are identified by the PB1 and PB2 panel markings. When a PBFF is
manually set, the S indicator lights. The lamp extinguishes when the flip-flop is reset.
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CHAPTER 18

COEFFICIENT POTENTIOMETERS

18.1 IDENTIFICATION AND LOCATION

A fully expanded MiniAC contains 18 hand set coefficient, potentiometers (pots). These pots are physically located on
potentiometer panel (Figure 2.4) directly behind the dial for each pot. The grounded potentiometers are arranged in
vertical groups of six, with each group corresponding to one of the patch panel analog fields. The manual control for
each pot is identified by the numerical panel marking {11, 12, etc.} that corresponds to the module numbering system
described in Chapter 2.

For ease of identification and patching, the pot terminations are color coded vellow and one pot is terminated in each
patching module.

18.2 THE POTENTIOMETER

Potentiometers or pots (sometimes called attenuators), provide a means of multiplying a dc voltage by a constant {k)
that is less than unity. The pot illustrated in Figure 18.1 is simply a fixed resistor with a movable arm. The grounded
potentiometer is usually used in conjunction with computer reference (x10V} to obtain a fixed voltage less than
reference, or to multiply a problem variable by a constant less than unity. The potentiometer input is applied at the
high end {designated IN), and the resultant output is obtained at the wiper arm.

18.3 POTENTIOMETER SETUP AND MONITORING

The output of each pot {wiper arm voltagel may be monitored on the DVM in either of two modes: one mode for
coefficient setup: the other for monitoring wiper levels with actual problem inputs applied. When setting coefficients,
+10 volts (reference) is applied to the pot high side and the pot coefficient (setting) is read by observing the DVM. This
is accompliished by selecting the SP mode (Chapter 6) and simply depressing and holding the pot RO (readout)
pushbutton while adjusting the pot for the desired coefficient as displayed on the DVM. Note that pots normally
operate into a resistive load and are subject to the effects of loading. Therefore, never attempt to set a pot coefficient
without first patching the pot into the problem and selecting the SP mode. Failure to observe this precaution will result
in an erroneous setting.

In the ““Operational” Mode, the wiper voltage (the result of the pot coefficient setting multiplied by the problem

variable or constant), is displayed on the DVM. This mode is obtained while the computer is in any operating mode {IC,
OP or H) by simply depressing the pot RO pushbutton and observing the displayed value,
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CHAPTER 19

FIVE-INPUT SUMMER/HIGH-GAIN AMPLIFIER

19.1 LOCATION AND IDENTIFICATION

The fully expanded MiniAC contains three summer/high gain amplifiers. These units are housed in the card file directly
behind the setup switched/overload indicator panel (Figure 2.7) and are terminated at the patch panel {Figure 2.2).
Each unit is identified by the numeric designation (13, 23, 33}, visible on the card file when the front panel is lowered.
These numbers correspond to the patch panel module address described in Chapter 2.

19.2 THE AMPLIFIER

Figure 19.7 is a simplified circuit of the summer/high-gain amplifier (Z/HG). This unit is provided with a 100k ohm
feedback resistor, three 100k ohm {gain-1} inputs, two 10k ohm (gain-10) inputs and a summing junction input (SJ).
The SJ termination is reserved for use with limiters or D/A switches. Refer to Chapters 22 and 28,

In addition, the unit is equipped with a setup switch and a balance switch. When the setup switch is released
{extended}, the unit operates as a summer with the standard 100k feedback resistor. When set {depressed), the 100k
feedback resistor is removed from the circuit. This permits an externally patched device to provide amplifier feedback.
The balance switch is a momentary pushbutton for use when checking amplifier balance. When the momentary balance
switch is depressed all inputs are removed from the amplifier {a typical balancing technique), and the standard feedback
resistor is replaced by a larger value {higher gain) balance feedback resistor, Ampiifier balancing procedures are given in
Chapter 3.

19.3 USED AS A SUMMER

When operated as a summer, the amplifier has a standard 100k feedback resistor and the amplifier output is minus the
sum of all patched inputs. An unpatched input has no effect on the problem solution. To use this unit as a summer,
simply release the £/HG switch and patch the unit as required by the overall program. Figure 19.2 illustrates some of
the more common summer patching configurations. The equivalent circuit and program symbol is also shown for each
configuration. Part a of Figure 19.2 illustrates patching the unit as a standard five input summer. Parts b through e
show typical methods of obtaining nonstandard gains. Notice that none of these configurations show patching to the
amplifier SJ termination. This termination is only used in conjunction with limiter functions and in cases when a
switched gain-10 input is desired.

19.4 USED AS A HIGH-GAIN AMPLIFIER

When used as a high-gain amplifier, the standard 100k feedback resistor is removed from the teedback path. During
high-gain eperation, feedback is usually obtained from a non-linear impedance device such as a function generator. In
such a case, gain is equal to the ratio of input impedance to feedback impedance Zf/me. When used in high-gain
applications Eo =-E . Zf/Zm. To use this unit as a high-gain amplifier, simply set {press) the S/HG switch. Patchir?g
information for the high-gain circuit configuration is shown in Figure 19.3. In addition to its use as a high-gain
amplifier, the HG function can be used to obtain non-standard gains by patching gain-10 resistors into the feedback
path. These techniques are shown in parts b and ¢ of Figure 19.3.
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CHAPTER 20

SUMMER/TRACK-STORE AMPLIFIER

20.1 LOCATION AND IDENTIFICATION

The fully expanded MiniAC contains three summer/track-store amplifiers. These units are housed in the card file
directly behind the setup switch/overload indicator panel {(Figure 2.7). Each track-store amplifier {and its location) is
identified by the numeric designation (14, 24, 34) visible at the top of the card file when the front panel is lowered.
These numbers correspond to the patch panel module address described in Chapter 2. One summer/track-store amplifier
(Z/TS) is terminated in each field of the patch panel (Figure 2.2) These terminations are identified by the module
address (14, 24, 34) and by the patch panel Z/TS symbol. Each Z/TS is also terminated in the patch panel control
tield. These terminations provide individual logic control of the £/TS modes {Chapter 14).

20.2 THE T-S AMPLIFIER
2021 INTRODUCTION

Basically, the track-store amplifier (T-S) is a standard summer with additional features that permit the device to; start
with an output at an initial condition (IC) value, provide an input that foilows the negative sum of the inputs (Track),
and hold the output value obtained at any given point in time (Store).

Figure 20.1 is a simplified circuit of the T-S amplifier and also illustrates the equivalent circuit for each method and
mode of operation, This unit may be used as a standard five-input summer, or as a track-store device, The T-S ampiifier
is very similar to the summing amplifier described in Chapter 19. Note that the summing portion of the amplifier circuit
{in the shaded area) is nearly identical to the summer previously described. The major difference between the two
amplifiers is that the T-S amplifier includes mode control fogic, electronic switches (for mode control), storage
capacitors, and also has provisions for an IC input. Another significant difference is that the T-S amplifier does not have
the "high-gain” capability of the standard summer. The unit is equipped with a setup switch {Z/TS) and a balance
switch (BAL),

When the setup switch is reieased (extended), the unit operates as a summer (2} with a standard 100k feedback resistor
(Figure 20.2), When set (depressed), the storage capacitors are connected in the feedback path whenever the Store
mode is selected. The balance switch {BAL) is a momentary pushbutton that removes all inputs from the amplifier
during amplifier balancing procedures. See Chapter 3.

2022 MODE CONTROL

As previously stated, the T-S amplifier has three operating modes (Track-T, Store-S, and Initial Condition-1C). The
electronic switches designated I1C, T, and S respond to logic inputs at the patch panel to select the corresponding mode
ot the T-S unit. When the IC switch is conducting the 10k initial condition resistors (Ric and Ricfb) are switched into
the amplifier circuit and the amplifier output is the inverse of the analog value patched to the IC input termination.
When the T switch is conducting, the amplifier follows (tracks) the patched analog inputs {acts as a summer), When the
store switch is conducting, the 0.01 microfarad store capacitor is connected to the amplifier feedback path and alf other
inputs are disconnected from the amplifier summing junction. Therefore, when store is selected, the amplifier output is
equal to minus the sum of the inputs (and the store cap holds that value). A fourth switch (SS) is provided that places
the 1.0 microfarad super store cap in the amplifier feedback path if the store mode is selected for 100 milliseconds or
more. The larger value capacitance provides better drift characteristics and ensures a more accurate problem solution
when a value must be stored for 3 relatively long period. The smaller value capacitor permits rapid tracking of the
analog inputs.
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The mode control logic decodes the inputs patched at the IC and T terminations. When the 2/TS switch is released {X
- function) this logic is inhibited and the unit is a summer and cannot be controlled by patching. Setting the 2/TS switch
(T-S function) enables the control logic and logic signals patched to 1C and T to take control. The IC termination is
normally low and must be patched high to enter |C. When high, |C overrides the T input. The T termination controls
the track and Store Modes. T is normatly high and when unpatched maintains the unit in the track mode. When T is
patched low, the unit enters the store mode. Note that the store mode signal to the S and SS switches is the
complement of the track mode signal. When switching from track to store, actual switching is delayed about 0.7
microsecend. This delay is generated to permit T-S units to be cascaded or connected in a bucket brigade configuration.

20.3 USED AS A SUMMER

When the X/TS switch is released, the T-S amplifier can be used as a multiple input summer. When used in the summer
configuration, the track switch (T} is conducting and all patching and operation (with the exception of high-gain use) is
identical to the summer amplifier described in Chapter 19,

20.4 USED AS A TRACK-STORE UNIT

The behavior of a typical track-store operation and the related patching is illustrated in Figure 20.2. For clarity, only a
single gain-one input is used. In actual practice, multiple inputs can be summed. Figure 20.3 illustrates the basic
patching requirements for general use of the T-S Unit. Remember, in atl track-store operations, the £/TS switch must
be set (depressed}. Some applications may require that two or more T-S units be cascaded in “‘bucket brigade’’ fashion.
This is made possible by the built-in mode switching delay previcusly described. The application and use of cascaded
T-S units is described in the Users Guide portion of this handbook, specifically in Chapters 11 and 12. Additional mode
control information is given in Chapter 14,
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CHAPTER 21

I
SUMMER/INTEGRATOR

21.1 LOCATION AND IDENTIFICATION

The fully expanded MiniAC contains six summer/integrator amplifiers. These units are housed in the card file directly
behind the setup switch/overload indicator panel (Figure 2.7). Each unit is identified by the numeric designations (11,
12, 21, 22, 31, 32), visible at the top of the card file when the panei is lowered. These numerals correspond to the
patch panel module address described in Chapter 2. Two summer/integrators are terminated in each analog field of the
patch panel (Figure 2.2). These terminations are identified by the madule address (11, 12, etc.) and by the patch panel
Z/f symbol. Each integrator is also terminated in the patch panel control field. These terminations (designated [ 11, [
12, etc.), provide individua! logic control of integrator mode and time scale. The methods of controlling analog mode
and time scale of integrators is described in Chapter 14.

21.2 THE SUMMER/INTEGRATOR

The summer/integrator (Figure 21.1) is provided with resistive and capacitive feedback elements to permit its use as a
five input summer, as a three mode integrator, or even as a track-store amplifier. Note that when used as a track-store

amplifier, tracking speed is slower than that of a standard T-S unit. Operation of the 2/ setup switch determines the
function of the unit. When the Z/f switch is released ( position), a one megohm resistor provides feedback and the
unit can be used as a five-input summer. When the switch is set (depressed), the unit is provided with capacitive
feedback and will perform integration with respect to time. Two selectable capacitors are provided with each unit,
Capacitor selection (and therefore the rate of integration) is controlled by a relay that responds to logic inputs to se'ect

either of two time scales. Time scale selection is performed at the master and local levels of control as described in
Chapter 14. '

When used as an integrator (Z/f switch set), the mode control logic is enabled and the two switches OP/H and IC
respond to logic inputs to control the integrator mode of operation, When used as a summer (Z/[ switch released), the
logic control inputs are overridden to inhibit the IC switch and turn on the OP/H switch. This is necessary to permit the
summer to function during computer modes other than operate (OP). When used as a summer, the unit is in the OP
mode for all computer mode selections except SP, When Set Pot is selected the unit essentially enters the IC mode and
permits setting any patched pots under normal load conditions.

Note that there are three one megehm (gain-1) and two 100k ohm {gain-10) inputs. The gain-10 inputs are switchable
and can be controlled by logic patching in the patch panel control field. When unpatched, the control terminations
{designated 10SW) are normally high and the gain-10 resistors are connected to the amplifier input. Patching the left or
right 10SW control input low disconnects the corresponding gain- 10 resistors from the amplifier circuit until the 10SW
termination is allowed to go high. This permits switching a gain-ten input into the problem solution at any desired point
in time, or when a given anatog value has been attained.

21.3 USED AS A SUMMER

When operated as a summer, the amplifier has a one megohm feedback resistor and the amplifier output is minus the
sum of all patched inputs, An unpatched input has no affect on the problem solution. To use this unit as a summer,
simply release the T/ switch and patch the unit as required by the overall program. Figure 21.2 illustrates some of the
more common patching configurations. The equivalent circuit and program symbol is also shown for each
configuration. Notice that none of these configurations show patching to the OJ or 10SW terminations. The QJ
termination is normally used in conjunction with limiter functions {(Chapter 22). Refer to Paragraph 21.6 for the
methods of using the 10SW terminations.
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21.4 USED AS AN INTEGRATOR

When operated as an integrator, the X/[ produces the integrat of the sum of a number of input variables. To use this
unit as an integrator, simply set the X/f switch and patch the unit as required by the overalt program. Figure 21.3
shows the basic patching requirements and program symbol for integration. Note that time scale selection is determined
by the overall requirements of the program and is an important consideration when setting-up and patching the
integrator. Refer to Chapter 14. If the integrator is to start {enter the Operate mode) at some predetermined value, an
initial condition value (EIC) must be patched to the anatog IC input. The integrator will then go to the IC value
(E0=~E|C) when the |C mode is selected. Then when OP is selected, integration will start at that value.
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Figure 21.3. Integrator Patching. /[ Switch Set (in)

21.5 USED AS A TRACK/STORE AMPLIFIER

Since the modes of operation of an integrator can be individually controlled by legic patching, the /f can be used as a
two mode track-store amplifier. The Hold mode of an integrator corresponds to the Store mode of a track-store
amplifier. Unlike the track-store unit described in Chapter 20, the Z/j (when used as a T-S amplifier) cannot be
initialized, and only a single gain-1 input for tracking is available. Additionally, the unit is limited to tracking a signal
frequency of 5 Hz when using the normal hold capacitor, and 1 kHz when using the fast hold capacitor.

When used as a track-store amplifier the analog IC input must be patched to the signal to be tracked (Figure 21.4).
Additionally, the unit must be cycled through the I1C and H computer modes to attain the track/store function, This is
accomplished by local control patching and by setting the 2/f switch to enable the mode control logic. With the
patching shown in Figure 21.4, the integrator IC mode corresponds to track, while the Hold mode corresponds to
Store. The logic inputs can be provided from any desired logic source at the patch panel, such as the output of a
comparator or any other device that will provide the desired switching. The truth tahle (Figure 21.4¢) shows the
control logic requirements. Using a combination of logic inputs other than those shown (such as simultaneous ones or
zeros} will cause an erroneous solution and should not be permitted.
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21.6 USING THE 10SW CONTROL INPUTS

The Z/f gain-10 inputs can be controlted in a similar manner as the general purpose electronic switches described in
Chapter 28. These inputs can be program controlled by logic patching to connect or disconnect a gain-of-ten input to
the amplifier at any desired point in the problem solution. The basic patching requirements, and the switch program
symbols are illustrated in Figure 21.5, Note that these switches are an integrai part of the Z// unit. Therefore, the
diamond shaped symbol for an electronic switch is shown touching the input edge of the 2/ program symbols. The
logic signals used to control the switches can be any desired logic source at the patch panel, such as the output of a
comparator, or any other deivce that will provide the required logic signal. If it is not desired to control the gain-10
inputs, merely leave the 10SW logic inputs unpatched. Then, whenever the Z/[ is in the Operate mode, the gain-10
inputs are connected to the amplifier input.
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CHAPTER 22

I
LIMITERS

22.1 LOCATION AND IDENTIFICATION

There are three bi-peolar feedback limiters in a fully expanded MiniAC, These limiters are terminated in patching
modules 15, 25, and 35 {Figure 2.2). For ease of identification, the limiter terminations are color coded white and are
identified by the designation LMTR on each patching module.

222 THE FEEDBACK LIMITER

The feedback limiter consists of positive and negative sections that may be used to limit {or constrain) either or both
the positive and negative excursions of an analog signal. Each section is individually controlled using externally patched
potentiometers. Figure 22.1 shows the basic patching and simplified circuit of a limiter connected to a typical
| amplifier, To understand the operation of a feedback limiter, assume that the +LIMIT potentiometer is adjusted to
provide a reverse bias of —5.0 volts (.5 Machine Unit} to the positive limiter circuit. The positive limiter remains
reversed biased (not conducting) until the amplifier output reaches +5.0 volts, At this time, the inputs to the positive
limiter {summed through R1 and R2) equals zero. As the amplifier output tends to increase in the positive direction,
i the himiter circuit provides a feedback current to the amplifier summing junction {through diode CR 1) that offsets the

effect of the increasing input current. The negative limiter operates in the same manner to limit the negative output
| excursion of the amplifier, except that diode CR2 provides the current path that offsets input current.

22.3 USING THE LIMITER
22.3.1 PATCHING

| The feedback limiter can be used with any amplifier in the MiniAC with its summing junction available at the patch
" panel. This is restricted to limiter use with £/HG, X/TS and 2/ units. The limiter O {output) termination is patched to
the output of the amplifier to be limited, and the J (junction} termination is patched to the corresponding amplifier
summing junction (SJ for Z/HG and Z/TS units, OJ for £/ units). In addition, the U {(Upper limit) and L {Lower
Himit) inputs must be patched to a potentiometer or to * reference voltage as required by the timiting function to be
performed. Figure 22.2 illustrates three common uses of the limiter and shows the patching requirements for each.

NOTE

Limits below 0.1 Machine Unit (7.0 volt) are not reliable
on all units.

2232 LIMITER SETUP PROCEDURE

The two limit points {positive and negative) may be set independently. The limits are controlled by externally patching
potentiometers (Chapter 18). The following procedure is recommended for setting the feedback limiter to the desired
limit values.

- 1. Patch the setup circuit shown in Figure 22.3a.

Place the computer in SP and set the + and — LIMIT pots to the desired coefficient as readout on the DVM.

2
- 3. Place the computer in IC and using SELECTOR-1, read the amplifier output on the DVM.
4. Adjust the +L'MIT pot for the precise value desired.
5

Patch the amplifier with a positive reference input (Figure 22.3b) and adjust the —LIMIT pot to the desired
value.
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22.2

CONFIGURATION PATCHING EQUIVALENT CIRCUIT PROGRAM SYMBOL
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Figure 22.2. Limiter: Patching and Equivalent Circuit
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CHAPTER 23

I
MULTIPLY/DIVIDE UNIT

23.1 LOCATION AND IDENTIFICATION

There are three Multiply/Divide (Mulitiplier) Units in a fully expanded MiniAC. These units are housed in the card file
directly behind the setup switch/overtoad indicator panel {Figure 2.7). Each multiplier location is identified by the
numeric designation (15, 25, 35} visable at the top of card file when the front panel is lowered. These numbers
correspond to the patch panel module address described in Chapter 2, One muttiplier is terminated in each analog field
of the patch panel (Figure 2.2). These terminations are identified by the module address (15, 25, 35) and by the patch
panel MULT/DIV and MULT designations.

23.2 THE MULTIPLIER

23.2.1 INTRODUCTION

The MiniAC Multipliers (Figure 23.1) are of the bi-polar gquarter square type and utilize an input ratio network, two
squaring DFG's, a committed input amplifier, and an output amplifier that {under certain circumstances) can be used as
a summer. Setup switches {M/D and MD/Z), and individual patching configurations permit the unit to perform
functions of multiplication, division, squaring, square root extraction, and summation.

2322 MULTIPLICATION, SQUARING, AND SQUARE ROOT

When the M/D and MD/X switches are released (condition shown in Figure 23.1), the unit will respond to patched
inputs at N and D to generate an output equal to: —ND~ N (where N is equal to D); or u\/ﬁ, {where N is equal to D} as
determined by the input/output patching configuration and the nature of the input signals. When both switches are
released, the N (numerator) and D (denominator) terminations are connected to the input amplifier. The output
amplifier has a 80k ohm feedback resistor, and the amplifier summing junction is connected to the bi-polar quarter
square multiplier summing junction.

23.2.3 DIVISION

When the M/D switch is set (and the MD/E switch is released), the unit will respond to patched inputs at N and D to
generate an cutput equal to —N/D. Switch selection of the divide function places the bi-polar 1/4 square multiplier
circuit into the feedback path of the output amplifier. With this arrangement, the D termination is connected to the
input amplifier, and the N termination is connected to the summing junction of the output amplifier through a 50k
ohm input resistor {(formerly the output amplifier feedback resistor). With the M/D switch set, the value to be divided is
patched to N (numerator), and the denominator is patched to D.

23.24 SUMMATION

Two gain-one inputs are provided, and except during amplifier balancing procedures, or when the computer SP mode is
selected, are always connected to the summing junction of the output amplifier. This feature permits any compatible
analog signals to be summed with the output of the DFG's when the MD/Y switch is released. If the MD/S switch is set,
the entire bi-polar 1/4 square multiptier circuit is isolated from the output amplifier. The amplifier is provided with two
50k ohm inputs and a 50k ohm feedback and can be used as a free component two-input summer or as an inverter.
When used strictly as a summer or inverter, the MO/% switch should be set to ensure that the static error of the
multiplier is eliminated.
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23.3 USING THE MULTIPLIER

Figure 23.2 illustrates the patching configuraticns and setup switch requirements for each function that the multiplier
can perform. This figure also illustrates the equivalent circuit and program symbol, and lists the various operating

considerations for each function,

NOTE

When used for square root extraction, a-diode capacitor
network must be patched from the external amplifer SJ to fts
output. See Figure 23.2-Square Root Extraction. This network
can be manufactured locally and installed in series with a
standard patch cord. This network consists of any standard
diode and a 100 picofarad capacitor.
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CHAPTER 24

|
LOG/EXPONENTIAL GENERATORS

241 LOCATION AND tDENTIFICATION

There are two log/exponential function generators in a fully expanded MiniAc. These units are housed in the card file
directly behind the overload indicator and setup panel {Figure 2.7]. The log/exponential function generators are
identified by the numeric designation (16 and 26) visable at the top of the card file when the front panel is lowered.
These numbers correspond to the patch panel module address described in Chapter 2. These function generators are
terminated in patch panel analog fields one and two. The terminations are identified by the module address {16 and 26)
and by the patch panel FG (function generator) designations.

24,2 THE FUNCTION GENERATOR
24.2.1 INTRODUCTION

The MiniAc function generators {Figure 24.1) include a DFG {diode function generator), and an output amplifier that
{under certain circumstances) can be used as a free component. The setup switches {designated LOG/EXP and FG/Y)
and individual patching configurations permit the unit to produce a natural logarithm function, an exponential
function, or to simply act as a three input summer.

24.2.2 LOGARITHMS

When the LOG/EXP and FG/X switches are released (condition shown in Figure 24.1}, the unit will respond to an input
(X) to produce the function 0.1 Inx as X varies from 0.0001 to 1.0 machine units (0.001 to 10.0 volts) as shown in
Figure 24.2
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Figure 24.2. The Logarithmic Curve (0.7 Inx)
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24-2

When both switches are released, the IN termination is connected to the input amplifier and the DFG. The output
amplifier is provided with a 50k ohm feedback resistor, and the amplifier summing junction is connected to the DFG
summing junction. With this arrangement, the output amplifier is committed to the unit and may be used to sum other
inputs with the log output,

If the X input increases linearily from 0.0001 machine unit to 1.0 machine unit; the function generator will yield the
output waveform function shown in Figure 24,2

24.2.3 EXPONENTIAL FUNCTIONS (ANTILOGARITHMS)

When the LOG/EXP switch is set (and the FG/Z switch is released), the unit will respond to the X input to produce the
function@ ~ 10X (Figure 24.3) as X varies from 1.000 to zero machine unit. Switch selection of this expanential
function places the DFG network (Figure 24.1) in the feedback path of the output amplifier. With this arrangement,
the IN termination is connected to the input of the amplifier through 50k ohm input resistor (formerly the output
amplifier feedback resistor).
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Figure 24.3. The Exponential (Antilog) Curve (e — 10X,

24.2.4 SUMMATION

Twe gain-one inputs and a gain ten input are provided, and except during amplifier balancing procedures, are always
connected to the summing junction of the output amplifier. It the FG/X switch is set, the entire function generator
network is isolated from the cutput amplifier. The amplifier is then provided with two 50k ohm inputs, a 5k ohm
input, and a 50k ohm feedback and can be used as a free component three-input summer.



24.3 USING THE FUNCTION GENERATOR

Figure 24.2 illustrates the patching configurations and setup switch requirements for each use of the function
generator. This figure also illustrates the equivatent circuit and program symbol, and lists the various operating
considerations for each function. Two function generators can be interconnected to generate X" as shown in Figure

24.5.
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CHAPTER 25

VARIABLE FUNCTION GENERATOR

25.1 LOCATION AND IDENTIFICATION

The fully expanded MiniAC has provisions for generating arbitrary analytic functions using a dua! variable function
generator (VFG). This device (Figure 25.1) can be operated as two separate and independent 10 segment VFG's, asa
combined VFG where more than 10 segments are required, or (under certain conditions) as inverters. The dual VEG is
physically located directly behind the removabie VFG cover panel {Figure 2,7}, and is terminated in the last patching
module (VFG-36/37) of analog field three (Figure 2.2). The terminations for each ten segment section of the VFG are
identified by the patch panel and readout address designations VFG36 and VFG37.

25.2 THE VFG

2521 GENERAL OPERATION

The VFG uses straight-line segments to generate an arbitrary anatytic function. The VFG is a variable gain device, in
which gain varies as a function of the input signal. The input level at which gain changes occur is determined by biased
diodes. The magnitude and direction of gain change is determined by the segment contribution or sinking of current
applied to the summing junction of an output amplifier.

A typical variable gain diode circuit for the MiniAC VFG is shown in Figure 25.2. The voltage {(Eb) at the arms of the
Xn pot determines the reverse bias {or breakpoint voltage) applied to the diodes. As the X input voltage goes more
positive, it substracts from Eb. When Xin is greater than Eb, the diode conducts. This places the segment netwark
(consisting of the diode, the Yn + 1 pot and the input amplifier) in series with Rin and the output amplifier. This
network forms the input impedance to the output amplifier and controls the overall circuit gain. The setting of Yn + 1
determines the magnitude and direction of current applied to the output amplifier summing junction. Assuming a fixed
feedback resistor (Rfb) around the output amplifier, the overall gain or slope of the entire circuit depends on the
adding or subtracting of current at the output amplifier summing junction. If the yn + 1 pot is adjusted to the right of
mid-point {clockwise) the output (fx} will increase in the negative direction (negative slope). If adjusted to the left of
mid positian, the output increases in the positive direction {positive slope). Several such segment groups (biased to
conduct at different levels) are connected in parallel to form a complete function. Each segment contributes its own
slope, either adding to or substracting from the slopes of other conducting networks, so that the slope at any point is
the algebraic sum of the slopes generated by all conducting segments.

Maximum versatility of the unit is achieved by providing an initial value of X and initial value of Y that permit starting
a function at any desired values of X and Y {fx} and in any guadrant. The only requirement is that the starting point
(origin} of X must be to the extreme left of the function. This will always be the most negative (or least positive) value
of X. The Y value. for any given X point can be either positive or negative as fong as the function is singte valued.

NOTE

When the VFG /s unused or is operated in the INV Mode,
false overloads may be indicated. 1f & valid function s
stored in the VFG, the possibility of false overloads may be
eliminated by patching the IN terminations to ground, If an
invalid function is stored, false overloads may be indicated
even with the IN terminations grounded. If this occurs, set
the X0 and Y0 pots at mid position and turn all other pots
fully clockwise,

251



25-2

FROM OTHER
SEGMENT GROUPS
A
- ™

1
*——AAN—
SHAPING
NTWK

|

IN_ | Rin *’\/}v_
QTW- +—Pi

(Ein) | +1.0

Eb

[ DIODE SEGMENT GROUP | h}
I
!
|
|
|

L - d
Eo(fx) Eolfx)

3 /
+1.0 +.0+
+0.8 +0.84
+0.64 E,n(X) +0.6 1
+0.41- +0.4+

4 -+
0.2 +%20 +0.2+0.4 +1.0
0.0 TIME : ———+—+=E;, (X}
-0.2 Eb(xn) -02+ }
o4 -0.4- BREAK SL(OXPE_”
0.6 —0.6 POINT n

(Xn}

-0.8 0.8+
-1.0-- -1.04

Figure 25.2. Typical Diode Segment

2522 MODES OF OPERATION

The dual VFG is equipped with switching circuits that permit manual selection for operation as two independent 11
point or 10-segment VFG’s as a combined 20 point {19 segment VFG with a free inverter) or two independent
inverters. Figure 25.3a illustrates the equivalent circuit of the VFG when the 11-point mode is selected. Note that each
ten segment section {VFG36 and VFG37) has its own X input {IN} as well as independent outputs.

When the 20-point mode is selected {Figure 25.3b} both 10 segment DFG sections are paralleled. Note that the DFG
associated with VFG37 is no longer connected to its own output amplifier. Therefore, the module address of VFG36
must be used when selecting the VFG for readout. In the 20-point mode, the output amplifier for VFG37 becomes a
free component and may be used as an inverter. When placed in the INV mode {Figure 25.3c), both output amplifiers
become free components and may be used as inverters,
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26,23 THE VFG CONTROLS

As illustrated in Figure 25.1, the dual VFG control panel is divided into three distinct and separate areas. The segment
and setup controls for VFG36 are to the left of the panel, and those for VFG37 are to the right. The area at the bottom
of the panel contains controls that are comman to both VEG sections,

X0-X10 POTS:

The vertical row of potentiometers (designated X0 to X10) at the outer edge of each VFG section are used to set the
values of X required to setup the function. The X0 and X10 pots select the initial and final values of X. The controls
designated X1 through X9 seiect the breakpaints,

Y0-Y10 POTS:

The vertical row of potentiometers designated Y0 through Y10 on each VFG section are used to set the Y output or f(x].
The YO and Y10 pots correspond to the initial value of f(x)and the final values, respectively. The Y1 through Y9 pots
select the value of f(x)for the corresponding value of X,

GAIN SELECTOR;:

The GAIN selector {(uppermost switch) on each VFG section controls the change in slope {gain) of the output amplifier.
There are four gains {1, 3, 10 and 30) available,

POINT SELECTQCR:

The POINT selector {middle switch) in each VFG section is used during VFG setup to select the point being set.
Pasitions 0 - 10 correspond to X0-X10 and YO-Y 10 controls, The point switch must be piaced inthe OFF position after
the function is setup and prior to placing the VFG in service.

SET/OPER SWITCH:

The SET/OPER switch {hottommost switch) on each VFG section is placed at SET during the VFG setup procedure,
The VFG cannot be placed in service until the switch is set at the OPER position,
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MODE SELECTCR:

The Mode Selector is located in the central area between the VFG sections and is common to both. When set at 11PT
each VFG section can be as independent 11 point (10 segment) VFG's. When at the 20PT position, the VFG sections
are combined to provide a singte 20 point VFG. The combined output is taken from VFG36 and the output amplifier
of VFG37 becomes a free inverter. When the MODE selector is set at INV, both output amplifiers become free

inverters.

Y-SET PUSHBUTTON:

This momentary pushbutton switch is used during VFG setup while setting the Y0-Y 10 potentiometers. Depressing this
switch displays the value of Y on the DVM.

25.3 HOW TO SET UP THE VFG

2531 TABULATING VALUES OF X AND F(x)

Since the variable function generator approximates a given curve by a series of straight-line segments, the first step in
the setup of any VFG is to determine the location of the breakpoints (“corners’’} in order to fit the curve as smoothly
as possible. Usually the desired curve is given in graphical form, and the programmer must determine (by inspection of
the graph) how best to separate the function into a series of straight-line segments, and thereby generate a table of
values of x and f for the set up. Sometimes the function is given in tabular form; usually the result of experimental

(x)
measurements, or sometimes the result of a series of calculations.

If the function is given in tabular form it is tempting to simply set up the DFG to the values of x and f()\) from the
table, especially if the number of data points in the table happens to coincide with the number of segments available in
the DFG. The difficulty with this approach is that the distribution of the data points that define the function will
probably not be the best distribution of breakpoints for straight-line approximation. For example, the original data may
have been obtained for equally-spaced values of the input variable x, whereas it is generally not a good idea to use
equally-spaced breakpoints for segment approximation. It is better to plot the data points, pass a smooth curve through
them, and determine a good breakpoint location from this smooth graph. In any case, it is desirable to know what the
function locoks like before trying to set it up, which means it should be manually plotted before set up.

Therefore, the setup procedure in this chapter assumes that the function is defined graphically. The procedure consists
of determining good breakpoint locations, tabulating the values of x and f(x) at these points, and setting up the
function from this table of values. The dual VFG's have common setup controls and individual segment controls that
permit direct set up of values of x and f(x) and both the input x and output f(K) may be read directly on the DVM
during set up. However, it is a good idea to obtain a continuous plot of f(x) versus x to make sure that the function has
been set up correctly. Such a plot should be a part of the problem documentation, along with the circuit diagram,
listings of pot-settings, amplifier assignments, and so on.

2532 DETERMINING BREAKPOINT LOCATION

Given a smooth curve, where should the breakpoints be located to approximate it with minimum error? With a bit of
experience, a good programmer can come very close to the optimim breakpoint location simply by inspection of the
curve. The following general rules serve as a rough guide to this technique,

Keep in mind the total number of breakpoints available on the VFG. Most functions of practical interest may be
adequately represented with 10 segments or less; a few may require more. The MiniAC ten-segment VFG's are capable
of being paired {20PT mode) to handle this.



Start out by locating the areas where the function is nearly straight; the individual segments in such areas may be
relatively long. In between these areas will be the areas of rapid slope-change: the breakpoints should be concentrated
here.

As a general rule, it does nat pay to locate two breakpoints closer together than about 4% of full scale {0.04 unit, or 0.4
volt on a ten-valt computer}. If two breakpoints are spaced more closely than this, they tend to blend into one because
of the characteristics of diodes, which are not perfect switches. This effect, which rounds off the corners of the
function, gives a smoother output and is beneficial in determining breakpoint locations. In case of very sharply curved
functions, it may be necessary to space breakpaoints slightly closer — say, as close as 2% of full scale (0.02 unit).

As an example, consider Figure 25.4. This curve represents an arbitrary function, scaled on a unit hasis, so that input x
varies fraom zero to unity, The procedure starts by noting the twe areas where the function is almost straight, namely
0<x 0.2 and 0.58<x<0.74. There would be little point in putting any breakpoints here, so the process starts by
drawing two fairly long segments to approximate the function over these intervals.
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Figure 25.4. Sample Ten Segment Function
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The intervals from 0.2 to 0.58 and from 0.74 to 1.0 are the intervals where the function curves noticeably. Since this is
a relatively “mild"* function, it may be easily approximated by ten segments. Hence, there are nine breakpoints to be
determined. Note that the number of breakpoints is one less than the number of segments. For example, a two-segment
function has one breakpoint —where the two segments join; a three-segment function has two breakpoints, and so
on. The endpoints of the interval are essentially fixed, and are not counted as breakpoints.

We have nine breakpoints to divide between the two intervals of rapid slope-change. Since the first interval is longer {and
the slope changes somewhat more), more breakpoints should be put in this interval. A five-four split was arbitrarily

selected.

Based on the five-four split, the breakpoint location in Figure 25.4 was determined. No claim is made that is the
absolute optimim, but is a fairly good fit, and easily arrived at. In using the visual technigue, there is no substitute for
experience; the above rules and example are intended only as a rough guide.

2533 VFG SETUP THEORY

Each breakpeint, or ““corner” in a VFG curve represents a diode that is changing state; as the input voltage (x] gives
more positive, or less negative, more and more diodes start to conduct. Each diode {when it starts to conduct) increases
or decreases the slope of the curve. The change in slope for a given segment is determined by adjusting a potentiometer
{the Y pot). For example, Figure 25.5 shows the effect of changing the Y pot for segment 6 on a partially setup
function. The various lines extending from X5 represent the output slope for several settings of the Y pot.

Y= f(x)

J
SEGMENT 6

KN
I
|
|
|

l :
I |
X5 X6

Figure 25.5. Effect of Changing Stope Pot Y6 on VFG Output

]
>

The VFG setup procedure is arranged so that the operator does not observe slopes, but rather values of X and Y
(Y=f(x)), In otherwords, the value of X6 is set first using the X6 pot then the siope for segment 6 {or the value that the
function will assume at X6) is set using the Y6 pot.

In practice, the Y pot for a given segment has an effect on the previous segment. This is due to the fact that the diode is
not a perfect switch. The “corner” at X5 in Figure 25.5 is somewhat rounded, and a slight shift in X5 will accur when
setting X6. In most cases, this shift will cause the VFG output to more closely approximate the actual curve.



254 SETTING 11-POINT FUNCTION

25.4.1 GENERAL

Once the values of x and y are tabulated, the function setup is quite straight forward. The VFG has potentiometers for
adjusting the X and Y coardinates at the starting point and the positive end of each segment. This arrangement permits
direct setting of a function from a table of values; first adjust x {which may be read directly on the DVM), and then

press a switch {(Y-SET) and set Y,

As an example, consider the function in Table 26.1. This is the same function that was given graphically in Figure 25.4.
Note that since 10 segments are to be used, the function is tabulated at 11 points, inciuding the 2 endpoints and 9

breakpoints. For this example, the endpaints are set at 0 and 1.

Table 25.1. 11-Point Table of Values

X POINT Selector Y=F X POINT Selector Y=F .
0.00 0 0.90 0.58 6 0.34
0.20 1 0.50 0.80 7 0.66
0.30 2 0.36 0.88 8 0.72
0.38 3 0.30 0.94 9 0.72
0.44 4 0.28 1.00 10 0.68
0.50 5 0.28

In setting such a function some programmers find it easier to set all x values (breakpoints} first, and then the Y or
function values. However, it is recommended that you set the first breakpoint X, then set the corresponding value of Y
and continue alternating in this manner, The setup procedure makes use of the DVM and signal selector, and the VFG

control panel.

25.4.2 PRELIMINARY SETUP PROCEDURES

1. Select the computer IC mode.

® NP O s W

Set VFG MODE switch at 11PT.
Place SET-OPER switch at SET.
Set GAIN switch at 1.
Set POINT switch at 0.

Rotate all X pots (XD through X10} fully clockwise,

Proceed to set the desired values of X and Y as described in the following paragraph.

Using SELECTOR-1 on the analog control panel, address the VFG (36 or 37) that is to be set up.
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25.4.3 SETTING X AND Y

After all preliminary steps (Paragraph 25.4.2) are completed, setup the values of X and Y. The following list cutlines
the basic order of procedure,

1. Adjust X0 for the initial value of X, as displayed on the DVM,

2. Depress and hold the Y-SET pushbutton and set the YO pot until the desired initial value of Y is displayed
on the DVM. Release the Y-SET pushbutton,

NOTE

The adjustments in Steps 1 and 2 select the initial value of
X and Y to define the origin of the function.

3. Select POINT-1 and then adjust X1 for the first breakpoint.
4, Depress Y set and set Y 1. This forms the first segment,

5. Using the POINT Select and Y-SET switches alternately set the X and Y pots for segments 2 through 10 as
in Steps 3 and 4.

6.  After setting the last XY point it may be necessary to '"touch up’ the function by repeating Steps 3
through 5.

7. After segment 10 {POINT-10} is set, place the POINT switch at OFF the SET/OPER switch at OPER, and
plot the function using the procedure in Paragraph 25.6.

To aid the operator in setting up a function, a sample 11 point {ten segment) setup procedure is given in Table 25,2,
This table defines the order of procedure and specifies which switch and pot to operate at any given time. Table 25.2
applies to the ten segment function illustrated in Figure 25.4 and tabulated in Tabie 25.1; and is provided to permit the
operator to set up a sample function and thereby become familiar with the setup operations.

Table 25.2. Sample Order of Procedure (Ten-Segment Function)

— !
Step 1 2 3 4 5 : G
Mot 1y INotes 2 and 31
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2544 [INSUFFICIENT SLOPE

During the above procedure, it is possible that a particular function value cannot be obtained. If the Y pot is rotated to
the end of its travel and the function value still has not been reached, the first thing to do is make sure you are setting
the right pot. Also make sure the POINT selector is in the right position. Assuming that no such error has been made,
the problem is probably one of insufficient slope.

For each segment there is an upper limit to the amount of slope change that is can introduce; this is the amount
produced with the slope pot fully clockwise. With the GAIN switch in the 1 position a maximum slope change of about
1.4 may be obtained with one segment. The 30 pasition of this switch provides for slope changes as great as 42.

The GAIN switch increases the feedback resistance on the output amplifier, thus providing increasing gain when at the
3, 10 and 30 positions. For very steep or sharply curving functions, the GAIN 30 position may be necessary.

The effective resolution of the Y pots decreases with higher gain; at the high settings a small motion of the pot
produces a large change in the output, making accurate set up more difficult. Alsc, electrical characteristics such as
bandwidth are degraded with high gain settings. For this reason, it is not desirable to use more gain than necessary in
generating a particular function,

If at any time during the setup procedure, an increase gain is necessary, you must return to YO reset all X pots (X0
through X10) fully clockwise, and reset the entire function. When using GAIN-30, avoid prolonged use of the Y-SET
pushbutton. If setting a Y value takes more than a few seconds, release the Y-SET switch, and then depress it again.
This is necessary to eliminate the effects of drift incurred by the internal setup T/S Amplifier.

2545 TRIMMING ADJUSTMENTS

If a check of the Y values is made after the entire function is set, a shift of about 0.010 to 0.020 unit (100 to 200
millivolts), and rarely greater than 0.050 may be noticed. This is because the value at a given breakpoint {X) is set by
changing the slope of the previously set breakpoint, and causes a small shift in the previously set function value (Y}. A
rounding of the function will occur around the breakpoint which willi make the output appear as a curve rather than a
series of straight lines. A series of trimming adjustments may be made where a more accurate output is desirable. These
adjustments should be made in the same order as the original setup — starting at the origin and working outward. The
trimming process goes much faster than the original setup, since the X values do not have to be set again, and only small
changes in Y values are required.

An alternate method of trimming is to plot or display the function {(Paragraph 25.6) and make trimming adjustments as
desired to more closely approximate the actual curve. Remember that the adjustments must be made starting at the
mo st negative (or least positive) value.

255 SETTING A 20-POINT FUNCTION

Provision is made for operating the dual VFG as a single unit with up to nineteen segments. This method of operation
provides increased accuracy through the use of more segments. Basically, the function is set in exactly the same manner
as functions having ten segments or less, except as follows: the MODE switch must be set at 20PT; the X 10 control on
VFG36 is not used; and the X0, Y3, Y1 and GAIN controls on VFG37 are not used. The following list outlines the
basic order of procedure for setting function of more than 10 segments:
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1. Perform the following preliminaries:
a. Select computer {C mode.
b. Set VFG MODE switch at 20PT,
c. Set GAIN-36 and GAIN-37 switches at 1.
NOTE

GAIN-37 not used during 20PT mode. Must be set at 1 if
VEG3/7 is used as an inverter.

d. Set bothSET/OPER switches to SET.
e. Set POINT selector-36 to 0 and POINT selector-37 to OFF and rotate all X pots fully clockwise,

2. Set initial value of X using X0-36.

3. Depress Y-SET and set initial value of Y using Y0-36.

4, Set POINT selector-36 to 1 and set X for the first breakpoint using X1-36.

5. Depress Y-SET and set the value of Y using Y 1-36.

6. Continue alternating X and Y settings for the corresponding POINT, selector positions (1 through 9} on

VFG36 as in Steps 4 and b.
NOTE

If insufficient slope js encountered at any point, increase the
GAIN-36, rotate all X pots fully clockwise, and reset the entire
function.

7.  After completing the Y9 setting set POINT selector-36 at OFF and POINT selector-37 at 1.
8.  Set asvalue of X for the tenth breakpoint using X1-37.
9. Depress Y-SET and set Y using Y 10-36.

10. Continue to alternately set X and Y for the corresponding POINT selector positions 2-10 on VFG37 and the
corresponding X and Y Pots,

NOTE

If you have numbered the breakpoints the POINT switch setting
and the X and Y pot numbers will be nine less than the point
actually being set. Breakpoint 11=VFG37 POINT-2, X2 and Y2.

11. After setting Y10, set POINT-37 at OFF set the SET/OPER switch at OPER,
and plot the function (Paragraph 25.6).

A sample 20-point function is illustrated in Figure 25.6. This function has three regions where it curves rather sharply,
separated by regions where it is relatively straight. The first curved regions lies in quadrant three of the graph, the
second curved region lies in quadrant two, and the third lies mostly in quadrant one. Note that more breakpoints are
required in guadrant one than in the other quadrants. The table in Figure 25.6 shows the table of values of X and Y for
the illustrated function and shows the relationship of the breakpoints to the POINT selector and the X, Y pots. This
data is provided to permit the operator to set this sample function for familiarization.
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25.6 PLOTTING THE FUNCTION

Once the function is set, a continuous plot of output versus input should be made. This serves to verify the function
and provides a record for probhlem documentation.

Figure 25.7 illustrates the typical circuit arrangement and patching requirements for plotting the function. The setup
shown will provide a linear ramp input (X} to the VFG that starts at —1.0 machine unit and integrates up to +1.0
machine unit. Using a ramp of this nature permits a continuous plot of any function over the entire range of the VFG.
tf the function does not require a —X value (X starts at zero and goes only in the positive direction), it is not necessary
to integrate from —1.0 to +1.0 volts. In such a case, the IC input (+REF)} is not required. Removing the initial condition
voltage will provide a ramp that goes from 0.0 machine unit up to +1.0 machine unit. Note that the input
potentiometer is set at 0.1 unit {1 volt}. With a ten volt input and a normal time scale selected, the integration rate is

0.1 machine unit per second. Integration at a relatively slow rate is recommended to permit the operator to observe and
inspect the function as it is plotted.
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Figure 25.7. Typical Setup for Plotting A Function
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Plot the tunction as follows:
1. Place the console in the Set Pot {SP) mode and set the coetticient pot.
. 2. Patch the VFG to the X-Y Recorder as illustrated in Figure 25.7 and prepare the recorder for the plot.

3. Ensure that the POINT selector(s} is at OFF and the SET/OPER switch{es) is at OPER. Do not disturb any
other controls.

4, Select the normal time scale and place the computer in 1C and then in OP.
b. Observe the plotter and place the computer in 1C when the plot is completed.
6. Compare the plot to desired function and note any irregularities. |f necessary, replot the function and make

final trimming adjustments as required.

257 PATCHING THE VFG INTO A PROBLEM

Figure 25,8 itlustrates the typical input/cutput patching requirements of the VFG for each mode of operation.
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OPERATIONAL
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CHAPTER 26

I
AND GATES

26.1 LOCATION AND IDENTIFICATION

MiniAC logic expansion contains ten AND gates. Of these, six are two-input and four are four-input These gates are
terminated at the top of the logic field as shown in Figure 2.2. The gates are identified by the panel markings GATE 1
through GATE 10. Gates designated GATE 1 through GATE 6 are two input gates. The remaining (GATE 7 — GATE
10}, are four input gates. For patching ease and identification, the AND gate terminations are color coded. Input
terminations are green and the output terminations (true and false) are orange. Each gate has a corresponding indicator
on the logic control panel. When the true output of a gate is high, the corresponding indicator illuminates,

26.2 THE AND GATE

An AND gate accepts two or more logic inputs and produces a high output {logic onel when all inputs are
simultaneously high. Figure 26.1 is a simplified diagram of the two and four input gates and shows the patching
terminations, program symbol, and truth table for each. All gates in the MiniAC have built-in inverters and both the
normal (true} and inverted (false) output are terminated at the patch panel. The gate input logic is arranged so that
unused inputs are high (logic one). Therefore, an unpatched input enables the corresponding gate input. This feature
permits a gate to be used with less than the maximum number of inputs. For example, a four input gate may be enabled
using only two or three inputs. Extraneous patching is not required to ensure that unpatched inputs are high.

26.3 USING THE AND GATE

In addition to the ANDing function, the AND gate may be used in OR functions, as a logic inverter, or simply to obtain
a constant logic level. Figure 26.2 illustrates the patching and programming symbeol for each of these functions.

The output of a single gate can be used as a control input for several other gates as shown in Figure 26.3. Up to five
gates can be patched in this manner. If a fan-out of greater than five is used, the logic level output of the contral gate
may not be sufficient to trigger or enable the controlled gates.

Gates can be patched in cascade for AND functions requiring more than four logic inputs. Figure 26.4 shows the
recommended method of cascading gates.

FUNCTION PATCHING PROGRAM SYMBOL CONSIDERATIONS
XzA-B
Leare 1] A— X=1 ONLY WHEN A AND
A ® X B=I
B ® X ! i X IS ALWAYS THE
B X | COMPLEMENT OF X
AND
A— - AT X=A-B-C-D
TE 7
b% g X=1 ONLY WHEN A, B,
B—"10 I_x i x | _ CANDD=I '
Cm—u"u—@ ) — X "x— X IS ALWAYS THE
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Figure 26.2. Gate Patching
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CONSIDERATIONS
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Figure 26.2. Gate Patching {Cont)
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CHAPTER 27

e

. GENERAL PURPOSE AND PUSHBUTTON FLIP-FLOPS

27.1 LOCATION AND IDENTIFICATION

A fully expanded MiniAC contains two pushbutton and four general puspose flip-flops. The pushbutton flip-flops are
controlled manuaily while the general purpose flip-flops can be controlled either by logic inputs (patching), or manually
by pushbutton. As shown in Figure 2.2 the flip-flops are terminated in the logic field directly below the four input
AND gates. Each general purpose flip-flop (GPFF} is identified by the patch panel aiphanumeric designation
FF1 — FF4. The pushbutton flip-flops are identified by the patch panel designation PB1 and 2. The manual controls
for all flip-flops are located on the logic control panel and are identified by the panel designations FF1 — FF4 and PB1
and 2 that correspond to the terminations in the patch panel logic field.

27.2 THE PUSHBUTTON FLIP-FLOP

The pushbutton flip-flop {(PBFF) is a clocked element that changes state on the first clock pulse after a manual set/reset
command, and therefore produces synchronized outputs There are two pushbuttons (Figure 27.1) associated with each
PBFF. Depressing the S pushbutton sets the flip-flop (true output goes high). The C pushbutton resets {clears) the
flip-flop {true output goes low),

The terminations for PBFF1 and 2 are red and provide both the true and false outputs. When the flip-flop is set, the
upper termination is high. In either state (S or C), the false output is the complement of the true output as designated
by the inverter symbol,

27.3 THE GENERAL PURPOSE FLIP-FLOP

27.3.1 GENERAL OPERATION

The GPFF. Figure 27.2, changes state in response to patched logic inputs, or manual inputs (pushbuttons on the logic
control panel}. When under patch panel control, the flip-flop changes state on the first clock pulse after the set/reset
command and is therefore synchronized with the MiniAC logic clock. To obtain complete patch panel set/reset control
of the GPFF, two logic inputs (set and clear) must be used. These can be cbtained from separate sources, or simply by
using the complement of a single source. When the flip-flop is set or reset manually, the change in state is independent
of clock and is entirely asynchronous,

27.3.2 THE PUSHBUTTON CONTROLS

There are two momentary pushbuttons associated with each GPFF. The S pushbutton is used to manually set the
GPFF, while the C pushbutton (when depressed) resets or clears the tlip-flop. Note that if logic inputs are patched to
the flip-flop, inadvertent operation of these pushbuttons during a program run may interfere with the problem and may
Cause an erroneous solution. The S pushbutton is equipped with a lamp. Whenever a GPFF is set, the corresponding S
indicator lights. When reset, the lamp is extinguished.
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27.3.3 THEPATCH PANEL TERMINATIONS

Each GPFF has three input and two output terminations in the patch panel logic field, The output terminations provide
a true and a false output. When the flip-flop is set, the true output (upper termination) is high, and when reset it is low.
In either state, the false output is the compiement of the true output as designated by the logic inverter symbol,

The set and ciear inputs (S and C) respond to a high to correspondingly set or clear the flip-flop. Note that if both
inputs are low simultaneously, the flip-flop will remain in its previous state. With both inputs patched high, the flip-flop
can be made to toggle. The four terminations designated FF ENABLE {1-4) provide the third control input to the
correspanding numbered flip-flop. These terminations are normally high. Patching a low into one of these terminations
prevents the corresponding flip-flop from changing state. This latching feature is especially useful for monitoring an
event and flagging that event the first time it occurs, or for sampling fogic inputs.

27.4 BASIC CIRCUITS USING THE GPFF

27.4.1 GENERAL USE

Basically, the GPFF is a storage element and can be used to perform numerous functions. The GPFF can be easily
interconnected with other flip-flops to form a shift register and a parallel jam Ioad register. This device can also be used
to generate a delay. The following paragraphs describe some of these basic uses and provide patching and programming
information. Figure 27.3 illustrates the basic patching requirements of the GPFF when used both manually
{pushbutton flip-flop) and under patch panel control.

27.4.2 USED TO GENERATE A ONE CLOCK DELAY

As previously stated, the general purpose flip-flop is clocked, and does not change state until the first clock pulse after
the set or clear signal. Therefore, the flip-flop output switches in synchronism with the logic clock. If used with a
synchronous input, the GPFF can be patched to generate a one clock delay as shown in Figure 27.4a. Note that the
clear (C) input is the complement of the set (S} input. If the signal source has complementary outputs, the logic
inverter.(Gate 2} is not necessary.

27.4.3 USEDASA DIFFERENTIATOR

When used with a synchronous input {Figure 27.4b) the GPFF can be patched as a leading edge differentiator. in this
circuit, the GPFF responds to input transitions from the 0 state to the 1 state to produce an output one clock pericd in
duration. The only requirement for input X is that it must be synchronous and or mare than one clock period in
duration.

27.4.4 USING THE LATCHING FUNCTION

A low control input at FF ENABLE (EBL) prevents the flip-flop from changing state. This feature permits the GPFF to
be used as a sampling device, a permanent storage device, and as a toggle flip-flop. Figure 27.4 (Parts ¢, d and e}
illustrates three uses of the latching function. When patched as a sampling device, note that the flip-flop only changes
state when the EBL input goes high.
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When patched as a permanent storage device, the flip-flop latches up on its own output and cannot change state
regardless of the X input. This is useful {for example} when monitoring a change in state of a comparator, When the
comparator output goes high (sum of its inputs are positive}, the flip-flop sets and remains set regardiess of succeeding
changes in comparator output,

When patched as a toggle flip, the flip-flop toggles to the opposite state on the clock pulse after the EBL input goes
low.

NOTE:
MOST OF THE FOLLOWING FUNCTIONS USE GATE 2 A5 A LOGIC INVERTER
FOR COMPLEMENTARY STEERING. {F THE SOURCE SIGNAL HAS COMFLE -
MENTARY QUTPUTS, THE LOGIC INVERTER IS NOT REQUIRED.
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DIVIDE-BY-TWO FREQUENCY DIVIDER.

Figure 27.4. GPFF: Patching and Timing (Cont/

27.456 USED ASA FLIP-FLOP REGISTER

Up to four general purpose flip-flops may be patched together to form a™fiip-flop register. Figure 27.5 illustrates the

patching configuration and detailed programming symbol for a four-bit shift and four-bit jam load register,

Basically, the shift register (Figure 27.5a) consists of four logic samplers connected in cascade. The SH input (shift)
determines when the register wiil shift and is patched to each FF ENABLE termination {SH must be high to enable the
GPFF). The Sl input (shift in) is the data input and can only change the state of FF1 when SH is high. If the data

source has complementary outputs, the logic inverter {GATE 2) is not necessary.

Parallel register patching is illustrated in Figure 27.5b. Note that each flip-fiop has its own data input {DI-1 to DI-4), To
obtain parallel data transfer, the FF ENABLE control input of each flip-flop is paralleled. When the LOAD signal is
received (LOAD = 1), all flip-flops are enabled and the data present at the DI inputs are loaded simultaneously {jam

loaded). If the data sources have complementary outputs, the logic inverter at each input is not required.




NOTE! S1—e s 5 .
IF SOURCE OF S1 HAS COMPLIMENTARY
OUTPUTS,LOGIC INVERTER 15 NOT REQUIRED.
Eller 4 L P
. . V4 Y %
: IE BoE g ¢ [ c

E
LF ENABLE N ' l
SH e SH—e——— -

SI=SHIFT IN DATA
SH=SHIFT COMMAND

PATCHING PROGRAM SYMBOL (DETAILED)

0. SHIFT REGISTER

LCAD —

NOTE: DI-1
DI: DATA IN. IF DI SCURCES
HAVE COMPLIMENTARY CUTPUTS
LOGIC INVERTER 1S NOT REQUIRED.
EBL
[ 8
1
S WS-
£

DI-2 e

)
FF |
C
1P
DI-2 5
EBL
\4¢>P—'4
[ y
[/
DI-3 s
oare 2717 ]
DI~ 3 weed— 5 —
— BL
Y C T L p——2
2 Je
l/
DI- 4 -~ |- b DI-4 5
. c n
S )
EBL
FF 4 r—l
) 2 3 K
[~ c T
LCAD > |

PATCHING PROGRAM SYMBOL (DETAILED)

WV
|

b. JAM LOAD REGISTER

Figure 27.5. Using the GPFF to Form a Register

27-7/27-8



MAN 5w SELECTOR
] 26 36

RATE

Xa-x108

16
FG

MANSW |

SECONOS

POWER

DN

0. CONTROLS b.TERMINATIONS ¢. PROGRAM SYMBOL
DESCRIPTION
FUNCTION PATCHED CIRCUIT
UP [CENTER{ DN
UP
FEED A SINGLE £ - | peg, | oe0 =0
DESTINATION ON
FEED A SINGLE DI AND
DI=E - Dp:E
INPUT TO ONE OF E » o—@}-o ' '?SO‘T)H 2°%1
TWO DESTINATIONS
(ON-OF F- ON) o0, |(P'ON) | oFF)
up
SELECT ONE OF Erﬂ—o D | b= D=0 | D=Ep
TWO INPUTS (OFF)
(ON- OF F- ON) cof@—o

d. BASIC SWITCH CIRCUITS

Figure 28.1. Manual Switch: Patching and Operating Information



CHAPTER 28

|
ANALOG SWITCHES AND COMPARATORS

28.1 LOCATION AND IDENTIFICATION

A fully expanded MiniAC contains three manual switches, three D/A switches, and three A/D comparators. One of each
of these devices is terminated in each analog field of the patch panel (Figure 2.2). Individual logic controls for each D/A
switch, and the logic output of comparators are terminated in the control field. Each device is identified by its module
address {Chapter 2) and by the individual panel markings as outlined below.

Device Designation Module Location
Manual Switch MAN SW 16, 26, 36
D/A Switch SW 15, 25, 35
Comparator COMP 13, 23, 33

28.2 THE MANUAL SWITCH

The manual switch (Figure 28.1} is a single pole double throw {center off) device with two terminations at the single
pole {wiper) end. Three switches can be patched into a problem and manually set to provide nearly any desired analog
switching function These switches are especially useful during problem checkout. For example, when checking
integrators initial values a constant can be patched to an integrator (through a MAN SW)} that does not have an IC
during the problem solution. Then after all initial values are checked, the test IC input can be switched from that
integrator without disturbing existing patching.

Physically, the manual switches are located on the analog control panel. When the upper portion of the switch js futly
depressed the switch is in the UP position as designated on the patch panel.

Fully depressing the lower portion of the switch corresponds to the DN position. When neither end of the switch is
depressed (center position) the switch is off,

28.3 THE D/A SWITCH

28.3.1 GENERAL OPERATION

The D/A switch is a high speed solid state element that allows an analog input to be turned on and off in response to a
logic control signal. A logic ONE at the control input turns the switch on; a logic ZERO turns it off.

Basically, the unit consists of a resistor in series with an electronic switch. The resistance value is chosen so that the
total series resistance is 10k ohms when the switch is conducting. When the switch is turned off, the output end of the
resistor is grounded. Therefore, the effective input resistance is 10k ohms regardless of the switch state (open or
closed). This feature prevents loading errors when the analog input is fed by a high impedance source.

28.3.2 USING THE D/A SWITCH

The overall electrical behavior of the D/A switch and patching information is illustrated in Figure 28.2. For clarity, an
equivalent relay circuit is shown. Note that the control input (ON) is normally high and the switch is conducting. When
ON is patched low, the switch is off.
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The D/A switch can only be used with amplifiers whose summing junction is available at the patch panel. The SW
output is labeled SJ to indicate normal patching is to SJ of a T/TS, Z/HG, or OJofa X/j. When patched to the
summing junction (SJ) of a /TS unit, the standard feedback resistor is 100k ohms, Therefore, the switch acts as a gain
of ten input. The feedback resistance of a Z// is one megohm {when operated as a summer); therefore when the 5J of
the switch is patched to the summing junction {QJ) of the Z/f, the switch acts as a gain 100 input. Note that the D/A
switch is not normally used with a Z/[ as these devices have internal B/A switches.

LOGIC
IN
LOGIC IN
1: 0N s
0:0FF
(G-
$J
14 %
/18 MULT/DIV | 14 EO
T T EE
BelET i 1IN
eligell JLle IF LOGIC IN=1,
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2 —— =Y EO: —E2
oN i ' O[*O| T
) Eg—
@ Y 4 [RellNe) DO—U
10K Qe a
LOGIC ON
I/TS SWITCH
RELEA FREQUENTLY
= LEASED PATGHED TO
EQUIVALENT COMP OUT
0. SIMPLIFIED CIRCUIT b. PATCHING {TYPICAL USE) c.PROGRAM SYMBOL (TYPICAL USE)

Figure 28.2. D/A Switch: Patching and Operating Information
28.4 THE A/D COMPARATOR

28.4.1 GENERAL OPERATION

The A/D comparator is the basic analog-to-digital interface component. The comparator (Figure 28.3} provides
complementary logic output signals as the function of the polarity of the sum of two analog input signals. When the
sum of the inputs become positive, the true output goes high. Conversely, when the sum is negative, the true output
goes low. If only a single analog input is used, the comparator output will change state each time zero crossover occurs,
If used in this configuration, the unused input should be grounded.

Basically, the comparator consists of an operational amplifier, an analog-to-logic translator, steering logic and a clocked
output flip-flop. With this arrangement, the comparator switches state in synchronism with system ctock. The steering
fogic is arranged so that the comparator will latch in either existing state, when a logic one {high) is applied to the L
termination. Each comparator is equipped with a momentary pushbutton switch (located on the control panel). During
normal operation, depressing this switch forces the comparator to its opposite state. When the switch is released, the
comparator will return to the previous state. The feature is useful during problem checkout. Note that each COMP
switch is also an indicator and illuminates whenever the comparator true is high.
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Figure 28.3. The Comparator

28.4.2 BASIC COMPARATOR PATCHING

Figure 28.4 illustrates the basic patching requirements and program symbol for general use of the comparator. Note
that the comparator output is synchronous and can be used to drive any logic element, or a D/A switch as required by
the program.

When either comparator output {true or false) is patched to its own L termination, the comparator will latch up
whenever that output goes high, and cannot change state regardless of analog input conditions, When this self latching
function is used, the comparator can be released from latch by depressing the associated COMP pushbutton. This
switches the comparator t0 the opposite state causing the signal at the L termination to go low, However, if the sum of
the inputs still provide the same or equivalent conditions to those that caused latch up, the comparator will latch again
when the switch is released.
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CHAPTER 29

I
TIMING DEVICES

29.t LOCATION AND IDENTIFICATION

In addition to the logic clock and the downcounted clock (PULSES — 10%, 10°, 10°, and 10%,) described in Chapter
15, the fully expanded MiniAC is equipped with three timing devices. These include an interval timer, a counter/timer,
and a monostable multivibrator {one-shot).

The interval timer is primarily used for centrolling the computer analog modes during repetitive operation {Chapter
14}. For patching convenience, this device is terminated in the patch panel control field {Figure 2.2) in close proximity
to the Master Mode and local control terminations, Setup contrels for the interval timer are located on the analog
control panel. The patching termination and controls for this device are identified by the TIMER designation on both
panels.

The counter/timer is primarily used for counting logic events. This logic device (designated CTR/TMR] is terminated in
the logic field with its manual controls on the logic panel. Since the CTR/TMR is freguently used in conjunction with
the downcounted clock, the terminations (designated CTR/TMR) are located in the bottom left-hand corner of the
logic field adjacent to the PULSES output terminations.

The one shot is terminated in the lower right-hand corner of the logic field. There terminations are identified by the
patch panel MONO designation.

29.2 THE INTERVAL TIMER

29.2.1 OVERALL OPERATION

Basically, the interval timer (Figure 29.1) is a logic device that produces two timed intervals (designated A and B) to
provide automatic logic control of the computer IC and OP modes. The A output corresponds to the IC mode and the
B output corresponds to the OPF mode. Only one of these outputs is ever true at any one given time, The A interval is
fixed at 6 milliseconds in high speed operations and 0.6 second for low speed operations. The B interval is fully
adjustable from 5 milliseconds up to 105 seconds. A third logic cutput (designated EB) is a one microsecond pulse that
corresponds to the end of interval B. This pulse appears one microsecond before interval A is dropped and disappears
when interval B is raised,

As shown in Figure 29.1a, the timer consists of a constant source input amplifier, an integrator network {used as a ramp
generator), a comparator, and an array of logic elements. The switch (designated SECONDS) controls the rate of
integration, to select the time range of the B interval. This switch also selects either of the two time durations for the A
interval. The timer circuits are arranged so that when the comparator output goes to a logic one, a one-shot is fired, the
ramp generator goes to IC mode, and the A output goes high (FF1 and FF2 reset). At the end of the one shot (7
milliseconds or 0.7 second), the ramp generator is placed in operate and both flip-flops set. (A drops and B is raised.)
Interval B remains high while the integrator times out, When the integrator output reaches 1.0 machine units, the
comparator output goes to a logic zero, to place the integrator in IC, and resets FF1. This raises EB, and on the
succeeding clock, FF2 resets, This drops B and EB, and raises A,

The timer continues cyciing in this manner as long as patch panel mode control is selected and the RUN and H control
inputs (Paragraph 29.2.3) are unpatched.
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2822 THEMANUAL CONTRQLS

The duration of the timer A and B intervals are manually selected using the TIMER-SECONDS switch and the
TIMER-X5-X105 potentiometer. The four position SECONDS switch sefects the duration of the A interval {about 0.7
second or 7 milliseconds) and the time range of the B interval as outlined in Table 29.1. The X5-X105 cantrol is a
ten-turn precision potentiometer with a calibrated dial and locking lever, The SECONDS switch setting (1, .1, .01 or
.001) multiplied by the Xb-X105 pot setting determines the exact duration of interval B. For example, if the desired B
interval is 0.728 seconds, simply set the SECONDS switch at 0.1. Then, release the locking lever (push to ieft) and set

1
the pot so that a 7 is displayed in the dial window, and the calibration mark for 28 (\ Gyt l3:)' ", ') is aligned with

40 20
the dial scribe mark. When the pot is set, lock the dial in position {push lever to right) to prevent inadvertant

misadjustment.

Table 29.1. Timer Ranges Versus SECONDS Switch Setting

SECONDS interval
Switch A B Note
Setting {Approx)
1 0758 55t0 10565 SECONDS switch
1 075 05Sto 1055 setting muitiplied
by X5-X105 pot
01 7 ms 50 ms to 1.05 5| setting determines
001 7 ms 5 ms to 01055 | exact duration of
interval B

29.23 THE TIMER PATCH PANEL TERMINATIONS

As shown in Figure 29.1, the timer has two input terminations {RUN and H) and five output terminations (A, B, EB,
and two designated T} in the patch panel controt field, The RUN and H inputs provide logic control of the timer. The A
and B terminations provide logic outputs that correspond to the A and B intervals. The termination designated EB goes
high for one microsecond just prior to the end of the B interval. T is an analog ramp output that is coincident with the
B interval. The function and use of each TIMER termination is described in Table 29.2.

Table 29.2. TIMER Patch Panel Terminations

Termination Function and Use

T Linear Ramp Qutput: Corresponds to interval B, Starts at 0.0 Machine Unit
and reaches 1.0 Machine Unit one microsecond before B ends: Generally

used as time hase for XY piotter (User’s Guide, Chapter 9) or as external
sweep for the scope. Can also be used as input to any analog device terminated
at the patch panel. Duration of T is determined by TIMER control settings.
Never patch T to a logic device.

{Cont)
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Table 29.2 TIMER Patch Panel Terminations (Cont)

Termination

Function and Use

RUN

EB

A&B

Logic Control Input: Narmally high. If unpatched, timer starts when
ANALOG MODE-PP pushbutton is depressed. When patched low forces
timer to A interval. Timer will not start Timing out in A interval until
RUN goes high. Can be used to prevent timer from starting when PP is
depressed and/or to force timer into A interval after any given logic
event. RUN need only be low for one microsecond to force timer to A
interval.

Logic Controi Input: Normally low. When patched, a high causes timer to
hold linear vamp (T). Can be used to extend OP period for problem
analysis. When H goes low, the timer resumes operation from the point

in time at which it was interrupted.

1 Microsecond Logic Output: EB (end of B) goes high one microsecond
before B drops. Normally used to trigger MONO during automatic
three-mode {IC, OP and H) operations. Can also be used for any logic
timing control such as carry-in (Cl} for CTR/TMR.

Timed #nterval Logic Outputs: A and B go high in turn for a period
determined by the TIMER controls {Table 29,1}, A is high when the
ramp is in the reset state. B is high when the ramp is in operate or
hold. A is normally used for patch panel controt of the OP and 1C
modes. Both A and B can be used to control any logic function.

29.2.4 USING THE TIMER

The timer is frequently used as a rep-op timer for automatic iterative and repetitive operation of the computer. When
used as a rep-op timer, the goal is to simply cycle the computer between the analog IC and OP modes. To accomplish
this, the A output must be patched to the Master Mode IC input termination and the ANALOG MODE-PP pushbutton
must be depressed as described in Chapter 14. The general procedure to be followed when using the timer for mode

control is as follows:

1. Patch the timer to Master Mode terminations as required by the overall program (Chapter 14 and Figure 29.2).

2. Select the desired computer time scale (Chapter 14} Normal if SECONDS switch is at position 1T or 1. FAST if
switch is at .01 or .001.

3. Depress ANALOG MODE-PP pushbutton. This transfers mode control to the patch panel, and if RUN is

unpatched, starts the timer.

In the preceding procedure, consideration was not given te the use of the RUN and H control inputs. The basic
patching and timing requirements for typical use of the RUN and H control are illustrated in Figures 29,3 and 29.4
respectively. With additional patching, the timer may be used in conjunction with the MONO (Paragrapn 29.4) to
control the three analog operating modes (IC, OP and H). These patching requirements are described in Chapter 14. Al

other operations are the same as described in the preceding paragraph.
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29.3 THE COUNTER/TIMER

2931 GENERAL OPERATION

The counter/timer can be used as; an event counter, a simple event monitor, a monostable multivibrator (ocne-shot), and
a timer. When used as an event counter or as a one shot, the device cycles through a pre-selected count and stops. When
used as a timing device, the counter/timer cycles through a pre-selected count continuously.

Basically, this device is an upcounter with a counting capacity of 127(10)‘ The desired count is pre-selected manually
by pushbuttons. The counter/timer (Figure 29.5) consists of; a carry-in flip-flop, a count-out flip-flop (with
complementary outputs) a 7 it toggle flop register, input control logic, decoding gates, and manual switches for
pre-selecting the count to be decoded and program checkout purposes. This device responds to input pulses to provide a
logic output that goes high and remains high until a predetermined count is attained. The counter/timer opeiates in
such a manner that output is high for the pre-selected count; {as entered on pushbuttons) plus a count of onc.

Therefore, the pushbutton entry must be one less then the desired count.

29.3.2 THE MANUAL CONTROLS

There are eight pushbutton switches on the logic control panel (Figure 29.5) associated with operation of the
counter/timer. The numbered pushbuttons (CTR/TMR-64,32,18, etc.) are used to pre-select the desired count. The
undesignated (blank) pushbutton is provided for program checkout, and when depressed, reverses the state of the
CTR/TMR true and false outputs at the patch panel. This pushbutton is momentary and when released, the cutputs
return to their former state. The blank pushbutton also contains an indicator lamp that is illuminated whenever the
CTR/TMR true patch panel output is high.

The seven numbered pushbutton switches each correspond to a flip-flop in the toggle register and are of the latching
type. The numeric designation is the binary coded decimal (BCD) weight of the associated flip-flop. Depressing any
one, or any combination of these pushbuttons pre-selects the number of counts through which the counter/timer will
cycle. When the pre-selected count {plus one) is reached, the flip-flop outputs are gated to the clear side of the coum
out flipflop and the counter resets {true output goes low}. The desired count is pre-selected by setting those
pushbuttons whose total BCD weight (as determined by the numeric designations} is equal to the desired count minus
one. For example, if an actual count of 27 is desired, depress the 16, 8, and 2 pushbuttons. This totals 2G, one less than
the desired count.

Indicator lamps behind each pushbutton light whenever the corresponding flip-flop sets. Therefore, when a given count
is completed, these pushbuttons indicate the number of counts actually performed. Under given operating conditions,
the counter timer can be used as an event monitor {Paragraph 29.3.6) and the number of counts will remain displayed
on the indicators. Remember that, the actual count is one more than the total of the pre-setected count. Therefore the
counter will display the total of the set pushbuttons, plus one. Using the previous example, 26 (16, 8, 2 pushbuttons
set) was entered to obtain a count of 27. When the count is complete, 16, 8, 2, 1, will be displayed.

29.3.3 THE PATCH PANEL TERMINATIONS

The counter/timer is terminated in the patch panel logic field. Two red output terminations provide a true and false
logic output. When the count-out flip-flap is set, the true output {upper terminationt is high. When the flip-flop is reset,
this cutput (referred to as CO) is low. In either state, the lower termination is the false autput (referred to as CY)), and
is the complement of the true output as indicated by the logic inverter symbol.
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Three inputs {designated Cl, S and C} provide control of counter/timer operation. A series of positive pulses applied to
the Cl (carry-in} termination increments the counter once for each carry-in until the pre-selected count (plus one) is
reached. The S (set) input termination is normally low. This termination controls the count-out ftip-flop and is used to
initialize the counter/timer, tf pulsed high, the counter/timer will go through one counting operation. {f S is held high,
the counter will cycle continuously,

The C (clear) input termination is normally low. A high applied to this termination clears the count-out fiip-flop,
causing the true output to go low. This does not clear the toggle flop counter. If C goes high while Cl is {ow, the
counter will increment one and the indicated output may be invalid. Should S and C both be high simultaneously, the
output flip-flop will toggle on clock. This would provide incorrect timing or counting data and should not be permitted
during normal operation. If both the S and C inputs are used, C should be the complement of S.

29.3.4 GENERAL USE

As previously mentioned, the counter/timer can be used to perform several counting and/or timing functions. In any of
these operations, the pushbutton must be preset to select the desired count or time interval. The following steps outline
the general order of procedure for using the counter/timer.

1. Patch the counter/timer into the problem in accordance with the program requirements,

. Select the Logic CLR mode.

2
3. Depress the numbered pushbuttons so that they total the desired count minus one.
4. Select the logic RUN mode,

5

. If it is desired to stop the counter at any point in the program for analysis purposes, merely select the logic STOP
mode. The timer will stop at the count attained at the time STOP is selected. To restart the counter, select the
logic RUN mode.

29.3.56 USED AS AN EVENT COUNTER

The counter/timer may be used to count a given number of random or timed even*s and provide an output to control
any given logic function. When used as a counter and control device, the set input (S) must be patched to a logic one,
the Cl input must be patched to the device generating the event to be counted, and the outputs {CO and/or CO) must
be patched to the device to be controiled. Then the desired count {minus ane] must be pre-selected using the
TMR/CTR pushbuttons. Figure 29.6 illustrates the basic timing and patching requirements for this use.

29.3.6 USED AS AN EVENT MONITOR

The counter/timer can be used to merely display the number of times that a logic event occurs. This is accomplished by
patching the true logic output of the event to the Cl input. All counter output patching is eliminated, Then, simply
pre-select all of the numbered pushbuttons (64, 32, 16, etc.) so that N = 127. When the logic RUN mode is selected,
and an event occurs, the timer will start counting. When the probtem run is completed, simply add up the lighted
number display on the pushbuttons. This total is the number of times that the event has occurred.

NOTE

If the lagic CLR mode is entered, the toggle register resets
and the display is extinguished. Do not depress CLR until
the display is readout.
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29.3.7 USED AS A ONE-SHOT

Some problems may require an input or control pulse of precise duration after some given event occurs. This can be by
using the counter/timer as a one shot device. As described in Chapter 15, the s
four clock frequencies available at the patch panel PULSES terminations. Any one of these {107, 104, 10%, or 107 )
can be used as a carry-in (Cl) signal to obtain an output puise of fixed duration :
to generate a one-second output pulse, ane hundred 10° PULSES must be co

ain an output pulse of fixed duration, the
erentiated and then gated with the CI input. This is necessary
to synchronize the leading edge of CO with the 10° clock to obtain an accurately timed output. For this exampie, the
CTR/TMR pushbuttons must be Set 1o a count of 99. The first Cl input (after Xin) coincides with the START TIMER
signal and sets the counter {CO is raised}). The counter steps one count on each succeeding Cl input for a total of 100

counts (99 + 1), or one second. After the 100th count, CO drops and cannot go high unti! Xin is dropped and agatn
raised,
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Numerous one-shot times can be generated by using various combinations of pushbutton count selections in
conjunction with the PULSES frequency selected as the Cl input. The tollowing list gives some basic combinations and
the corresponding pulse duration for each.

[ol] N ONE SHOT TIME
10% (P-0.015) 99 1.0S
9 0.15
10" {P=1 millisecond) 99 0.15
g9 0.015 or 10 milliseconds
10% (P=0.1 millisecond or 100 microseconds) 99 10 milliseconds
9 1 millisecond
10* (P=10 microseconds) a9 1 miltiseconsd
9 10 microseconds

28.3.8 USED AS A LOGIC TIMER

The counter/timer may be used to time logic events so that they re-occur at predetermined intervals. When used as a
timer, the device re-cycles continuously and produces a pulse train output. The timer is forcer) to re-cycle through the
pre-selected count {plus one) by patching the S input high (Figure 29.8) and applying @ down counted clock (PULSES)
to the Cl input. The counter will cycle continuously until § drops, or, the CLR or STOP logic mode is selected. f Sis
high, the true output (CO) goes immediately after the first carry-in. CO remains high until the preselected numhber
(pushbutton setting} plus one is counted. This drops for one microsecond and the cycle 1s repeated. As shown in the
timing diagram in Figure 29.8, the CO output is a positive pulse train whose duration is determined by the pre-selected
count and the frequency of the PULSES applied to Cl. The CO cutput is used 1o provide a tixed time for contral of &
logic function. Conversely, the CO output is a series of timed positive one microsecond pulses. The CO output can be
used for timing the occurrance of a logic event.

As in the case of the one shot {(Paragraph 29.3.7] numerous timed intervats can be obtained by using various
combinations of pre-selected counts in combination with the frequency (10°, 10%, 10°, and 10%,) of the PULSES
applied to the Cl termination.

294 THE MONOSTABLE MULTIVIBRATOR

The manostable multivibrator (MONO) is a logic device whose output goes high for approximately 0.5 to 1.0
milliseconds whenever its input goes high. This device can be used to cantrol any logic function as required by the
overall program, and is commonly used to provide the analog Hold {H) mede, during three-mode iterative operations as
described in Chapter 14. Figure 29.9 illustrates the hasic patching requirements and program symbol for the MONOQ.
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