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INTRODUCTION 

The AD/FIVE Reference Manual was written as a comprehensive reference 
source for the Applied Dynamics AD/FIVE Analog Computer. Chapter 1 in­
troduces the primary features of the AD/FIVE and gives a brief description 
of the various computing components of the computer. Chapter 2 gives a 
detailed view of the organization of the AD/FIVE. Chapter 3 discusses the 
Control System of the AD/FIVE. Chapter 4 gives all directions necessary to 
achieve proper patching of all patchboard elements of the AD/FIVE. Chapter 
5 introduces some essential analog and logic circuits to help the user 
obtain full benefit of the computing capability of the AD/FIVE computer. 
Finally, the Arbitrary Function Generator is discussed fully in an appendix 
to the manual. The primary subject matter is thus logically developed to 
furnish a working knowledge of the AD/FIVE, and to enable a user unfamiliar 
with the computer to be able to implement a program and control it as he 
desires. 

The AD/FIVE carries on several new concepts introduced by Applied Dynamics 
in earlier computers. For those unfamiliar with the design of AD computers, 
the following discussion should furnish insight into the guiding philosophies 
of the AD/FIVE Analog Computer. 

No significant advance in major computer design would be expected without 
first making a detailed analysis of the shortcomings and strenghts of 
present generation equipment and, simultaneously, relating this knowledge to 
a qualified understanding of the required computational tasks. Applied 
Dynamics, through its problem-oriented staff, has done this. By building 
upon a foundation of achievement in scientific computation, AD designers 
have produced a new state-of-the-art computer system. Advanced concepts 
in basic configuration, control, component design, patchboard termination, 
slaving, man-machine communication, and hybrid interfacing all interact to 
widen the scope of scientific and engineering problems that can be solved. 

The predominant philosophy in the development of the AD/FIVE was that it 
be inherently hybrid in design; this is reflected throughout the control 
structure, in the patchable logic system, and in an efficient integral hybrid 
interface. Because hybrid and high speed iterative analog computation places 
particular demands upon both the dynamic and static performance of the analog 
computer, emphasis has been placed on overall system performance through 
component and system design. The result is an optimum balance of static and 
dynamic accuracy. 

In addition to the desirability of having the best computational accuracy 
obtainable, computer laboratories today place premiums on total system 
"up-time". This direct measure of return on the invested computer-dollar 
demands that the manufacturer account for all reliability parameters for 
each step of design and production. The Applied Dynamics continuous philo­
sophy of conservative circuit design has been incorporated throughout the 
development of the AD/FIVE to insure compliance with the maximum uptime 
criterion. A decade of proven product integrity stands behind this assurance 
of reliability. 

1 . 
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The AD/FIVE was designed to provide both simplicity and flexibility 
of operation. These apparently contradictory goals were met by adopting 
a philosophy of control by exception. For a small problem, very few 
patching connections are required to configure the amplifiers, and even 
on a large problem the number of patching connections is reduced. The 
control system incorporates this principle to an even greater degree. 
Designed to be used by both the inexperienced and most sophisticated 
programmer, the control by exception technique is found throughout the 
control system. All integrator mode switches and time scale selection 
switches are internally connected to pushbuttons so that the computer 
can be operated as a standard analog computer with no logic patchboard 
patching. However, groups of integrators or individual integrators can 
be separately controlled by patching. The AD/FIVE control system is 
as flexible as the operator desires for any specific problem. 

The basic design of the AD/FIVE interface was conceived years after the 
design and application of the initial hybrid computing systems. Conse­
quently, Applied Dynamics was able to incorporate into the AD/FIVE inter­
face its own past knowledge and those innovations resulting from the 
advance of technology. 

The most outstanding feature of the interface is its degree of integration 
into the AD/FIVE computing system. This was accomplished by assimilation 
of some of the special purpose devices previously required for hybridization 
in a basic hybrid system, and also by elimination of the need for other 
hybrid devices through the design of the control structure. The under­
lying design assumption was that the AD/FIVE would augment a digital 
computer. 

The AD/FIVE control and monitoring structure has been specifically designed 
for straightforward multiple-console computation in both stand-alone and 
hybrid system operation. Two of the more obvious advantages inherent in 
a two-console system over a single computer of equivalent total equipment 
complement are flexibility and capacity for economical expansion. There 
is also the corollary benefit of improved overall computing laboratory 
efficiency from a problem loading standpoint, i.e., simultaneous running 
of two independent smaller scale problems. An overall reliability increase 
is also implied because of the system redundance and module-level inter­
changeability. Full two-console (or more) operation is accomplished 
through cross-trunking of analog and synchronized logic signals plus 
analog mode, logic mode, and time-scale control signals. The control 
functions are easily accomplished by using eight of the interconsole 
logic trunks. Two-phase clocking of the double-ranked logic elements, 
and external access to both clocking signal busses at local and console 
levels insures true synchronous operation between slaved machines. External 
access to the overriding Master Hold inputs on a console, as well as the 
ability to inhibit these imputs from the Master Overload bus on the master 
console, further augments the operational independence of multiple consoles 
in a system. 

, '. 

I . 



.... 

I. 

I 

I 
t 

1.1 

1 . 1 . 1 

The unique modular capability of the AD/FIVE as a system, contrasted to 
previous computers which have been modularized for components only, in­
troduces a growth capability not previously obtainable. Since the user 
need not originally invest in complete system wiring at the patchbay, 
and power and signal wiring to unexpanded areas, he is able to make an 
original modest investment, and then later he can expand the system as 
the computing components are expanded. Advanced wiring plane/cabling 
techniques make this feature possible. 

COMPUTING COMPONENTS 

Analog Computing Components 

The heart of any analog system is the operational amplifier. The AD/FIVE 
offers an amplifier of exceptional performance and stability. The solid 
state amplifier offers the following typical performance features: a 
voltage range of ±13 volts; a gain bandwidth (10K/10K) of 1.S MHz; noise 
peak-to-peak (0-800 KHz) of 1.S Mv; T.I.D.E. at 1.0 KHz of 0.04%; and 
overload recovery from either voltage or current overload condition of 
O.S Msec. The amplifier is further short circuit proof to any voltage 
in the range ±lS volts. 

Integrators can be time scaled at Xl, X10, X100, and X1000 by individual 
patched control or by pushbutton operation. Si~ inputs are available: 
3 gains of 1 and 3 gains of 10. Electronic switching of mode control 
allows operation in IC (Initial Condition), OP (Operate), and H (Hold), 
whether controlled by pushbuttons or individual patching; switching time 
is typically 900 nanoseconds between any two modes. Drift in Hold is 
typically SO microvolts/sec. at Xl or X10 time scale. 

Summer/High Gain amplifiers are available with 3 gain one inputs, 3 gain 
10 inputs, 3 outputs, and 2 output diodes. Switch/Summer amplifiers have 
two electronically switched inputs and one unity gain input. Control of 
the 900 nanosecond switches is available on the logic patchboard. 

Potentiometers are available as servo-set or hand set modules, with a 
resistance of S Kohms, typical oreso1ution of 0.02%, and typical phase 
shift range at 1.0 KHz of ±O.l for setting greater than 0.1. 

Non-linear computing components available with the AD/FIVE include Dual 
Square Function Generators, Sin/Cos Function Generators, Log Function 
Generators, Arbitrary Function Generators, and Multipliers. Precision 
Multipliers in the AD/FIVE offer typical performance such as: static 
error (Ixl + Iyl < 20 volts) of ±S Mv, with zero error (x=y=O) of ±O.S 
Mv; bandwidth (x = 10 volts, Y = 20 volts peak-to-peak) of 1.0 MHz; and 
phase shift of 0.03° at 1.0 KHz. T.I.D.E. at 1.0 KHz is typically 0.06%. 

Track Store Networks are available for use with Summer/High Gain amplifiers, 
Summer/Integrator amplifiers, or Inverter amplifiers. Network switching 
time is less than 900 nanoseconds. 

3. 
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Limiters are available on the AD/FIVE to limit the range of an operational 
amplifier between -10 volts to +10 volts on both +L and -L, with slope 
after limit typically 1.0 Mv/volt. 

Free Impedance Network circuit cards are also available on the AD/FIVE to 
allow maximum flexibility to meet all user needs. 

Logic Computing Components 

A precision 1 MHz oscillator is the master timing source for the AD/FIVE 
logic. The full complement logic system includes flip-flops, flip-flop 
differentiators, two-decade BCD counters, gates with two, four, and six 
inputs, DPDT relay switches, function and logic switches, trunks, and 
hybrid lines. Indicators are provided for flip-flops, gates, comparators, 
and counters. Preset controls are a useful adjunct to BCD counters. In 
addition, there are trunks and hybrid lines for implementation of full 
logic control in hybrid usage. 

An interval timer with three pre-settable periods with BCD circuitry can 
also be used as a logic computing component, with a carry-out available 
with everyone of the three intervals. 

1.2 CONTROL AND ADDRESSING SYSTEM 

4. 

The Control Panel of the AD/FIVE offers numerous features to implement 
ease and flexibility of control. Pushbutton control is available for 
analog modes of integrators IC, OP, and H, and for logic modes LOAD, RUN, 
and STOP. Time scales may be controlled by pushbuttons labelled X10 and 
X100. Rep-op operation is pushbutton controllable, allowing analog modes 
to be controlled by the three pre-settable periods of the Interval Timer, 
which has a counter input derived from the 1.0 MHz logic clock. 

Other pushbutton control features include COEF X IN for reading true 
potentiometer output values; TEST for ascertaining initial values of 
inputs to integrators; PROB VER for checking IC values of integrators; 
AUTO HOLD to put all integrators into Hold in case of the occurrence of 
any component overload; LOGIC STEP to allow logic to run for a program- I 
mable number of clock periods; UP and DOWN controls to allow manual 
slewing of servo-set pots; PB to allow patched inputs to be read via 
the Digital Ratiometer of the Addressing System; control of the pulses I 
counted by the Interval Timer in decade steps from V1SEC to V10MS; . _ 
PATCHBOARD to control the patchboard motors; and controls to enable 
slaving and hybrid operation. 

In addition there are a number of useful controls associated with the 
Control Panel Analog Voltmeter. 

The Addressing System is capable of addressing up to 721 addressable 
elements in a fully expanded AD/FIVE, with circuitry and switches all 
solid state. The multiplex rate for hybrid operation is 10,000 points/sec. I 
when used with an A-D Converter. . 
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HYBRID FEATURES 

Hybrid usage of the AD/FIVE is discussed in a separate manual. Only the 
main points of the hybrid system will be mentioned here. The AD/FIVE is 
joined by interface hardware to the digital computer to allow digital 
control of the analog and logic modes, repetitive operation, address and 
data registers, time scale, autohold, problem verify, setting and reading 
coefficient devices, interval timer, digital ratiometer, analog-to-digital 
conversion, digital-to-analog conversion, sense lines, control lines, and 
interrupt lines. The analog-to-digital converter system in the interface 
is a 100KHz, 14-bit plus sign, 10 volt unit. Sixteen multiplexer channels 
are supplied with the basic converter, and an additional sixteen channels 
may be added as desired. The A-to-D converter features random access or 
sequential modes of operation under computer control. 

The Digital-to-Analog Converter (DAC) system includes double-bufferred, 
14-bit plus sign multiplying D-to-A converters. Digitally Set Coefficient 
Units (DCU's) are also available, and are single-bufferred, 14-bit magni­
tude devices in two versions: two quadrant and four quadrant. 

Sixteen control lines and sixteen sense lines, as well as eight interrupt 
lines, are terminated in the logic section of the AD/FIVE patchboard. The 
control lines are set and the sense lines read by the digital computer 
through the interface system, or by manual control from the Digital Access 
Panel option (DAP). 

Figure 2 shows a diagram of the organization of the AD/FIVE hybrid system. 

HYBRID 
INTERFACE 

REI'OT!: 
INTERFACE 

AD/FIVE PDP-ll INTERFACE SYSTEM 

DIGITAL 
C0l1PUTER 

PDP-,ll 

·UNIBUS is a registered trademark of Digital Equipment Corporation 

Figure 1-2 The AD/FIVE-PDP 11 SYSTEM 511 

1.4 MAN-MACHINE COMMUNICATIONS 

In the design of the AD/FIVE a great deal of emphasis was placed on 
optimizing interrelationships between the operator and the computer. 
Care was taken to arrange for maximum operator convenience in the 
placement of controls and arrangement of the patchboard. Ease of 
maintenance was also a major factor. The features of AD/FIVE man­
machine communication are discussed below. 

5. 
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1.4.1 Operator Convenience Features 

1. The Control System of the AD/FIVE is all housed in one bay, so 
that all control functions are available to the operator in one area. 

2. Hand-set potentiometers are easily accessible behind a hinged door 
panel below the patchboard, so that the operator can conveniently set 
pots. 

3. Diode Arbitrary Function Generators and Calibration Units are con-
veniently placed behind a hinged door panel above the patchboard, so that 
the operator can make all necessary calibrations and settings with ease 
and comfort. 

4. The entire control area is well lighted for visual comfort and ease 
of reading indicator lights. The overload indicator panel, Digital Access 
Panel, and logic state indicator lights are all easily readable. Lighted 
pushbuttons give their information on the state of the computer to the 
operator quickly and accurately. The address and data register display 
windows are well lighted and easily readable. I 

6. 

5. The organization of the patchboard is designed to give maximum 
efficiency to the operator in patching. The patchboard is divided into 
two fields horizontally, with each field having an upper logic section, 
and upper and lower analog sections. Each field has six areas which 
extend horizontally for six patchboard holes per area, and vertically 
through all three sections of the logic and upper and lower analog. 
Each area has components clearly labelled and numbered, so that inputs 
and outputs are easily visible for convenient patching. Every component 
has an individual number associated with it, so that a component can 
be given a unique address through the use of its field, area, and indi­
vidual numbers. A consistent layout of components area by area through­
out the patchboard maximizes simplicity and ease of correct patching. 

A harmonious, well-balanced, and subdued color scheme which is consistent 
throughout the patchboard is not only restful to the eye, but greatly 
facilitates location of components for patching. In the analog sections, 
integrators and the various summers and inverters are colored green, pots 
are colored yellow, trunks and hybrid elements in soft blue, non-linear 
components, free impedance networks, diodes, and limiters in brown, system 
lines and analog reference in grey. Analog/Logic devices such as comparators 
and track-store networks are in white on both the analog and logic sections 
of the patchboard. In the logic section, integrator and amplifier controls 
are green to match the analog colors, flip-flops and counters are in green, 
gates and relays in yellow, function lines and logic switches in brown, 
system controls in brown, peripheral device and hybrid lines and trunks in 
soft blue, and logic reference in grey. 

Figure 1-3 shows the AD/FIVE patchboard and a typical patchboard module 
with the components terminated in it. 

I 
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Figure 1-3 Patchboard Layout and Component Terminations 

6. A workshelf across the entire width of the computer is a great 
convenience to the operator, giving ample room for comfortable writing 
and programming, and for supplies of patchcords and tools when needed. 
In addition, there is ample comfortable leg room for prolonged operator 
use of the computer. 

7. It is virtually impossible to damage any part of the computer or 
components through improper patching of any terminations at the patchboard. 

7. 



..... 

1.4.2 

8. 

8. A cost saving convenience on an AD/FIVE up to one field full is 
the reversible patchboard, which can be rotated 1800

, allowing two 
separate problems to be patched on one board, so that the user needs 
to pay for only half as many patchboards as if this unique feature 
were not available. 

Ease of Maintenance 

1. The AD/FIVE has operational temperature and humidity ranges such 
that it does not require a controlled atmosphere; thus it may be moved 
freely about any laboratory or building without affecting its computational 
ability, provided the broad environmental specifications are complied with. 

2. The computer offers unmatched mobility because of its compact size. 
The front workshelf may be easily removed without the need for any tools, 
allowing the computer to pass through any standard thirty-inch doorway. 
The six casters are of a special composition chosen to support the computer 
without flat spotting while being pliable enough to pass over linoleum 
without scoring the surface. 

3. All trim panels are removable for maintenance purposes without the 
need for any tools. 

4. Non-linear components are located behind doors at the front of the 
AD/FIVE, so that most normal calibration can be accomplished conveniently 
from the front of the machine, without the need of removing any panels. 

5. Amplifier balance controls are located behind the pot panel, and can 
be easily used with a small screwdriver, thus removing the danger of acci­
dental alteration of amplifier balance and maintaining ease of necessary 
servicing. 

6. Access to circuit cards behind the patchboard is easily gained. Only 
two bolts fasten each patchbay pin block behind each patch panel module, 
and removing the patchbay pin block allows access to three component cards 
at a time. 

7. The various sections of the control bay are easily accessible on the 
AD/FIVE; only four screws need to be removed per section to lift out the 
overload indicator panel and the logic control panel. The DAP conveniently 
slides out on a rack for servicing. The control panel is mounted on a 
hinged door for ease of maintenance. 

8. A number of useful maintenance kits are available with the AD/FIVE, 
and a most useful feature is the Programmable extender, which allows 
component cards to be physically removed from their computer locations, 

r 

and yet still be functional as if they were in the computer, allowing I 
diagnostic check-out and calibration to be easily and reliably performed. 

I . 



1.5 MODULARITY AND EXPANSION CAPACITY 

The AD/FIVE offers exceptional capacity for simple and efficient expansion. 
The modularity of the AD/FIVE computing components allows numerous variations 
of the patchboard component layout to suit varying user needs. The computer 
can be expanded from one to two fields by the addition of a wiring plane 
and power supply. Patchboard components can be expanded merely by plugging 
circuit cards to appropriate slots behind the patchboard. Non-linear 
components can be added beneath and above the patchboard in non-linear 
slots; non - linear access cards need to be present behind the patchboard, 
and, as the access feature is sometimes part of another computing card, it 
is sometimes easily possible to add a non-linear computing element without 
even removing the patchboard, depending on individual computer configurations. 

All expansions of the AD/FIVE can be achieved without the need for soldering 
or extensive rewiring. Even expansion from a stand-alone analog computer to 
a hybrid system is easy and straightforward. The modularity of AD/FIVE 
components and the ease of analog and hybrid expansion, coupled with the 
precision and ease of use, as well as great flexibility, of the AD/FIVE 
make it the ideal analog computer for the most modern laboratory and 
professional or industrial applications. 

Figure 1-4 Patchboard Module, Patchbay Pin Block, and Circuit Cards 

9. 
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2.0 SYSTEM ORGANIZATION 

2. 1 

2. 1 . 1 

The AD/FIVE is a sophisticated computer designed to be used either 
as a self-contained general purpose analog computer or as an integral 
part of a hybrid computer system. A versatile logic system for 
control of the computer and potential for considerable expansion 
of the analog and logic computing components are characteristics of 
the AD/FIVE. Chapter 2 describes the organization of the AD/Five as 
a basic analog computer. Hybrid operation of the AD/FI~E in an 
expanded system is dealt with in Volume 2 of this manual. 

PHYSICAL ORGANIZATION 

General Description 

._-._-
• • 

AD/FIVE Console 

Fiqure 2-1 

1 • 



2. 

The AD/FIVE Console is shown in Figure 2-1. 

The cabinetry of the AD/FIVE is carefully designed for strength and 
efficiency, with rigid steel frame construction and mounted on large, 
heavy-duty castors which allow ease of movement. A rugged cast­
aluminum patchbay frame provides excellent structural integrity and 
insures proper alignment of parts in the patchbay area. The front 
of the cabinet showing the patchbay frame ' is illustrated in Figure 
2-2. 

AD/FIVE Frame and Patchbay Castinq 

Fiqure 2-2 

The patchboard connections are vital to the proper operation of an 
analog computer. The AD/FIVE is equipped with patchboard motor 
drive mechanisms to insure uniform movement of the patchboard. 
Regardless of the number of patch bay blocks in the patchbay frame, 
perfect connections are consistently . assured through the action of 
the drive mechanisms. 

A work shelf for the convenience of the operator is mounted across 
the front of the AD/FIVE. This work shelf can be easily removed to 
allow the computer to pass through a thirty-inch doorway. 

Ease of maintenance is a prime feature in the design of the AD/FIVE. 
Access to all parts of the computer is easily gained through the 
side and rear panels which are held in place by snap-in latches. 
No tools are required for the removal af these panels. The area 



below the work shelf in the front of the computer is provided with 
hinged doors for convenient entry. The sloDing control panel and 
the panels above and below the patchbay are all hinged to allow 
access to the controls and to the components mounted above and below 
the patchbay. 

AD/FIVE Front Access 

Figure 2-3 

AD/FIVE Rear Access 

Fiqure 2-4 3. 
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4. 

Modular Construction 

It is a feature of analog computation that each class of problems 
often requires a particular combination of computing elements which 
may not be well suited to the solution of other classes of problems. 

Aerospace applications, for example, require a significant comple­
ment of multipliers, sin/cos generators, and variable diode function 
generators. 

Chemical kinetics, however, require an abundance of integrators and 
log generators, A successful design of an analog computer must 
take this feature into account in order to provide useful service 
in a wide range of applications. Flexibility of configuration 
is therefore of prime importance in the design of the AD/FIVE. 

An analog computer must also be able to grow along with the growing 
needs of its user. In order for a computer to be of maximum service 
to the user, expansion of its capabilities must be easily and 
efficiently achieved, without the need for extensive rewiring or 
soldering. 

I 
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AD/FIVE Wirinq Plane Assembly AD/FIVE Wirinq Plane Assembly 

Front View Rear View 

Fiqure 2-5 



These particular needs of analog computation have resulted in the 
carefully designed modular construction which is a feature of the 
AD/FIVE. The computing components are all on circuit boards which 
need merely to be plugged into the wiring plane assembly in order 
to plan the configuration of computing components, or in order to 
expand an already existing system. Each AD/FIVE can therefore 
easily be tailored to meet the specific needs of any customer. 
Likewise, each AD/FIVE can be easily modjfied and expanded with a 
minimum of time and expense to keep up with the changing needs of 
its user. The basic AD/FIVE contains the cabinetry, control struc­
ture, and reference power supply capacity required for a fully ex­
pa nded system. It also contains the power suppl ies and wiring 
plane assembly for expansion of one-half of the computer. Expansion 
into the second half requires the addition of a power supply uni t , 
a wiring plane assembly, and some mis cellaneous hardware and cables. 
No soldering, cable lacing, or sheet metal modif ication is required 
for any expansion. 

The addition of computing components in areas other than direct ly 
behind the patchbay simply involves plugging the appropriate circuit 
card into the proper area of the wiring plane assembly. The circuit 
boards for computing components which are located in the patchbay 
behind the patchboard are plugged into the appropriate place in the 
wiring plane assembly and terminate directly behind the patchboard 
in connector blocks which contain the patchbay springs, as illustrat­
ed in Figure 2-6. 

AD/F IVE Patchboard Exoansi on Method 
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6. 

Component Locations 

Location assignments for all components are illustrated in Figure 
2-7, showing both front and rear views of the AD/FIVE. For the 
convenience of the operator, as well as ease of maintenance, the 
controls, indicators, interface hardware (when present), and power 
supplies are all located in one bay. The other two bays are used 
exclusively for patchable control (such as interval timer circuitry) 
and computing elements. 
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Each of the blocks in the AD/FIVE rear-view diagram has a number 
in the lower right-hand corner. This number is the chassis/ 
location address. These addresses are used in the maintenance 
manuals, wiring lists, etc. 

Computing Components 

Patchab1e computing components are available in the following types 
for the AD/FIVE: 

Summer/Integrator/High Gain Amplifiers 
Summer/High Gain Amplifiers 
Inverter/High Gain Amplifiers 
Switch Amplifiers 
Limiter Networks 
Track-Store Networks 
Comparators 
Multipliers 
Sin/Cos Function Generators 
Log Function Generators 
Potentiometers 
Diode Function Generators (DFG's) 
Flip-flops 
Flip-flop Differentiators 
Gates 
Counters 
Function Switches 
Logic Switches 

Patching configurations and operation of these elements are described 
in detail in Chapter 4 of this volume. Patchab1e controls such as 
the Interval Timer are described in Chapter 3. 

LOGIC computin~ components and the circuitry for the PATCHABLE 
CONTROLS are located in the area behind the upper third of the 
patchboard. 

ANALOG and ANALOG/LOGIC computing components are located in the re­
maining area of the patchbay. (Analog/Logic computing components are 
those elements which have both analog and logic signal terminations 
on the patchboard, such as comparators.) 

VARIABLE DIODE FUNCTION GENERATORS are located in the area above the 
patchboard. This area can be used for a variety of other computing 
components as desired, such as multipliers or other fixed function 
generators. 

COEFFICIENT POTENTIOMETERS and AMPLIFIER BALANCE POTENTIOMETERS are 
located in the area immediately below the patchboard behind the 
hinged door. Both hand-set and servo-set potentiometers are avail­
able. Each servo-set potentiometer has its own individual drive 
motor. Figure 2-8 illustrates the coefficient potentiometer assembly. 

7. 
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AD/FIVE Potentiometer Module 

Figure 2-8 

The hand-set potentiometer module contains four potentiometers; 
the servo-set potentiometer module contains two potentiometers. 
The arm of each coefficient potentiometer is protected by an 
incandescent lamp which acts as a nonlinear resistance to prevent 
damage to the potentiometer in the case of a patching error. 

TRUNKS, DISPLAY LINES, and other lines used for communication bet­
ween the patchbay and external devices are terminated in connectors 
located on the rear of the wiring plane assembly. (See Figure 2-5.) 

The CONTROL BAY provides the major communication link between the 
operator and the AD/FIVE. 

The OVERLOAD PANEL at the top of the control bay contains the over­
load indicators for amplifiers and function generators. 

The DISPLAY PANEL is immediately below the overload panel (See 
Figure 2-7). This area, 5 1/411 high, can be used for any of a 
variety of functions. In a hybrid system this area is often used 
for mounting the DIGITAL ACCESS PANEL, which provides for manual 
monitoring and control of the hybrid interface. 

The LOGIC PANEL contains the logic state indicators for the patch­
able gates, flip-flops, comparators, and counters; the logic and 
function switches; the control switches for comparators and flip­
flops; and the precount thumbwheeT switches for the counters. 

The CONTROL PANEL contains the pushbutton controls and readout 
indicators for the ADDRESS SELECTOR SYSTEM, the DATA REGISTER, 
and the DIGITAL RATIOMETER (DRM); the INTERVAL TIMER controls; 
the ANALOG VOLTMETER; and the various pushbutton controls for 
analog and logic modes, time scales, etc. 

The Logic Panel and Control Panel are shown in Figure 2-9. 
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2.1.5 Fields and Areas 

The AD/FIVE is divided into three bays. One bay houses the control 
components and power supplies. The other two bays house the patch­
ab le computing components, with a wiring plane assembly and power 
supply requi red to incorporate the computing elements into each bay . 

Each of these two computing bays is called a "FIELD" as shown in 
Figure 2-7, and is numbered 0 or 1 from the operator's left to 
right. The Logic Panel (Figure 2-9) and the Overload Indicator 
Panel (Figure 2-13) are also divided into two fields to reflect 
the division of the computing components in the computing ~ays. 

The patchboard is clearly divided into two fields, one in each bay. 
Each patch.board field is further divided into six "AREAS" numbered 
o through 5 as illustrated in Figure 2-10. Each area extends from 
the upper third of the patchboard, which contains the logic com­
puting components, through the lower two thirds of the patchboard 
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of patchboard holes from the top to the bottom of the board. Each 
patchboard block is one area wide. 

A patchboard area can contain a maximum of ten components of a 
given type (i.e., ten addressable amplifiers, ten coefficient 
devices, etc.). The components are numbered from 0 through 9 
for each type of component. The labelling on each patchboard block 
includes the component number for each computing component which 
can terminate in that block. Chapter 4 of this manual gives detailed 
descriptions of each of the various available patchboard blocks 
for the AD/FIVE. 

A component location is specifically defined by a four digit 
address consisting of its component type (represented by a letter 
of the alphabet), and of its field, area, and individual component 
numbers. This is the method of location address used in the 
operation of the AD/FIVE. A detailed explanation is given in a 
following section of this chapter (The Address System Controls and 
Display, 2.2.7.1). By means of this class-field-area-component 
number designation the operator may rapidly and accurately locate 
any of the computing components. 

I 
L. 

Power Switch and Patchboard Drive Control 

The power on/off switch and the patchboard motor drive control are 
two important controls for the operator. The power on/off switch I 
is located behind the hinged door of the pot panel in field 0 (See 
Figure 2-7), at the operator's far left. When power is applied to 
the AD/FIVE various control panel indicators are illuminated. The I 
power supply voltages can be monitored via the analog voltmeter 
on the control panel. 

The patchboard motor drive control is a pushbutton labelled PATCH­
BOARD, and is located on the control panel at the operator's far 
left. This is a momentary contact control: it is only necessary 

r 



-

I-

2.2 

2.2.1 

to depress the pushbutton until the patchboard begins to move. 
The patchboard motor drive will then complete the cycle initiated 
by the depressing of the pushbutton, i.e., if the patchboard is 
disengaged, depressing the pushbutton will cause the motors to 
engage the patchboard, and if the patchboard is engaged, the push­
button will cause the motors to disengage the patchboard. The patch­
board motor drive mechanism contains limit switches to stop the 
motors when the patchboard is properly engaged or disengaged. 

FUNCTIONAL ORGANIZATION 

General Description 

The functional organization of the AD/FIVE is shown in Figure 2-11 
and Figure 2-12. 
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12. 

Computing Components 

The computing components in the AD/FIVE are of three types as 
indicated in the functional organization diagrams. The ANALOG 
COMPUTING COMPONENTS have only analog signals as inputs and out­
puts and have no terminations in the upper one-third of the patch­
board. The analog computing components are: 

SUJl111ers 
Inverters 
Coefficient devices 
Limiters 
Diode Function Generators 
Multipliers 
Sin/Cos Generators 
Log Generators 

The LOGIC COMPUTING COMPOnENTS have only logic signals as inputs 
and outputs and are terminated exclusively in the upper one-third 
of the patchboard. The logic computing components are: 

Gates 
Flip-flops 
Flip-flop Differentiators 
Variable Carry-Out BCD Counters 
Multiple Carry-Out BCD Counters 

The ANALOG/LOGIC COMPUTING COMPONENTS have both analog and logic 
signal terminations on the patchboard. The analog/logic computing 
components are: 

Integrators 
Comparators 
Switch Amplifiers 
Function Switches 
Track-Store Networks 

The various computing components and their patching configurations 
are discussed in Chapter 4 of this manual. 

Patchable Control Components 

I 
I 

In addition to the computing components listed above, the AD/FIVE 1_ 
contains patchable control components which are terminated in the 
upper one-third of the patchboard. These are: 

Logic Switches 
Interval Timer, Three Period 
Reference Timer, Six Decade 
Console Mode Control 
Console Time Scale Control 
Clock Step Control 

r 
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Time Scale Controlled Clock Outputs 

These patchable control components are discussed in detail in 
Chapter 3. 

Overload System 
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Overload Indicator Panel 

Figure 2-13 

The AD/FIVE contains a high-speed overload detection system which 
presents both visual and logic signal indication of an overload. 
The OVERLOAD INDICATOR PANEL, shown in Figure 2-13, is completely 
wired for a fully expanded system. The indicators in the panel 
correspond on a one-to-one basis with the amplifiers in the 
lower two-thirds of the patchboard. An illumined indicator reveals 
an overload condition in the component to which it is assigned. 
Individual indicators are provided for the maximum of ten amplifiers 
(i . e., summer- integrators, sumners, inverters, .and swi tch amp 1 i fi ers) 
which terminate in each area of each field. Each indicator is 
labelled with the number of the component to which it is assigned. 
One indicator, labelled NL, is provided for each area of each 
field to serve as a common overload indicator for the various non­
linear computing devices (i.e., DFG's, multipliers, etc.) which 
terminate in that area. In addition, there are indicators on the 
right-hand side of the panel for the plus and minus reference power 
supplies (+R and -R), the Servo Amplifier (SA), and the Unloading 
Amplifier (UA). 

The overload indicator drive signals are used to generate a logic 
signal indicating an overload condition in the computer. This 
signal is available to the programmer on the upper third of the 
patchboard in Field 0, Area 1 (See Chapter 4, Section 4.2.3). 
This logic signal is also used by the Auto Hold circuit for Master 
Hold (See Chapter 3, Sections 3.1.1.2 and 3.1.1.3). 
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The Logic Panel 

State indicators and switches are provided for the logic computing 
components and for certain of the analog/logic computing components. 
These indicators and switches are located on the Logic Panel. (See 
Figures 2-9 and 2-14.) The indicators are illuminated when the true 
output of the logic computing components and the comparators is 
logic 1. These status indicators are quite useful to the operator, 
particularly during problem checkout. The toggle switches for the 
flip-flops and comparators allow the operator to set initial logic 
states for these components. In the case of the counters, the 
thumbwheel switches allow manual precount values to be entered. 
The logic and function switches provide the operator with a con­
venient means for controlling various aspects of a problem. 

Each of the indicators and switches is labelled with the area and 
number designators of the corresponding computing component1s 
address. This facilitates rapid and easy correlation of a particular 
indicator or switch with the patchboard location of the component 
with which it is associated. 
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2.2.5.2 

2.2.5.3 

2.2.5.4 

2.2.5.5 

Gate State Indicators 

Individual indicators are provided for the thirty gates which can 
termi nate in each fi e 1 d. The i nd i cator is ill umi nated \A/hen the 
gate output is a logic 1. 

Flip-flop Status Indicators and Switches 

The complement of indicators and switches for each field includes 
sixteen indicators and sixteen single-pole triple throw spring 
return toggle switches for the eight flip-flop pairs which can be 
terminated in that field. The individual indicator lamp is 
illuminated when the corresponding flip-flop output is a logic 1. 
The toggle switch for each flip-flop serves two purposes. First, 
it is used to establish the initial state of the flip-flop in the 
LOAD mode; second, it can also be used when in the logic STOP 
mode to complement the output of the flip-flop. (See Chapter 4, 
Section 4.2.2.2 for complete details of flip-flop operation.) 

BCD Counter Indicators and Switches 

Indicators and thumbwheel switches are provided for the two two­
decade Variable Carry-Out BCD Counters which can be terminated in 
each field. Each counter has eight indicator lamps to indicate 
the current count of the counter in BCD format. The thumbwheel 
switches associated with each counter permit the operator to es­
tablish a desired count for which the counter will issue a carry­
out pulse. This two-decade BCD Counter, which is discussed in 
detatl in Chapter 4, Section 4.2.2.4, counts up two decades (100 
counts), produces a carry-out pulse, resets itself, and repeats 
the two-decade up count. The precount feat~re, determined by the 
thumbwheel switches, produces a carry-out pulse on a patchboard 
terminal labelled CO VAR when the desired precount is reached. 
This precount does not interfere with the normal two-decade 
counting cycle, but allows an intermediate carry-out pulse to be 
obtained. 

Comparator Indicators and Switches 

Each of the eight comparators normally contained in a fully ex­
panded field has an indicator and a single-pole triple throw 
toggle switch associated with it. The indicator lamp is illuminated 
when the comparator output is a logic 1. The three-position toggle 
switch allows the operator to preset the comparator output at the 
beginning of a problem, thus insuring that the comparators start 
in specified states. See Chapter 4, Section 4.2.1.13 for comparator 
programming details. 

Logic Switches 

The Logic Panel contains three single-pole triple throw toggle 
switches labelled LOGIC for each field. These switches terminate 
in the upper third of the patchboard in area 1 of each field as 
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16. 

r 
the computer is expanded. See Chapter 4, Section 4.2.3.3 for de­
tails. Each switch terminates in two patchboard holes, labelled 
UP or ON. When the switch is in the up position, a logic 1 is 
available at the UP terminal; when the switch is in the down 
position, a logic 1 is available at the ON terminal. When the 
switch is in the center position, logic 0 is present at both the 
UP and ON terminals. 

Function Switches 

r" 

[ 
The Logic Panel contains six single-pole double throw toggle 
switches in each field labelled FUNCTION. Patchboard terminations I' 
for these switches are provided as the computer is expanded. 
(See Chapter 4, Section 4.2.3.3 for details on the operation of 
the Function switches.) Each of these switches serves a dual ! 
purpose: each is a logic switch and each provides manual control 
for a double-pole, double-throw (DPDT) relay. Two terminations 
are associated with these switches in logic area 1 of each field 
of the patchboard. The termination labelled FSW is an output 
controlled by the switch, and provides a logic 1 when the switch 
is in the up position. The termination labelled RLY is a logic 
signal override control input for control of the DPDT relay. Any r: 

logic source patched to RLY overrides the toggle switch control of I' 

the DPDT relay, and results in direct logic control of the relay. 
The DPDT relay terminates in areas 1, 3, and 5 of the upper analog 
section of the patchboard. Details of control of the DPDT relay 
are to be found in Chapter 4, Section 4.2.3.3. 

The Control System 

That part of the AD/FIVE denoted as the Control System in Figures 
2-11 and 2-12 includes all of the computer internal control circuitry 
such as the logic clock, the interval and reference timers, the 
coefficient setting system, etc. Chapter 3 presents a complete 
discussion of the Control System. 

The Control Panel 

The Control Panel is the central operator interface with the AD/FIVE. 
This panel contains: the in-line readout display for the ADDRESS 
SELECTOR SYSTEM, the DIGITAL RATIOMETER (DRM), and the data register 
for the COEFFICIENT SETTING SYSTEM; the INTERVAL TIMER controls; 
the pushbutton controls for the ADDRESS SELECTOR SYSTEM, the COEFFI­
CIENT SETTING SYSTEM, the LOGIC MODES, the ANALOG MODES and TIME 
SCALES; and the ANALOG VOLTMETER. A detailed description of the 
functions of these pushbuttons, thumbwheel switches and displays 
is included in Chapter 3. Only the general functions of these 
controls are presented in this chapter. 

I 
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The Address System Controls and Display 

The display indicators and pushbutton controls outlined in Figure 
2-15 are associated with the Address Selector System. The purpose 
of the Address Selector System is to select the specific component 
whose output is to be monitored by the computer's Readout System. 
The following classes of components are addressable: Amplifiers (A), 
Potentiometers (P), Trunks (T), Digital-to-Analog Converters (D), 
Non-Linear (N) (i.e., DFG's, Multipliers, etc.), and Miscellaneous 
(M) (a class currently held in reserve for possible future use). 
An address consists of the following four parts: component class, 
field, area, and individual component number (i.e., P018 is the 
potentiometer in field 0, area 1, with the component number 8). 
When the pushbutton labelled ADDR is illuminated, the numerical 
entry group of pushbuttons is used to enter an address in the 
address register. The current contents of the address register are 
normally displayed in the left-hand half of the in-line display. 
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Address System Controls and Display 
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A different condition exists, however, if the pushbutton labelled 
PB is depressed and illuminated. In this case, the address portion 
of the in-line display is not illuminated except for the letters 
PB, and the input to the Readout System comes from a patchboard 
input termination labelled PB. 

The CLEAR pushbutton, if depressed while the ADDR pushbutton is 
illuminated, will clear the address register to the address AOOO, 
i.e., Amplifier 000. It will also return the hardware pointer for 
the sequential entry address register to the left-most (class) entry 
designator, so that the address register is set to accept a new 
address from the numerical entry pushbuttons. See Section 2.2.7.3 
of this chapter for the function of the CLEAR pushbutton when the 
DATA ENTRY pushbutton is depressed, instead of the ADDR pushbutton. 

If a coefficient device is addressed, the input to that device is 
removed from its patchboard input termination and is connected to 
the computer reference volta§e so that the coefficient setting is 
monitored. However, if the COEF XIN pushbutton is depressed, then 
the input to the coefficient device remains connected to its patch­
board input termination and the value of the problem variable at the 
output of the coefficient device is monitored. 
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The AD/FIVE Readout System consists of an Unloading Amplifier (UA), r:' 
a Digital Ratiometer (DRM), and in-line display indicators. The 
Unloading Amplifier is a very high input impedance device which is 
used to eliminate errors caused by loading effects that might I 
otherwise occur if a component such as a potentiometer is monitored 
directly by the DRM. The DRM provides as its output the ratio of 
the voltage being monitored to the computer reference voltage. 
This ratio is displayed by the right-hand section of the in-line I 
display whenever the ADDR pushbutton is illuminated. 

Coefficient Setting System 

Figure 2-17 illustrates the display indicators and controls which 
are used in setting or changing a coefficient. 
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The procedure for setting a coefficient is as follows: 1. The coeffi­
cient device to be set is addressed through the Address Selector Sys­
tem. 2. The DATA ENTRY pushbutton is depressed and illuminated. (De­
pressing the DATA ENTRY pushbutton accomplishes two things: the right 
hand group of display indicators is transferred from the DRM output 
to the data register output so that the operator can monitor the con­
tents of the data register, and the numerical entry group of pushbut­
tons is transferred from the address register function to the data 
register function so that the operator can enter the value of the 
desired coefficient.) 3. The numerical entry pushbuttons are depressed 
sequentially to enter the value of the desired coefficient from left 
to right in the data register display windows. If a wrong pushbutton 
is depressed during data entry, pushing the CLEAR button will clear 
the data register to 0.0000, and the desired coefficient may be cor­
rectly reentered. 4. The SET COEF pushbutton is depressed, and remains 
illuminated for the time during which the coefficient is being set 
(approximately 1 second); pushing the SET COEF pushbutton automatically 
sets the coefficient device to the value entered in the data register. 
The desired coefficient is now set. 

The minus (-) entry pushbutton located beneath the SET COEF pushbutton 
is used in the setting of DAC's and four-quadrant DCU's. See the hy­
brid reference manual for details of DAC and DCU setting. 

At the end of the setting operation the DATA ENTRY pushbutton light 
is extinguished and the ADDR button becomes illuminated; the right­
hand section of the indicator display is automatically returned to 
the DRM output so that the operator can verify the setting of the 
coefficient device, and the numerical entry pushbuttons are auto­
matically returned to the address selector function, so that a new 
address may be selected as desired. Note that the output from a 
~oefficient device must be patched to an appropriate linear load 
for correct setting of the desired coefficient in the problem; a 
coefficient device should not be set before patching the output to 
the desired problem input of a linear computing component. 

The two pushbuttons labelled UP and DOWN contained in the section 
outlined by a dashed line in Figure 2-17 allow the operator to vary 
the coefficient setting of a servo-set potentiometer in an open 
loop manner. If a servo-set pot is addressed, depressing the UP 
pushbutton will increase the value of the coefficient in a con­
tinuous manner, and depressing the DOWN pushbutton will decrease 
the value. The slew rate can be controlled by the potentiometer 
located above the UP and DOWN pushbuttons on the control panel. 

If a potentiometer is addressed, the input to the pot is switched 
from the patchboard input termination to computer reference, and 
the indicator display shows the setting of the potentiometer with 
respect to the computer reference voltage. Depressing the COEF 
XIN pushbutton, however, causes the input to the coefficient device 
to remain connected to the patchboard input termination, and the 
indicator display then reads the value of the coefficient times 
the input; i.e., the value of the problem variable at the output 
of the coefficient device is monitored. Using the UP and DOWN 
pushbuttons with COEF XIN depressed allows the operator to vary 
the setting of the coefficient device in a continuous manner without 
removing it from the computational configuration. It should be 
noted here that, even though COEF XIN is depressed, using the DATA 
ENTRY and SET COEF pushbuttons will cause the coefficient device 
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to be removed from its patched input for the time during which the 
coefficient is being set and the SET COEF pushbutton is illuminated, 
thus in effect removing the device from the comoutational configura­
tion. This does not occur when the UP and DOWN buttons are used 
with COEF XIN depressed. This permits the operator to conveniently I~. 
vary a parameter or coefficient during a problem solution. 

The Interval Timer Controls 
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Interval Timer Controls 

Fiqure 2-18 

The pushbuttons and thumbwheel switches which are used to control 
the Interval Timer are illustrated in Figure 2-18. The Interval 
Timer provides three sequential timing intervals for cyclic control 
of the computer analog modes when the LOGIC EXEC pushbutton is de­
pressed. Interval A corresponds to initial condition, B to operate, 

, : 

I 
I 
I 

and C to hold. Each interval duration is set with a two-decade 
thumbwheel switch. The three pushbuttons below the Interval Timer I 
set the decimal point for the three periods by multiplying the _ 
setting on the thumbwheel switches by 1.0, 0.1, or 0.01 seconds. 
The Interval Timer outputs are terminated on the patchboard in 
field 0, logic area 1, and are accompanied by control terminations. 
The outputs of the Interval Timer are also internally connected to 
the computer analog mode control buses, thus allowing repetitive 
operation if desired. The Interval Timer is also very useful as a 
ring counter with a carry-out pulse generated every time the timer 
changes state. Details of the Interval Timer and its operation are 
presented in Chapter 3, Section 3.1.4, and Chapter 4, Section 
4.2.2.6. 
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The Analog Voltmeter 
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The Analog Voltmeter 

Figure 2-19 

The Analog Voltmeter and its controls are shown in Figure 2-19. One 
rotary switch allows a variety of scale selections for the volt­
meter. The other rotary switch selects the input to the volt­
meter. The choice of inputs includes the Address Selector Output 
(ASO), two patchboard terminations labelled PB and VM, and the 
outputs of the various power supplies. When ASO is selected, the 
voltmeter ;s connected to the output of the Unloading Amplifier and 
reads the value at the point addressed. 

Time Scale Controls 
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Time Scale Controls 

Figure 2-20 
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The two pushbuttons indicated in Figure 2-20 determine the computer 
time scale. Four time scales are available with the use of these 
pushbuttons. These are: 

21 . 
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Xl If neither pushbutton is depressed and illuminated; 
X10 If the X10 pushbutton is depressed and illuminated; 
X100 If the X100 pushbutton is depressed and illuminated; 

r 
r , 

X1000 If both the X10 and X100 pushbutton are depressed r 
and illuminated.-

These pushbuttons control the integrator time constants and allow 
the operator to speed up or slow down the problem solution. The 
pushbuttons also control the selection of clock subfrequencies so 
that the Interval Timer and the logic computing components may also 
be appropriately time scaled. 

Mode Control Pushbuttons 

I~,~ ~lo11151 : 11 1. 0 I 0 15171 I,~I u 1111+11 J~ I 0 © (Q) 
~ 

A B C El~[]]~S 
~ I+H+H 80008 80A 
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~ ON Gill~~ SEC MS MS BQ0~~ ~BB8~ EXEC OAD RUN TOP STEP 

51 EJ 

Mode Control Pushbuttons 

Figure 2-21 

The group of pushbuttons outlined in Figure 2-21 are associated with 
the computer mode control. The three pushbuttons labelled IC, OP, 
and H activate the three normal analog operational modes of Initial 
Condition, Operate, and Hold. These controls do not affect the 
logic system. The three pushbuttons just below the analog mode 
controls labelled LOAD, RUN, and STOP are the logic mode control 
pushbuttons, and control the clocking signals and the logic. In 
the LOAD mode, all logic components are set to their initial states 
or cleared when it is appropriate. In the RUN mode, clocking 
signals are applied to all logic components as patched. The STOP 
mode interrupts the clocking signals and freezes the logic in its 
current state. 

The LOGIC EXEC pU$hbutton completely disables the analog mode 
pushbuttons and transfers the console analog mode control buses to 
Interval Timer control. Thus the time in IC, OP, and H is determined 
by the thumbwheel switches and V pushbuttons of the Interval Timer. 
The logic mode control pushbuttons can provide complete control of 
repetitive operation without any special patching while LOGIC EXEC 
is depressed and illuminated. 

I , 

I 
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The LOGIC STEP pushbutton is operative when the logic mode is STOP, 
and allows advance of the logic program by a predetermined number 
of clock pulses. See Chapter 3, Sections 3.1.2.4 and 3.1.2.5 for 
details on the use of the LOGIC STEP pushbutton. 

AUTO HOLD activates automatic hold of all integrators if any analog 
component overloads. This high-speed feature is most helpful in 
problem checkout. See Chapter 3, Sections 3.1.1.2 and 3.1.1.3. 

The PROB VER pushbutton controls relays that disable certain patch­
board reference terminals and activate others, allowing test initial 
conditions to be applied to integrators for problem verification. 
See Chapter 3~ Section 3.1.1.4. 

If the TEST pushbutton is depressed when the analog mode is IC, an 
addressed integrator is automatically converted to a summer whose 
output is proportional to the integrator's initial derivative input 
current. This feature is useful in the static check-out of a 
problem. See Chapter 3, Section 3.1.6.5 for details. 

Miscellaneous Controls 

Three pushbuttons on the left-hand side of the control panel 
remain. The PATCHBOARD pushbutton activates the patchboard motor 
drive mechanism. The SLAVE ON pushbutton provides an enable signal 
to computer control circuits to allow some of the AD/FIVE controls 
to be operated remotely from another computer. The HYB ON pushbutton 
provides an eRable signal to the hybrid interface to allow control 
of the AD/FIVE from the digital computer in a hybrid computer system. 

23. 
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3.0 THE CONTROL SYSTEt·1 

The AD/FIVE control system was designed to realize three primary 
objectives: 

1. Simplicity and convenience of operation; 
2. Flexibility in the use of components; 
3. Ease of hybrid integration. 

Simplicity and flexibility may appear to be contradictory goals, since 
an increase in flexibility makes more choices available to the operator, 
which requires the operator to become familiar with a wider range of 
possibilities and to be able to make decisions based on this wider 
range. The Applied Dynamics philosophy of CONTROL BY EXCEPTION resolves 
this apparent contradiction. Complete control of the AD/FIVE may be 
exercised from the control panel pushbuttons, without the need for logic 
patching or a digital computer. The operator thus does not need to 
consider complex control features until he becomes familiar with them and 
desires to use them. Sophisticated control features are available and 
may then be implemented one by one as the problems become more complex 
and as the operator's familiarity with the potential of the versatile 
control system increases. 

Ease of hybrid integration is achieved through the hybrid interface, 
which gives the digital computer access to all operator controls, 
without, however, excluding the operator from the system. The operator 
thus retains the ability to directly interact with a hybrid problem 
without having to go through the digital computer. The hybrid inter­
face is described in detail in a separate section of the reference 
manual. 

The symbols for OR/NOR and AND/NAND gates are used in this chapter. 
The reader should be familiar with signal steering through logic gates, 
and should be thoroughly familiar with the concepts of "logic oneil and 
"logic zerotl. Figure 3-1 shows the relationships of logic gates and 
their logic inputs and outputs as used in this manual. 

~I 
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~I 
I 

~I 
I 

;n-o 
0 

OR OR OR OR 

~o 
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~o 
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~o 
I 

~I 
0 

NOR NOR- NOR NOR 

~=D-0 :=D-1 ~=D-0 ~=D-0 
AND AND AND ANO 

~=[}-I ;=[}-o ~=[}-I :=[}-I 
NAND NAND NAND NAND 

OR/NOR and AND/NAND Relationships 

Figure 3-1 
1 
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A symbol is also introduced here which is not commonly encountered I 
except in the documentation of Applied Dynamics computers. This is 
the symbol for the electronic emitter-follower override, which is an 
improvement in cost and simplicity over the patchbay-pin-switch scheme I",; 
used on some computers. The symbol is illustrated in Figure 3-2. 

A--.... >---c 

Emitter-Follower-Override 

Figure 3-2 

The emitter-follower-override symbol is used 
to represent the following control scheme; 
Normally a control signal from source A is 
delivered to destination C. If, however, a 
control signal is patched into the patchhole 
at n (from some logic output), then the 
signal patched at B will be delivered to 
destination C and signal A is ignored. The 
above definition is true reoardless of the 
state (logic one or logic zero) of either A 
or B. 

3.1 PUSHBUTTON CONTROL 

The AD/FIVE operator can have complete pushbutton control of: 

Analog mode 
Logic mode 
Time Scale 
Repetitive Operation 
Addressing 
Coefficient Setting 
Problem Checkout 

No patchable logic controls are necessary to control the above 
functions. The control panel and pushbuttons are shown in Figure 
3-3. This section describes only these control panel features. 
Control by exception from the logic patchboard is discussed in 
Section 3.2. 

I 
I 
I 

, 
I 
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AD-FIVE CONTROL PANEL 

Figure 3-3 

Analog Mode Control 

Initial Condition, Operate, Hold 

The AD/FIVE has three basic analog modes: Initial Condition (IC), 
Operate (OP), and Hold (H). These three modes correspond to the 
states of the integrator mode control switches and are defined 
schematically in Figure 3-4. Mode switching is actually done with 
a high speed electronic switch. All integrator mode switches are 
normally connected to the console mode control bus lines and are 
controlled by the control panel pushbuttons IC, OP, and H. 
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The mode switches are designed to respond to 
the control inputs in accordance with this 
truth table. 

Figure 3-4 
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3.1.1.2 Master Hold 

Master Hold is an analog mode in which all integrator controls are 
put in hold, and cannot be overridden. Master Hold may be generated 
in a number of ways, and these are discussed in section 3.2 of this 
Chapter. Master Hold may be generated by the use of the AUTO HOLD 
pushbutton as described below. 

3.1.1.3 Auto Hold 

3.1.1.4 

When th.e AUTO HOLD pushhutton ts, depressed, the analog and 1.ogi c 
operations wf1l run normally unless an overload occurs in any analog 
component. Wh€n an overload occurs, the ~aster Hold Bus is auto­
matically activated, and forces all integrator mode switches to the 
hold position, regardless of any individually patched mode control. 
Use of the AUTO HOLD pushbutton will cause one of two conditions to 
occur in the case of an overload in an analog component: 

1. If LOGIC EXEC is not depressed, then the analog operation 
only will freeze; 

2. If LOGIC EXEC is depressed, then both the analog and the 
logic operations will freeze. 

If the AUTO HOLD button is activated, only manual intervention by 
the operator will release it and deactivate the hold condition. When 
the AUTO HOLD button is desengaged by the operator, the integrator 
mode switches will return to the states commanded by the console mode 
buses before the auto hold feature was activated. 

Problem Verify 

The problem verify pushbutton provides a very useful relay switch 
controlling four paired output terminals in the analog patchboard. 
When the operator pushes the PROB VER pushbutton, the analog patch­
board terminals labelled +TS and -TS are switched from ground to the 
+ and - computer reference supplies and the terminals labelled +IC 
and -IC are connected to ground. L~en the operator unlatches the 
PROB VER pushbutton, the +IC and -IC terminals are connected to 
reference and the +TS and -TS terminals are grounded. These terminals 
are located in the upper analog portion of Field 0, Area O. 

The relay switching of these terminals is very useful in the static 
check of equipment in the IC mode. Since many initial conditions 
of integrators are zero, the operator can apply non-zero initial 
conditions to integrators through the use of the problem verify 
feature without having to patch the integrators to reference in­
dividually and then having to remove the patching after the static 
check is performed. The problem verify terminals can be chained 
out to as many inputs as necessary, and the integrator Ie's can all 
be connected to ground or reference through the use of the PROB VER 
pushbutton. 

Another use for the problem verify terminals can be found when it 
is desired to operate an integrator (or integrators) from one of two 
different initial conditions. Potentiometers may be patched between 
the problem verify terminals and the integrator IC terminals. The 
Ie values can then be set as desired, and the use of the PROB VER 
pushbutton will conveniently switch from one Ie to the second at will. 

5 
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3.1.2 Logi.c Mode. Control 
3. 1 .2. 1 Gene.ra 1 

3.1.2.2 

Since synchronous logic is used in the AD/FIVE (i.e., all components, 
except the gates, require clocking pulses for operation), special 
clocking pulses are generated in the computer and applied automatically 
to the logic components by the logic mode control pushbuttons. The 
frequency of these pulses is 1 MHz. 

Synchronous logic 

All AD/FIVE logic components, with the exception of gates, operate 
on two-phase clocking signals, generated from an internal square-wave 
oscillator. Figure 3-5 is a simplified typical flip-flop showing how 
the two clock signals, ClM and ClS, are used to synchronize master 
and slave operation. Every synchronous device has an enable (E) 
terminal which must be patched to an enabling signal (i.e., P signals, 
V signals, logic one, or the outputs of other logic components) in 
order to allow the device to respond to its inputs. See Figure 3-5, 
which clearly illustrates that when E is logic 0 the inputs to the 
master flip-flop are inhibited. 

Each flip-flop consists of an input stage, called the Master, and 
an output stage, called the Slave, which are interconnected as shown 
in Figure 3-5. Separate locking signals are applied to each flip­
flop stage: a master clock line drives the master flip-flop; a slave 
clock line drives the slave flip-flop. During most of each clock 
period, the master flip-flop is not allowed to change (elM during 
T3 - T2). Only while all output (slave) stages are locked (ClS 
during T1 - T4) can the master flip-flop respond to input signals 
(ClM during T2 - T3). Note that there is a period overlap to insure 
that all output stages are locked before input stages are allowed to 
respond to input signals, and to insure that all input stages are 
again locked before output stages are allowed to respond to new 
commands (Tl - T2 and T3 - T4). Thus the logic operates as follows, 
starting just prior to T1 (when all input stages are locked): 

T1 All output stages are locked, and since all patched inputs come 
from other logic components, no logic signals are allowed to 
change. 

T2 All input stages are unlocked and respond to the patched inputs. 
Input flip-flops change state as commanded by the program, in 
the period T2 - T3, so that no timing problems occur. 

T3 Input stages are locked. 

T4 Output stages are unlocked and allowed to respond to the input 
stages. Output flip-flops are updated as determined by the 
program. 

7 
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This proce£s is repeated each enabled clock period. An enabled clock I 
period is deftned as that period during which a cycle of ClM and ClS 
(i.e., T4 - T4 in Figure 3-5) coincides with an enabling signal input 
to a synchronous 1 ogi c component. The peri od of 100-150 nanoseconds 1-·:-
allowed for this process completely avoids timing error's that can 
easily occur on leading or trailing edge switching systems, and also 
permits logic components in two or more AD/FIVE consoles to be inter- 1 
connected. 

The clock signals ClM and ClS are controlled by logic mode control, and 
operate when the logic mode is RUN. These clock signals are distributed 
throughout the system to each flip-flop. The operator can control 
(turn on and off) clock signals to each component by patching P or V 
signals (see section 3.1.3.2 of this chapter for details), but he cannot 
route them, i.e., they do not appear on the patchboard. The operator 
patches the enable input to a logic component on the patchboard which, 
when provided with a logic one signal, allows the clock signal to reach 
that particular component. Thus, when the enable input to a flip-flop 
is logic zero, the flip-flop is latched. 

3.1.2.3 load, Run, Stop 

The primary logic modes are lOAD, RUN, and STOP. These are selected 
by depressing one of three interlocked pushbuttons on the computer control 
panel (Figure 3-6). 

In the RUN mode, clocking pulses (ClM and CLS) are automatically 
delivered to all logic elements and the logic program proceeds. In 
the STOP mode, ClM remains at logic one, locking all flip-flop stages. 
In the lOAD mode, ClM stays at logic one, locking all master flip-flops, 
and an internal lOAD bus takes all logic device~ to their lOAD states. 
lOAD states are defined for individual devices in Chapter 4. 

It is important to note that logic Mode Control is normally completely 
iRdependent of analog mode control. legic and analog modes interact 
only through lOGIC EXEC as discussed in Section 3.1.4. It should be 
further noted that the logic modes of lOAD, RUN, and STOP are analogous 
to the analog modes of Ie, OP, and H. 
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AD/FIVE Control Panel 

Logic Modes 

Figure 3-6 
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3.1.2.4 logic Step 

The lOGIC STEP pushbutton (Fi9ure 3-6) allows normal operation of ClM 
and ClS for one clock period (i.e., one microsecond), and is operative 
only when the logic mode is STOP. Use of the lOGIC STEP pushbutton thus 
allows advance of the logic program for a desired number of steps. One 
push of the LOGIC STEP button -advances the logic by one clock period. 
The use of this button in conjunction with the analog time scale control 
pushbuttons, the Interval Timer pushbuttons, or the P and V signals allows 
the operator to control the advance of the logic for a desired number of 
steps. If it is desired to step the logic by more than one clock pulse 
per push of the button, the Advance Step terminal may be used (See Section 
3.1.2.5) . 

NOTE: THE NORMAL MEANS Of IDENTIfYING THE STATE Of THE INTERVAL 
TIMER (SECTION 3.1.4} IS TO OBSERYE THE LIGHTS UNDER THE IC, 
Op, AND H PUSHBUTTONS IN LOGIC EXECUTE, WHERE THE ANALOG MODES 
ARE CONTROLLED BY THE A, B, OR C STATE OF THE INTERVAL TIMER. 
HOWEVER, IF THE LOGIC MODE IS STOP, AS IS REQUIRED FOR lOGIC 
STEP, THEN MASTER HOLD IS ACTIVATED IN LOGIC EXECUTE TO PREVENT 
RUNAWAY ANALOG OPERATION. THEREFORE, IF THE OPERATOR IS USING 
LOGIC STEP TO DEBUG A LOGIC PROGRAM, HE SHOULD PATCH INDICATOR 
lAMPS IN THE FORM OF OR GATES TO THE INTERVAL TIMER OUTPUTS IF 
HE DESIRES TO MONITOR THE STATES OF THE INTERVAL TIMER. 

3.1.2.5 Advance Step 

The Advance Step feature enables the operator to step the logic by 
more than one clock pulse per push of the LOGIC STEP pushbutton. When 
a signal which is logic one is patched into the AST terminal on the 
patchboard and the logic mode is STOP, depressing the LOGIC STEP push­
button will cause the clock to run the same as in RUN mode until the 
AST signal returns to logic zero. Thus a counter can be programmed to 
provide a burst of any desired number of clock pulses at the push of a 
button. The AST terminal is in field 0, logic area 1. 

3.1.3 Time Scale Control 

3. 1 .3. 1 Ana log 

Two electronically interlocked, self-illuminating pushbuttons on the 
Control and Address Panel select the computer time scale (Figure 3-8). 
These are labelled X10 and X100. 

When both pushbuttons are off, the time scale is Xl. This corresponds 
to gains of 1 and 10 on all integrator inputs as labelled. Time scales 
of 1,10,100, and 1000 are available through the use of these two push­
buttons. 

TIME SCALE 

Xl 
X10 
X100 
X1000 

PUSHBUTTONS 

BOTH OFF 
X10 ONLY ON 
X10 OFF, X100 ONLY ON 
BOTH X10 AND X100 ON 

9 
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3.1.3.2 Logic I 
As di scussed in Secti on 3. 1 .2.2 (Synch.ronous logic) t the AD/FIVE 
control system generates ClM and CLS signals that~in conjunction r': 
with a signal patched into an Enable (t) Input. control the rate I 
of operation of all clocked logic components. A reference timer 
in the AD/FIVE receives the CLS signal and provides six outputs I 
UP signals). These P signals go through a ti~e scale selector 
where variable (V) signals are created. When the logic program is 
to be synchronized with the analog program in a problem using 
different computer time scales (1, 10, 100, 1000) the V signals 
are the signals that should be patched into enable inputs to 
control the logic program rate; this achieves the same time 
scaling for the logic program as for the analog program, since 
the V signals are affected by the analog time scale control buttons, 
but the P signals are not. Thus, when the AD/FIVE time scale is 
increased, the V signals are stepped up by the same factor and all 
logic components enabled with V signals operate at the higher rate 
consistent with the analog program. 

Figure 3-7 is a simplified block diagram showing how the CLS, ClM, ,. 
P, and V signals relate to the oscillator, each other, and the 
computer time scale. 

Note that the P signal is logic one for the full clock period of I 
one microsecond, and is assured to be present when needed during 
the clock pulse, regardless of timing variations in the clock pulse. 
P1S gives one microsecond pulse every second, which coincides with 
the enabled clock period, and thus it is logic one for one micro­
second and then logic zero for 999,999 microseconds. The remaining 
P signals are faster in decade steps up to PlOp, which is a logic 
one for one microsecond, then logic zero for nine microseconds. 
There is one signal which is ten times faster yet. It is called 
logic one. If the computer time scale is Xl, then the V signals 
are the same as the corresponding P signals. V-P relationships 
are tabulated below (M = millisecond): 

COMPUTER TIME SCALE 

Xl XIO XIOO XIOOO 

VIS PIS PIOOM PIOM PIM 

VIOOM PIOOM PIOM PIM PI 0011 
V 

SIGNAL VIOM PIOM PIM PI 0011 PIOJ.t 

VIM PIM PI 0011 PI OIL Logic One 

Note that Xl = real time, X10 = 10 times faster than real time, etc. 
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Repetitive Operation 
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~ 
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rHYel 
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AD-FIVE CONTROL PANEL 
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I me I~I~I~ ~ 
L_:J L_:.J 

( 
T

" (Thumbwheel Setting) (V Signal) ) 
lme = 

(Time Scale) 

Interval Timer Operation 

Figure 3-8 

The Interval Timer and Logic Execute pushbuttons are used to control 
analog repetitive operation from the control panel. Whenever the 
logic mode is RUN, the interval timer counts V signals and cycles 
through its A, B, and C states, staying in each state for the number 
of V signals set by the interval thumbwheels. The interval timer 
pushbuttons are used to select a particular V signal for the timer 
to count. Thus, since the V signals are subject to time scale control, 
the interval timer states are also subject to time scale control. 
Figure 3-8 shows the relationship between the thumbwheels, pushbuttons, 
and time scale in determining the time in each interval timer state. 

When the LOGIC EXEC pushbutton is depressed, the interval timer states 
are given control of the analog mode buses and the time in each analog 
mode is precisely determined by the interval timer. This means that 
regardless of the analog mode pushbuttons, the analog modes will follow 
the interval timer states A(IC), B(OP), and C(H). If the loqic mode 
is STOP, Master Hold will be activated. This occurs durinq Loqic 
Execute because it is possible to enter the STOP mode while the interval 
timer is in the B(OP) state, and Master Hold then stops the analog and 
logic programs simultaneously in order to prevent runaway operation of 
the analog components. Figure 3-9 is a simplified block diagram 
showing interval timer operation under pushbutton control. In Figure 
3-8 and other Figures in this chapter, the thumbwheels are shown with 
example values of 07,63,30. This corresponds to seven time units of 
IC, sixty-three time units of Operate, and thirty time units of Hold. 
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Simultaneous Operation 

Often one encounters the requirement to initiate both the logic and 
the analog mode controls simultaneously. When using Logic Execute to 
provide Repetitive Operation as described in the previous section, 
this simultaneous start-up is assured. One may, however, desire 
simultaneous start-up of the logic and analog programs without Rep-Op. 
It should be obvious that the RUN and OP pushbuttons could not be 
manually pushed with the degree of simultaneity required in high-
speed computation. More than one method can be used to achieve simul­
taneous operation, but the method shown in Figure 3-10 is recommended. 
It is convenient to use when AUTO HOLD (Section 3.1.1.3) is additionally 
required. 

G 1 E)ECMC 

GSRUN E)cop 

GSSTP E)CH 

GS1NT @CMH 

This patching makes the analog modes track 
the logic modes. The relationship is 

LOAD 
RUN 
STOP 

IC 
OPERATE 
HOLD 

To use auto-hold depress both LOGIC EXEC 
and AUTO-HOLD. 

Simultaneous Logic and Analog Mode Control 

Figure 3-10 
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The Address Selector System allows the operator to monitor the output 
of the analog elements with a precision digital ratiometer (DRM). In 
addftion to the Address Selector System, a panel voltmeter may be used 
to augment the DRM. The panel voltmeter is also used to monitor the 
power supplies. Figure 3-12 illustrates the Readout System. 
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DISPLAY 

+ 1 .0 0 

DATA 
~--- --

ENTRY 
I 

UNLOADING 
AMPLIFIER 

VOLTMETER 
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Readout System 

Figure 3-12 
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Address selection in the AD/FIVE is achieved by means of the numerical 
entry pushbutton group on the Control and Address Panel. Latching the 
ADDR pushbutton puts the panel in the address state, and the output of 
the numerical entry pushbuttons is then steered to the four display 
windows at the left top of the Control and Address Panel. As the 
numerical entry pushbuttons are pushed, the component address is 
displayed in the windows in the order in which the buttons are pushed, 
from left to right. Each component address consists of a letter for 
component class, and a number for field, area, and individual element. 
Pushbuttons a through 5 are marked with a single letter abbreviation 
for the addressable component classes and a miscellaneous (M) class 
reserved for future use, as shown in Figure 3-11. The numbers for 
field, area, and individual element refer to the unique location of 
each addressable component on the AD/FIVE patchboard. 

The patchboard is divided horizontally into two fields, 0 and 1, and 
each field is divided vertically into six areas, 0 through 5 (See 
Figure 2-10). Within each area, similar components in each class 
are individually numbered to provide a completely unique address. 
The component number appears on the patchboard adjacent to the 
component patchboard holes. 

Pushing the CLEAR pushbutton while the ADDR button is illuminated 
clears the address display windows to zero, i.e., AOOO (Amplifier, 
field 0, area 0, individual element 0). The operator can then 
address any other component by pushing the appropriate numerical 
entry buttons in sequence to enter the class letter, and the field, 
area, and individual element numbers. (When the DATA ENTRY button 
is illuminated, however, the CLEAR pushbutton clear the data register 
to 0.0000.) 

If the operator wishes to quickly scan the readouts for all the compo­
nents of a given class in a single area without having to push all the 
numbers for each component idividual1y, he may do so by pressing down 
the ADDR pushbutton and holding it down when he gets to the digit whose 
value he wants to change individually. For example, if he desires 
to read the outputs of amplifiers 000, 001, 002, 003, ..... 009, he would 
push the buttons A, 0, 0, and then depress ADDR and hold it down. Then 
by pushing the numerical entry buttons in order 0,1,2,3, ...... 9 he 
would be able to quickly and easily scan the gamut of amplifiers in area 
o of field 0, without the effort of pushing the buttons for class, field, 
and area for each component. 

There are digits on the numerical entry pushbuttons which are 
meaningless- for class, field, and area entry. Pushing a meaning­
less button for class and field will extinguish the display window 
for each of these. If any-button from 6 to 9 is Dushed for class, 
for example, the class window display will be extinguished. Like­
wise, pushing any button greater than 1 for field will extinguish 
the field display window. In the case of a meaningless number 
being selected for area, however, the number will be disn1ayed in 
the area window. ' 

In Figure 3-11 and in other Figures in this chapter the display is 
shown for a component with field 0, area 1, individual element number 
5. The output value read by the digital ratiometer is 1.0057. 
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3.1.6.1 Amplifier, Trunk, and Nonlinear 

When an amplifier, trunk, or nonlinear component class is addressed, 
the right hand portion of the display window contains the normalized 
value of the component output. 

3.1.6.2 Miscellaneous 

A miscellaneous component class has been reserved for use in further 
AD/FIVE development. If this address class is assigned in the future 
to any computer component, the subject will be covered in an apoendix 
to this manual. 

3.1.6.3 Potentiometers (COEF XIN) 

Addressing potentiometers varies from other component addressing in 
that a setting and an output are both of interest to the operator. 
In normal usage the address system removes the patched potentiometer 
input and replaces it with computer reference, making the displayed 
output in the windows the potentiometer setting. CAUTION: IT MUST 
BE EMPHASIZED THAT THERE ARE TWO RELAYS FOR SWITCHING THE INPUTS OF 
POTENTIOMETERS PER AREA, I.E., WHEN A POT IS ADDRESSED, FIVE OF THE 
TEN POTS IN AN AREA ARE CONNECTED TO COMPUTER REFERENCE, NOT JUST 
THE ONE ADDRESSED. When the COEF XIN pushbutton is latched, however, 
the patched input is returned to the potentiometer, and the panel 
display is then the normalized product of the coefficient setting 
times the input, that is, the actual output of the potentiometer. 
IT SHOULD THUS BE REALIZED THAT WHEN A PROBLEM IS RUNNING ON THE 
COMPUTER, ADDRESSING ONE POT WILL CAUSE ALL FIVE POTS ON THE SAME 
RELAY TO BE REMOVED FROM THEIR INPUTS AND CONNECTED TO COMPUTER 
REFERENCE, UNLESS COEF XIN IS LATCHED. IT CAN READILY BE SEEN HOW 
THIS COULD AFFECT THE RUNNING OF A PROBLEM, AND CARE SHOULD BE TAKEN 
TO KEEP IN MIND THE FACT THAT THE POTS ARE SWITCHED IN GROUPS. The 
pots are grouped as follows: Pots 0, 2, 4, 5, 7 are on one relay; 
pots 1, 3, 6, 8, 9 are on the other relay. 

3.1.6.4 PB 

The PB (patc~board) pushbutton is not actually a part of t~e address 
system, but is an alternative to it. PB is a patchboard input terminal 
in field 0, area O. When the PB pushbutton is latched, the value 
patched into PB is delivered to the DRM. When PB is unlatched, the DRM 
returns to the last component addressed. See Figure 3-12. 
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3.1 .. '.5 Test 

Problem checkout often requires that th.e operator detennine the 
value present at the input of an integrator tn the Ie mode. The 
AD/FIVE has been designed to allow the operator to determine this 
value by addressing the ampli'fi'er output and latching the TEST 
pushbutton. When TEST is latched in Ie mode and an amplifier is 
addressed. a gai'n 100 (10K) resistor is switched into the amo1ifier 
feedback (in parallel with the capacitor), and the amplifier is put 
into Operate. The amplifier output will then qo, exponentially, to 
a value proportional to the sum of its inputs {See Figure 3-13 for a 
detailed explanation). The overall gain and the rate of exponentiation 
will be a function of the individual integrator time scale: 

TH4E TIME TO 
SCALE FULL SCALE 

Xl .05 sec. 
X10 .05 sec . 
X1QO . 0005 sec. 
X1000 .0005 sec. 

The time to full scale must be considered when performing the static 
check under high-speed digital control. It is not a factor for 
manual pushbutton operation by the operator, but with a scope the 
operator could observe the exponential rise and perfonn a dynamic 
check. See Figure 3-13 for further information. 

R 

OUT = -(U+V) 
t 

OUT = - /( Il + lOy) dt -Ie 
o 

I OPERATE I 
R/IOO 

OUT = - .01( Il + lOy) 

ITESTI 

Test F ea ture 

Figure 3-13 

JC>kT 
OUT = VALUE AT ENTRY 

INTO HOLD MODE 

IHOLol 
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Computer mode must be IC to provide 
initial values at x and y from other 
integrators. Only the integrator 
addressed is configured for TEST. 

Anticipating that the value of the 
patched inputs may exceed unity at 
t = 0, the scaling provided is .01 
as shown. Should this scaling pro­
vide too small an output value (in 
the case of small inputs) the amp­
lifier can be conveniently rescaled 
by pushing the X10 pushbutton or by 
patching the X10 terminal at the 
individual integrator. This will 
increase the gain by a factor of 10 
and hence increase the output read­
ing by a factor of ten. (Note that 
pushbutton or patched X100 has no 
effect i·n thi s configuration.) 

3.1.6.6 Panel Voltmeter 

3.1.7 

The controls for the voltmeter are illustrated 1.n Figure 3-14. 
Note that the range of the voltmeter is calibrated in machine 
units for use by the prograT1l11er/operator. (One machine unit 
= 10 volts.) Thus the voltmeter is used in a way which is con­
sis ten t wi" th tfl.e DRM. 

The purpose of the 5 unit range is to allow the monitoring of the 
24 volt power supply. For all other used the 1.5 unit range is 
recolJll1ended. Good hardware performance (especi·a 11y for non-1 i near 
hardware) depends upon good problem scaling practi"ces, which in 
turn indicate the use of the 1.5 unit range. Sources for the volt­
meter are selected by the selector switch. See Figure 3-12. The 
Panel Voltmeter is a low impedance i"nput device. Do not leave its 
selector switch in the PB position if PB is a high impedance input. 
This could cause false pot loadings if pot outputs are read via the 
PB input. 

Coefficient Setting 

3.1.7.1 Hand Set Potentiometers 

Handset potentiometers with calibrated dials may be located at 
potentiometer address numbers 0, 1,4, and 9 in any area. The 
dials are behind a hinged door just below the patchboard. 
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Figure 3-14 

3.1.7.2 Servo Set Potentiometers 

Both the Address System and the Servo System receive inputs from 
the numerical entry pushbuttons on the control and address panel. 
The latching of the ADDR or the DATA ENTRY pushbutton determines 
whether the numerical information from the numerical entry buttons 
will be sent to the address system or the data register. In order 
to set a servo pot the operator first addresses the pot with the 
ADDR button latched. Then he depresses the DATA ENTRY button and 
latches it. The numerical entry information from the pushbuttons 
will now be steered to the data register and will be displayed in 
the right hand portion of the panel display windows. 
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Data is entered serially from left to right by depressing the 
numerical entry pushbuttons in the desired sequence. When the correct 
value appears in the data windows, the operator is ready to set the 
coefficient. If an error is made during data entry, the CLEAR button 
will clear the data register to zero,and the correct value may be 
reentered. To set the coefficient, the operator presses the SET COEF 
pushbutton, and the servo system then sets the potentiometer. The 
potentiometer input is connected to computer reference whenever the 
pot is addressed, unless COEF XIN is latched. However, even with 
COEF XIN latched, the pot is automatically disconnected from its 
patched inputs and connected to computer reference during the -1 sec. 
during whi'ch the pot is setting. The only way to change the coeffi­
cient without removing the pot from its patched inputs is by the use 
of the UP and DOWN pushbuttons, as described in Chapter 2, Section 
2.2.7.3. When the process of servo setting is completed, the address 
system automati,cal1y returns~ to ttle addres.s s.tate, and th.e ADDR 
button i,5 iJ 1 umi nated. The wtndows then display the potentiometer 
setting, or, if COEF X IN was: 1 atched when th.e pot was set, the 
windows will tnen display the actual potentiometer output. 

An alternate method of potentiometer control available to the operator 
is that des-cri5ed in Chapter 2, Section 2.2.7.3, which. in effect lets 
him control the servo set pots in a manner similar to hands'et pots 
through the us-e of the UP and DOWNs1 ew pushbuttons and the slew rate 
potentiometer on the control panel. 

3.2 LOGIC PROGRAM CONTROL 

The principle of control by exception has been utilized in the AD/FIVE 
to allow the operator to override pushbutton control from the logic 
patchboard. Each control override feature is individually enabled 
from the logic patchboard and is accomplished electronically without 
the use of mechanical switching. The AD/FIVE operator can have 
complete logic control of: 

An a 1 og ~'ode 
Logic Mode 
Time Scale 
Clock Selection 
Slaving 

without using any pushbutton controls. The logic patchboard terminals 
used to exercise this control are all located in logic area 1 of field 
O. 

The AD/FIVE control structure is based on the concept of LEVELS OF 
CONTROL. Three control levels are provided: system, console, and 
individual. Individual control is the highest level, overriding both 
console and system control. The distinction between system and console 
levels is most important in a multi-console system. For instance, the 
system (consisting of several consoles) may be in analog mode Operate 
while one console within the system is in analog mode Hold. 
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This section of the Reference Manual discusses the system and console 
control as accomplished on the logic patchboard. Individual control 
of logic components is described in Chapter 4. 

The normal control of the computer is as follows: either the operator 
pushes a control button or the digital computer activates the same 
circuit. The signal propagates to each console and then to each com­
ponent in each console. The patched logic program can override this 
normal control at two levels. 

OPERATOR 
OR 

DIGITAL 
COMPUTER 

\ 
SYSTEM· CONSOLE 

ENABLE 

INDIVIDUAL 
COMPONENT 

1\\------
CONSOLE CONSOLE INDIVIDUAL 
CONTROL CONTROL CONTROL 

Logic Program Control 

Figure 3-15 

In the first case an entire console can be controlled. Note that this 
is still important in a one-consnle hybrid because it means that, since 
the console control is downstream of the system control, the patched 
logic program can override the digital computer. Thus the operator can 
at his discretion override certain parts of a hybrid program. The 
lights under the mode and time scale pushbuttons will correctly indicate 
such control. 

In the second case an individual element can be controlled separately 
from it~ neighbors. 

NOTE: The AD/FIVE logic program priority levels are as follows: 

A. Master Hold controls all inteqrators and cannot be overridden by 
individual integrator controls (however, see note * below). 

Master Hold may be generated oy: 

1. Patching ECMC (Enable Console Mode Control) to a logic 
one, and then patching CMH (Console Master Hold) to a 
logic one; 
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*2. An overload in any analog component occuring while the AUTO 
HOLD pushbutton is depressed and illuminated; 

*3. Depressing the logic STOP pushbutton while in LOGIC EXEC. 

*Note that, though individual integrator controls will not override 
Master Hold when that condition is present, conditions 2 and 3 of 
Master Hold can be disabled if ECMC is a logic one, as that totally 
removes control of the computer from the control panel pushbuttons. 
(See Figure 3-4.) 

B. Individual integrator patched controls will override all controls 
except Master Hold. However, it must be emphasized that unpatched 
integrator controls are not automatically logic zero. If the console 
mode is Hold, for example, then patching the integrator control OP 
(Operate) to a logic one will not cause the integrator to operate 
until the console hold is overridden with a logic zero patched to 
the integrator control H (Hold). 

C. Console patch controls, when enabled with a logic one in ECMC, 
override the control panel pushbuttons and the interval timer. 

D. The interval timer overrides the analog mode control pushbuttons 
when LOGIC EXEC is latched. 

E. The analog mode control panel pushbuttons are the lowest level of 
control priority. 

3.2. 1 Ana 1,09 Mode, Control 

In a previous section on PUSllDutton mode cOrltrol it was pointed out that 
the operator could select Initial Condition, Operate, or Hold analog 
modes. The mode s~lected at the control panel or by the digital . 
computer is repres~nted at the patchboard as syste~outputs: System 
Ho 1 d and Sys-tem Operate. The scheme for representi ng the three analog 
modes is: 

ANALOG MODE 

IC 
OP 
H 

SYSTEM OUTPUTS 
SH S OP 

a 
a 
1 

a 
1 
a 

The presence of analog Master Hold is signaled at the patchboard by 
a logic 1 on System Interrupt (S INT). Adjacent to these patchboard 
outputs (S INT, SH, and SOP) are three analogous patchboard inputs 
(C MH, CH, and COP), and a fourth input used to enable Console Mode 
Control (E CMC). When a logic one is present at the input E CMC, 
the console analog mode will be determined by the logic signals 
present at the inputs C MH, CH, and COP. Note that the AD/FIVE 
is designed to interpret an unpatched input to an enabled logic 
computing or control component as a logic zero. In components which 
are not enabled, such as individual integrator controls, an override 
signal may be necessary to chieve the desired operation of the com­
ponent. 
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3.2.2 

To control the console analog mode from the logic patchboard, the 
operator simply patches a logic 1 signal into E CMC and then controls 
the analog modes by using the following scheme of inputs: 

ANALOG MODE 

IC 
OP 
H 

PATCHED INPUT 
CH C OP 

o 
o 
1 

o 
1 
o or 1 

A logic 1 in C MH causes the console mode to be Master Hold. If the 
operator wishes to slave the analog modes of two consoles, he patches 
the System Outputs of the master console to the Console Mode Control 
inputs on the slave console using trunk lines to carry the signals. 

Logic Mode Control 

The system Logic Mode, as determined by th.e mode control pushbuttons 
or the digital computer input, is represented by the following logic 
outputs: 

LOGIC MODE 

LOAD 
RUN 
STOP 

SYSTEM OUTPUTS 
S SIP S RUN 

o 
a 
1 

Q 

1 
o 

Console level logic mode control is accomplished by patching a logic 
1 in Enab 1 e Cons'o 1 e Logi C' Control (E CLC) and us i ng the fo 11 owi ng 
patched logic inputs: 

LOGIC MODE 

LOAD 
RUN 
STOP 

PATCHED INPUTS 
C STP C RUN 

o 
o 
1 

o 
1 
a or 

3.2.3 Time Scale Control 

As discussed in Section 3.1.3.1, four time scales are controlled 
by two pushbuttons on the control panel, labelled X10 and X100. 
The pushbutton states are represented by the logic levels of system 
outputs SX10 and SX100, so that the system time scale may be deter­
mined at the logic patchboard as follows: 

SYSTEM 
TIME: SCALE 

Xl 
X10 
X100 
X1000 

SYSTEM OUTPUTS 
SX10 SX100 

o 
1 
o 
1 

o 
o 
1 
1 
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3.2.4 

The console time scale inputs override the system control signal 
whenever a logic 1 is patched into Enable Console Time Scale (E CTS). 

CONSOLE 
TIME SCALE 

Xl 
X10 
X100 
X1000 

PATCHED INPUTS 
CX10 CX100 

a 
1 
a 
1 

a 
a 
1 
1 

If the operator wishes to slave the analog modes of two consoles, he 
patches the System Outputs of the master console to the Console Time 
Scale inputs on the slave console using trunk lines to carry the 
signals. 

Mi s.ce 11 aneous. 

The following sections describe a group of mtsce11aneous control 
features av'af1aole on tfle 1.ogic patchtng area of the patchboard. 

3.2.4.1 Clock Selection 

The nonna1 AD/FIVE logic time 5as'e is terminated at the logic patch­
board as a 1 MHz output. The AD/FIVE logic system may operate from 
an appropriate external timing source patched into the input terminal 
EXT. The input patched to EXT is s'u5stituted for the 1 MHz signal 
only when this feature is enabled by a logic 1 input in Enable External 
(E EXT). 

3.2.4.2 Slaving 

The AD/FIVE may be operated slaved with. either another AD/FIVE and 
AD/FOUR~ or any other computer, as described below. It will be 
assumed that suitable trunking facilities have been installed to 
carry the signals between the consoles. Operation with more than 
two consoles is a simple extrapolation of the method described here 
for slaving two consoles. 

However, before proceeding with the actual patching, the following 
concepts should be tfloroughly understood. Refer to Figure 3-16. The 
output of the SLAVE pushbutton is terminated at the patchboard hole 
SL. If SL is patched to ESL, then the mode and time scale control 
is removed from the control panel pushbuttons and transferred to the 
logic patchboard. Also the OV OUT signal is gated on so that over­
load signals in the slave console can reach the master console. Note 
that any of the five enable signals could have been patched separately. 
The slave button (or any other patched input to ESL) just does this 
job with one action. 
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CAUTION: WHEN SLAVING TWO CONSOLES THE LOGIC MODE CONTROLS ARE NOT 
SLAVED. IF THEY WERE, THE TWO SEPARATE OSCILLATORS IN THE 
CONSOLES WOULD SURELY PRODUCE A DIFFERENT NUMBER OF CLOCK 
PULSES DURING ANY COMPUTER RUN. IN ORDER TO INSURE THAT 
THE LOGIC PROGRAM OF EACH CONSOLE ADVANCES THE SAME NUMBER 
OF STEPS THE CLOCK SIGNALS FROM THE MASTER CONSOLE ARE USED 
TO ACTIVATE THE LOGIC ELEMENTS IN THE SLAVE CONSOLE. THE 
SCHEMES PRESENTED HERE ALSO INCLUDE LOGIC MODE SLAVING, BUT 
THIS MERELY LIGHTS THE LOGIC MODE PUSHBUTTONS OF THE SLAVE 
CONSOLE, WHICH MAY BE DESIRABLE FOR VISUAL MONITORING. 

Four possible slaving situations will now be considered. 

SLAVE ~----..... 

AD-FIVE CONTROL PANEL 

ALL 
INDIVIDUAL 

OVLDS 

ESL 

Slaving and Overload Signals 

Figure 3-16 

MOV 

Enables clock 
and load 
inputs 

Enables analog 
mode control 
input 

Enables time 
scale control 
input 

Enables logic 
mode control 
input 
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3.2.4.2.1 Slaving two AD/FIVE computers. 

28 

To slave two AD/FIVE computers, patch the control signals as 
shown in Figure 3-17. 

MASTER 

~SL 

c3 ESL 

CPLB] 
Clock and Load 

CLOB 

COP 

CH Analog Mode 

CMH 

CXIO '-
~ Time Scale 

CXIOO~ 

OV OU~ Overload 

CSTP] 
CRUN 

SLAVE 

Slaving Two AD/FIVE's 

Figure 3-17 

Light 
Logic Mode Pushbutton Lights 
On Slave Console 

r 

I 

[: .. . , 

r: 
i 

I ' 
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3.2.4.2.2 Slaving an AD/FIVE to an AD/FOUR 

These two computers can be slaved with either one chosen as the master 
Patching varies according to that choice as shown in Figure 3-18 and 
Figure 3-19. Since the two computers use the same type of logic they 
are compatible. 

CAUTION: IT IS ASSUMED THAT SENSIBLE PRECAUTIONS ARE TAKEN TO PREVENT 
DELIVERY OF 100 VOLT SIGNALS TO THE AD/FIVE. BY PROVIDING 
THIS CONTROL INFORMATION, APPLIED DYNAMICS DOES NOT ASSUME 
ANY RESPONSIBILITY FOR ANY DAMAGE CAUSED BY SUCH SIGNALS. 

6 ~OYL ~ SL 

G ESL 

CPLB] 

CLOB 

COP 

CH 

CMH 

CXIDi 

~CXIOOJ 
OV ou2} 

Clock Qnd Load 

Analog Mode 

Time Scale 

Overload 

CSTP] Light 
~ Logic Mode Pushbutton Lights 

l:1 sv 5 RUN ~ C RUN _ On Slave Console 

MASTER 
AD/FOUR 

SLAVE 
AD/FIVE 

Slaving an AD/FIVE to an AD/FOUR 

Figure 3-18 
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MASTER 
AD/FIVE 

ECMC 

EClC 

ECTS' 

logic I 

C CP ] Clock and Load 

ClD 

COP I 

I 

CHLDJ 
CMH 

CTSIJ 

CTS2 

COVl~ 

~~~} 
elK 

. RUN 

SLAVE 
AD/FOUR 

Analog Mode 

Time Scale 

Overload 

light 
logic Mode Pushbutton Lights 
On Slave Console 

Slaving an AD/FOUR to an AD/FIVE 

Figure 3-19 
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3.2.4.2.3 Slaving an AD/FIVE to Brand X 

The previous examples illustrate the technique of slaving by defining 
the role of all necessary patching operations to use the AD/FIVE as 
either the master or the slave console. When slaving with computers 
not of our manufacture, the following comments may prove helpful: 

a) AD/FIVE logic levels are: logic one: 
logic zero: 

zero vo 1 ts 
+5 volts 

b) If slaving to a relay-mode-control computer, make the 
fast AD/FIVE be the slave. 

The SLAVE pushbutton is latbhed on the Slave CORsole. This provides, 
automatically, the enabling of E CLB, E CMC, and E CTS on the slave 
console which then requires patchboard inputs to control the logic 
clock (not the logic mode), analog mode, and the time scale. 

3.2.4.3 10 8evtces 

Terminations are provided for patching to various 10 Devices. Since 
these terminations are labelled for a general use, individual installa­
tions may vary according to the owner's choice. The specific use of 
tbese holes in this installation is tabulated below. -

RECORDER (REC) 

ROP 

RUN 

RCA 

RCB 

MKA 

MKB 

PLOTTER (XY) 

RUN 

PEN 

DfSPl:AY (DSP) 

STS 

DCA 

DeB 

DeC 

NOTE: Each user is encouraged to recurd IIere. the usc of these !roles in hi.'!' 
faci/ily. 

~-

~ 
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4.0 

4.1 

4. 1 . 1 

INTRODUCTION 

This chanter describes the computinq comnonents of the AD/FIVE. Due to the 
high degree of modularity of the AD/FIVE the individual machine configurations 
can vary widely. All oossible confiqurations are presented here in order to 
nrovide a reference for using any individual machine as well as to enable the 
reader to understand options available for expansion. 

The chapter is organized as follow: 

Section 4.1 is a brief descriotion of the notation used. SCi notation is 
used except where specifically designated otherwise. 

Section 4.2 is a description of computing elements. 

Section 4.3 is a cataloq of the printed circuit cards which mount directly 
behind the patchboard. In general these cards contain more than one of the 
computing elements. All of'the legitimate locations for each type of card 
are shown. 

Section 4.4 is a catalog of Patchboard Modules. Each of the Patchboard 
Modules provides patching to three of the printed circuit cards. 

NOTATION 

Applied Dynamics supports the contention that it is proper for technical 
societies to regulate professional standards such as uniform graphics. The 
appropriate society, in the case of an analog computer, is the Simulation 
Councils, Inc. Therefore, we have used their uniform standards wherever 
possible. There are additional symbols which are taken from other authori­
ties, and the only symbols which we have invented are symbols to represent 
proprietary devices, e.g., the emitter-follower override defined in Chapter 3. 

SCi Standards 

1 



- Copyright 1967 by Simulation Councils, Inc. 
P.O. Box 2228, La Jolla, Califon1ia 92037. 
Reprinted by pennission. 

Uniform graphics for SIMULATION 
The symbols and the methods of laying out analog 
and hybrid computer diagrams presented here are 
advocated to alleviate the confusion caused by the 
uncoordinated invention of new symbols and dia­
gramming practices. The increasing use of hybrid 
techniques and equipment has aggravated an already 
bad situation to the point that it is often no longer 
possible for one worker in our field to read another's 
diagram. Usually this is because symbols are devised 
and diagrams are drawn to include details peculiar 
to a particular kind of equipment. Such a wiring, or 
"patching," diagram is of course necessary for set­
ting up and checking out an actual simulation, but 
hardware-peculiar details are only confusing to those 
with other kinds of equipment. With few exceptions, 
the use of a simplified signal-flow diagram to illus­
trate technical articles is much more effective. 

With the foregoing in mind an SCi committee 
composed of 

GEORGE BURGIN 

JOE HUSSEY 

HANS JORGENSEN 

GRANINO KORN 

JOHN McLEOD 

selected the symbols and offers the following sugges­
tions for their use. Primary considerations were cur­
rent usage, clarity, and simplicity. We devised no new 
symbols and, unless there were overriding indica­
tions to the contrary, we adopted those already in 
widest use. Clarity and simplicity, we believe, will be 
enhanced by the choice of unique shapes to repre­
sent different components, and the elimination of all 
unnecessary details in diagrams. 

There was no intent on the part of our committee 
to set up standards for the industry. However, all 
diagrams appearing in SIMULATION will be pre­
pared according to the committee's recommenda­
tions (as they may be modified from time to time), 
and we hope that these recommendations will prove 
attractive to others. Suggestions for modifications 
and additions are solicited. 

General rules 

The following methods and symbols are recom­
mended for the illustration of technical articles pre­
pared for publication. Unless the purpose of the 
article is to describe the use of a particular kind of 
equipment, and the hardware details are pertinent 
to the subject, such illustrations should not be "hard­
ware-peculiar." In other words, the objective should 
be to show signal flow, rather than "patching" 
details. 

The primary, or overall, system diagram should 
show only the essential signal flow. Where it is neces­
sary to show details, separate diagrams should be 
made and referenced to the primary diagram by en­
closing the detailed area of the primary diagram in 
dotted lines with suitable notation. 

The direction of signal flow should be indicated 
by arrowheads except where the shape of the sym­
bols makes the direction of flow obvious. Primary 
signal flow (with the exception of feedback loops) 
should be from left to right, and, if practical, each 
"line" of symbols should be made to read like the 
mathematical relation it represents. 

The choice of whether to- end a line and label it 
(preferably with the symbol of the variable that the 
signal represents) when it reaches the right-hand 
side of the diagram, and then indicate its continua­
tion with the same label as it enters again at the 
left-hand side, instead of drawing in the connection, 
should be made on the basis of clarity; if a line re­
turning the signal from right to left will cross many 
other lines and be hard to follow, it should not be 
drawn in. 

If a diagram involves a number of identical cir­
cuits, only one should be shown in detail, while the 
others should be indicated by boxes with appropriate 
notation. 

Components should not be numbered unless they 
are referred to by number in the text. 

All amplifier gains should be shown just outside 
the amplifier at the point where the input enters. 

Always apply the test of clarity and simplicity. Ask 
yourself: "Is this the most understandable way to 
diagram this for those unfamiliar with the hardware, 
and less familiar with the subject, than I?/I 

r 

I 
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ElEMENT SYMBOL FUNCTION NOTES 

Signal flow Analog Binary 

~ • 
Distinction as to kind of signal is made only at 

Digital word Mechanical beginning and end of line, and then only where 
there are two or more kinds of signals to be 

~ ------------ shown on one diagram. Arrowheads should be 
omitted only if direction of signal flow is obvious. 

Connections No connection 

l i I 
Prohibited Trunks 

t ~ 0- Showing two connections to a line at a single 
point is prohibited. 

Summers Standard No arrows; shape clearly indicates direction of 
a ':[;> 

flow. 

b x x = - (lOa + 5b + c) "N" indicates where number of amplifier should 

c 
be placed if, and only if, referred to in text. 

With one high-gain input 

a 

'~D> 
Label high-gain input "s)" or "G". The point 
at which c enters (at top or bottom of symbol) 

x 
x = - (lOa + b + p.c) indicates a gain of 1', which is a fur.ction of the 

b 
amplifier characteristics and the resistance in 
the c circuit. 

c 

High-gam 

:0Q> a 

x The curved back indicates that the feedback 
b resistor has been removed. 

c 

Inverting only When amplifiers are used only to change signal 

a [> x 
sign they should be smaller. Orientation should 

x=-a be that which makes for greatest graphical sim-
plicity, i.e., they may be shown in vertical, or in 
feedback, paths. 

Integrators Standard 

a 
Standard integrator modes and time scales are 

b 

'~[? 
those of the basic problem. If they are not, 

t the facts should be noted as indicated in the 
c x x = -a - f (10b + 5c + d) dt diagram below. 
d 0 

Arrows indicating mode control should be 
Three-mode 

MODE H $2) 
shown only when two or more integrators are 
operating in different modes simultaneously. a The mode-control inputs should then be lab-

mt 
IC 0 0 

eled to conform to a truth-table. Because the b HOLD 1 0 truth-table will be equipment-peculiar it should 
c x 

OPERATE 
be shown somewhere on each patching diagram 

0 1 to which it applies. A typical one is shown. d 
HOLD 1 1 The integrator time-scale, when other than that 

of the basic problem, should also be as indi-
cated. The amplifier illustrated is integrating at 
ten times problem rate. 

Track-hold 

a When used in this way the size of the integrating 
b v; TRACK when in IC capacitor may be important, as it affects the track-

HOLD when in HOLD ing lag. In such cases the value should be indi-
c cated as shown. The quantity tracked or held is 

(See truth-table) -(a +b + c). 

x 
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ELEMENT 

Integrators 
(continued) 

Attenuators 

Function generators 

4 

SYMBOL 

Memory pair 

IIC 

Two-terminal 
potentiometer 

~ 

Servo-set potentiometer 

Three- a 

terminal~ 
poten- x 
tiometer tv k 

b 

_a ______________ 4~~-------------4.~X 

/ 
/ 

/ 
k/ 

Digital attenuatar 

--x 

Arbitrary 

~a _____________ ~~ ________ x 

Mathematical Tunctions (typical) 

~a ______________ ~~ ________ ~x 

Multiplier a 

,a @ -x 

+b 

Divider (l _: &-__ x 

Resolvers 
Polar to rectangular Rectangular to polar 

~ 
~ 
~ 
~ 

Comparators 

With binary output With true and false 
binary outputs 

~ 
~ 

FUNCTION 

x = ka 
rioad conneLled) 

a=1,b=0 
{load connected) 

x = ka 

X :.--: k*" 

'\'= (:a) 

x = \'a 

ab 
x= ----

'"' 
aa 

X ~--

b 

" ce-. some reierence voltage, 
n-nt necessa rllv 
the computer 
reference 
v()ltage 

x = R cos f} 

Y = R sin IJ 

f} = arc tan ylx 

R = \lx2 + y2 

U=1 
u=o 
u*u 

(a + /;) >0 
(a + b) <0 

NOTES 

Integrator 1 tracks a while integrator 2 holds 
previous value. A momentary reversal of modes 
transfers the current value of a to x. In certain 
iterative problems x is required to have some 
value for the first iteration; thus an "initial" 
initial condition must be furnished as shown. 

The mathematical relafionship shown for the 
three-terminal pot is given onlv to define k. It 
will not usually hold during problem solution be­
cause if h well' always zero a two-terminal pot 
could be used. If it is desirable to ddinc k in any 
other wa\', its meaning should be clearl~ indicated, 

This should he used only if the fact that N is servo­
set is significant to the solution of the problem, 
as, for instance, when it must be automatically 
reset after each run of an iterative prohlem. 

As shown, the symbol indicates a digital pot with 
integral (clJlllmitted) inverting amplifier. The 
symhol fnr lion-inverting digital puts should not 
inc.!ude the ampliiier. 

'Indicates quantized value. 

The number N should be used only when the 
function generator is referred to by number in 
the text, or when it is desirable to explain what 
the function ( is, either by a footnote, or by a 
separate graph. 

In cases where the function generated can be 
represented by a standard mathematical symbol, 
the f should be replaced by the symbol. 

These symbols should be used for all analog 
multipliers and dividers; if the kind is significant 
to the solution of the problem, it should be so 
stated in the text and/or noted on the diagram. 
Because equipment differs, the sign of the out­
put for specified signs of both inputs should be 
given, otherwise inversion will be assumed. 

The number N shc)uirl be used only if the com­
ponent is referenced ill the text, or if more than 
one channel of a muituhannel de'vice is used. In 
the latter case the subscript, in this case i, identi­
fies the channel. In many cases, it will be found 
that a drawing can be simplified and clarified by 
drawing the sam(' multichannel device in more 
than one signal flow path. In this case the num­
ber would be the same. but the subscript would 
be different for each channel. 

If a resolver has additional outputs they should 
be shown only if used. 

The symbol for a relay comparator can, of course, 
be made by combining either of these symbols 
with that of a reldY. 

r 

I 
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ELEMENT SYMBOL FUNCTION NOTES 

Relay NC Ux 
x ~ If the diagram is drawn as shown, the designa-

a Vx tions of arms and contacts are superfluous. How-

a ever, it is often desirable, for clarity, to show the 
U 

j:Q relay coil in one place on a diagram and the 
U,=x (U= 0) contacts In signal-flow paths elsewhere. In this 
U, = x (U = 1) case, N,,,, would designate the normally Open 

(U =- 0) contact of channel a, relay N; Noa the Arm 
of channel a of relay N, etc. 

--
Digital inverter The tilde (-) is used instead of a bar to indicate 

a ~ 
x x=a negation. This i~ recommended because of the 

many other meanings of a bar over a variable. 

Digital/analog switch y Ua a Uo=O (U=O) 
~ Ua=a (U= 1) ON when binary signal, U, is digital "one." 

limiters FC'ed-back 

~ 
x= -a (/ < a < u) u = larger value at which output is limited 

a x x=-I (a < /) 
x= -u (a> u) 

1 = ~maller value at which output is limited 

Bridge 

<> 
x x=a (/ < a < UI 

a x=1 (a < I) .. 
x=u (a> u) 

-I 

Converters Analog-to-digital Digital-to-analog 

~ ~ x* = a 
*Indicates quantiLed value. 

Multiplying DAC x = a* 

'~ 
Xm = a*b 

Diode Solid state 
x=a (a> xl a ~I 

x 
x=D (a < x) 

logic gates AND NAND Output is high (logic 1! if and only if all inputs 
a 

~ ~ 
AND x=a·b·c 

are high. 
b 

c NAND x=;i=a'b'c Output is low (logic 0) if and only if all inputs 
are high. 

OR NOR Output is high (logic 1) if and only if at least one 

~ ~ 
OR x=a+b+c input is high (i.e, any or all of the inputs are 

high). 
N Output is low (logic 0) if and only if at least one 

c NOR x7"=a+b+c input is high (ie, any or all of the inputs are high). 

Flip-flop Typical ~ 
S 

As there are many kinds of flip-flops, symbolic 
, FF 1 representation of the operation of Jny but the 

, I N I simplest is not advised; if the operation is not 
R obvious, an explanation in the text or d footnote 

with the diagram is recommended. 

Black box ~ This is Black Box number 1\' to be used if no svm- The function of a "black box·' can often be 
hoi is given here, or ill caw 0; doubt ' It can have made obvious bv properlv labeling the inputs 

I 
any number of inputs ,}fld outputs, but the nature and outputs. lIo'A ever, If it is not obvious, the 

BB N of the signals should be indicated and all signal- function should be explained in the text or by a 
l flow directions should be designated h~ arrow- footnote with the diagram. If internal details are 

t • 
heads. Here there are three analog inputs giving of interest, they should be shown in an appro-
rise to one analog and one binary output. priately labeled auxiliary diagram. 

5 
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o 
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Additional Standards 

Emitter-Follower Override: Defined in Chapter 3, Section 3.0. 

******************************************************************** 

Negative AND Gate 

Some qates are structured to negate one or more' inputs. These inputs are 
indicated by circles. 

o--<f\ 
O~I 

******************************************************************** 

x 

internal connection to patchboard hole. 

patchcord with siqna1 II Xrl flowing into the hole. 

patchcord with signal lIyll flowing out of the hole. 

The concept of signal flow direction should not be confused with voltage or 
current polarities. Signals flow from sources to destinations without regard I 
to polarity or logical state. 

******************************************************************** I 
Unpatched inputs to loqic computing devices may be reqarded as a loqic zero. 

r 
I 
f·, 

I 
I 
I 

, . 

Un patched inputs to 10qic control devices, however, such as integrator controls, 
may not automatically be considered to behave as if they were logic zero, andJ often need to be patched to a logic zero in order to obtain the desired actiofl 
of the various devices. 

******************************************************************** 

The tilde (-) is not used to indicate negation (complementation) of logic 
variables in this manual as recommended by SCi. The reason is that the 
tilde is not available in standard Le Roy l~tterinq quides except in 12 
point size. A bar above a loqic variable (A) is used instead, and is ex­
clusively reserved for this purpose. 

******************************************************************** 
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4.2 

\ . 

4.2. 1 

4.2.1.1 

COMPUTING ELEMENTS 

Section 4.2 describes the patching configurations necessary to implement 
operation of the individual elements of the AD/FIVE. The purpose of this 
section is to describe the signals which are patched into and out of each 
patchboard hole on the AD/FIVE. The section is therefore not a manual of 
analog programminq, but is instead a description of the patching unique to 
the AD/FIVE. Section 4.2.1 describes the patchiDq of the analog computing 
elements and the analog/logic computing elements. Section 4.2.2 describes 
patching of the logic computing elements. Section 4.2.3 describes the 
patching of miscellaneous computing elements. Section 4.2.4 gives a resume 
of control patching locations and of all other patchho1es for ana10q usage 
which are not covered in the previous sections of this chapter. Patchho1es 
reserved for hybrid usage are discussed in the AD/FIVE manual for the hybrid 
use of the computer system. The patching directions for each component are 
accompanied by an insert showing the standard patchboard locations of the 
terminations for the component shaded in solid black, and showing optional 
locations for the component shaded in diagonal hatching. There is also an 
illustration showing the actual patchboard holes of each component and the 
input and output connections to these holes. Finally, there is an illus­
tration of the standard flow diagram symbol for the component, and any 
necessary additional information such as mathematical formulas, etc. 
Descriptions of the internal circuitry of the components have been deli­
berately avoided in this chapter in order to simplify the task of the pro­
grammer by giving him only that information which he needs in order to 
properly patch any analog program. The details of the internal circuitry 
are important for maintenance purposes and can be found in the volumes of 
the AD/FIVE Service Manual. 

Analog Computinq Elements 

Analog computing elements are those components whose signal terminations 
are found in the lower two thirds of the patchboard. Analog/logic 
computing elements have, in addition to terminations in the lower two 
thirds of the patchboard, control terminations for each component in 
the upper third of the patchboard, which contains terminations for the 
logic computing components. 

Inteqrator/Summers 

There are normally two integrator/summers in each area of the AD/FIVE. 
Two expansion integrators may be added to each area, making a maximum 
total of four inteqrators possible per area. The two inteqrators in 
the standard locations have individual overload indicators'-in the 
Overload Indicator Panel, and overriding individual mode and gain 
controls. The two exoansion integrators have individual overload 
indicators and individual X10 gain controls. They do not, however, 
have individual mode controls or individual X100 gain control. They 
are instead slaved automatically to the integrators already present 
in the same horizontal row in their area. For example, the logic 
control address 05 controls the inteqrator with the number 5, and the 
expansion integrator number 8 in area O. 

7 
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The inteqrator/summers are configured as integrators by patching C 
to CJ. In the integrator configuration the S,J terminal cannot be used 
as an input, since it is not switched by the integrator mode controls. 
(See the AD/FIVE Service Manual for circuit details.) The high-speed 
electronic mode-control switch is normally controlled by the console 
operate and hold busses, but may be controlled individually for each 
integrator by patching the individual Hand OD patchboard input terminals. 
Integrator gain is normally controlled by the console X10 and X100 busses, 
but may also be individually controlled for each integrator by patchinq 
the individual X10 and X100 input terminals on the patchboard. All in­
dividual control of integrators is achieved by means of emitter-follower 
override of the console busses. Whenever the individual mode or time 
scale control is used, the individually patched inteqrator is no longer 
under console control. If the operator uses the X10 or X100 oushbuttons 
to speed up the solution, then he must be aware that any inteqrator which 
he has patched for individual X10 or X100 control to achieve required 
gains will not normally respond to the pushbutton control. (However, see 
Chapter 5, Section 5.2.1.1 for a method of oatching an individual inteq­
rator to overcome this restriction.) The following section describes the 
various means of using the time scale pushbuttons or individual integrator 
patching to achieve time scale/qain control. 

* See Chapter 5, Section 5.2.1.1, for an interesting variation. 

r 
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I tH-1-H-H-1-H-H-1 

INTEGRATOR 

0 
GAIN 

MB~ijmHW~ W~mH#~ 
G 
I 

AND 

C 
MODE 

~-:'T-] cr---l 
~ ~ 00000000000 00000000000 

00000000000 00000000000 

CONTROLS 

A - -00000000000 00000000000 

111 1[1 If I [11 
N f/z. 
A c=-=-- __ J = 0 0 L o 00 ___ 

B ITIIIIl B BBB B 0 ___ 0 lit> o 000 00000 -DODO 

H· 
Ope 

0 

To lock an individual integrator at gain one so 
that it will be independent of console gain con­
trols, oatch X100 to a loqic zero, and X10 to a 
logic zero or plus reference 

G 

10 

A----
B 

Xl00· +--

Patch 1 o·gi cone 
to multiply the 
below gains by 
100 

v----....... H OP 

1 

1 

1 

10 

10 

10 

SJ 

SN 

X10 

• • IC 

• • IC 

• OUT 

• OUT 

• OUT 

• 

OUT 

x---......... --.. 
10 

y __ 'O~ ............... 
OUT 

10 

When individual integrator mode control is oatched~ then the mode 1s 
detennined by the inputs to A and B. It will often be necessar'y to 
patch A or B to a logic zero iniOrder to override console control of 
the integrator. It cannot be assumed that if A or Bare unpatched 
that they will behave as if patched to logic zero. If A is patched 
to a logic one, for example, but console mode is Hold, then the in­
tegrator will not operate until B is patched to a logic zero. 

MODE Value of Z 
Ie - (V + w) ; (T = 0) 

• Patch as shown OPER - ft (x + 10 Y)dt - (V + w) 
CJ 

•• 
• 

Patch logic one 
(or ground) to 
multiply the 
above gains 
by ten 

0 

HOLD value at time of entry into HOLD mode 

* If X10 is patched Z = -10 It (X + 10Y)dt - (V + W) . 0 

If X100 is patched Z = -100 It (X + 10Y)dt - (V + W) 
o 

If X10 and X100 are patched Z = -1000 It (X + 10Y)dt-(V + W) 
o 

Patching a Summer/Integrator as an Integrator 

Figl1re 4-1 
9 
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• • 1 IC 

•• 1 IC 

1 
..-. 

lOUT 

10 •• lOUT 

•• 11 OUT 

• • 11 C 

SJC • CJ 

SN 

• 111 

10 

r ---t.~--.. 
s----t ..... - ...... 

t ----t. ~:----tI 
u---t ... _-.. 
V ----t+ ,.~-.. -t--.. q 

q = - (r + s + lOt + lOu + lOv) 

Note: The actual forward gain of each input on the amplifier is the 
reciprocal of the sum of the patched amplifier feedback qains multiplied 
by the labelled gain of that input. See Fiqure 4-3, Examples 1, 2, and 3 
for details. See also Chapter 5, Sections 5.1.4.1 and 5.1.4.2 for dis­
cussions of amplifier gain and feedback. 

Patchinq a Summer/Integrator as a Summer 

Fiqure 4-2 
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4.2.1.2 

! . 

Summer 

Each AD/FIVE area may contain four summers. Each summer has an individual 
overload light, inputs and outputs, a summing junction connection, and two 
diodes attached to the outputs. Several examples in Chapter 5 illustrate 
the use of these diodes. Note that the amplifier is terminated as a high 
gain operational amplifier. One or more of the inputs is connected to the 
output to configure the amplifier as a summer. The remaining inputs will 
have gains which are the labelled gains mUltiplied by the reciprocal of the 
sum of the feedback gains. Three examples are shown in Figure 4-3. 

1-H-1-I-I-I-I-I-I-I-I-H-i 

UHfj~~~ ~~~ 
[ I~ I 1-: 

~ ~ 00000000000 oooooooocoo 
00000000000 00000000000 

00000000000 00000000000 - -l1J Ifl m III 
L _____ .==:J = 0 0 

o 00000 

8 lliIIIJ 88888 00000 o 000 00000 00000 
0 

• • 1 1 

•• X 

1 SJ .-. OUT 

1 lOUT Y OUT • • 10 OUT 

10 

OUT 

• • 0+ 

10 0+ 

• • 0-Z = - (X + lOY) 

10 0- Example 1 

Patching a Summer 

Figure 4-3 

Z 
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• • f 
SJ x 

,lOUT I l 

Y 10 

10 OUT 10 

f • • 10 0+ 

• • 10 0- Z = - (.lX + Y) 

Example 2 , : 

I 

• • 
1hSJ 

X 
.5 
.5 

1 lOUT 5 l • • y 5 OUT 
5 t 10 OUT 

• • 10 0+ 

10 • • Z = - (.5X + 5Y) 0-

Example 3 

Patching a Summer 

12 Fiqure 4-3 
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4.2.1.3 Switch/Summer 

Each AD/FIVE area contains two Switch/Summers. Each Switch/Summer has 
two logic-controlled electronically switcned inputs. A third, unswitched 
gain one input is provided. An individual overload indication is provided 
for the amplifier. 

Note that the loqic control holes are labelled with the complement of the 
control signals.' This means that the switches in the A and B inputs are 
"on" unless turned "off" with a logic one. Therefore, all three gain-one 
inputs are useful with no logic patching required at all. Logic control 
is patched only when needed. 

I-~-H-H-H-j-H-H-I· 

I I:::;;;;J I I I 
00000000000 00000000000 

00000000000 00000000000 

00000000000 00000000000 

lIJ IlJ m III 
L __ .~=oo 

o 00000 

B ITIlIIl B 0 o 00000 
o ODD 0 o 00000 

0 

--A --B 

- -A lOUT --B lOUT --IN OUT 

L ELECTRONIC 

0 SWITCH 

~~~##Hm~ ~mHH##H#~ 
G 

CONTROLS 
I 
C 

~ ~ ---- A 

~ 
N 
A 
L 
0 
G 

x 

z 

y 

z = - (y + X) if q is loqic zero (or unpatched) 

Z = -Y if q is a logic one 

Patching a Switch/Summer 

Figure 4-4 
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4.2.1.4 Inverter 

Inverters are located beneath the integrators. Gain 10 inputs are used 
for better dynamic performance in the inverter configuration. 

rO=OiJOODOOJ 

OOOODDDDOCO OOOO~OOOOCC 

l -- --_--~ ~ J c=-=-= c ( 

c ~UO[J[J 

B rnrm B BBB B 0000[: 
o 000 0 Don 0 Doone 

o 

..... 
10 lOUT 

• • 10 lOUT • • SJ OUT 

y 

Patching an Inverter 

Figure 4-5 

r~ 
~ 

OUT 

OUT 

OUT _y 

4.2.1.5 Potentiometer 

14 

Ten potentiometers are provided in each area of the AD/FIVE. Various 
mixtures of hand-set and servo-set pots are provided. Two of every ten 
pots are terminated at the patchboard as ungrounded pots. 

Potentiometers are devices which multiply an input value by a constant. 
The setting of the value of this constant is discussed in Chapter 3. 

r 
r 
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I. 
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I +H-j-r-H-I-H-H-I-I 

~--::r::-d b:=I~d 

QOOOOOOOOOO 00000000000 

00000000000 00000000000 

00000000000 00000000000 

lTl III m ill 
L ___ --------" = 0 0 

o 00000 

B [ill] BBBBI 00000 
o DO~ 0 DOD. 00000 

0 

• • IN OUT 

• • IN OUT 

• • IN OUT 

• • IN OUT 

• • IN OUT 

• • LO G 

• • IN OUT 

• • IN 

-0-

UHiJ ~ HtHHW~ UHlliH##H~ 
-0-
-0-

~ ~ 
~ ~ 

x E> 0 0 • KX 

IN K OUT 

....,. .... 

~ 
x 

: 
G • f (x,y) 
OUT 

y 
LO 

See Chapter 5, Sections 5.1.5.1, 
5.1.5.2, and 5.1.5.4 for examples 
of tnis configuration in use 

x 9 0 G • KX 

IN K OUT 

Patching a Potentiometer 

Figure 4-6 
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4.2.1.6 Arbitrary Function Generators 

Each AD/FIVE area may contain one dual Arbitrary Function Generator. 
The device is como1ex to set up, compared to all of the other devices 
discussed in this chapter. Hence, the description of the various op­
tions associated with the Arbitrary Function Generator is to be found 
in an appendix to this manual. 

I tH-j-H-H-I-H-J-I-1 

HlliJ ~ ~m1H#~ ~mHHtmH#t~ 
~I· .. ~ L. ___ J-=---,-] 

~ ~ QOOOOoooooo oocooonODOO 
00000000000 00000000000 

00000000000 00000000000 ----III !ll III III 
[~---...-~-~ [=-:J t> n 

0 LJ[][]OD 

IS rnnIl oOO(JO 
00000 00000 

0 noD 00000 oonOD 
0 

• • 0 z, 0 ~ 
X F x 

• • 1 

El> IN F Z2 (!) 
IN 

Patching an Arbitrary Function 

Fiqure 4-7 

0 
FO 

0 
F, 

~ 
~ 

• FO (Z,) 

• F, (Z2) 

Generator 

4.2.1.7 Convertible Multiplier 

16 

Each analog area contains the terminations for one Convertible Multiplier. 
This multiplier may be converted into a pair of square or square-root 
function generators. A separately addressable internal amp1ifier~ which ;s 
required in order to provide a pair of such function generators when con­
verted, is released when the device is used to multiply or divide, as shown 
in Fiqure 4-9. 

Note: Non-convertible multipliers (Section 4.2.1.8) may be installed in 
the slot used for the convertible multiplier. If this is done, all use of 
the IN, OUT, and CVT terminals shown in Fiqure 4-9 is iqnored. Of course, 
only the multiply and divide confiqurations can then be achieved. 
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Note: Either the convertible or the non-convertible multipliers may be 
installed in the Arbitrary Function Generator card slots as an option to 
increase the multiplier complement. If this is done, then the terminations 
will be as shown in Fiqure 4-8. 

• • 0 • • X F R -XV 

• • 1 • • IN F X V 

Labelling of Function Equivalent Labelling 
Generator Area for Multiplier 

Multiplier Terminated in a Function Generator Slot 

Figure 4-8 

Note that the equivalent terminations for a multiplier in an Arbitrary 
Function Generator slot are identical in position to the terminations 
of a standard non-convertible multiplier slot. It is thus not necessary 
to refer to this figure in order to patch th~ multiplier. The operator 
may simply look at the labelling of a standard multiplier slot and patch 
the multiplier in the arbitrary function qenerator slot in the same con­
figuration, using a one-to-one correspondence. 

I-tt+-H-H-H-I-I-H-j 

I I ::::J I I I 

00000000000 00000000000 

00000000000 00000000000 

00000000000 00000000000 

l1J II] m III 
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o 00000 

B ITIIIIJ 9 §§§ P 00000 o 000 0 0 00000 

~~OOtH~ 
~ 
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t~lliHH#~~ 
~ 
~ 

:@ 
-E> 
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CAUTION: The following restrictions must be observed when patching the 
convertible multiplier in order to obtain meaningful results: 

luI + Ivl ~ 2 ...... 
R -xv u -uv 

• • X IN 
V 

• • V OUT 

• • CVT G 

W E)IN [> GOUT • -w 

Separate Multiplier and Inverter 

CAUTION: The followinq restrictions must be observed when dividinq in 
order to obtain the proper results: -- M>O 

IZI~M 

R t:xy 

X IN 

• • V OUT 

• • CVT G 

z----I .. 

M--~ t-----

Z 
M 

w-~E)""IN--t[>>---tGOUT .-w 

Separate Divider and Inverter 

Care must be taken to avoid values of Z and M too near zero, as inaccurate 
results will be obtained due to inherent sensitivity of the circuit to 
noise for very small input signals. 
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Patching a Convertible Multiplier 

Fi ~lUre 4-9 
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CAUTION: Care must be taken when oatching for dual square root to observe 
that: 

ex: J 

R 

~ -J )--oOUT· -/ff/ X IN ..... 
0 

• CVT 

4.2.1.8 Multiplier 

G 

NOTE: ex: < 0, {3>0 

Dual Square Root 

Patching a Convertible Multiplier 

Fiqure 4-9 

Each AD/FIVE area has provision for up to four non-convertible multipliers. 
Patching for multiplication and division is shown in Figure 4-10 for the 
two normally assigned slots in each area. This multiplier may be substi­
tuted for the convertible multiplier. If this is done, see the note in 
Section 4.2.1.7. In addition, this multiplier may be substituted for an 
Arbitrary Function Generator. If this is done, see the note in Section 
4.2.1.7, and Figure 4-8. 
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1& 
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CAUTION: ICX:I+I~I ~ 2 must be observed when oatching the multiply 
configuration . 

R 

X 

R 

X 

..... cx:--+ ...... ---
-XV 

•• V 

8 ~o 
Iyl ~ 8 

• ~XY • Y 

must be observed when patching the divide configuration. 
Care must be taken to avoid values of D and E near zero. 

8---+ ..... --........ 

y---+ .. 
y 

8 

(Some overrange is allowed. The amount varies with the individual unit.) 

Patching a Multiplier 

Figure 4-10 

4.2.1.9 Dual Square Function Generator 

20 

A pair of fixed function generators, whose outputs are the square of their 
inputs, can be substituted for the multiplier. Patching is as shown in 
Figure 4-11 and 4-12. 
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0xi SQ 

0v1 SQ 

Patching a Dual Square Function Generator 

Figure 4-11 

I-H-l-l-H-H-I-I-I-H-I 
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~ ~ 00000000000 00000000000 
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8 rrrrm 88888 00000 o 000 00000 00000 
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FNC. .• whose address ends in 4 

+1 -1 G ~-----

•• -XV '-' r 
• • H CIYl ___ J---J 

R 

X V 

CAUTION: 

FUNCTION 

CONTROL 

LINES 

In patching the dual square root 
configuration, the following 
conditions must be observed: 

· -IJHI H>O 

Patching the Dual Square Function Generator for Square Root 

Figure 4-12 
Note: This function generator can also be used in the convertible 
multiplier or Arbitrary Function 6enerator slots. If used in the 
Convertible Multiplier slott the IN, OUT, and CVT tenni-nations are 
ignored. If used in the Arbitrary Function Generator slot, see 
Figure 4-8 for patching equivalence. 

Note: To address the output at the -XV tennination, the non-linear 
slot is addressed as labelled. To address the output at the R 21 
termination, the non-linear slot as labelled PLUS ONE is addressed. 
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4.2.1.10 Sine Cosine Function Generator 

The Sine Cosine Function Generator is a fixed function generator employed 
to aenerate triaonometric functions of a deDendent variable or variables. 
Patching isas shown in Fiqure 4-13. 

CAUTION: The followin0 conditions Must he observed when patchinq the 
Sine Cosine Function Generator: -1' S 8 ~ l' 

- 1'/2 S 4> S 1'/2 

~--------- - ~- ---- --- ---- -- .. ------------- .. -

r- -~--, ~--- l ___ . 
r ~J~JC]ULJC~18 =[~=:":' 

~oocooooooo ~~c==Cc~'~c .. 
OJOODO[JOOOO DDOOOD~C:': ~ 

I [I <, 

.......-.. sin( 8+ 4» ll.._ ..... 
l' 

24>_ ................. _--1 

l' 

8 and 4> are expressed in radians 

Patchinq a Sine Cosine Function Generator 

Fiqure 4-13 

Note: The Sine Cosine Function Generator can be mounted in place of the 
Arbitrary Function Generator or the Convertible Multiplier. In the case 
of the Convertiole Multiplier slot the IN, nUT, and CVT holes are ignored. 
See Figure 4-8 for the equivalent patching of the Sine Cosine Function 
Generator in the Arbitrary Function Generator slot. 

4.2.1.11 Loq Function Generator 

22 

The Loq Function Generator is a four-decade fixed function qenerator. 
It can be substituted for any of the multipliers or the Arbitrary 
Function Generator. Patchina and a mathematical definition are qiven 
in Fiaure 4-14. 
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X -xv 10 

X IN 
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R 10 

~---' 

o 

CVT 
Patching a Dual Log Function Generator 

Fiqure 4-14 

If the log generator is mounted in a convertible multiplier slot, the 
anti-log function may be obtained as shown, by patching CVT to -1. 
Otherwise the R, X, V, -XV terminations mean the same for either mountinq 
slot. If mounted in the Arbitrary Function Generator slot, patching . 
follows the equivalent terminations depicted in Fiaure 4-8. The log 
cannot be patched in the feedback of a high-qain amplifier to aet the 
anti-log function. The anti-10q function-can only be obtained-by use of 
the CVT to -1 patching. 

4.2.1.12 Limiter 

The purpose of the Limiter is to limit the output of an operational 
amplifier within preset upper and lower values, and then to hold those 
values even for large input value changes which would normally command 
output values in excess of the nreset limits. The Limiter is therefore 23 
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a device which is "attached" to an ooerational amolifier whose output 
is to be held between desired programmable limits'. Six Limiters per 
field are the normal AD/FIVE complement, but six additional Limiters 
may be added in the optional areas indicated by the hatched shadinq in 
Figure 4-15, makinq a total of twelve Limiters per field. 

l-tH1-~H-H-H-H-1 

~~~Hm~ ~tH#ttH#i~ 
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Note; X is defined as the normal value of the problem variable input 
to the limited amplifier as held between the limits of E and p. Both 
the upper and lower limit terminations +L and -L must be patched rn-­
order for the Limiter to be operational. The following conditions 
must a1 so be observed: p S Z S € 

p<E 

-€-:£) 
AMPLIFIER 

TO BE LIMITED 
+L 

• • -p-:£) 
+l N -L 

Z • • N -l FB 

Patching a Limiter 

Figure 4-15 

Note: Limiters are not intended for use with integrators. It is 
doubtful if there is any physical system which is correctly simulated 
by a limited integrator. To appreciate this; consider an inteqrator 
whose output represents diso1acement. The input would represent velo­
city. Limiting the integrator to simulate a mechanical limit stop would 
restrict the maximum displacement but would leave the acceleration and 
velocity unaffected, which is clearly erroneous. 

Therefore, the dynamic performance of this limiter has been optimized 
for use with the summers. Alternate circuits are provided in Chapter 5. 
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4.2.1.13 Comparator 

Each AD/FIVE field normally contains eight comparators. Each comparator 
has two analog inputs, a logic output and its complement, a logic enable 
control input, and a single-pole triple throw tOQgle switch and indicator 
lamp located on the logic control panel (See Section 4.2.2). A comparator 
compares two analog quantities and provides a logic one outout if the sum 
of the two quantities is greater than zero, a logic zero output if the sum 
of the two quantities is less than zero. A logic zero patched into the 
enable input allows the programmer to latch (freeze) the .output·when desired. 
The three position toggle switch allows the operator to select an arbitrary 
output of logic one or logic zero. Note that the toggle switch overrides 
the operation of the comparator at all times, whether or not the comparator 
is enabled. For normal operation of the comparator, the toqgle switch 
should always be centered. Moving the toqgle switch up will provide a 
logic one output from the comparator; returning the switch to center position 
will not change tne output value. If the switch is left up, however, the 
comparator output wi.ll rematn at logtc one reqardless of input changes. 
Likewise, moving the switch down will make the comparator output a logic 
zero, and the output will remain a logic zero as long as the switch is 
in the down position; moving the switch back to center will not change 
the output, but will free the comparator output to respond to input 
changes. 

Four additional comparators may be added to each AD/FIVE field in place 
of the Track/Store Networks. These comparators behave in the same way as 
the standard complement of comoarators, except that they are always enabled 
and do not have indicators or switches on the control panel. 

If both analog inputs are zero at the beginning of a problem, the logic 
output value Q is indeterminate. To provide a determined (or even a false) 
value at t = 0 the following procedure is employed: 

1. Arrange to have W = 0 prior to t = 0 
2. Move the selector switch up for a value of logic one or down for a 
value of logic zero 
3. Move the selector switch to the center position; the value selected 
will not chanqe 
4. Arrange to have W = 1 at t = 0; Q will immediately depend upon X and Y 
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4.2.1.14 Track/Store Network 

Each AD/FIVE field may contain four Track/Store Networks. These networks 
are lIattached ll to a high gain ooerational amplifier to provide the track­
store capability. Initial condition inputs and controls are provided. 
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Logic Computing Elements 

This section describes the patching of trre Logic Computing Elements. All 
of these elements are to be found tn the upper third of the patchboard. 
These logic elements have inputs and outputs wflich can exist at only one 
of two possible states, logic one or loaic zero. Logic one and logic zero 
are implemented on the computer by two voltages (nominally, logic one: zero 
volts; logic zero: +5 volts). When operatinq the AD/FIVE, the important 
properties of logic one and loqic zero are the following: loqic one at an 
input causes the labelled action of that input, e.g., loqic one at the in­
put of an OR gate causes the output of the gate to be logic one. Or, as a 
further example, log;c one at the input H of an integrator control causes 
that integrator to assume the HOLD mode. Outputs are patched to inputs. 

Outputs are a logic one or a logic zero. Most outputs have an indicator 
lamp. If the lamp is lit, the state of the device is logic one. Most 
outputs have built-in logic inverters (complementors) with the complement 
output terminated at OUT. Hence the computer equipment complement excludes 
free loqic inverters. For the few cases where comnlementation is required, 
a NOR gate (OUT termination of an OR gate) is used. In general, it is 
desirable to have readily available the complement of any qive siqnal, as 
the complement can readily be AND'ed with some other signal as shown in 
Figure 4-20. 

Inadvertent patching of analoo reference to any logic device will cause a 
protect circuit to temporarily activate~ No physical harm will be done. 
Recovery is automatic upon removing the cause. 

To operate and monitor certain logic devices a control panel is located 
immediately above the main control panel. Figure 4-18 depicts this panel. 
Descriptions of the individual indicator lamps and switches will be found 
in the appropriate sections which describe the individual computing elements. 
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4.2.2.1 
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Gates 

AD/FIVE gates are terminated as OR/NOR qates. Two, four, and six-input 
variations are available. According to DeMoraan's Theorem AND/NAND functions 
may be performed by OR/NOR qates. This is shown is Fiqure 4-20. 
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Patching Gates for the OR/NOR Function 

Figure 4-19 
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ORe e OUT ~~ ~X'Y(NANDl 
ORe eOUT Y OR x·y (AND) 

OUT 

ORe e OR 

ORe e OUT 

ORe ern 
(AND) 

ORe e OR 

ORe e OR (NAND) 

x 
ORe e OUT y 

ORe 
I 

Note: It;s not necessary to patch all OR inputs to a qate. Only the 
number of siqnals needed is patched to qate inputs. To obtain the AND 
of three values t for example t a four or six input gate may be used t and 
only the three inout signals are patched. The rema;ninq ;nput(s) are 
ignored. 

Patching gates for the AND/NAND Function 

Figure 4-20 

(AND) 

4.2.2.2 Dual Flip-Flop 
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The AD/FIVE flip-flops are des;qned to be used independently or as in­
dividual cells in binary up or down counters. Each flip-flop oair has 
common ENABLE and LOAD~utSt but has individual TRIGGER t SET t CLEAR t 
LOAD SET, and OUT and OUT terminations. Except for receiving common 
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enable and load signals, the flip-flops in a pair are completely inde­
pendent and any desired interaction between them (such as shiftings or 
counting) is programmed by the operator. Another pair of terminals, CO 
and CO (Carry Out and its complement), is provided to simplify UD and 
down counter programming. Chapter 5 presents several examples of counter, 
shift register, and individual flip-flop proqramming. 

In addition to its logic patchboard terminals, each flip-flop has an 
indicator lamp and a single-pole triple throw spring return toggle switch 
on the logic switch and indicator panel. The following paraqraohs give 
a description of flip-flop ooeration in the three loqic modes. All tran-
sitions are synchronous.' . -

LOAD A flip-flop may be in LOAD because the computer logic mode is LOAD, 
or it may be commanded to LOAD individuall.y by having a 10Qic one on its 
LD input. In either case, the flip-flop OUtDUt will be determined by 
either the toggle switch or the LDS input on the logic patchboard. When 
it is patched from some other logic device, the LDS input overrides the 
toggle switch in determining the flip-flop load state output. 

RUN A flip-flop will be in the RUN mode whenever the logic mode is RUN 
unless a logic one is patched into its LD input. In RUN, flip-flops respond 
to changes in the logic levels on their inputs (trigqer, set, and clear) at 
a rate determined by the basic computer clock and the signal patched into 
the flip-floD enable input. Changes in output state may occur only when 
there is coincidence between the basic computer clock and the enable input. 
These coincidences are referred to as enabled clock periods. 

SET: When SET is logic one and CLR and T are zero, OUT will be logic 
one at the end of the next enabled clock period. 

CLR: When CLR is logic one and SET and T are zero, OUT will be logic 
zero at the end of the next enabled clock period. 

T: When T is logic one, OUT will chanqe its state at the end of 
each enabled clock period. A logic one on both SET and CLR has 
exactly the same effect as a loqic one on T. 

STOP A flip-flop will be in the STOP mode whenever the logic mode is STOP 
unless a logic one is patched into its LD input. In STOP, the flip-flops 
store the last state they had before the transition to STOP mode. 

There are three conditions, however, that will allow a flip-floo to 
change state during the STOP mode. Logic Step allows the advance of the 
logic program for one cloCK pertod upon ousninq the LOGIC STEP button 
while in the STOP mode. Advance Step allows the logic program to go to 
RUN for a predetermined number of clocK periods when the AST terminal 
is patched to a logic one. If any enabled clock periuds occur during 
use of either of these two features, the flip-floD may change states. 
The third condition occurs when the flip-flop toqqle switch is depressed 
while the mode is STOP. This complements the output for the individual 
flip-flop. The switch is spring returned to center from the down 
position, and the original state of the flip-flop may be resumed by . 
depressing the switch a second time while the mode is STOP. 
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Flip-Flop/Oifferentiator 

Immediately below each dual flip-floD is a flin-floD differentiator. The 
flip-flop is a normal synchronous flip-flop with ENABLE, SET, CLEAR inouts 
and OUT and OUT outouts. There is no switch on the loqic control panel. 
An extra qate is built in to nrovide convenient oatchinq of a differen­
tiator circuit. The qate output is the OIF termination. 

A careful study of the truth table in Fiqure 4-22 reveals that the OIF 
outout is a signal which predicts the 100ic zero to one transition of the 
output of the associated flip-flop. The OIF output sianal is of proqram­
mab1e duration, and the length of the OIF siqna1 and its frequency of 
occurrence may both be controlled by the ooerator. If, for examo1e, a 
logic one reference is natched into both SET and CLR, and E is a V1S 
signal, then the duration of the DIF siqna1 is one second, and the OIF 
signal is present for one second, absent for the next second, then present 
for the next second, etc.; if E is a V100M signal, then the duration of 
OIF is .1 second, and the OIF signal is present for .1 second, absent for 
.1 second, present for .1 second, etc. The OIF siqnal lasts as long as 
SET is a logic one and OUT is a logic zero. Thus,"disablinq the flip-flop 
differentiator when the flip-floD is set, but before it chanqes state, will 
cause the OIF output to be a loqic level one. See Chapter 5, Sections 
5.2.3, 5.2.3.1, and 5.2.3.2 for details on aop1ications of this useful 
computing component. 
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4.2.2.4 Two Decade Variable Carry-nut BCD Counter 

A fully expanded AD/FIVE contains four Variable Carry-nut BCD Counters. 
These counters normally count from 0 to 99 (100 counts) renetitively, 
and provide an additional carry-out (CO VAR) at an intermediate count 
value determined by the setting of a two decade thumbwheel switch. This 
carry-out occurs (yields a loqic one) when the followinq conditions are 
true: 

A. The count is equal to one less than the value set on the 
correspondinq thumbwheel. --

B. The carry-in (CI) is a loqic one. 

Another terminal, CO 100, provides a carry-out when: the count is 99 and 
CI is a loqic one. 

A powerful adjunct to the thumbwheels used to set the variable carry-out 
is a set of oatchboard inputs which allow this variable carry-out to be 
set by patched logic values. To achieve this control a logic one signal 
is patched to the inhibit switch (ISW) inout hole. The thumbwheel is now 
ignored and patched BCD inouts determine the variable carry-out value. 
Only valid BCD values will work. Valid and non-valid BCD values are 
tabulated below. 

VALID BCD VALUES 

DECIMAL VALUE BCD VALUE 

° 0 
1 1 
2 2 
3 2 
4 4 
5 4 1 
6 4 2 
7 4 2 1 
8 8 
9 8 1 

10 10 
20 20 
30 20 10 
40 40 
50 40 10 
60 40 20 
70 40 20 10 
80 80 
90 80 10 

EXAMPLES 

73 40 20 10 2 T 
49 40 8 1 
R8 80 8 
11 10 1 
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Any combination of: 

NON-VALID VALUES 

80 and 40 
80 and 20 
8 and 4 
8 and 2 

Indicator lamps are provided on the Looic Control Panel to monitor the 
count in the counter. The lamps are BCD coded (80~ 40~ 20~ 10~ 8~ 4, 2, 1). 
The clear (CLR) input is synchronous, i.e., it clears the count in the 
counter to zero upon receiving the next clock pulse, but the pulse does not 
need to be enabled, i.e., the CLR input will clear the counter whether or 
not the E input is enabled. 
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Patched inputs for variable carry-out value 
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Count increments for each enabled clock pulse if CI = loQic one 

Remaininq inouts and outputs are defined in the text 

Patching a Variable Carry-Out BCD Counter 
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- 4.2.2.5 Multiple Carry-Out BCD Counter 

A fully expanded AD/FIVE contains four Multiple Carry-Out BCD Counters. 
These counters normally count from n to 99 (100 counts) reoetitive1y 
and orovide a number of carry-outs from several terminations at various 
intermediate count values. These carry-outs are tabulated below. Carry­
out are a loqic one ~ if the carry-in (CI) is a l09ic one. 

Output Value of the count in the counter 

Terminal which will provide a logic one at 
the output. 

CO 2 1, 3, 5, 7, 9, 11 , - - - - 95, 97, 99 

CO 5 4, 9, 24, 19, 14, 29, - - - - 89, 94, 99 

CO 10 9, 19, 29, 39, 49, 59, 69, 79, 89, 99 

CO 20 19 39 59 79 99 

CO 50 49 99 

CO 100 99 

Other terminations (E, CI, CLR) function in the same way as the similar 
terminations of the VCO BCD Counter. CLR does not need to be enabled. 

There are no indicator 1amos. The fact that the counter is built internally 
in BCD format is presented for information only, since there are no indicator 
lamps or BCD coded terminations. 
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4.2.2.6 Interval Timer 
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The operation of the Interval Timer under pushbutton control is described 
in Chapter 3. There is a set of patchboard holes which allow the Interval 
Timer to be used as a loqic element. When used as such, it is a three-bit 
rinq-counter with thumbwheel settable variable counters determining the 
counts which cause the rinq-counter to shift states. Such loqic patchboard 
use does not interfere with the previously discussed use of the IT as an 
analog mode controller under Loqic Exec control. Patchino of the Interval 
Timer is shown in Figure 4-25. 
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the clock period imme­
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(COUNT THUMBWHEEL ENABLE) 

The SKP input is always active, whether or not E is a loqic one. A loqic 
one patched into SKP cancels the present state of the interval timer and 
advances the timer to the next state at the next enabled clock pU~KP. If 
the count has been reached and the state is ready to chanqe when goes 
to a logic one, then the entire next state is skipped at the next enabled 
clock pulse. 

Patching the Interval Timer 
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4.2.3 

4.2.3.1 

Miscellaneous Computing Elements 

This section describes miscellaneous computinq elements used in 
analo9 usage of the AD/FIVE. Holes which are devoted exclusively 
to hybrid applications are described in the AD/FIVE hybrid manual. 

Analog Reference 

The analoq reference is terminated in holes located throughout the 
lower two~thirds of the patchboard and labelled +1 and -1 as shown 
in Figure 4-26 

I +1 ~ ~ -1 I o~--... +1 

0---"· -I 
Patching Analoo Reference 

Figure 4-26 

4.2.3.2 Logic Reference 

The logic reference is terminated in holes located in the upper third 
of the patchboard and labelled 0 and 1 as shown in Fiqure 4-27. 

0 ~ ~ 1 

0 ~ ~ 1 00 ' LOGIC ZERO 

GiJ ,0 • LOGIC ONE 

Patchinq the Loqic Reference 

Figure 4-27 

4.2.3.3 Switches 

The AD/FIVE Logic Panel contains two togqle switches not yet discussed. 
These are the Loqic and Function switches. See Fiqures 4-28 and 4-29 
for patchinq of these switches. Terminations for the switches are 
obtained as' the computer is expanded. LOQic outputs of the switches 
are suitably buffered to prevent multiple triggerinq of l09ic devices 
due to mechanical bounce of the switch contact. 
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NOA- -NOB --NCA NCB - -AA AB 

Logic one if 
switch is UP 

F 

Two position switch, 
UP and CENTER 

Patching this input qives 
control of the relay. A 
logic one will activate 
the coi 1 

I 
I I 
I 

r1r1 
AA ARM, Relay A NOA NeA AA AB NCB NOB 

NCA Normally closed, Relay A 
NOA Normally open, Relay A 

AB ARM, Relay B 
NCB Normally closed, Relay B 
NOB Normally open, Relay B 

Relays are used for these switches. 
Signal flow can be in either direction. 

Patching a Function Switch 

Figure 4-29 
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4.2.3.4 Trunks 

Trunks provide patchboard terminations from external sources connected 
to the wiring plane, and are used for slaving, control of external 
devices, etc. Each analog area except 00 can have ten trunks. Trunks 
0-4 are addressable. 

Logic trunks are not addressable. Logic trunks may be located as follows: 

Twenty trunks in area 11 
Groups of up to ninety-six trunks in field 1 

Analog Trunk Terminations Logic Trunk Terminations 

o • . ' TRI( TRK 

2 • • 3 
TRI( TRK 

4 • • 5 
TRI( TRK 

' . • 1 
TRK TRK 

II. TRK •• TRK 

CAUTION: Addressable 
trunks 0 to 4 exhibit 
a ground connection 
when the AD/FIVE power 
switch is turned off. 

00. • 01 
TRK TRK 

02 • • 03 
TRK TRK 
04 • .05 
TRK TRK 

01 • • 07 
TRK TRK 

01 • • Ot 
TRK TRK 
10 • • 11 

TRK TRK 

12. • 13 
TRK TRK 
14 • • ,5 
TRK TAK 

16. • ,7 
TRK TRI( 

18. .,9 
TRI( TRI( 

20 • • 21 
TRK TRI( 

22. .23 
TRK TRK 

24. .25 
TRK TRK 

26. • 21 
TRK TAK 

21. • 29 
TRK TAK 

30. .31 
TRK TAK 

Trunks 

Fiqure 4-3(1 

32 • • 33 64 • 
TRK TRK TRIl 
34 • .35 6& • 
TAK TRI( TRK 

3& • • 31 ... 
TRK TRK TRK 

31. .39 10 • 
TRK TRK TRK 

40. .41 72 • 
TRK TRK TRK 

42. .43 74 • 
TRK TAK TRK 
44 • .45 16 • 
TRK TAK TAK 
46 • • 47 71 • 
TRK TAK TRK 

41. .49 10 • 
TRK TRK TRK 

50. • 51 12 • 
TRI( TRK TRK 

52. .53 84. 
TRK TRK TRK 
54 • .55 16 • 
TRK TRK TRK 
56. .57 88 • 
TRK TRK TRK 
58. .59 90 • 
TRK TRK TAK 
60 • • 61 92 • 
TRK TRK TRK 62. .63 94. 
TRK TRK TRK 

.&5 
TRK 

I 1 
TRK. .TRK 

.67 
TRK 

2 3 
TRI. .TRK 

• U 
TRK 

4 
.TA

5
• TRI. 

• 11 
TRK 

I 7 
TRI. .TRK .73 

TRK 
I • Till • • TRI 

• 75 
TRK 

10 er 11 
Til. RK 

• 77 
TAK 

12 .'3 Till. TRK 
• 19 

TAK 
14 15 
TRI • • TRK 

.81 
TRK 

,. 17 
Till. .TIII .83 

TRK ". ." Till Till 
.85 

TRK 
• 81 

TRK 

• 89 
TRK 

.91 
TRK .93 
TAK 

.95 
TRK 

4.2.3.5 Free Impedance 
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Special Free Impedance cards may be installed in the center slot in 
any analoq area except Field 0, Upper Analoq Area O. These cards 
contain free resistors, free diodes" and special lido it yourself ll 

impedance networks. The user may install whatever networks he wishes 
on the UDper portion of this card. 
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I ttl---1-H-I-H-H--i-I-1 

~~I-::l I I n:d 
00000000000 00000000000 

00000000000 00000000000 

00000000000 00000000000 

III III rn III 

C~-:-::--=--===:J = (; 0 
o 00000 

B ITIIIIJ B BBB B 00000 o 000 00000 00000 
0 

z •• Z 
.1 0 OU 

Z •• Z 
.1 1 OUT 

Z •• Z 
.1 2 OUT 

Z •• Z 
.1 3 OUT 

Z •• Z 
.1 

0+ 

I 

0+ 

G 

1 

1 

•• 
•• •• • • • • • • • • • • 

• 

10 

I 

11 

-0-
-0-
-0-
-0-

UHB~m#Hm~ ~HlliHU#HU~ - -- - -0-

~ 
~ 
,i==t-
,i==t-

ZIN 
Z 

ZOUT 

N 

Patch to SJ of summer, 
inverter, or summer/ 

10 integrator confiQured 
as a summer, in order 
to augment the number 
of inputs 

Patching the Free Impedance Network 

Figure 4-31 
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4.2.4 Control and Miscellaneous Patchboard Terminations 

The following section of this chapter gives a resume of control and 
miscellaneous terminations and references to previous discussions of 
these terminations as they are given in the Reference Manual. Chapter 
4 thus gives a complete descriptive catalog of all patchboard terminations 
used in analog applications. Patchboard terminations for ~ybrid usaoe 
are discussed separately in the section of the Reference Manual on hybrid 
usage of the AD/FIVE. 

4.2.4.1 Analog Mode Control 

I~T •• M~ 
s •• C 
H H 

:p. ·0; 

Fiqure 4-32 

4.2.4.2 Logic Mode Contr'ol 

t 

tAsTe ·c~c 
is. ·s~p 
ISTP 
R~N· ·R~N 

Figure 4=33 

Analog Mode Control: System Outputs and Enabled 
Console Inputs. Chapter 3, Sections 3.1.5,3.2.1, 
and 3.2.4.2. 

S INT: 
S H: 
SOP: 
E CMC: 
C MH: 
C H: 
COP: 

System Interrupt 
System Hold 
System Operate 
Enable Console Mode Control 
Console Master Hold 
Console Hold 
Console Operate 

Located in field 0, loqic area 1. 

Logic Mode Control: System Outputs and Enabled 
Console Inputs. 

AST: 

S STP: 
S RUN: 

E CLC: 
C STP: 
C RUN: 

Advance Step Terminal. Chapter 3, Section 
3.1.2.5. 
System Stop 
Sys tem Run 
Chapter 3, Sections 3.1.5 and 3.2.2. 
Enable Console Loqic Control 
Console Stop 
Console Run 
Chapter 3, Sections 3.2.2 and 3.2.4.2. 

Located in field 0, l09ic area 1. 

4.2.4.3 Console Mode Control Outputs 

Fiqure 4-34 
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Console level mode control outputs from the Hold 
Bus and Operate Bus. These terminals provide a 
logic output for console level mode control, and 
reflect the console mode as controlled by the con­
trol panel mode control Dushbuttons, the interval 
timer mode control, or the patched console mode 
contro 1. HB provi des a 1 oqi c one out~L!t v!h_en the 
console mode is Hold; OPB provides a looic one 
output when the console mode is Operate. 

Located in fields 0 and 1, l09ic area O. 
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4.2.4.4 Overload Signals 

MOV· ·O~ 
OV • 
IN 

• OV 
OUT 

Fiqure 4-35 

4.2.4.5 Time Scale Control 

,·I·c~ 
s •• C 

X'D Xl0 

X~O. .X~O 

F;~ure 4-36 
4.2.4.6 Time Control Signals 

p •• pi 
10" 100., 

~M • • ,:M 
':OM •• 1~ 
,VM· 

F;qure 4-37 

Overload Logic Output Signal Terminations. 
Chapter 2, Section 2.2.4, and Chanter 3, Section 
3.2.4.2. 

M OV: 

OV IN: 
E OV: 
OV OUT: 

Master Overload. This output is useful in 
slaving, and provides loaic signal outout 
of any overload in the entire system when 
OV OUT of the slave console is enabled by 
a logic one in E OV and patched to OV IN 
of the master console. M OV on the master 
console then functions as a system overload 
logic output. On the slave console, M OV 
functions as a console overload logic outout. 
Overload In 
Enable Overload 
Overload Out 

Located in field 0, logic area 1. 

System Outputs for X10 and X100; Enabled Console 
Inputs for X10 and X100. Chapter 3, Sections 3.2:3 
and 3.2.4.2. 

Located in field 0, logic area 1. 

P Signals: Reference Timer Outputs. Chanter 3, 
Section 3.1.3.2. A pulse ;s a l~s duration siqna1. 

P1S = 1 pulse every second 
P100M = 1 pulse every 100 milliseconds 
P10M = 1 pulse every 10 milliseconds 
P1M = 1 pulse every millisecond 
P100lJ = 1 pulse every 100 microseconds 
P10lJ = , pulse every 10 microseconds 

V Signals: Variable Time Signals. Chaoter 3, Section 
3.1 .3.2. 

V1S = 1 pulse every second when time scale is Xl 
V100M = 1 pulse every 100 milliseconds when time scale is Xl 
V10M = 1 pulse every 10 milliseconds when time scale is Xl 
V1M = 1 pulse every millisecond when time scale is Xl 

V Signals may be multiplied in decade steps by use of 
the X10 and X100 time scale pushbuttons, up to 1 pulse 
every microsecond from the V1M output when the time 
scale is X1000. 

Located in field 0, logic area 1. (V signals may also 
be located in field 1, logic area 1. 
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4.2.4.7 Clock Selection and Output 

E~T •• 1 

EXT • • M~Z 
Fiqure 4-38 

4.2.4.8 System Lines 

• • PI ASO 

• • VM CAL 

• • +IC -IC 

• • +TS -TS 

Fiqure 4-39 

4.2.4.9 Slaving Terminations 

·P~B 

Figure 4-40 

46 

Chapter 3, Section 3.2.4.1. 

E EXT: 
EXT: 
lMHZ: 

Enable External Clock Selection 
External Clock 
AD/FIVE Clock Output 

Located in field 0, logic area 1. 

PB 
ASO 

VM 
CAL 
+IC 
-IC 
+TS 
-TS 

Patchboard. Chapter 3, Section 3.1.6.4 
Address Selector Output. Chapter 3, Section 
2.2.7.5 
Voltmeter. Chapter 2, Section 2.2.7.5 
VOFG Calibration. See Appendix on VOFG operation 

Problem Verify Terminals. Chapter 3, Section 
3. 1 . 1 .4 

Located in field 0, upper analoa area O. 

Chapter 3, Section 3.2.4.2. 

SL: 
E SL: 
SLOB: 
S PSB: 
E CLB: 
C LOB: 
C PSB: 

Slave Pushbutton Output 
Enable Slave Pushbutton Output 
System Load Bus 
System Pulse Signal Bus 
Enable Clock and Load Bus Controls 
Console Load Bus 
Console Pulse Signal Bus 

Located in field 0, logic area 1. 
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4.2.4.10 Recorder and Display Controls 

• • ROP REC RUN 

•• RCA REC RCB 

MKA .REC.IIKB 

IRUN. XY • PEN 

STS .DSp. DCA 

DCB .DSp.DCC 

Figure 4-41 

See Chapter 3, Section 3.2.4.3 . 
For information on the use of these terminations with 
the standard F6.18 Display Option offerred with the 
AD/FIVE, see the Display Option Manual. 

These terminations are located in field 0, logic area 1. 

4.2.4.11 Dynamics Terminal Controls 

For patching of these terminations, see the Dynamics Terminal Maintenance 
Manual. 

The Dynamics Terminal Control terminations are located in field 0, logic 
area 5. 

E· • co 
0.0. 1 

CFG Y CFG 

LO • .-co 

• ·1 CI _0. • OUT ITP 

2 .N. 3 
CFG A CFG 

4 .M.!i 
CFG ~ CFG 

C~G. S.C:G 

.2..... • OUT ITE 
o .r. 1 

OAC E OAC _3. • OUT CSI 

_4. • OUT CS2 o. • OUT OTt 

2 .R. 3 
OAC M OAC 4. 1• !i 
OAC ~ OAC 

6 .L. 7 
OAC OAC 

1. 
·OT2 OUT 

o. .1 
TAK TRK 3. • OUT OT4 

4. • OUT OT8 

• • RSL RS 

2 .S. 3 
TRK ~ TRK 

4 .r.!i 
TRK E TRK 

6 .M. 7 
TRK TRK 

• • GSL GS 
8. 1 • 9 

TRK R TRK 

• .A 
Z8 OSP 

• • ZR ZA 

IDeM. 11 
TRK K TRK 

12 .S. 13 
TRK TRI< 

• • 14. • 1~ 
XR VR TRK TRK 

Fiqure 4-42 
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4.3 CARD CATALOG 

48 

This section presents a description of each of the cards which mount 
directly behind the patchboard. Valid mounting slots are indicated, 
standard locations in black shading and optional locations in cross-
hatching. 
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D5.l40 Integrator and Switch Control 

The D5.140 contains mode and time scale controls 
for the integrators as well as control for the elec­
tronic switches in three areas or one fourth of the 
AD/FIVE. When expansion Integrators/Summers are 
used, each set of integrator controls acts on both 
Integrator/Summers in a given area and row. (See 
D 1.35 Integrator/Summer.) 

D5.141 Comparator and Track/Store Logic 

The D5.l41 contains the logic terminals for the 
comparators and track/store networks for one field 
or one half of the AD/FIVE. 

I 

SIX 

INTEGRATOR 

GAIN 

AND 

MODE 

CONTROLS 

T'v\'ELVE 

ELECTRONIC 

SWITCH 

CONTROLS 

E~ 

E~ 

E~ 

E~ 

E~ 

E~ 

E~ 

E~ 

TES
e 

T~IC 

T~IC 

TES
C 
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DS.l42 Interval Timer/Relay Control Card 

The DS.l42 contains logic override termina­
tions for the Interval Timer; outputs and 
logic overrides for six function switches 
found on the Logic Panel; and outputs from 
three logic switches on the Logic Panel. 

DS.l43 Reference Timer/DSP Control Card 

The D5.l43 contains a lMHz crystal oscilla­
tor and the circuit to select either this 
oscillator or an external oscillator as the 
logic system frequency generator; the card 
also contains circuits to generate the P 
and V signals which appear on the patch­
board; finally, recorder control signals 
and a block of FNC control lines are con­
tained on this circuit card. 

r 
r 

INTERVAL 

TIMER 

SIX 

opor 
RELAY 

CONTROLS 

AND 

FUNCTION 

SWITCHES 

THREE 

SPDT 

FUNCTION 

SWITCHES 

CONTROL 

REFERENCE 

TIMER 

RECORDER L 
AND 

DISPLAY 

CONTROLS 

FUNCTION 

CONTROL 

LINES 
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DS.l72 DTS Logic Trunk Buffer 

The DS.l72 contains address control, Inter­
val Timer control, and logic trunk circuit­
ry for coupling up to sixteen Dynamics Ter­
minals to the AD/FIVE. 

D9.l62 DTS Analog Trunk Buffer 

The D9.l62 provides eight trunks for Dyna­
mics Terminal System DAC outputs, sixteen 
trunks for analog signals, and eight pro­
tected logic buffer circuits for the DTS 
configuration switch outputs. 

CONTROL 

CIRCUITS 

FOR 

DYNAMICS 

TERMINALS 

TRUNKS 

TO 

DYNAMICS 

TERMINALS 
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D5.166 Comparator Logic 

The D5.166 contains logic terminals for twelve 
comparators in one AD/FIVE field. The four addi­
tional comparators (beyond the normal eight) replace 
track/store networks, and are always enabled. 

DS.144 Slave Control 

The DS.144 contains the control lines necessary 
for slaving. All terminals are provided for both 
master and slave operation of the AD/FIVE with 
another AD/FIVE. 

E~ 

.E~ 

E~ 

E~ 

Eb= 
E~. 

E~ 

E~ 

SLAVE 
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D5.l45 Flip-Flops, Differentiators, and Gates 

filllillill mEJlllll 
.... 
.... 

The D5.l45 contains two flip-flops with load in­
puts and a special carry-out output for use as a 
counter, one clocked flip-flop differentiator (pulser), 
one four-input OR gate, and one two-input OR gate. 

D5.l46 BCD Counters and Gates 

fillli~lllllm mEJ~lllllm 
.... 
.... 

The D5.l46 contains two two-decade BCD counters 
and two two-input OR gates. One of the BCD 
counters has a program or switch controlled carry­
out and the other BCD counter has multiple carry­
outs. 

E co 

LO Co 
1----------LOS 

:0; 
LOS 

:0: 
E 

:0: 
D>= 
~ 

TWO 

DECADE 

VARIABLE 

CARRY OUT 

COUNTER 

TWO 

DECADE 

MULTIPLE 

CARRY OUT 

COUNTER 

D 
=I7 
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05.147 Gates 

ffimWIIIII~ rumWIIIII~ 
.... 
lliilJttltItm lliilJttltItm 
The 05.147 contains two six-input OR gates and 
three two-input OR gates. 

05.165 Hybrid Access and Switches 

The 05.165 contains hybrid controls, eight digital 
interrupt lines, relay switch controls, and function 
switches. 
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D9.136 Sense and Control Lines 

The 09.136 contains 16 digital ~l"I1Se lille~ and Ib 
digital control lines. 

09.137 Logic Trunks 

The 09.137 contains twenty logic trunks, access to 
the variable timing signals, and nonlinear compo­
nent cOlltrollines for one AO/FIYF field. 

,-----~ 

Oli;ITAl 

CONTRO~ 

LINES 

SIXTEEN 

DIGITAL 

SENSE 

LINES 

TWENTY 

LOGIC 

TRUNKS 

VARIABLE 

TIMING 

SIGNALS 

GENERAL 

NONLINEAR 

CONTROLS 
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D9.143 General Purpose Trunks 

The D9.143 contains 32 general purpose, non-ad­
dressable trunks for use in an unexpanded AD/FIVE 
field. 

D9.142 Special Hybrid Access 

The D9.142 contains hybrid controls, and eight 
digital interrupt lines for use in an unexpanded 
AD/FIVE field. 
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D9.141 Special Sense and Control Lines 

The D9.141 contains 16 digital sense lines and 16 
digital control lines for usc in an unexpanded 
AD/FIVE field. 

D9.140 Spcci.t1 Logic Trllnk~ 

The D9. 140 contains twenty logic trunks and access 
to the variable timing signals for use in an unexpan-
ded AD/FIVE field. . 

SIXTEEN 

DIGITAL 

CONTROL 
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D 1.35 Integrator/Summer 

* 
The Dl.35 contains a combination integrator/summ­
er, access to an inverter. and access for three 
grounded pots or one grounded pot and one un­
grounded pot. 

* Replaces the D 1.36 Summer Card 

D 1.36 Summers 

The Dl.36 contains two summing amplifiers and 
access to one grounded potentiometer and one 
ungrounded poten tiometer. 
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D9.146 Pot Access Card 

The D9.146 contains access to three grounded 
pots or two grounded and one ungrounded pot. 
The D9.146 replaces either the Dl.35 or D1.36. 

DI.37 Comparators 

~~ 
The D 1.37 contains four comparators, access for 
one dual arbitrary function generator, two elec­
tronic switches terminated in a summer, and pro­
vision for ten 3nalog trunks. In field 0, area 0. the 
trunks are repbced with system lines sllch as ASO, 
YM, ±IC, ±T, etc. 

* Replaces the D 1.38 Track/Store Network Card 
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Dl.38 Track/Store Networks 

The D1.38 contains two track/store networks, access 
for a dual arbitrary function generator, two elec­
tronic switches tenninated in a summer, and ten 
analog trunks. 

D 1.40 Relays 

The Dl.40 contains two relay switches, access for 
one arbitIary function generator, two electronic 
switches terminated in a summer, and ten analog 
trunks. 
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09.147 OFG, Trunk Access 

The 09.147 provides access to ten trunks and the 
arbitrary function generator in that area. No ad­
dressing is provided on this simple feed-through 
card. 

02.18 Free Networks 

The 02.18 contains two electronic switches tenni­
nated in a summer, two free diode pairs, two free 
resistor networks, and provision for the customer to 
mount his own free impedance networks. The 02.18 
replaces any center analog card except Field 0 Area 
o where there are System Lines. 
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D9.138 Nonlinear Access 

The D9.138 contains access routes for one conver­
tible nonlinear element and two non-convertible 
nonlinear elements. The D9.138 replaces any center 
card in the Lower Analog area. 

D I .39 Limiters 

* t * * t * 
The D 1.39 contains two variable hard limiters, one 
access route for a convertible nonlinear element, 
two access routes for non-convertible nonlinear ele­
ments, and two electronic switches terminated in a 
summer. A non-convertible, nonlinear element may 
be used in a convertible area. 

* Replaces the D4.46 Digital to Analog converter 
card. 

t Replaces the D4.4 7 Analog to Digital Lines. 
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D4.46 Digital to Analog Converters 

The D4.46 contains access routes for four multi­
plying digital to analog -converters, one access route 
for a convertible nonlinear element, two access 
routes for non-convertible nonlinear elements, and 
two electronic switches terminated in a summer. A 
non-convertible nonlinear element may be used in a 
convertible area. 

D4.4 7 Analog to Digital Conversion 

The D4.47 contains eight access routes for analog to 
digital conversion, one access route for a convertible 
nonlinear, two access routes for non-convertible non­
linear elements, and two electronic switches termi­
nated in a summer. A non-convertible nonlinear 
element may be used in a convertible area. 
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D9.l43 General Purpose Trunks 

The D9.l43 contains 32 general purpose, non-ad­
dressable trunks for use in an unexpanded AD/FIVE 
field. 

D9.l39 External Pots 

The D9.l39 contains reference sources and access 
routes for 10 external potentiometers to be termi­
nated in an unexpanded AD/FIVE field. 
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4.4 PATCHBOARD MODULES 

66 

This section is a cataloq of available patchboard modules. Each of 
the modules provides patchinq to three of the printed circuit cards. 
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00 • • 05 00. .01 30 • • 35 
H H E E H H 

00 • • 05 00 • • 01 30 • • 35 
OP OP C C OP OP 

E~ 

SIX E~ SIX 

00 • • 05 O.!l. .~I 30 • • 35 
XIOO XIOO C C XIOO XIOO 

10 • • 15 02 • • 03 40 • • 45 
H H E E H H 

10. 
• 15 

02 • • 03 40. .45 
OP OP C C OP OP 

INTEGRATOR 

E~ 
INTEGRATOR 

GAIN GAIN 

AND 
E~ 

AND 

MODE MODE 

10. 
• 15 

01. 
• ~3 40 • • 45 

XI 00 XIOO C C XIOO XIOO 

CONTROl S E~ CONTROLS 

20 • • 25 40 • .41 50 • • 55 
H H E E H H 

20. .25 40 • • 41 50. 
• 55 

E~ 
OP OP C C OP OP 

20. • 25 4E • 
• ~I 50. 

• 55 XIOO XIOO C C XIOO XIOO 

E~ 

03. 
• ~7 42. 

• 43 
31. 

• ~.1 A A E E A A 

02. 
• ~7 42 • • 43 3_2. 

• ~7 ii B C C B B 

I~ • .l7 41. 
• ~3 43. 

• ':7 A A C C t A 

12. • 17 20 • 
• 30 

41. 
• ~.1 B ii TR TR B B 22. 

• 2..1 
20. 

• 30 
5J. 

• ~7 A A IC IC A A 

E~ 
TWELVE 

T1&C 

TWELVE 

ELECTRONIC ELECTRONIC 

SWITCH T~IC SWITCH 

CONTROLS CONTROLS 

T~IC 

I, 21. .2J 21. 
• 31 

51. 
• ~7 B B TR TR B B 

• • 21. 
• 31 • • 

T1&C 

I 
HB OPB IC IC HB OPB 

f" 0 D U L E 1 C 7 I 8 6 

CONTROL 

E· ·SKP E~T· ., AST 8 8c~c 

LD8 8 1ic EXT 8 8M~Z s~p8 8s~p 

A 8 8 B 1~Jl8 8 1O: Jl R~N8 8R~N 
INTERVAL 

TIMER 

A8 8 ii ~M8 8 ,: M SL 8 8s~ REFERENCE 

c 8 8 co 1:0M8 8,~ , 8 8C~B 
TIMER 

c 8 8 co ~M8 8'0~ L~B8 8L~B 

0 8 8 , 1:0M8 8 ,~ p~B8 8p~B 
10 8 8 '0 88 ~8c~t RLY FSW ROP REC RUN 

SIX 
SLAVE 

DPDT RECORDER 

"8 RLY 8" FSW 8 8 RCA REC RCB I~T8 8M~ RElAY AND 

30 8 8 30 
MU8

RFr.
8 MKB 

s8 8 c 
RLY FSW H H 

CONTROLS DISPLAY 

AND CONTROLS 

31 8 8 31 
RUl! .xy 8 PEN :p8 80~ RLY FSW 

50 8 8 50 
STS 8DS~DCA ~8c~s RLY FSW 

FUNCTION 

SWITCHES 

51 8 8 51 
DCB 8DSp8DCC X~08 8X~0 RLY FSW 

THREE 
FUNCTION 

UP 8 0 8 DN F:C 8 8F~C X~08 8X~0 

UP 8 18 DN F~c8 8 F;c MOV8 8o~ 
.:::.:.:.-

SPDT 

FUNCTION 
CONTROL 

SWITCHES , LINES 

UP 8 28 DN F!C 8 8 F: C 
OV8 
IN 8°V 

OUT 
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E •• CO OR.2.UT E •• CO 

.!.O_' __ ~~_ OR.2 .Ul _l!~ __ '_C]. 
T .0 .lOS OR. 3 • OR T. 3 _os 

su.O .OUT OR. 3 • OR SU. 3 .UT 

I C!'!.'_Q.~OJl! OR.3 .OUT £l.!'~J_'!!H. 
T • 1 .lOS OR. 3 eo.rr T. 4 .lOS 

su.1 .OUT o. • 1 SU. 4.0UT 

ClR. 1.0Ur o. • 1 ClR • 4 .iiiiT 
E .2 .OIF OR. 4 .OUT E. 5.01F 

SU.2.0UT OR.4 .iiiiT SU.5 .OUT 

CLR.2 .Oiii OR. 5. OR ClR. 5 eoUY 
OR.O. OR OR. 5. OR OR.7.0R 

OR. O.OUT OR. 5.0UT OR. 7.0UT 

OR. O.OUr OR.!i.iiUT OR. 1 .0Ur 

OR. 1 .OUT OR. & .OUT OR. 8.0UT 

OR. 1.m OR. &.m OR. 8.m 

E •• CO E. O.ISW E •• CO 
CO 

!.O_' __ "'~_ ClR. O.VAR _l! ___ eJt 
CO 

T .0.lOS CI.0.10o T. 3.l0S 

SU.O.OUT 80. O. 8 SU.3.0UT 

C!~_Q."OJl! 40. O. 4 !:~4)".9!!l 

T • 1. lOS 20. O. 2 T. 4.l0S 

sU.1.0UT sET.4.oUT 

ClR. 1.0iiT OUT 

E.2.01F CI.1.ClR E. 5. 01F 
CO CO 

SEl.2.0UT 2. 1. 20 SEl. 5.0UT 
CO CO 

clI.2.Y 5. 1.50 cl.5 OUT 

OR. 1. OUT OR. 3. OUT OR. 5. OUT 

OR. 1.0Ur OR. 3.Oui OR. 5.iiiiT 

E CO 

LO co 
'----------LOS 

:D; 
LOS 

:0: 
E 

:0; 
~ 

~ 

r~l 0 D U L E 3 

E co 

LO co 
~----------

LOS 

:0: 
LOS 

:0: 
E 

:0; 
~ 

=lJ 

r'10DULE 4 

E CO 

~ LO co 
---------LOS 

Do: :0; 
LOS 

=lJ :0: 
E 

[J;= 
:0; 
~ 

~ D 

(7.88 

E co 

TWO LO co 
DECADE ~---------LOS 

VARIABLE 

:0; CARRY OUT 

COUNTER 

LOS 

TWO 

:D: 
E 

DECADE 

:0; MULTIPLE 

CARRY OUT 

COUNTER 

=lJ ~ 

~ =lJ 

( 7 . 8 9 

f 

r 

h.' 
I' 

I: 



-
HYBRID 

E 
• SItP • 1 

D:C • 
1 

HYa. TRIt • .TRK .DGC CONTROl 

Up. .S~ 
Z 3 2 3 

!DAC' TIlt. .TRK DGC. .DGC 

~.OCGLI 4 
.:It 

4 5 
TRK. DGC. .DGC 

SIXTEEN 

EIGHT DIGITAL 

O~I. • O~I T~It • 
1 • .D~C • TRK OGC • DIGITAL TWENTY CONTROl 

2 3 • 9 • 
.O:C OGI • • OGI TRK • • TRK OGC. 

4 5 10 er 11 10. eo 11 
OGI. • OGI TRIt • RIt OGC GC 

INTERRUPT LOGIC LINES 

LINES TRUNKS 

O~I. 1 12 13 12. 13 
• OGI TRK • .TRK OGC .OGC 

10 .10 14 15 14 15 
RLY. FSW TRIt • • TRK OGC. .OGC SIX 

11 11 1& 11 
O~S • .O~S RLY. .FSW TRIt. • TRIt 

opor 
RELAY 

30 .30 1. .19 2 3 
RLY. SW TRIt. TRK OGS. .OGS 

CONTROLS 

31 31 
1
V
M • • 10

V
M O~S. 

5 
RLY • • FSW .OGS 

AND 
VARIABLE. SIXlEEN 

FUNCTION 

50 -.,50 .:.. . V 
O:S. .O~S RLY. SW • 15 

SWITCHES 
TIMING DIGITAL 

SIGNALS SENSE 

51 •• 51 O • • 1 o!s. 9 
RLY I SW .DGS LINES 

UP .O.ON F:C • • F~C 10 • 11 
DGS • DGS 

THREE FuNCTION 

SPOT CuN1ROl 

I up.1 • DN 
2 3 12 • 13 

FNC • • FNC DGS • DGS 
FUNCTION 
SWITCHES 11M" 

i, . 

UP.2.DN 
4 

FNC. .F:C E. .CLR 

5 C 7 I 9 0 

0: • .05 
H 

00 • 
E 

• 01 
E 

30. 
H 

.35 
H 

ED>: 
00. .05 00 • • 01 30 • • 35 
OP OP C C OP OP 

00. .05 og • • ~1 X~:O. .35 
Xl00 Xl00 'Xl00 

10. 
• 15 

02 • • 03 40 • • 45 
H H E E H H 

10. .15 02 • • 03 40. .45 
OP OP C C OP OP 

SIX 
E~_ SIX 

INTEGRATOR ED>: INTEGRATOR 

GAIN GAIN 

AND ED>: AND 

MODE MODE 

10. 
• 15 

ole .03 X~~o. .45 
X100 Xl00 E 'Xloo 

20 • • 25 40. .41 50 • • 55 
H H ~ E H H 

20. .25 40 • • 41 50 • • 55 
OP OP C C OP DP 

CONTROLS ED>: CONTROLS 

ED>: 
20. 

X100 ·X~:O 4!,. 
C 

.41 
C 

50 • 
XIDO 

• 55 
X100 

ED>: 
03. 

• ~1 42. 
• :3 

31. .f A E 

02. • 111 4~ • .43 32 • .31 
ii B C B ii 

ED>: 
TWELVE TWElVE 

1~ • • !! 4l. .43 43 • • ~1 A A C A 

12. .11 20 • • 21 4~ • • 47 
ii B ii c c 

ELECTRONIC ELECTRONIC 

SWITCH D;: SWITC~ 

CONTROLS D;: CONTROLS 

23. 
A 

.~ 
A 

2!1. 
C • ~1 c 5f. .11 

D;: 
2l. .2i 2~ • • 23 

C 
5~ • .51 

i D;: 
HS· ·OPB 

2l. 
C • ~3 C HB. ·OPB 

MODULE 6 C 7 I 9 1 
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00. • 01 32 • • 33 
TRI TRI TRI TRI 

02 • • 03 34. .35 
TRI TRI TRI TRK 

04 • • 05 3& • • 37 
TRI TRI TRI TRI 

06 • • 07 38 • • 39 
TRI TRI TRI TRK 

01 • • 09 40. .41 
TRI TRI TRI TRI 

10. .11 42. .43 
TRI TRI TRI TRI 

12 • • 13 44 • • 45 
TRI TRI TRI TRK 

14 • • ,5 46. • 47 
TRI TRI TRI TRI 

1& • • 17 48 • .49 
TRI TRI TRI TRI 

11. .,9 50. • 51 
TRI TRI TRI TRK 

20 • • 21 52. .53 
TRI TRI TRI TRI 

22. .23 54. .55 
TRI TRI TRI TRI 

24 • • 25 56. .57 
TRI TRI TRI TRK 

2& • • 27 51. .59 
TRI TRI TRI TRI 

28 • • 29 &0. • 61 
TRI TRK TRI TRK 

30 • • 31 62 • • 63 
TRI TRI TRI TRK 

E· • E • 0 ·,SW CO 

Lo •• CO • • CO CLR 0 VAR ---::.;.... 

•• CI --L • .CO CI 0 100 

..!!.... •• 
80· O. 8 OUT ITP 

..!..... • •• OUT ITE 40 0 4 2..... • • • OUT CSI 20 0 2 

~. • • • OUT CS2 10 0 1 O. • l..!J. E OUT OTI '. ·OT2 • • OUT CI 1 CLR 

3. • CO •• CO 
OUT OT4 2 1 20 

4. • CO •• CO 

ill!L....- OlB 5 1 50 

• • CO •• CD 
RSL RS 10 1 100 

•• • • ill- GS OR 2 OUT 

• • A ZB OSP ·2·-OR OUT 

ZA. • ZR • • OR 3 OUT 

• • · .-XR YR OR 3 OUT 

70 

64 • .65 
TRI TRI 

66. .67 
TRI TRK 

68. .69 
TRI TRK 

70. .71 
TRI TRK 72. .73 
TRK TRK 

74 • • 75 
TRK TRI 

76 • • 77 
TRI TRK 

78 • .79 
TRI TRK 

80. .81 
TRI TRK 

82 • .83 
TRK TRK 

84. .85 
TRI TRK 86. .87 
TRK TRI 

88 • • 89 
TRI TRK 

90. .91 
TRI TRK 

92 • .93 
TRI TRK 

94. .95 
TRI TRK 

o .D. 1 
CFG Y CFG 

2 .N. 3 
CFG A CFG 

4 .M. 5 
CFG ~ CFG 

6 .S. 7 
CFG CFG 

o .r. 1 
oAC E oAC 

2 .R. 3 
oAC M OAC 4. 1• 5 
OAC ~ OAC 

6 .L. 7 
OAC oAC O. .1 
TRK TRK 

2 .S. 3 

TRK ~ TRK 

4 .r. 5 
TRK E TRK 

6 .M. 1 
TRK TRK 

8 .r. 9 
TRK R TRK 

w .U. 11 
TRK ~ TRK 

12 .S. 13 
TRK TRK 

14. • 15 
TRK TRK 

7 

CONTROL 

CIRCUITS 

FOR 

DYNAMICS 

TERMINALS 

NINETY 

SIX 

GENERAL 

PURPOSE 

TRUNKS 

C 7 I 9 2 

TWO 

DECADE 

VARIABLE 

CARRY OUT 

COUNTER 

TWO 

DECADE 

MULTIPLE 

CARRY OUT 

COUNTER 

=[);= 

=D=j 

r 

f: 

TRUNKS 

TO 

DYNAMICS 

TERMINALS I. 



-
• • C ·0· C •• 1 0 IC 1 3 1 

•• •• •• 1 0 IC +1 -1 1 3 SJ 

1 • 0 'OUT 
C·,· C •• 1 3 lOUT 

• • C ·2· C •• 10 0 lOUT 10 3 OUT 

•• •• •• 10 0 OUT G G 10 3 0+ 

IlL =D 

~ =D 

I'~ "t> =D 
10 

=D 
I 

OR i 

• • C ·3· C •• 10 0 C 10 3 a-

• • •• •• SJ 0 CJ +1 -1 +1 -1 

•• • • •• 
so re:- PB ASO IN 3 OUT 

•• •• •• X10 G VM CAL 
10 ~ •• • • •• IN 0 OUT +IC -IC La G 

• • • • • • IN 1 OUT +TS -TS 1 4 1 

•• • • 0 •• IN 2 OUT X F 1 4 SJ 

• • · .' •• +1 -1 IN F 1 4 lOUT 

•• •• •• 10 
• ,.OUT 

A 2 lOUT 10 4 OUT 

• • •• 10 1 lOUT B 2 lOUT 10 .4. 0+ 

•• • • SJ 1 OUT IN 2 OUT 10 4 D-

r'l 0 D U L E 1 0 C 7 I 9 5 

• • C ·0· C •• 1 0 IC 1 3 IC 

• • • • •• 1 0 IC +1 -1 1 3 IC 

1 • 0 ~OUT C·,· C 
1 • 3 ~OUT •• ·2· • • 10 0 lOUT C C 10 3 lOUT 

•• •• • • 10 0 OUT G G 11t 3 OUT 

• • ·3· • • 10 0 C C C 10 3 C 

•• • • • • SJ 0 CJ +1 -1 SJ 3 CJ 

so.~ • • • • PB ASO 
so ~ • • • • •• X10 G VM CAL X10 G 

• • • • • • IN 0 OUT +IC -IC IN 3 OUT 

•• • • • • IN , OUT +TS -TS 
10 ~ •• • .0 •• IN 2 OUT X F LO G 

• • · .' • • 

Ill. =D, Ill. I 

"~I~I:~ '0-V, :::0 ! '0-V 
OR I I OR 

I,:t> H ,:t>, 
I 

I 
i 
I SYSTEM 

LINES I 

-0- -0-
I -0- -g-
I -0- '~ I 

AFG 

I 
+1 -1 IN F +1 -1 

• • • • •• 10 1 lOUT A 2 lOUT 10 4 lOUT •• •• •• 
10 .' .OUT 

B 2 lOUT 10 .4 .OUT • • 
s{> '{> '0 ',~ 10 

SJ , OUT IN 2 OUT SJ 4 OUT 

r·10DULE 11 C 7 I 9 6 
71 
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•• NOA· 0 ·NOB • • 1 0 IC 1 3 1 

•• • • • • 1 0 IC NCA 0 NCB 1 3 SJ 

• o 'OUT •• •• 1 AA 0 AB 1 3 lOUT 

• • NOA·, • •• 10 o lOUT NOB 10 3 OUT 

• • •• •• 10 0 OUT NCA , NCB 10 3 D+ 

• • •• • • 10 0 C AA , AB 10 3 D-

•• O • . ' •• SJ 0 CJ TRK TRK +1 -1 ·0· 2 • • 3 •• 
.1 r--:- TRK TRK IN 3 OUT 

•• 4. • 5 • • Xl0 G TRK TRK 
II ~ • • 6. • 7 • • IN 0 OUT TRK TRK LO G 

• • •• •• •• IN , OUT TRK TRK 1 4 1 

•• • • 0 •• IN 2 OUT X F 1 4 SJ 

•• · .' • • +1 -1 IN F 1 4 lOUT •• • • •• 10 , lOUT A 2 lOUT 10 4' OUT 

•• •• •• 10 , lOUT B 2 lOUT 10 .4. D+ 

• • • • SJ , OUT IN 2 OUT 10 4 D-

•••••• 1 0 IC MOA 0 NOB 1 3 IC 

•••••• 1 0 IC NCA 0 MCB 1 3 IC 

1 • 0 f OUT AA • 0 • AB ,. 3 f OUT •••••• 10 0 lOUT NOA , NOB 10 3 lOUT 

•••••• 10 0 OUT MCA , NCB 10 3 OUT 

•••••• 10 0 C AA , AB 10 3 C 

•• 0 •• , •• 
SJ 0 CJ TRK TRK SJ 3 CJ 

•• 2 •• 3 •• 
SMO fi:-2: TRK TRK SN3 re:-2: 
•• 4 •• 5 •• 

Xl0 G TRK TRK Xl0 G 

•• 6 •• :' •• 
IN 0 OUT TRK TRK IN 3 OUT •••••••• IN , OUT TRK TRK IN4 re:-OUT •• ..0 •• 
IN 2 OUT X F LO G .. ..' .. +1 -1 IN F +1 -1 

10 • , ~UT A· 2 '-OUT 10· 4 '-OUT •••••• 
10 • ' .OUT B. 2 ~OUT 10. 4 .OUT 

SJ , OUT IN 2 OUT SJ 4 OUT 
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liz. 

TWO 

"t> OPOl 

RELAYS 
10 

OR 

:t> 
10 

TEN 

TRUNKS 

-0-
-0-
-0- -# AFG 

s~ 10 ,~ 

r1 0 D U L E 12 

liz. 

TWO :t> OPOl 

RELAYS 
10 

OR 

:t> 
10 

TEN 

TRUNKS 

-0-
-0-
-0- ~ AFG 

s~ 10 ,~ 

13 

'~ 10 

-0-
-g-

10 s~ 

C7.97 

liz. 

:t> 
10 

OR 

:t> 
10 

-0-
-g-

s~ 
10 

C 7 . 9 8 

I 
I 

I 

I 
I 

L 

r 
I 



-
·0 • • • • • 1 IC TR 0 N 1 3 1 

• • •• • • 1 0 IC TR~ 1 3 SJ 

• o 'OUT IC. • G • • 1 1 3 lOUT 

• • •• • • 10 o lOUT TR 1 N 10 3 OUT 

f/r. '~=0 

'~ "t> 
I
r
C=0 10 

10 

• • •• • • 10 0 OUT "te:- 10 3 o· 

• • • • • • 10 0 C IC G 10 3 D 

• • o. .1 • • SJ 0 CJ TRK TRK ·1 1 

OR i 

:~ 
10 

~ •• 2. .3 • • SN 0 I TRK TRK IN 3 OUT 

Xl0· r-:- 4. • 5 • • TRK TRK "fe7 • • 6. .7 •• IN 0 OUT TRK TRK LO G 

TEN -g-
TRUNKS 

~ 

• • 8. .g • • IN 1 OUT TRK TRK 1 4 1 

• • • .' 0 • • IN 2 OUT X F 1 4 SJ 

• • • .1 • • +1 -1 IN F 1 4 lOUT 

• • • • • • 10 1 lOUT A 2 lOUT 10 4 OUT 

• • • • • • 10 1 lOUT B 2 lOUT 10 .4. D+ 

• • • • 

~ 

~ #=-AFG 

S~ S{> 10 

10 ,~ 
SJ 1 OUT IN 2 OUT 10 4 D 

nODULE 14 C 7 I 9 9 

• • TR.O. N • • 1 0 Ie 1 3 IC 

f/r. '~=0 f/r. 

• • •• • • 1 0 IC TR~ 1 3 IC 

• • • • • • 1 o lOUT IC G 1 3 lOUT 

• • TR.1 • N • • 10 o lOUT 10 3 lOUT "t> 
1;=0 

"t> 10 10 

• • •• •• 10 0 OUT TR~ 10 3 OUT 

• • • • • • 10 0 C IC G 10 3 C 

• • O. .1 • • SJ 0 CJ TRK TRK SJ 3 CJ 

OR OR 

:~ :~ 
10 10 

• • 2. • 3 • • 
SN r.-:- TRK TRK 

SN te:-• • 4 • • 5 • • Xl0 G TRK TRK Xl0 G 

TEN 

TRUNKS 

•• 6. .7 • • IN 0 OUT TRK TRK IN 3 OUT 

• • 8 •• 9 • • IN 1 OUT TRK TRK 
'N fe7 • • • .0 • • IN 2 OUT X F LO G 

• • • .1 • • 

~ ~ 
~ -g-
~ #=-AFG 

+1 -1 IN F +1 -1 

• • • • • • 10 

.1.
0UT A 2 lOUT 10 .4.0UT 

• • 10 

.1.
0UT B .2.0UT 10 .4.0UT 

S{> '{> ,~ 10 10 

SJ 1 OUT IN 2 OUT SJ 4 OUT 

r1 0 D U L E 1 5 C 7 I 1 0 0 
73 



-
1 ·O·IC ·0· C C 

•• •• 1 0 IC +1 -1 

• o 'OUT C·,·C 1 

•• C ·2· C 
10 o lOUT •• •• 10 0 OUT G G 

•• ·3· 10 0 C C C 

•• o • . ' 
SJ 0 CJ TRK TAK 

SI.~ 2. • 3 
TRK TRK 

•• 4. • 5 
Xl0 G TRK TRK 

•• 6. .7 
IN 0 OUT TAK TRK 

• • 8. .g 
IN , OUT TRK TRK 

•• • .0 
IN 2 OUT X F •• IN· .' +1 -I F 

•• • • 10 , lOUT A 2 lOUT •• • • 10 , lOUT B 2 lOUT • • • • SJ , OUT IN 2 OUT 

• • ·0· 1 0 IC C C 

•• • • 1 0 IC +1 -1 

1 • 0 'OUT 
C·,· C 

•• 10 0 lOUT C ·2· C •• •• 10 0 OUT G G 

• • ·3· 10 0 C C C 

•• o • . ' 
SJ 0 CJ TRK TRK 

SI.~ 2. • 3 
TRK TRK 

110· • G 

4. • 5 
TRK TRK 

• • 6. .7 
IN 0 OUT TRK TRK 

•• 8 • • g 
IN , OUT TRK TRK 

•• • • 0 IN 2 OUT X F 

+1 • • •• 1 

-1 IN F 

• • • • 10 t lOUT A 2 lOUT 

•• •• 10 , lOUT B 2 lOUT •• • • SJ , OUT IN 2 OUT 

74 

• • 1 3 1 

• • 1 3 SJ 

•• 1 3 lOUT • • 10 3 OUT 

•• 10 3 0+ 

10· 3· 0-

• • +1 -1 

• • IN 3 OUT 

• • I. ~ 
LO· • G •• 1 4 1 

• • 1 4 SJ 

• • 1 4 lOUT • • 10 4 OUT 

•• 10 .4 . 0+ 

10 4 0-

1 •• 3 IC 

• • 1 3 IC 

1 ·3'-OUT 

• • 10 3 lOUT 

• • 10 3 OUT 

• • 10 3 C 

•• SJ 3 CJ 

• • SI r.:-•• Xl0 G 

• • IN 3 OUT 

•• " Ie: •• LO G 

•• +1 -1 

•• 10 4 lOUT •• 10 4 lOUT • • SJ 4 OUT 

Ill. 

,,~ 
10 

OR 

:t> 
10 

-0-
-0-
-0-

S~ 
10 

~'10DULE 

Ill. 

,,~ 
10 

OR 

:t> 
10 

-0-
-0-
-0-

S~ 10 

. 

f·' 0 D U L E 

:0 
:0 
:0 
:0 

TEN 

TRUNKS 

# AFG 

,~ 

16 

:0 
:0 
:0 
:0 

TEN 

TRUNKS 

# AFG 

,~ 

17 

'~ 10 

-0-
-g-

10 S~ 

(7.101 

Ill. 

,,~ 
10 

OR 

:t> 
10 

-0-
-g-

s~ 10 

( 7 . 1 0 2 

L 

r 
I 



-

I· 
! 

! 
I . . 

1 ·O·le Z. o ·O~T • 3.
' IN 1 

• • Z •• Z •• 1 0 IC IN 1 OUT 1 3 SJ 

• o fOUT 
z • • Z 

1 • 3 'OUT 1 IN 2 OUT 

• • Z •• Z •• 10 o lOUT IN 3 OUT 10 3 OUT 

• • •• 10 0 OUT ~N • 4 ·O~T 10 3 0+ 

•• • • • • 10 0 C 0+ 0- 10 3 D-

~ . •• • • SJ 0 CJ N N +1 -1 

• • • • •• SN 0 I 0+ D- IN 3 OUT 

• • • ·1· X1. G G ·G 
I. r.:r •• • • LO· • G IN 0 OUT 1 10 

• • • • • • IN 1 OUT 1 N 1 4 1 

•• • •• • • IN 2 OUT 1 10 1 4 SJ 

• • • ·11 • • +1 -1 1 1 4 lOUT 

•• • • • • 10 1 lOUT A 2 lOUT 10 4 OUT 

•• • • • • 10 1 lOUT B 2 lOUT 10 

.4. 
0+ 

• • • • SJ 1 ' OUT IN 2 OUT 10 4 0-

•• Z •• Z •• 
1 0 IC IN 0 OUT 1 3 IC 

•• z •• z •• 
1 0 IC IN 1 OUT 1 3 IC 

•• z •• z •• 
1 0 r OUT IN 2 OUT 1 3 rOUT 

•• z •• z •• 
10 0 lOUT IN 3 OUT 10 3 lOUT 

•• z •• z •• 
10 0 OUT IN 4 0111 10 3 OUT 

••• •• •• 100C~+ - 10 3 C 

•••••• ~ 0 U N N ~ 3 U 

SN • O· I D+· • D- SN· ~ 
x10·1 • G G· • C X1D .1 • G •••••• IN 0 OUT 1 10 IN 3 OUT .. t·· N .p.:r. IN 1 OUT IN OUT 

tN • 2 ·OUT ,. • 10 LO· • G 

+1· • -1 ,. • II +1· • -1 •••••• 10 1 lOUT A 2 lOUT 10 4 lOUT •••••• 10 1 lOUT B 2 lOUT 10 4 lOUT •••••• SJ 1 OUT III 2 OUT SJ 4 OUT 

Ill. -m-
-m- '~ "t> -m- 10 

10 -m-
OR -m- I 

~t> ~ 10 -0-

~ -9-
I 

-0- I~=t-
-0-

li~ '~ -0-

'~ 
. 10 

,~I 10 

1 8 (7,103 

Ill. -m- Ill. 
-m-

"t> -m- :t> 
10 -m- 10 

OR -m- OR 

:t> :t> ~ 10 10 

.~~ 

-0- li=t- -0-
-0-

I~ -9--0- I==r-
10 

't> 10 ,~ 't> 10 

r1 0 D U L E 1 9 ( 7 I 1 0 4 
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-
• • • • 1.8. 1 1 5 IC +L 0 N 

• • • • 1 • 8 ·SJ 1 5 IC L 0 FB 

1 • 5 'OUT • • 1 • 8 'OUT 
+1 -1 

• • • • • • 10 5 lOUT + L 1 N 10 8 OUT 

IlL 
B '~ "t> B 

10 

10 

• • •• • 8· 10 5 OUT -L 1 FB 10 0+ 

• • • .Z • • 10 5 C R -xv 10 8 D-

•• • • • • SJ 5 CJ X IN +1 -1 

•• • • 3 • 8 ·OUT "re:- V.re: IN 

• • •• Xl0 G CVT G 1N~ •• R. 4--xv • • IN 5 OUT LO G 

• • x· 4· v • 9· IN 6 OUT 1 1 

•• •• • 9. SJ IN 1 OUT R 6 -xv 1 

• • x· 6· v • • ... 1 -1 1 9 lOUT 

• • • • • • 10 6 lOUT A 7 lOUT 10 9 OUT 

•• • • • • 10 6 lOUT B 7 lOUT 10 .S. 0+ 

• • • • SJ 6 OUT IN. 7 OUT '0 9 0-

OR 

:,t> 
10 ~ -0-NL 

-g-
-0- =0 
-0- E> -0-

S~ S{> 10 

10 ,~ 

nODULE 2 0 C 7 . 1 0 5 

1·5
e

,C • • • • -l 0 N 1 8 IC 

• • • • • • 1 5 IC l 0 FB 1 8 IC 

IlL 
I B 

IlL 
i 

1 • 5 'OUT • • 1 • 8 'OUT 
-I 1 

10 • S fOUT • • • • -l 1 N 10 8 lOUT "t> B :t> 
10 10 

• • •• • • 10 5 OUT l 1 FB 10 8 OUT 
OR OR 

• • • .2 • • 10 5 C R -xv 10 8 C 

• • • • • • SJ 5 CJ X IN SJ 8 CJ 

s.N·S·I • .3 •• v.~ SN ~ 
Xl0·re:- • • CVT G Xl0 G 

:t> :t> 
10 lB 10 

NL 

l 
• • • • • • IN 5 OUT R 4 -xv IN 8 OUT 

• • x ·4· v • • IN 6 OUT 
'N ~ • • •• • • IN 7 OUT R 6 -xv LO G 

-0- E> -0-
-0- E> -g-
-0-

• • x ·6· v • • -I -, -I 1 

• • • • • • 10 6 lOUT A 7 lOUT 10 9 lOUT 

• • • • • • 10 6 lOUT B 7 lOUT 10 

.9.
0U1 

• • • • 
':{>I'~ '{> 10 

i 
SJ 6 OUT IN 7 OUT SJ 9 OUT 

r'10DUlE 2 1 C 7 I 1 0 6 
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I • 

• • IN •• • • 1 5 IC OAC 0 OUT 1 8 1 

• • IN •• • • 1 5 IC OAC lOUT 1 8 SJ 

• 5 'OUT • • • • 1 +1 -1 1 8 lOUT 

• • IN •• • • 10 5 lOUT OAC 2 OUT 10 8 OUT 

Ill. 0----, 

--<)-A 

'~ 
0---.. 

--<)-A 

,,~ 
0---... 10 

--<)-A 
0---.. 

10 --<)-A 

• • IN •• • • 10 5 OUT OAC 3 OUT 10 8 0+ 

• • • • 2 • • 10 5 C R -xv 10 8 D-

•• • • • • SJ 5 CJ X IN +1 -I 

•• • • 3 • • 
SN r-:- y.~ IN 8 OUT 

•• •• Xl0 G CVT G 
IN ~ • • • • • • IN 5 OUT R 4 -xv LO G 

• • x ·4· y • • IN 6 OUT 1 9 1 

•• •• • • IN 7 OUT R 6 -xv 1 9 SJ 

• • x ·6- y • • +1 -I 1 9 lOUT 

• • • • • • 10 6 lOUT A 7 lOUT 10 9 OUT 

• • • • • • 10 6 lOUT B 7 lOUT 10 .9 • 0+ 

•• • • 

OR 

:t> lB 10 -0-NL 

-g-
-0- B 
-0- B -0-

s~ 
s~ 

10 

10 ,~ 
SJ 6 OUT IN 7 OUT 10 9 0-

r·, 0 D U L E 2 2 ( 7 .. 1 0 7 

• • IN •• •• 1 5 IC OAC 1) OUT 1 8 IC 

• • IN •• • • 1 5 IC OAC lOUT 1 8 IC 

• 5 'OUT • • • • 1 +1 -1 1 8 lOUT 

• • IN •• • • 10 5 lOUT OAC 2 OUT 10 8 lOUT 

• • IN •• • • 10 5 OUT OAC 3 OUT 10 8 OUT 

• • • .2 • • 10 5 c R -xv 10 8 C 

•• • • • • SJ 5 CJ X IN SJ 8 CJ 

Ill. D ----, Ill. --<)-A 
D---.. 
--<)-A 

,,~ 
0---... 

:~ --<)-A 
0---., 

10 --<)-A 10 

OR OR 

:t> :t> ~ 10 10 
Nl 

•• • • 3 • • SN r-:- y.~ SN r--:-• • •• Xl0 G CVT G Xl0 G 

• • •• • • IN 5 OUT R 4 -xv IN 8 OUT 

• • X ·4· y • • IN 6 OUT 
IN ~ •• •• •• IN 7 OUT R 6 -xv LO G 

-0- B -0-
-0- B -g-
-0-

• • X ·6· y • • +1 -I +1 -I 

• • • • • • 10 6 lOUT A 7 lOUT 10 9 lOUT 

• • • • • • 
s~ S~ 

10 ,~ 10 

10 6 lOUT B 7 lOUT 10 

.9.
0UT •• • • SJ 6 OUT IN 7 OUT SJ 9 OUT 

r·1 0 D U L E 2 3 (7.108 
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·5 • O. .1 • • 1 IC ADC ADC 1 8 1 

• • 2 • • 3 • • 1 5 IC ADC ADC 1 8 SJ 

• 5 'OUT • • • • t +1 1 1 8 lOUT 

• 5 'OUT 
4. .5 • • 10 ADC ADC 10 8 OUT 

• • 6. .7 • • 10 5 OUT ADe ADe 10 8 0+ 

• • • • 2 • • 10 5 C R -xv 10 8 D-

• • • • • • SJ 5 CJ X IN +1 -1 

•• • • 3 

' . • 
SN ~ y.re: IN 8 OUT 

• • •• xm G CVT G IN.~ • • • • IN 5 OUT R 4 -xv LO G 

• • x -4· y • • IN 6 OUT 1 9 1 

• • •• • • IN 7 OUT R 6 -xv 1 9 SJ 

• • • • • • +1 1 X 6 y 1 9 lOUT 

• • • • • • 10 6 lOUT A 7 lOUT 10 9 OUT 

• • • • • • 10 6 lOUT B 7 lOUT 10 .9. 0+ 

• • • • 

Ill. 

'~ EIGHT 

lit> AID 10 

LINES 

10 

OR 

:t> 
10 ~ -0-NL 

-g-
-0- =@ 
-0- =It> 

I 
-0-

s~ 
is~ 

10 

! 10 Il> I 
I 

I" 

SJ 6 OUT IN 7 OUT 10 9 D 

r·10DULE 2 4 C 7 I 1 0 9 

• • O. .1 • • 1 5 IC ADC ADC 1 8 IC 

Ill. Ill. I EIGHT • • 2. .3 • • 1 5 IC ADe ADC 1 8 IC 

1 • 5 'OUT • • • • +1 -1 1 8 lOUT 

• 5 'OUT 
4. .5 • • 10 ADC ADC 10 8 lOUT 

,It> AID 

LINES lit> 
(0 10 

•• 6 • .7 • • OR OR 
10 5 OUT ADC ADC 10 8 OUT • • • .2 • • 10 5 C R -xv 10 8 C • • • • • • SJ 5 CJ X IN SJ 8 CJ 

:,t> :t> ~ 10 (0 
NL 

•• • • 3 • • SN ~ y.~ SN ~ •• •• Xl0 G CVT G Xl0 G 

•• • • •• IN 5 OUT R 4 -xv IN 8 OUT • • x· 4· Y • • IN 6 OUT 
IN ~ •• •• • • IN 7 OUT R 6 -xv LO G 

-0- =@ -0-
-0- =It> -g-
-0-

L. 

• • x .&. Y • • +1 1 '1 1 

• • • • • • 10 6 lOUT A 7 lOUT 10 9 lOUT •• • • •• 
s~ s~ 

10 Il> 10 

10 6 lOUT B 7 lOUT 10 9 lOUT •• • • • • SJ 6 OUT IN 7 OUT SJ 9 OUT 

nODULE 2 5 C7.110 
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\. 

• • z. .z • • 1 5 IC IN o OUT 1 8 1 

• • Z •• Z • • 1 5 IC IN 1 OUT 1 8 SJ 

• 5 'OUT 
Z • • Z •• 1 IN 2 OUT 1 8 lOUT 

• • Z. .Z • • 10 5 lOUT IN 3 OUT 10 8 OUT 

• • Z •• 1 •• 10 5 OUT IN 4 OUT 10 8 0+ 

• • • • • • 10 5 C 0+ 0- 10 8 D-

•• ~·N • • SJ 5 CJ +1 -1 

• • • • •• SN 5 I 0+ D- IN 8 OUT 

Xl0·'· G • • Ji •• G 
I. ~ •• • • •• IN 5 OUT 1 10 LO G 

• • • • • • IN 6 OUT 1 N 1 9 1 

•• •• • • IN 7 OUT 1 10 1 9 SJ 

• • • • • • +1 -1 1 N 1 9 lOUT 

• • • • • • 10 6 lOUT A 7 lOUT 10 9 OUT 

• • • • • • 

I/z. --B-
--B- '~ ,,~ --B- 10 

10 -ill-
OR -ill-:t> ~ 10 -0-

~ --9-
~ Ii 3-
~ 

Ii 3-~ 

s~ 
s~ 

10 

10 ,~ 
10 6 lOUT B 7 lOUT 10 .9. 0+ 

• • • • SJ 6 OUT IN 7 OUT 10 9 0-

r1 0 D U L E 2 6 (-7 I 111 

• • z. • z •• 1 5 IC IN 0 OUT 1 8 IC 

• • z. .z •• 
I/z. --B- I/z. 

--B-
1 5 IC IN 1 OUT 1 8 IC 

1 • 5 'OUT 

Z • • Z • • IN 2 OUT 
1 .8 .OUT • • z • • Z 

10 5 lOUT IN 3 OUT 10 8 lOUT 

,,~ -0- ,,~ 
10 -ill- 10 

• • Z •• Z • • 10 5 OUT IN 4 OJIJ 10 8 OUT 

• • • • • • 10 5 C D+ D- 10 8 C 

•• ~ •• SJ 5 CJ SJ 8 CJ 

SN·5· I • • • • D+ D- s. r.:-·r· • • •• Xl0 G G G Xl0 G 

• • •• • • IN 5 OUT 1 10 IN 8 OUT 

• • • • • • IN 6 OUT 1 N I. ~ • • • • •• IN 7 OUT 1 10 LO G 

OR --B- OR 

:t> :t> ~ 10 10 

~ 
~ Ii 3- -0-
~ 

Ii 3- --9-~ 

• • • • • • +1 -1 1 N +1 -1 

• • • • •• 10 6 lOUT A 7 lOUT 10 • 9 ~OUT • • •• 10 

• 6 ~OUT B • 7 ~OUT 10 .9.0UT 

s~ s~ 10 ,~ 10 

SJ 6 OUT IN 7 OUT SJ 9 OUT 

r1 0 D U L E 2 7 ( 7 I 11 2 
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00. • 00 10. • 10 20. • 20 
IN OUT IN OUT IN OUT 

01. • 01 11. • 11 21 • 21 
IN OUT IN OUT IN. OUT 

02. • 02 12. • 12 22 • 22 
IN OUT IN OUT IN. OUT 

03. • 03 13. • 13 23. 23 
IN OUT IN OUT IN .OUT 

04. • 04 14. • 14 24. • 24 
IN re70UT IN re70UT IN OUT 

04.. 14.. 24 ~ 
LO G LO G LO. I. G 

+1. • -1 +1. • -1 +1. .-1 

+1. • -1 +1. • -1 +1. .-1 

+1. • -1 +1. • -1 +1. .-1 

+1. • -1 +1. • 1 +1. • -1 

05. • 05 15. • 15 25. • 25 
IN OUT IN OUT IN OUT 

06. • 06 16. • 16 26. • 26 
IN OUT IN OUT IN OUT 

07. • 07 17. • 17 27. • 27 
IN OUT IN OUT IN OUT 

08 •• 08 18 •• 18 28 •• 28 
IN OUT IN OUT IN OUT 

09 •• 09 19 •• 19 29 •• 29 
IN ,...=..ruu. IN ~ IN ,........l!Y.! 

09.. 19.. 29 
LO G LO G LO. • G 

-0- -0- -0-
-0- -0- -0-
-0- -0- -0-
-0- -0- -0-

~ ~ ~ 

REFERENCE REFERENCE REFERENCE 

SOURCES SOURCES SOURCES 

-0- -0- -0-

I 
-0- -0- -0-
-0- -0- -0-
-0- -0- -0-
-g- -g- -g-

r·l 0 D U L E 2 8 C 7 I 11 3 

I 
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I 5.0 INTRODUCTION 

Chapter 5 presents a collection of useful circuits which can be used with the 
computing components which have been described in Chapter 4. The actual 
patching details which are described in Chapter 4 will not be repeated here; 
only circuit diagrams will be given in Chapter 5, along with brief descrip­
tions of the purpose of the circuit or technique illustrated. Unity 
reference scaling is used throughout this chapter (i.e., +1 and -1 are 
equivalent to +reference and -reference voltages respectively). If no 
enable signal is indicated for a logic device, then that device is assumed 
to be enabled by a logic one. 

Labelling conventions are described below. If the inputs to a multiplier 
are X and Y and the output is -XV, then the circuit will be the following: 

X -----.L---r--.J»)--- -X Y 
NOTE: -e- signifies 
a patchboard hole 
throughout this chapter, 
and is labelled in the 

Y same way as the patchboard. 
Amplifier values in the AD/FIVE are read by a digital ratiometer. For the 
circuit above, if the source of the signal X is addressed and read as 0.6000, 
and if the source of Y is addressed and read as 0.7000, then the multiplier 
when addressed will yield a reading of -0.4200. 

5.1 CIRCUITS FEATURING ANALOG COMPUTING COMPONENTS 

This section describes useful circuits utilizing the analog computing elements 
in a primary role. 

5.1.1 Integrator Circuits 

This section describes circuits featuring the integrator. 

5.1.1.1 Use of the Integrator as a Switch Amplifier 

The integrator in the AD/FIVE may be used as a two-switch multiple input 
switch amplifier by omitting the patching between C and CJ (this patching 
is usually performed as shown in Section 4.2.1.1). To use the integrator 
as a switch amplifier, patch the output to the input as shown in Section 
4.2.1.1; do not patch C to CJ. Upon exercising mode control, the output 
of the integrator will be: 

HOLD output frozen at last value 
IC sum of the IC inputs 
OPERATE sum of the i ntegran<L t!!Qut~ 

The integrator is not intended for this use, and the output will spike on 
switching, but the circuit is valuable if it is necessary to augment the 
electronic switch complement for such uses as display channel multiplexing, 
where the display is blanked during the switch spike. 

1 . 
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5.1.1.2 Triangle Generator 

2. 

The triangle waveform generator is a useful circuit for providing a forcing 
function for function generator setup and checkout. This simple circuit 
is superior in many applications to the sine wave generator for two important I 
reasons: it is amplitude-stable (the output does not decay with time), and I" 

the slope of the output has a constant magnitude for all amplitudes of the 
function. When the triangle wave generator is used to assess the hysteresis 
error in an arbitrary function generator, all breakpoints will be swept at 
the same rate. When a sine wave input is used, however, breakpoints at 
large input values are swept very slowly, and this can cause erroneous 
conclusions about high speed performance. 

Pot 1 adjusts slope. Pot 2 adjusts amplitude. Changing the amplitude of 
the output waveform also changes the frequency of the output. For a fixed 
amplitude (Pot 2 setting) Pot 1 adjusts the frequency. 

Output 2 provides the triangle waveform. Output one provides another useful 
wave form, the square wave. 

,...----. OUTPUT 1 ,...-----. OUTPUT 2 

+1 

-1----< 

OUTPUT 2 OUTPUT 1 

Figure 5-1 Triangle Wave Generator 
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5.1.1.3 Track Store 

The integrator can be used to perform the role of a track-store device. 
The patching is shown in Figure 5-2. The track input is patched to the 
normal IC input of the integrator, and the desired IC is patched to a 
gain 10 input hole. In the IC mode the amplifier output will go expo­
nentially to the IC value. 1 millisecond should be allowed for the output 
to reach within 0.1% of the desired IC when the patching is as shown in 
Figure 5-2. 

MODE H 

IC 0 
TRACK 0 
STORE 1 

TRACK------. 

IC------t 

OP 
1 
0 

1 or 0 

~--+---OUT 

X10 
X100 

Figure 5-2 Using the Integrator as a Track Store 

5.1.1.4 Low Pass Filter 

A first order low pass filter can be programmed using an integrator with a 
pot in the feedback. For a gain 1 integrator the corner frequency is 
determined directly by the pot setting a, and for other gains the roll off 
point is determined by the product of the integrator gain G and the pot 
set tin g a ( Ga) . 

IIv----t 

a 

TRANSFER FUNCTION: -1 

:>-....---OUT 

----
S + Ga 

The corner frequency (6db/octave roll 
off point is a radians/second. 

GrUNT I-<-f' 
Ga 

w 

Figure 5-3 The Low Pass Filter 

3. 
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5.1.1.5 Algebraic Equation Stabilizer 

4. 

Since an analog computer summer is not perfect it can cause difficulty in 
algebraic problems. In particular, if at some frequency a closed algebraic 
loop has 3600 of phase shift and a gain of unity, then the Barkhausen Crite­
rion for Oscillation is satisfied, and the circuit will oscillate at that 
frequency. 

There are two troublesome conditions to look for in analog circuits for 
algebraic problems. One is a closed loop consisting of an even number 
of inverting summer amplifiers. 

Figure 5-4 Algebraic Loop with Even Number of Summers 

Clearly in Figure 5-4, K must be less than 1.0 to avoid high frequency 
oscillation, since an even number of inverting summers is equivalent to a 
phase shift of 360°. This is true if perfect unity gain summers are assumed. 
However, the summers can contribute enough extra gain error at some high fre­
quency to give a net loop gain greater than 1.0, and the circuit will oscil­
late at that frequency. 

The other condition occurs when a closed algebraic loop consists of an odd 
number of inverting summer amplifiers. 

Phase shift = 180° + error 

Figure 5-5 Algebraic Loop with Odd Number of Summers 

In this case the loop gain is K and the phase shift is 180°, assuming ideal 
inverting summers. According to the oscillation criterion mentioned above, 
this loop should be stable regardless of the value of K. However, at very 
high frequencies a summer may introduce additional phase shift besides its I 
usual 180° sign inversion. Even though the phase shift error for an indi­
vidual summer is small, if the loop has a large number of amplifiers in series 
and the sum of the phase errors of the amplifiers at some high frequency 
produces a net 360° phase shift around the loop, then the circuit will oscil­
late at that frequency. 

Both oscillation problems can be eliminated by substituting a low pass filter I 
for one of the summers in the loop. Such a filter can be made by using an 
integrator which has the same DC gain feedback resistor as the previous summer. 

I 
I 

r 
I 
": ". I
~ 
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This is illustrated in Figure 5-6. The integrator time constant should be 
chosen so that the oscillation frequency is suppressed and desired problem 
frequencies are not affected 

The feedback resistor 
for the integrator must 
be the same resistor as 
in the summer which it 
replaces. 

Figure 5-6 Substituting a Low Pass Filter for a Summer 

5.1.1.6 Differentiator 

Differentiation is not recommended unless it is unavoidable. Avoidance 
techniques include implicit function generation, dummy variables, and 

i· careful selection of necessary variables to be explicitly formed. The 
circuit given in this section is easily patched and is the recommended 
approach to differentiation when this is necessary. Set the pot to the 
largest value which will not cause output oscillations. 

(A) (B) To determine 
pot setting, 
use equation 
given below. 

x----t ~--+-Z X----f >-...--Z 

Z = dx _ 'tdZ 
dt dt 

It can be seen that setting the feedback pot as high as possible without 
causing oscillation will result in making 't small enough that the expression TdZ 
will become neglible, resulting in a very close approximation of dx/dt. dt 

Figure 5-7 Differentiator Circuits 

The circuit shown in Figure 5-7(A) is one that is usually recommended by most 
authors in discussions of differentiator circuits. Figure 5-7(B) shows an 
improved circuit in which the initial value of the derivative is established. 
This produces a much better result. In this example X = sin t. Then dx/dt 
= cos t. At t = 0, dx/dt = 1. The IC pot setting is determined by solving 
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5. 1 .2 

5.1.2.1 

6. 

the equation: 

or: 

dx = (1- )dx + x + IC 
dt T dt 

IC = dx 
dt 

dx (l-T)- - x 
dt 

which reduces to: IC = _T
dx -x (at t = 0) 
dt 

Summer Circuits 

The following sections feature the summing amplifier. When maximum high 
frequency performance is desired from the AD/FIVE, use gain 10 feedback (10K) 
and alter input gains accordingly. For example, if a gain 1 summer is pro­
grammed using gain 10 inputs and gain 10 feedback, this will give a consi­
derable improvement in usable summer bandwidth, as opposed to the use of 
gain 1 inputs and gain 1 feedback. 

Solution of Algebraic Equations. 

Agebraic equations can be solved on an analog computer with somewhat more 
effort than differential equations. Although the examples which follow are 
trivial, they illustrate the method used when algebraic sub-problems are 
implemented on the analog computer. This occurs, for example, when dif­
ferential equations are coupled in the highest derivative, such as mutual 
mass or mutual inductance. Figure 5-8 illustrates the basic method. 

-1 PROBLEM: ax + by = c 
x 

rx + sy = t 

ISOLATE: -x = ~ y - £ 
b b 

alb -y = ~ x - 1 
r r 

I 

r 
I 

I·' 

I 
I 
I 
r .' 

L 

'Scaling is almost always required. l 
See Figure 5-10 for a specific 

-1 example. 
c/b 

sir 

Figure 5-8 Algebraic Equation Circuit 
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Note that the loop gain is (alb) • (sir). This loop gain must be less than 
one for stability in the case where the algebraic signs are such that an 
even number of amplifiers is in a loop (i.e., where the net positive loop 
gain is equivalent to 3600 phase shift). If (alb) · (sir) is greater than 
one, the circuit will oscillate at some high frequency. If this is so, then 
the equations have been solved for the wrong variables. To obtain a solu­
tion, solve the first equation for y and the second equation for x. This 
is shown in Figure 5-9. The loop gain is now (b/a) . (rls), which is the 
reciprocal of the loop gain in the previous example, and thus less than 
one. Such intelligent manipulation of equations becomes essential in 
higher order cases. 

-1 

bla 
ISOLATE: -y = !:. x - t 

s s 

= ~ y c 
x -x -

a a 
-1 

cIa 

rls 

Figure 5-9 Stable Algebraic Solution 

If a problem has algebraic signs such that the loop has an odd number of 
amplifiers, then a loop gain greater than one is feasible. However, in­
stabilities at high frequencies may result due to summer phase shift error. 
Refer to section 5.1.1.5 for a discussion of the use of the integrator as 
an algebraic equation stabilizer to solve the problem of instability in 
algebraic loops which cannot be rescaled. 

Figure 5-10 gives a specific example of the solution of algebraic equations. 

5.1.2.2 Arbitrary Transfer Characteristic 

The use of the summing amplifier to obtain an arbitrary transfer character­
istic is often overlooked. A few simple characteristics may be summed to 
produce a desired characteristic. The outputs of circuits which produce 
simple characteristics are patched to the inputs of a summer, which produces 
a desired arbitrary transfer characteristic. Each of the constituent cir­
cuits is driven with the same input as shown in Figure 5-11. 
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PROBLEM: 2x + 3y = 27.75 

3x + y = 16 

ISOLATE: -y = £ x - 27.75 
3 3 

-x = 1 y - ~ 

REDUCE: 

3 3 

-y = 0.6667x -9.2500 SCALE EQUATIONS: ~ = 0.6667 ~ _ 0.9250 

-x = 0.3333y -5.3333 
10 10 

-1 

-1 

~~ = 0.3333 ~ - 0.5333 

Scaling allows normalized x and y values in 
the range: 

0.6667 

0.9250 

0.3333 

x 
10 

-10 < x < +10 

-10 2. y 2. +10 

J... 
10 

Figure 5-10 Example of Algebraic Solution 
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A 

B 

y y 

B 

A 

~------~--~~~=--------------- X ----------------~----------------

C 

CIRCUIT 
FOR 
A 

X C 

CIRCUIT 
FOR 
B 

Figure 5-11 Sum of Two Transfer Characteristics 

In Figure 5-11, the circuits for A and B are summed together, producing 
as a result the graph of C. 

In Figure 5-12, the Dead Space Characteristic Z is desired. Graphical 
analysis of Z reveals that Z is the sum of characteristics A and B. B 
is the characteristic of a limited inverter .. On the analog computer, Z 
can be obtained by adding with a summer the outputs of the circuits which 
produce characteristics A and B. The programmer will develop an intuition 
which will lead him to facility in using the summer to obtain desired 
arbitrary transfer characteristics. Practice in this technique yields 
a remarkable flexibility in programming. 
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Z B 
/ 

/ 
/ 

/ 
x 

/ 
/ 

/ 
Z/ 

A 

A 

x ----~ >---Z 

B 

Figure 5-12 Summing for the Dead Space Characteristic 

Figure 5-13 depicts two different methods of achieving a horizontal shift 
of the characteristic. In Figure 5-13(A) the desired characteristic is 
shown. This is the same as the dead space characteristic of Figure 5-12, 
but shifted to the left by 0.3, i.e., Zl = Z(X + 0.3). Figure 5-13(B) 
shows how to do this by shifting the input to obtain X + 0.3 and then provi­
ding that value to the Zl circuit. The circuit in Figure 5-13(B) is the 
same as that in Figure 5-12; only the input is changed. However, if the 
input X is greater than ~X (0.7 in this example), then the input summer will 
overload. As a general technique this method is not preferred because of 
the potential for overload difficulties. Instead, the programmer should 
seek a way of deriving the desired characteristic by using only character­
istics of known circuits. 
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Figure 5-'3 Horizontal Shift of a Characteristic 
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Figure 5-13(C) shows a graphical analysis of the characteristics which will sum I 
to produce the desired characteristic. A comparison of Figure 5-13(C) with 
Figure 5-12 shows that the only difference is that Bl is substituted for B. 
Bl can be generated using a circuit with limit values different from those 
of the circu(it for B. Once this is done properly, the circuit shown in r.~ 
Figure 5-13 D) will produce the desired characteristic Zl. 

The programmer should strive to master the technique of programming known I 
circuits to obtain desired characteristics by summing. The advantages of 
employing symmetry, absolute value circuits, limiters, etc. will enable 
the programmer to obtain desired characteristics quickly and reliably. 

Scaling requirements should be mentioned at this point. The input to any 
function generator is the scaled value available from the rest of the 
program, such as an integrator output. The scaling for this term is 
accomplished independently of the fact that the term is to be used to 
generate some function. This usually fixes the value of the breakpoints. 
The output magnitude of the function should be chosen for the best circuit 
performance. Then the gain of the following circuit is adjusted for the 
correct value for the simulation. See Introduction to Analog Computation, 
Joseph J. Blum, New York, 1969 for an unusually simple but lucid treatment ', .. 
of this important concept, which is dealt with in Chapter 8 and especially r 
Example 8.4. 

Figure 5-14 illustrates an additional scaling concept. The desired charac­
teristic is A, shown in Figure 5-14(A). Graphical analysis of A shows that 
it is composed of the sum of the characteristics Band C, shown in Figure 
5-14(B). If C were formed explicitly, it would overload the amplifier at 
whose output it existed. The trick therefore is not to form C explicitly, 
but rather to form .1C, and then to perform the final summation using a 
gain 10 input as shown in the circuit of Figure 5-14(C). Note also that 
the limit value for X = -0.5 is achieved by limiting the final summing 
amplifier. By using this circuit the minimum number of summing amplifiers 
is used, and the programmer achieves the desired characteristic C with the 
greatest economy of means. 

5.1.2.3 Diode Outputs: Magic Circuit and Absolute Value Circuit 

I 
I 

12. 

There is a diode circuit, often referred to as the "Magic Circuit", which 
simulates an ideal diode under load, i.e., a half-wave rectifier. This 
useful circuit is easily patched on the AD/FIVE using the convenient output 
diodes on the summers, as shown in Figure 5-15. If the 0+ and 0- terminals 
are interchanged, the complimentary characteristic is obtained. Figure 
5-15 shows the circuit diagram for the magic circuit enclosed by a dashed 
line; the entire circuit produces an absolute value function. The output 
of the magic circuit is obtained at the 0+ output; the output of the ab­
solute value circuit is obtained at the output of the final summer. The 
OUT patchhole of the summer is not used in these two circuits. Figure 5-15(A) 
shows the circuit patching; 5-15(B) shows the transfer characteristic for the 
magic circuit; 5-15(C) shows the transfer characteristic for the absolute 
value circuit. The circles represent patchboard holes and are labelled in 
the same manner as the patchboard itself. NOTE: Do not attempt to monitor 
the 0+ output with the PB input and the DRM. When the output is zero, the 
DRM would be IIfloating". 

I 
I. 
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Figure 5-14 Example of an Arbitrary Characteristic 
(A) (B) 
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I~~ 

I 10 

I 
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(C) 

-Ixl 

Figure 5-15 Magic Circuit and Absolute Value Circuit 
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5.1.2.4 Volt-Ampere Characteristic Plotter 

14. 

In this section a very useful circuit is discussed. The circuit features 
summing amplifiers and allows the analog computer to plot the current through 
a device versus the voltage across it. Thus it is a self-impedance plotter 
and makes the computer a general test instrument which can replace certain 
very expensive, limited use test equipment such as transistor curve tracers. 
Figure 5-16 Part A illustrates the technique. The derivation is included 
in Figure 5-16 Part B. An intriguing feature of this circuit is the fact 
that it is self-limiting, both in voltage and in current applied to the 
device. Note that if the device is a short circuit (a diode) the maximum 
current would be 10 milliamperes, a safe value. If such a device is attached 
to the terminals, the voltage across the device will automatically adjust 
to the device. Characteristics of devices such as zener diodes are neatly 
plotted by this circuit. 

A further refinement is easily implemented to allow the circuit to plot 
families of characteristic curves of three terminal devices such as tran­
sistors, FET's, SCR's, etc. Parts C and D of Figure 5-16 depict the method 
of producing a constant current source to provide base current to a tran­
sistor. The constant current circuit can be driven by a staircase generator, 
such as the one described in Section 5.1.3.1. 

+1 

POT 1 
POT 2 
POT 3 

-1 

SET TO 0.1000 
SETS SWEEP SPEED 

>--"""'"---r-----< X 

SETS EXCURSION LIMIT IN LEFT HALF PLANE (eb < 0) 

Figure 5-16 Part A Volt-Ampere Characteristic Plotter Circuit 

F 
I, 

I 
L 



Kirchoff Current Law at -eb node: 

. -10-3 ( 1 1 ) or 'b = z + . eb ampere 

Output to Trunk x = eb by definition 

Output to Trunk y = -(z + 1.1eb) by definition 

Therefore, on a 10 volt reference computer: 

±1 at x represents ±10 volts at the terminals 

±1 at y represents ±10 milliamperes at the terminals 

Figure 5-16 Part B Volt-Ampere Characteristic Plotter Derivation 

1 

USE GAIN 1 RESISTORS ON FREE NETWORK CARD 
(lOOK RESISTANCE) 

iL = -10 microamperes for each volt of ein 
NOTE: THE TWO EXTERNAL RESISTORS MUST HAVE 

EQUAL RESISTANCE (R) 
e. 

,. - , n 
L -­

R 

Figure 5-16 Part C Constant Current Source 
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-eb - ein 
iL = ----

i = 
L 

e = -e - e. 
a b ln 

Figure 5-16 Part D Derivation of Constant Current Source 

5.1.3 Switch Summer Circuit: Parameter Sweeper 

16 

This parameter sweeper provides a staircase generator circuit when controlled 
by a binary counter. The pot values shown in Figure 5-17 divide the computer 
reference into sixteen equal parts. The same circuit is included in the r:· 
Gri dhReference Pattern Generator of Secti on 5.1.6, in whi ch di fferent bi nary I., 
weig ted values are used in order to divide the computer reference into ten 
equal parts. 

0.2666 
X---I ">---KX 

O. 1333 

E-SWITCHES K 

E-SWITCHES: 0 = NORMALLY CLOSED 
1 = OPEN 

In the AD/FIVE the electronic switch 
is always closed if its control input 
is un patched (logic zero). A logic· 
one on the control input will open 
the switch. 

A sequential binary switch pattern 
produces 16 equally spaced values 
of K as shown in the truth table 
at the right. Other combinations 
of binary weighted pot values can 
be used. The E-switches are con­

~ 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

trolled by the outputs of a four-bit binary 

Figure 5-17 Parameter Sweeper 

1 2 3 
1 1 1 0.0000 
1 1 1 0.0666 
0 1 1 0.1333 
0 1 1 0.1999 
1 0 1 0.2666 
1 0 1 0.3332 
0 0 1 0.3999 
0 0 1 0.4665 
1 1 0 0.5333 
1 1 0 0.5999 
0 1 0 0.6666 
0 1 0 0.7332 
1 0 0 0.7999 
1 0 0 0.8665 
0 0 0 0.9332 
0 0 0 0.9998 

counter (Section 5"2"5"2)"1 

I 
I 

i 



5.1.4 Inverter Circuits 

The AD/FIVE Inverter is configured with two gain 10 input resistors. The most 
common configuration of this device is obtained by patching one input to the 
output. The other input is then a unity-gain inverter input. Since this 
amplifier has the fewest inputs, it is the logical one to use to obtain 
a high-gain amplifier. 

5.1.4.1 High Gain 

Elementary analog computation texts usually present the proof that any mathe­
matical operation which is performed in the feedback path of a high-gain 
operational amplifier results in the inverse mathematical operation in the 
forward path. Several examples of this are listed in Figure 5-18. 

11 (S) = -I 2(S) 

El(S) = -G(S)EO(S) 

EO(S) 

El(S) G(S) 

EXAMPLES 

G(S) 

11 

G(S) = GAIN K ........................ l/G(S) = GAIN l/K 
G(S) = MULTIPLICATION BY E2 .......... 1/G(S) = DIVISION BY E2 
G(S) = FUNCTION: SQUARE .............. l/G(S) = FUNCTION: SUARE ROOT 
G(S) = liS (INTEGRATION) ............. l/G(S) = S (DIFFERENTIATION) 

Figure 5-18 High Gain Circuits 

5.1.4.2 Variable Gain 

If the feedback element around a high-gain amplifier is a potentiometer, 
then the gain of each of the remaining inputs is the labelled gain mul­
tiplied by the reciprocal of the potentiometer setting. Any such gain 
will be greater than one. Gains on summers which are greatly in excess 
of one usually indicate poor scaling. The exception is when small dif­
ferences of large quantities are taken. See Figure 5-19. 

A 
If the output of a high gain amplifier is 
patched to the input of a pot, and the out­
put of the pot is patched to an input label­
led 10 on the patchboard, then the gain of 
the remaining 10 input will be: 

GAIN = ~ , WHERE A IS THE POT SETTING 

Figure 5-19 Variable Gain Circuit 
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5. 1 .5 Potentiometer Circuits 

In reading this section, keep in mind that a potentiometer should not be 
patched to any non-linear device input. The general rule is to patch 
pots only into amplifier inputs. Trunks--plotters should be avoided 
because of non-linear loading. The diode circuits shown in this section 
are permissible because pot loading effects are not a factor in their 
operation. 

r 
I 

5.1.5.1 Soft Limiter 

18. 

A limiter circuit is a circuit which restricts the output amplitude excur­
sions of an amplifier. The circuit of Figure 5-20 is the classic circuit 
which restricts the amplifier output from being more positive than some 
arbitrary value. Negative excursions may be similarly restricted by re­
versing the diode connections and changing the pot input from -1 to +1. 
Both circuits may be used concurrently. Action of these circuits is com­
pletely independent of any additional feedback elements. For example, a 
positive and negative limiter with no additional feedback results in a 
Bang-Bang circuit. The crosshatch area in the characteristic graph of 
Figure 5-20 indicates the forbidden region. To plot the characteristic 
of circuits using these limiters, plot the characteristic ignoring the 
limiter, then replace all line segments in the forbidden region with seg­
ments at the margin of the forbidden region. Note that this circuit uses 
the ungrounded pot. On the AD/FIVE these pots are those with addresses 
ending in a 4 or a 9. This circuit forms a soft limiter and is described 
in Figure 5-20. (A hard limiter is available with the AD/FIVE. See Chap­
ter 4, Section 4.2.1.12.) 

OUT 
THE OUTPUT MAY BE NO GREATER 

THAN _K_ WHERE K IS THE NO-LOADI 
l-K 

POT SETTING. 

~~~~~~~~~~~""'~~~"""PROGRAMMED LIMIT 
VALUE 

----------------~---------------IN I'\~-" 

I 
[ 

SOFTNESS SLOPE IS -l~OK REFERRED Td 
A GAIN 1 INPUT, AND IS ~~ REFERl~D 

10 i 

TO A GAIN 10 INPUT. THE CIRCUIT M T 

BE USED TO LIMIT INTEGRATORS 

Figure 5-20 Soft Limiter 
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5.1 .5.2 Dead Space Circuit 

The ungrounded potentiometers can be used to obtain a dead-space charac­
teristic as shown in Figure 5-21. This circuit has poor performance be­
cause the full amount of the silicon junction potential of the diodes is 
present as an error. It is presented here because other texts sometimes 
include the circuit with no cautions to the user. Figure 5-12 shows the 
recommended dead space circuit. Another restriction on the use of this 
circuit is that the slope of the output characteristic is highly dependent 
upon the position of the breakpoint, which is set, in turn, by each input 
potentiometer. The closer the breakpoint is to zero, the greater the 
slope. If the characteristic has horizontal symmetry, then the gain con­
trol afforded by the use of a feedback pot can be used to adjust the re­
quired slope, after first setting the desired breakpoint, and the circuit 
will probably be adequate for use in the hysteresis circuit shown in Sec­
tion 5.1.5.3. The method described in Section 5.1.6 is the recommended 
method for adjusting this circuit to achieve the desired characteristic. 
A final comment on the behavior of this and similar circuits. The circuit 
will exhibit hysteresis error. This error, easily observed by using the 
method of Section 5.1.6, is primarily a function of two factors. The 
first i~ the input sweep, which is related proportionally to t!le problem 
frequency content. The second is the gain of the output amplifier~ as 
adjusted by the feedback pot. The lower the pot setting~ the greater the 
gain, the greater the slope of the characteristic, and the greater the 
hysteresis error due to amplifier bandwidth degradation. This trade-off 
between high-speed performance and large slopes is well established, and 
is the reason why a gain control is usually furnished with an arbitrary 
function generator such as the AD/FIVE VDFG described in the Appendix to 
this manual. 

OUT 
+1 

11\1--.... >---r--OUT --~--~----~---IN 

Figure 5-21 Dead Space Circuit 

5.1.5.3 Hysteresis 

Figure 5-22 shows how to achieve a hysteresis gap in a transfer character­
istic. This is useful for the simulation 6f gear backlash and similar 
phenomena. The hysteresis value (A) in the curve is equal to the dead 
space (A). An additional complication arises at high speed because the 
hysteresis circuit is itself subject to hysteresis error. Indeed, it is 
considerably more sensitive to high speed than its self-contained dead 
space circuit. Thus the circuit shown suggests the use of a pot as 
shown to optimize the performance. Of course, the only way to know 
what the circuit will do at problem solution speeds is to use the method 

19. 



-
of Section 5.1.6 in setting up the circuit. 

IN---t 

A ' 

, 
I A I 

I 

~ .. -n-

OUT 

>----,--- OUT 

------------~r+~-------------IN 

Figure 5-22 Hysteresis Circuit 

5.1.5.4 Reference Potentiometer 

This is an almost trivial circuit, yet it is quite useful and allows the 
operator to sweep an input across the full computer range without repatching 
or closing switches. 

+ 
IN 

/ 

I 
I 

j 

L 

L 

r 

J-----t+!t-- Output can be swept from -1 to +1 conti nuous L . 
LO 

Figure 5-23 Reference Potentiometer 
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5.1 .6 Arbitrary Function Generator: Set Up Grid Reference Pattern 

A dramatic reduction in the time required to set up arbitrary function gene­
rators is achieved by using optical techniques and the dynamic set up proce­
dure described in the appendix to this manual. A grid pattern, illustrated 
in Figure 5-24, is generated, and the output (SOL.V) of the function genera­
tor versus the input (SOL.X) is plotted on the grid pattern using the circuit 
of Figure 5-25. The X and V outputs of the circuit go to the X and V inputs 
of the oscilloscope, and a logic signal is generated to provide a blanking 
signal which is fed to the Z input of the oscilloscope. A reference amplitude 
triangle generator (Section 5.1.1.2) provides the function generator input. 
The oscilloscope is driven alternately from the grid pattern and the function 
generator output. The output of the function generator is directly displayed 
against a calibrated grid pattern. Since the output is being viewed by the 
operator, he may instantly observe the effect of each breakpoint setting as 
he makes it. This results in the fastest and easiest method of function gene­
rator set up; the subject is fully discussed in the appendix. This high-speed 
technique may require operation of the function generator at speeds higher 
than intended during the problem run. If so, care must be taken to observe 
hysteresis effects. This is, however, a distinct advantage over slower set up 
methods if the problem solution is intended to be run at high speeds, as the 
operator can observe the output under actual operating conditions. The circuit 
can be used to plot any transfer characteristic on a grid pattern . 

. 3~~-+--~~-+--~~-+--~~-+--~~-+--+-~-+--+-~~ 

-.1 ~~-+--~~-+--~~-+--~~-+--+--~-+--~~-+--+--_+_~ 

-.2 I---~-+--~~-+---I--~-+--~~-+-~~-+--~~-+-+--+-~ 

-.3~~-+--~-~-+--~~-+---~~-+-r-~-+--r-4--+-+-4-~ 

-.4 ~~-+--~~-+--~-+--+--~~-+-r-~-+-'r-4---+--+-4-~ 

-.5 1---~-+--I---+--+--+---+-_+--~-+-'_+-+__~_+-~-+--+--+-~---1 

-.6 ~~-+--~-+--+--~-+--+--~~-+-r-~--+-r--t---+--+--+----1 

-. 7 ~~-+-+---+--+--+---+--+-+--~-+-+---+---+--+-4---+-+-4-----1 

-.8 1----t--+-+---+--+--+---+-_+-~-+-_+-+___+__+__1 ---I---+---+--+~ 

-.9 ~-+--+---+---+--+-+---+--+--r---+--+-+---+--+--+-~-+-----+---+-

-I. 0 L----L...----1.._.L.-----L-----.!... __ .L.--l..-----L __ L.....---L-----L __ .l...---L-----L __ .l...-......L.----L_-L------L..._ 

-1.0 -.9 -.8 -.7 -.6 -.5 -.4 -.3 -.2 -.1 0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

Figure 5-24 Grid Reference Pattern 
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5.2 CIRCUITS FEATURING LOGIC COMPUTING ELEMENTS 

Counters and Flip-Flops have enable inputs which must be patched in order to 
use the element. If such patching is not shown in the following sections, 
then it is assumed that the element is enabled with a logic one. If it is 
desired to have the entire logic program respond to the computer time scale, 
the V signals are used for enabling. Certain circuits are presented in this 
section which use the enable input of an element" to obtain the basic task 
performance of the circuit. These circuits are considered to be enabled by 
a logic one, and are shown in this manner on the Flow Chart Symbol. Figure 
5-29 is an example of this practice. The circuits in this section provide 
at least one example of how to use each of the logic elements. Collectively 
they constitute a nucleus for the user's application notebook. 

5.2.1 Circuits Using Gates 

Gates are a very useful and fundamental logic computing component. The AD/ 
FIVE features OR/NOH gates which can be patched for AND/NAND functions. Section 
4.2.2.1 shows the patching configurations. Gates are usually supporting 
elements in circuits which feature some other functional element. The fol­
lowing sections, however, present circuits which feature the gate as the 
main component. 

Other information which is necessary to know when using gates is given here. 
Gate outputs can be fanned out to ten other inputs. Gates are not clocked; 
they are considered to be instantaneous. In the TTL logic used in the AD/FIVE 
the actual gate propagation time is about 20 nanoseconds, which means that a 
signal could propagate through the longest possible cascade of gates and be 
at the destination well prior to the next clock pulse. 

5.2.1.1 X10 Circuit 

If the X10 gain control hole of an integrator is used in order to increase 
its inputs by a factor of ten to implement gains required by the analog 
program then the use of the X10 pushbutton for operator time-scaling is 
contraindicated, because the patched integrator will not respond to push­
button control since it is already at X10. (See Chapter 4, Figure 4-1.) 
This restriction can be overcome with a simple gate circuit as shown in 
Fi gure 5-26. 

SX10 .-r-+----. 

SX100(e+-~-4 

SOP COP e e 
SHe eCH 

le-E>ECMC 

Figure 5-26 X10 Circuit 

The patching to 
CMH, COP, and CH 
provides a Master 
Hold in case X1000 
is inadvertently 
requested by the 
operator. This is 
optional, but highly 
recommended. 
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The gain of the integrator which is patched with the X10 circuit will 
relate to the Console Time Scale as shown below: 

CONSOLE TIME SCALE PUSHBUTTONS INTEGRATOR GAIN* 
Xl NONE 10 
X10 X10 100 
Xl 00 Xl 00 1 000 
X1000 IS FORBIDDEN, AND WILL PUT THE CONSOLE IN 
MASTER HOLD IF THE PATCHING IS AS SHOWN IN 
FIGURE 5-26. 

5.2.1.2 Gate Switches 

Gates can be used as automatic high speed switches. Figure 5-27 shows 
two gate-switch circuits for logic signal routing, and their relay circuit 
equivalents. 

A 

C 

c 

8 

A 

SPOT INPUT SELECTOR 

I 

A~ 
I 0 

0 B~I 
I 

c-' 
IF C = LOGIC ONE, 0 = B RELAY EQUIVALENT 
IF C = LOGIC ZERO, 0 = A 

SPOT OUTPUT SELECTOR 

I 
B I 

~ 8 
C 

A oY 
I • I ·0 

c c-' 0 

IF C = LOGIC ONE, THEN A IS ROUTED TO 0 RELAY EQUIVALENT 
IF C = LOGIC ZERO, THEN A IS ROUTED TO B 

Figure 5-27 Gate Switches 

5.2.1.3 Exclusive OR 

24. 

Refer to Figure 5-28 for the Exclusive OR Circuit, which is patched from 
three OR/NOR gates. Note that symbols can be labelled with either a term 
(A·B), or an equation (A = B). This is common convention in logic cir­
cuitry. However, the equation symbol does not mean the same in logic 
labelling as it does in mathematics: it really means a proposition. Thus, 
if the proposition is true, the output is logic one in Figure 5-28. 
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5.2.2 

A--~ 

8---1 
--~ 

A--"""" 

8 ----# £.------

Figure 5-28 Exclusive OR Circuit 

Dual Flip-Flop Circuits 

,---- A#B 

)--- A=B 

The Dual Flip-Flop has internal gates which facilitate its patching as a 
counter. It is dual because one input enables two flip-flops. It can be 
initialized by either a panel switch or a patchboard input. The load input 
is synchronous, so that when the flip-flop is used as a counter the count 
in the counter can be used to clear (load a zero) the counter before the 
count is destroyed. This loading is synchronous with the next clock pulse, 
i.e., it is not gated with the enable input. 

5.2.2.1 Two-Bit Binary Counter 

The Two-Bit Binary Counter is patched as shown in Figure 5-29. It counts 
as follows: 0, 1, 2, 3, 0, 1, 2, 3, 0, 1, 2, 3, etc. In other words, it 
is a Modulo 4 counter. Note the difference between the actual patching of 
the enable input and the logic one shown on the Flow Chart Symbol. This 
is not an error. The enable i8put must be patched from the CI signal. 
Otherwise a logic one in the 2 bit would trigger the 21 bit, even if the 
CI was logic zero. A counter cannot be allowed to change count when the 
CI is logic zero. Thus the patching is to be done exactly as shown and the 
counter thus produced is one which is enabled with a logic one, i.e., it 
counts higher on every clock pulse when CI is logic one. The prudent pro­
grammer will be well advised to always consider the rigorous definition of 
CI and E of a counter. This definition is found in Section 5.2.2.4. 

E 
CI co 

Patching Diagram Flow Chart Symbol 

Use the CO terminal for output to another counter. The two 
flip-flops have a common enable. The count is incremented 
eachtime CI is logic one and there is a clock pulse. CI must 
be patched to the low numbered (0 or 3) flip-flop of the pair. 

Figure 5-29 Two-Bit Binary Counter 
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5.2.2.2 Four-Bit Binary Counter 

5.2.2.3 

26. 

The Four-Bit Binary Counter is made up of two Two-Bit Binary Counters in 
cascade. It is really a Modulo 16 counter which is always enabled, in the 
same manner as the Two-Bit Binary Counter of Section 5.2.2.1. 

E co E 

CI T T T 

OUT OUT OUT OUT 

Patching Diagram Flow Chart Symbol 

CI must be patched to the low numbered (0 or 3) flip-flop 
-- of each pair. 

Figure 5-30 Four Bit Binary Counter 

BCD Counter With Outputs 

Although the AD/FIVE has some very useful BCD Counters, intermediate counts 
in these counters can be decoded only with certain obvious limitations since 
the only outputs are CO (Variable, Multiple, or 100) type outputs. A more 
generally useful BCD Counter can be patched using two Dual Flip-Flops as 
shown ;n Figure 5-31. 

OUT 
ffijf 

Switches and LOS inputs should be zero if count is 
to initially start at zero. If switches or LOS in­
puts are not zero, then initial count will not be 
zero, and counter will count to 9 and then cycle to 
the non-zero value. Switch settings or LDS inputs 
greater than nine are invalid. 

L-__________ ~~:_------~~------~ co 

T 

OUT 
OUT 

2' 

T 

Patching Diagram 

Figure 5-31 BCD Counter With Outputs 

Flow Chart Symbol 
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5.2.2.4 General Purpose Binary Coded Modulo-X Counter 

A General Purpose Binary Coded Modulo-X Counter with count outputs can be 
built using the flip-flop as the basic element. Binary coding is used. 
Modulo Two through Modulo Sixteen Counters are discussed in this section; 
higher values can be easily obtained using the basic principle illustrated 
in this section. Figure 5-32 shows the general purpose counter. 

CI 
~------------~----~---------+----------~co 

T T 

OUT OUT 

OUT OUT 
-~.-.. 

2° . 2' 

Cl 

Patching Diagram 

E 

MODULO X 

Flow Chart Symbol 

T T 

OUT OUT 

OUT OUT 
-~-

22 23 

CO 

Figure 5-32 General Purpose Binary Coded 
Modulo-X Counter 

Modulo Two: A flip-flop is a Modulo Two Counter. Gating is necessary to 
obtain a carry-out. A carry-out signal, to be useful, must have the fol­
lowing characteristic: the carry-out is a logic one if the maximum count 
is present and the carry-in is a logic one. A carry-out can be patched to 
a carry-in and thus two or more counters can be cascaded to achieve higher 
count values. The Modulo Two counter is illustrated in Figure 5-33. 

E ------Oi 

E 
Cl~~T 

OUT n » 
'---__ O~UT.., 2° co 

L--______ _ 

Patching Diagram 

I 
E 

-CI co-

I 

Flow Chart Symbol 

Figure 5-33 Modulo Two Counter 27. 
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r 
The flip-flop output is used to provide the output which indicates that I 
the value of the count in the counter is 20. 

Care must be taken to observe an additional property of the carry-out 
signal. It is potentially of indefinite duration,i.e., it will last until I~ 
the next enable signal if CI is logic one. Thus, in general, a counter 
has two inputs: CI and ENABLE. Both inputs must be a logic one for the 
coun~n the counter to increment~he difference between the two inputs I 
is that the CI contributes to the CO, the enable does not. In cascading 
counters, care should be taken to enable each unit with the same signal 
as a general rule. 

Modulo Three: Decoding is necessary to implement a Modulo Three counter. 
This is illustrated in Figure 5-34. If a separate enable input is needed, 
use the circuit of Figure 5-35. 

NOT USED 
I 

f 2 COl 
I 

T 
co CI -..--tT 

OUT OUT 

2' 

Patching Diagram Flow Chart Symbol 

Figure 5-34 Modulo Three Counter Using Dual Flip-Flop 

E ----+-_+_--1 

CI 
co 

Patching Diagram Flow Chart Symbol 

Figure 5-35 Modulo Three Counter Using Independent Flip-Flops 

Modulo Four: This counter is easily patched using the dual flip-flop. 
is the same circuit as the Two-Bit counter of Figure 5-29. 

E COt----+ 

CI E co 
T 

CI T 
OUT OUT 

2° 

Patching Diagram Flow Chart Symbol 
Figure 5-36 Modulo Four Counter 
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5.2.3 

5.2.3.1 

Modulo Five through Modulo Nine: Use the General Purpose Modulo-X Counter 
of Figure 5-32. Select the appropriate inputs to the gate in order to 
decode for the proper maximum count. 

Modulo Ten: This is really a BCD counter. The BCD counter of Figure 5-31 
is a Modulo Ten counter. 

Modulo Eleven through Modulo Fifteen: Same as Modulo Five through Modulo 
Nine. 

Modulo Sixteen: Use the Four-Bit counter of Figure 5-30. 

It is important to thoroughly understand each of these circuits in order to 
readily exploit the power of a synchronous logic system. For instance, one 
very powerful aid to the operator is the Grid Reference Pattern Generator 
of Figure 5-25, which requires Modulo Four and Modulo Eleven counters. 

Differentiator Circuits 

The Differentiator performs logic differentiation. Exactly what is meant 
by that term is a very arbitrarily defined concept. Unfortunately, rigo­
rously defined mathematical concepts such as differentiation are sometimes 
used to describe processes which only faintly resemble the original concept. 
Thus the Differentiator in the AD/FIVE is clearly defined as to its actual 
operation in Chapter 4, Section 4.2.2.3. A brief study of the truth table 
in Figure 4-22 reveals that the DIF output is a signal of programmable 
duration which predicts the logic zero to logic one transition of the as­
sociated flip-flop. The Differentiator is useful for counting and synchro­
nizing applications. 

Trailing Edge Differentiator 

Complementation of the input to a differentiator will result in an output 
signal on the trailing edge (1 to 0 transition) of the input signal. Time 
duration of the DIF output is a function of the ENABLE input and is one 
clock period if E = logic one. The circuit is shown in Figure 5-37. 

IN --t) )----~I~~R_T _~-.aIFIt---

Figure 5-37 Trailing Edge Differentiator 

5.2.3.2 Cycle Counter 

Frequently it is desirable to count the number of times that an analog com­
parison is made. This is done by differentiating the output of the compara­
tor so that the counter increments once each time the comparator transitions 
to a logic one, regardless of the duration of the comparison. The circuit 
is illustrated in Figure 5-38. 

29. 
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5.2.4 

5.2.4.1 

30. 

1-----1 SET DIF .--..------, 

...--------.. C LR 

CI 

COUNTER 

Figure 5-38 Cycle Counter 

Variable Carry-Out Counter Circuits 

The Variable Carry-Out Counter is a useful device. The circuits in this 
section describe interval timers which can be formed with the VCO counter, 
and which are only one of many useful applications of the device. 

Two State Interval Timer 

This circuit is presented in two forms in Figure 5-39, and is used to aug­
ment the system Interval Timer. Type A is very easy to patch and will serve 
most applications. 

P OR V 

Type A: IIA" period and "B" period together total 
100 time units. The A period is set on 
the VCO counter thumbwheel switch (See 
Chapter 4, Section 4.2.2.4). 

I 
E 

P OR V - CI co SET OUT -VAR STATE B 

co 100 CLR OUT STATE A 

Type B: "AII period and "BII period may total any 
arbitrary number of time units. 

CI CLR 

E 

80 

T 

/ 

ISW 

co .--..---.-.-~ SET 
VAR 

CLR 

OUT ~~+--~ STATE B 

OUT 1---____ STATE A 

Patch the total cycle time ("A" period plus IIB" period). 
Set the A period on the VCO counter thumbwheel switch. 

Figure 5-39 Two State Interval Timer 
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5.2.4.2 Three State Interval Timer 

5.2.5 

5.2.5.1 

Figure 5-40 illustrates the use of the Variable Carry-Out counter to form 
a Three State Interval Timer. This timer will have a total period of 100 
time units. Therefore it can be nested within, or operated synchronously 
with, the system Interval Timer. Operation is as follows: in the load 
state, both flip-flops are cleared and the count in the counter is zero. 
The state is "A". After going to RUN, the counter counts the P or V sig­
nal which has been selected by the operator. The first flip-flop sets 
when the time reaches the value set on the VCO counter thumbwheel. This 
shifts the state to "B" and activates the INHIBIT SWITCH feature (See 
Chapter 4, Section 4.2.2.4). The count continues to increase until it 
reaches the patched value ("A" period plus "B" period) whereupon there is 
again a CO VAR output. The upper flip-flop is already set. Now the second 
flip-flop sets because it is enabled. The timer shifts to the "C" state. 
After 100 time units the flip-flops both clear and the cycle repeats. 

E 

P OR V CI 

"A" period is set on the VCO counter thumbwheel 
switch. "A" period plus "B" period plus "C" 
period equals 100 time units. 

ISW 

COVAR SET E 

OUT 
CLR OUT STATE B 

CO 100 
SET E STATE A 

V 
OUT 

CLR OUT 
L..-.-___ -+ STATE C 

Patch sum of "A" and "B" periods. 

Figure 5-40 Three State Interval Timer 

Multiple Carry-Out Counter Circuits 

The Multiple Carry-Out counter is also a very useful device for which three 
applications are given in this section 

Quinary Counter 

A Quinary Counter can be patched using the circuit of Figure 5-41. It makes 
a difference which signal is patched to the CI and which is patched to the 
ENABLE. Note that the counter will recycle (clear to a count of zero) one 
microsecond after the CO is a logic one. The counter clears on the next 
clock pulse (not the next enabled clock pulse) after the CLR input is logic 
one. 

If there is any doubt about what is required, the operator should make a 
timing diagram to resolve the doubt. This is easily done and should not 
be neglected. 

31 . 
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Figure 5-41 
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C05 co 

Quinary Counter 
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I 
5.2.5.2 Hexadecimal Counter 

CI 

The Hexadecimal Counter is a Modulo Sixteen Counter, and is easily imple­
mented by means of the Dual Flip-Flop as shown in Figure 5-42. This cir­
cuit is included to illustrate another example of intermediate count-deco­
ding for the Multiple Carry-Out Counter. Thus a counter of any size from 
Modulo Two to Modulo One Hundred is obtainable. Note the careful attention 
to the definition of Carry Out in this circuit. 

co 

E E 

CI COlO SET MOOUlD 
CI 16 CO 

CLR C05 CLR COUNTER 

r· 

I 

Patching Diagram Flow Chart SymboJ 

Figure 5-42 Hexadecimal Counter 

5.2.5.3 Three State Interval Timer Using Multiple Carry-Out Counter 

32. 

Often an interval timer in addition to the system Interval Timer can be usefJ ' 
as in a nested repetitive operation in which a portion of the simulation is 
solved repetitively during a single run of the rest of the problem, after 
which the entire problem is put into repetitive operation for display purposJ . 
The interval timer shown in Figure 5-43 (or the interval timer shown in Figulc 
5-40), together with the system Interval Timer, will meet such a requirement. 
The circuit of Figure 5-43 operates as follows: A Multiple Carry-Out countet 
counts the P or V signal desired; CO 10 shifts a three bit ring counter to 
the "8" state. CO 50 then sets a flip-flop enabling a second flip-flop to 
trigger on the next CO 20 (which is actually a CO 60). This flip-flop then 
gates the next CO 20 (i.e., CO 80) to shift the register to the "C" state. 
CO 100 shifts the register to the "A" state and the process repeats. This 
circuit may not be the best method to perform a desired operation in every 
case, but the circuit illustrates the use of the ring counter and the tech- I 
nique of intermediate storage of CO signals and the subsequent gating of 
other CO signals. 

I · 
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5.2.6 

CO 10 

CO 100 
RING COUNTER 

SHIFT REGISTER 

Logic Diagram 

I.T. 
CI co 

Flow Chart Symbol 

r-------_STATEA 

CO 10 
.-----SUTE8 

STAT[ C 

coso 

Patching Diagram 

Figure 5-43 Three State Interval Timer Using Mu1tip1e-Carry-Out Counter 

System Interval Timer Circuits and Indefinite-Operate Controller Circuit 

The Interval Timer is most often used as a repetitive operation controller. 
It is, however, a Three-Bit Ring Counter with count values settab1e from 
thumbwee1s or digitally-set registers, and as such can also be used as a 
versatile logic computing component. It is a timer only if the signal being 
counted is periodic. The Interval Timer can also be used as a free, patchab1e 
logic device. Figure 5-44 shows one useful application of the Interval Timer 
as a computational element. 

The Indefinite-Operate Controller circuit solves the following control problem: 

The "A" period is to be set by the thumbwhee1s or by digitally-set 
registers, and normal operation in the "A" period is desired. 

The "B" period is to be of indefinite duration, lasting until some 
analog event causes a comparator to have a logic one present at its 
output. The "B" period is set to 01. The "B" period will then last 
one micro-second after the comparison occurs. 

The "C" period is to be set from the thumbwhee1 or from digitally-set 
registers and normal operation in the "C" period is desired. 

33. 
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Figure 5-44 Indefinite-Operate Controller 
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1 .0 INTRODUCTION 

The E3.17 Variable Diode Function Generator (DFG) can be operated as two 
independent ten segment fixed breakpoint Diode Function Generators, or as 
one ten segment variable breakpoint DFG. In the fixed breakpoint mode the 
breakpoints of the DFG function are .1 machine unit (1 volt) apart; in the 
variable breakpoint mode breakpoints can be spaced as far apart or as 
close together as desired. The means of achieving either mode of opera­
tion are discussed in following sections of this manual. 

If the E3.17 is not used for function generation, two output amplifiers 
are available for use as inverters. 

Figure 1.0 shows the front panel of the E3.17 Variable Diode Function 
Generator. 

GAIN POT G 6 <S) 

PARALLAX POT P (9 <D SWITCH 1 

CENTRAL SLOPE POT cs e (f) 

1 e 0 
2 e e 
3 CD e HANDLE 
4 (S) e 

SEGMENT SLOPE POTS 5 e (S) 

6 6 <S) 

7 CD CD 
8 ~ (f) DC SWITCH 2 
9 (S) 0 I 

DFG0 DFGl 

Figure 1.0 E3.17 Variable Diode Function Generator Front Panel 

The gain, parallax, and slope adjustment pots can be turned with a small 
tip screwdriver or a tuning wand. 

Each DFG is addressed as an element in the Nonlinear Class (Class N). 
For example, DFG~ terminated in Field 0, Area 1, is addressed as N~l~. 

1.1 Fixed Breakpoint Operation 

Switches 1 and 2 on the 
the DFG. With switch 1 
F (Fixed) position, the 
fixed breakpoint DFGs. 
DFGs and the patchboard 

front panel control the modes of operation of 
in the OP (Operate) position and switch 2 in the 
E3.17 is configured as two independent ten segment 
Figure 1.1 shows the relationship between these 
terminations. 

-1-
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DFG ~ 

o 
x 

DFG 1 

\....--.-...=E3.17 VARIABLE DIODE FUNCTION GENERAT ......... O ......... R_ 

Figure 1.1 DFG Fixed Breakpoint Configuration 

The method of programming the DFGs for the fixed breakpoint mode is 
described in Sections 3.1 and 3.5 of this manual. 

Variable Breakpoint Operation 

With switch 1 in the OP position and switch 2 in the V (Variable) position 
the E3.17 is configured as a single ten segment DFG with variable break­
points. Figure 1.2 shows the relationship between this DFG and the patch­
board terminations. 

DFG 1 

Figure 1.2 DFG Variable Breakpoint Configuration 

Putting switch 2 in the V position puts the DFG network of the DFG0 
channel into the feedback of the DFG0 channel output amplifier. In 
this configuration, DFG0 is programmed to provide the desired break-
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point locations, and DFG 1 is programmed to provide the desired segment 
slopes for the final desired function approximation. Sections 3.2 and 3.6 des­
cribe the method of programming the DFGs for the variable breakpoint 
mode. 

Inverter Operation 

With switch 1 in the OP position and switch 2 in. the I (Inverter) position 
the DFG output amplifiers are terminated on the patchboard as two unity 
gain inverters as shown in Figure 1.3. 

o 

x F 

IN F 

AD/FIVE PATCHBOARD 

Figure 1.3 DFG Inverter Configuration 

1.4 DFG Function Calibration Mode 

The E3.17 has a special static set up or function calibration feature to 
aid the programmer. When switch 1 is put in the CAL (Calibration) position 
the action of switch 2 is overridden. Regardless of the position of switch 
2, the E3.l7 is configured as shown in Figure 1.4 when switch 1 is in the 
CAL position. 

o 
F 

1 

F 

DFG ~ 

DFG 1 

CALIBRATION BUS 

Figure 1.4 DFG Function Calibration Configuration 
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The Calibration Bus of Figure 1.4 is wired to each variable diode function 
generator slot in the AD/FIVE and terminates on the patchboard in a hole 
labelled CAL, located in Field 0 Area O. The calibration feature is used 
in static set up of desired functions in the OFGs. An amplifier output 
can be patched in the CAL patchho1e and used as a voltage source for OFG 
set up. The 03.12 VOFG Calibrator can also be used for this purpose. 

In static set up of a DFG, the input voltage is-fed to the Calibration 
Bus either from an amplifier output or from the 03.12 VDFG Calibrator. 
The breakpoint voltage is fed into the DFG, and the gain, parallax, 
and slope pots are used to achieve the desired output at each input 
breakpoint voltage. After set up is completed, switch 1 is put in the 
OP position, and the accuracy of the function can be ascertained and 
corrected if necessary. 

The 03.12 VDFG Calibrator is a programmable voltage source designed to 
be plugged into anyone of the VDFG slots in the area behind the hinged 
panel above the patchboard. The desired output voltage from the 03.12 
is obtained via thumbwheel switches on the front panel of the Calibrator. 
This output is directly connected to the Calibration Bus. The USt of 
this unit greatly simplifies the set up of the E3.17 VDFG. 

r---
ANALOG REF. • 

DFG 0 

~ D3.1;-1r-__ C_AL_I_B_AA_T_IO_N __ B~ ______ ~ 
L CALIBRATOR ...J 

E3.17 VDFG 

USE AMPLIFIER OUTPUT PATCHED TO IN 
CAL HOLE, OR USE 03.12 CALIBAATOR DFG 1 
WITH CAL UNPATCHED. DO NOT USE BOTH 
AMPLIFIER OUTPUT AND CALIBRATOR. L 

Figure 1.5 Calibration Mode Inputs 

2.0 THEORY OF OPERATIO~ 

-4-

The E3.17 VDFG produces a straight line segment approximation to an arbitrary 
function of X by generating functions as shown in Figure 2.0 and summing 
these by connecting them in parallel. 

PARALLAX 
TYPI AL 

CENTRAL SLOPE FIXED BREAKPOINT 
SEGMENT VARIABLE SLOPE 

SEGMENT 

Figure 2.0 DFG Operation 

RESULTANT 
OUTPUT 
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A simplified schematic of the circuitry used to generate a fixed break­
point variable slope segment is shown in Figure 2.1. (VB is the break­
point voltage.) 

R 
X--------------~vv~~ 

R 
-VB------~------~vv~~ 

R 
+VB----------------~~~ 

Figure 2.1 Simplified Slope Segment Circuit 

The slope is determined by the setting of the potentiometer. For 
(X-VB) < 2ed , where ed is the diode potential, the diodes do not conduct 
and the amplifier output is not affected by X. For (X-VB) > 2ed the 
diodes conduct, and the segment then contributes to the amplifier output. 
If the diodes had the ideal switch characteristic shown in Figure 2.2(A), 
then the circuit shown in Figure 2.1 would produce an output as shown in 
Figure 2.2(B). 

i f( ) 

--------+-~~---e ed 

(A) (B) 

Figure 2.2 Ideal Diode Switch Characteristics 

The diodes do not, however, exhibit the ideal i-e switch characteristics 
shown in Figure 2.2(A). The i-e characteristic is instead an exponential 
function as shown in Figure 2.3(A} below. As a result of the actual as 
opposed to ideal switch characteristics of the diodes, the circuit shown 
in Figure 2.1 actually produces an output as shown in Figure 2.3(B). 

i f(X) 

------~~~----e 

XA XB 

(A) (B) 

Figure 2.3 Actual Diode Switch Characteristics -5-
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This rounding of the output f(X) in the vicinity of the breakpoint is 
significant in a computer with a 10 volt reference. The rounding can 
generally be used by the programmer to obtain a better approximation 
to a desired function than would be possible with the idealized charac­
teristic of Figure 2.2(B). 

For the function shown in Figure 2.2{B) there is no question that XB 
constitutes the breakpoint voltage. This is not the case, however, for 
the function shown in Figure 2.3{B); the definition of the breakpoint 
voltage in this case is somewhat arbitrary. The nominal values for the 
breakpoint voltages of the E3.17 VDFG are (in machine units) X = 0.1,0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9. These values correspond approxi­
mately to the point labelled XA in Figure 2.3{B). 

VDFG SET UP PROCEDURES 

In preparing to set up the E3.17 VDFG it is necessary to have a clear 
understanding of the function of which a straight line segment approxi­
mation is desired. A graph of the function, or a function value table, 
should be prepared. Studying the function will enable the operator to 
decide whether to use a fixed breakpoint approximation or a variable 
breakpoint approximation. Once this decision is made the operator is 
ready to set the VDFG to deliver a straight line segment approximation 
of the desired function. 

There are two methods of setting the VDFG: the dynamic method and the 
static method. The dynamic method requires a display scope with a 
graticule. The DFG is set up with switch 1 in the OP position. The 
function is set up and observed at the same time, so that adjustments 
to the pots of the segments can be made until the desired function 
approximation is obtained. The advantages of this method lie in the 
ease of set up, the possibility of directly seeing the effects of diode 
rounding for each breakpoint, the ability to make adjustments to com- I 
pensate for diode rounding while viewing the function, and the ease 
of obtaining a close overall approximation of a function. Function 
values cannot be as accurately set at each input value as in the static method. 
In the static method, switch 1 is in the CAL position. Breakpoint I 
input voltages are supplied to the DFG from the 03.12 VDFG Calibrator, 
or from the output of an operational amplifier (see Figure 1.5). The 
function is set for each input voltage and the output is read from I 
the AD/FIVE digital ratiometer (DRM) until the entire function is set 
for each input voltage. The advantages of this method are the elimination 

I 
r 

I 
I 

of the need for a display scope, the ability to achieve accurate function 
values for given input values via the DRM readout; the disadvantages are I 
the difficulty of using diode rounding to advantage to achieve the best­
overall approximation of the desired function, and the greater complexity 
of set up calculations. However, a great degree of accuracy can be obtained 
through the use of this method, as described in Sections 3.3 - 3.6 of this 
manual. 

3.1 VDFG Set Up: Dynamic Method, Fixed Breakpoint 

-6-

In the fixed breakpoint mode the DFG is programmed to provide a straight 
line segment approximation of a desired function with nine equally spaced 
breakpoints whose nominal X values are 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, and 0.9. The central slope term provides an additional segment, so 
that there are ten segments in the function approximation. 
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The first step in the dynamic set up of a DFG is to draw the function 
of which an approximation is desired. The display scope is then set up 
with a graticule to enable the function to be set a~ desi~ed. The 
X input to the DFG is patched to the DFG, and also 1S an 1nput to the 
scope. The DFG output is connected to the scope. The.sco~e should be 
calibrated to the graticule so that an accurate approx1mat10n of the 
desired function can be achieved. See Figure 3.0. 

/ 0 
OR -

/V'V'v X F 
OR 

IP 0; ---1 

IV c:::( 
u r-
~ ::> 
r- ~ 
e:::: z: 
L.LJ ~ 
>-

--. oQo-
SCOPE 

HORIZONTAL 
INPUT 

Figure 3.0 Oscilloscope Connections 

The input to the DFG may be an integrator integrating a constant from 
an initial condition of 0 if the function is for 0 < X < 1.0, 
or from an initial condition of -1.0 if the function is-for 
-1.0 < X < 1.0; a triangle wave input or a sine wave input 
with appropriate amplitudes may also be used. 

Switch 1 is set to the OP position. Switch 2 is set in the F position. 
The DFG is then set to the desired function as follows: 

1. Set the DFG gain pot labelled G full counterclockwise for 
minimum gain. It is desirable to have the gain set as 
low as possible in order to achieve the best dynamic response. 
Begin to set the function with the gain at minimum. If at 
any time you encounter a segment which can not be set with 
gain at minimum, turn the gain pot clockwise until the desired 
value is achieved, then return to step 2 and begin to set 
the function from the beginning. (See also Section 3.4.) 

2. Turn the parallax pot labelled P until the desired f(X) is 
obtained at X = O. 

3. Turn the central slope pot labelled CS until the central slope 
segment reaches the desired f(X) at X = 0.1. 

4. Turn the segment 1 pot labelled 1 until the first segment 
reaches the desired f(X) at X = 0.2; if adjustment of the 
segment 1 pot affects the f(X) at X = 0.1 due to diode roun­
ding of the first breakpoint, readjust the central slope 
pot until the desired result is achieved; then adjust the 
segment 1 pot again until the desired result is obtained. 

-7-
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5. Continue to set the succeeding segments in order until the 
desired function is obtained for all X values, paying careful 
attention to the interaction of segments upon one another at 
the breakpoints. 

The DFG is now set for the desired function approximation, and will not 
need to be adjusted further until a new function approximation is desired. 

VDFG Set Up: Dynamic Method, Variable Breakpoint 

When a fixed breakpoint approximation to the desired function will not 
suffice, DFG ~ and DFG 1 may be used together to provide a ten segment 
approximation with nine variable breakpoints whose locations may be 
determined by the programmer. DFG 0 creates a function which transforms 
the X values of the desired variable breakpoints into a fixed breakpoint 
output with the breakpoint 0.1 machine unit apart. This is achieved by 
switching the DFG network of DFG ~ into the feedback look of the DFG 0 
output amplifier, as shown in Figure 1.2. The output of DFG 0 is internally 
connected to the input of DFG 1. Since DFG 0 transforms the variable 
breakpoints to fixed breakpoints, the output of DFG 1 yields a final function 
which has breakpoints at variable X values as determined by the set up 
function of DFG 0. 

First the graph of the desired function is studied to determine the X 
values at which breakpoints are desired. The display scope is set up 
with a graticule. The X input is patched to the DFG input and connected 
to the scope. The output of DFG ~ labelled 0F is connected to the 
scope, and the scope is calibrated to the graticule. 

Switch 1 is set to the OP position. Switch 2 is set in the F position. 
DFG 0 is then set up as follows: 

1. Set the DFG gain as described in step 1 for the fixed break­
point set up. 

2. Set the parallax pot until the function f(X) is at zero for 
X = O. This is necessary because of feedback restrictions 
for DFG~. The desired function must begin at the origin 
of the axes. 

3. The function for DFG 0 must lie in the fourth guadrant due 
to feedback restrictions. The function values at each X 
input to DFG 0 are the negative values of the desired final 
variable breakpoints. The central slope pot is adjusted 
until the central slope segment reaches the negative value 
of the first desired breakpoint. For example, if the first 
desired variable breakpoint is at X = 0.310, the the central 
slope pot of DFG 0 is adjusted until f(X) at X = 0.1 is 
-0.310. Following the procedure for the fixed breakpoint set 
up, each segment is adjusted so that the f(X) for each break­
point equals the negative value of the desired variable break­
points as shown below: 
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BP refers to the X values of the desired variable breakpoints. 

Note that at X = 1.0 the segment 9 pot is adjusted to yield 
an f(X) of -1.0. Since DFG 0 provides the input to DFG 1, 
the output of DFG 0 must be full scale in order to drive 
DFG 1 full scale. Thus it is necessary that segment 9 reaches 
-1.0 for DFG 0. 

DFG 0 is now set. 

Disconnect the output of DFG 0 from the scope. Connect the output of 
DFG 1 to the scope. Set switch 2 in the V position. You must now remove 
the X input, invert it, and patch the inverted input to the DFG. DFG 1 is 
now ready to set as follows: 

1. Set the gain to minimum as discussed in the section on fixed 
breakpoint set up. 

2. Set the parallax pot until the desired f(X) for the final 
variable breakpoint function is obtained at X = O. 

3. Set the central slope pot until the desired f(X) is obtained 
at the X value of the first variable breakpoint. 

4. Set the first segment pot until the desired f(X) is obtained 
at the X value of the second variable breakpoint. Correct 
the central slope setting if needed. 

5. Set the remaining segments and adjust for diode rounding as 
necessary, until the segment 9 pot is adjusted for the desired 
f(X) at X = 1.0. 

DFG ~ and DFG 1 are now set in the variable breakpoint mode. 

-9-
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The rounding of the straight line approximation of a function due to I· 
the switch characteristics of diodes as described in Section 2.0 enables the 
programmer to obtain a better approximation of a desired function than I~. 
would be the case if the approximation generated by the VDFG actually 
consisted of perfectly straight line segments. 

In order to achieve the best results in programming the DFG it is bene­
ficial to have a clear understanding of the effects of diode rounding, 
so that this phenomenon may be used to advantage. The best way to achieve 
this understanding is to program a DFG for maximum slope difference between 
the segments and to study the results. This is easily done, and can be of 
great help when the DFG is being programmed to generate a function approxi­
mation. The maximum slope difference is programmed as described below: 

1. A display scope is set up as described in Section 3.1, and a 
suitable input is patched into the DFG. 

2. Turn the gain pot full clockwise to maximum. This will enable 
the effects of diode rounding to be most clearly visible. 

3. Set the parallax to zero, so that the central slope segment r,.: 
begins at the origin of the axes. 

4. Turn the central slope pot full clockwise for maximum positive I. 
slope. _ 

5. 

6. 

7. 

.5 

.4 

.3 

.2 

. 1 

Turn the segment 
tive slope. 

pot full counterclockwise for maximum nega-

Turn the segment 2 pot full clockwise for maximum positive slope. 

Proceed in this way, turning alternate pots counterclockwise 
and clockwise until all the pots are set. You should now have 
a function similar to that shown in Figure 3.1. 

f(X.) 

x 
• 1 .7 .8 .9 1 .0 

Figure 3.1 Maximum Slope Difference Function 
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The straight lines in lighter print represent the idealized straight line 
segments which would be obtained if diode switch characteristics had the 
graph of Figure 2.2(A); the curve at each breakpoint represents the actual 
function in the area of diode rounding. The straight vertical lines at 
each breakpoint represent XA and XB as shown in Figure 2.3(B); XA shows 
the point at which measurable diode rounding begins, and XB shows the point 
at which measurable diode rounding disappears. A table of the diode rounding 
effects for each breakpoint of the DFG for which the maximum slope difference 
function was programmed should be made as shown below: 

BREAKPOINTS: BP, BP2 BP3 BP4 BP5 BP6 BP7 BP8 BP9 

XA: .09 .20 .29 .41 .49 .60 . 71 .81 .89 

XA MINUS .02: .07 .18 .27 .39 .47 .58 .69 .79 .87 

XB: . 12 .22 .32 .43 .52 .64 .73 .83 .92 

This table will be somewhat different for each individual DFG unit. Thus 
the programmer should identify the table with the DFG number for future 
use. 

In the following sections on the static method of DFG set up, the discussion 
will be based on a DFG which has the diode rounding characteristics shown 
in Figure 3.1 and the table above. This will serve as an actual program­
ming example to aid the reader in understanding the static method of DFG 
set up. 

With an understanding of diode rounding the operator will be able to achieve 
an excellent approximation of a desired function. Figure 3.2 illustrates 
how to obtain a desired value at the nominal breakpoint X value. The curve 
being approximated is shown in each figure. For purposes of discussion the 
difference between the desired curve and the straight line approximation 
is exaggerated. In actual practice a curve of this nature would best be 
approximated with a variable breakpoint function, but in Figure 3.2 a fixed 
breakpoint approximation is used in order to clearly illustrate diode 
rounding. Only the first two segments are shown. 

Figure 3.2(A) shows an idealized straight line approximation. (B) shows 
the central slope set so that the desired value of f(X) represented by the 
dot is located on the nominal breakpoint value of 0.1. When the segment 1 
pot is adjusted for the desired f(X) at X = 0.2, the diode rounding which 
begins at XA will cause the f(X) set by the central slope pot to change its 
position to the point shown by the dot. If the operator resets the central 
slope pot to the desired f(X) as shown in (D), segment 1 will change its 
position as shown. The segment 1 pot is adjusted for the desired f(X) at 
X = 0.2 as shown in (E), thus changing the f(X) at X = 0.1. With each pass 
through the setting procedure the actual f(X) at X = 0.1 comes closer to the 
desired curve. Three passes through the entire function are recommended 
to achieve satisfactory accuracy of f(X) values at the nominal breakpoint 
X values. The third pass through the set up shown in Figure 3.2(F) and (G) 
provides the desired f(X) at X = 0.1. 

-11-
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NOMINAL 
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Figure 3.2 Diode Rounding: Setting f(X) at 
Nominal Breakpoint 
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Figure 3.3 Diode Rounding: Setting f(X) Before 
Nominal Breakpoint 
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SLOPE 

SET SEGMENT 1 

If it is not necessary to have accurate f(X) values at the nominal break­
points, then accurate f(X) values can be achieved on the first setting 
of the DFG. Input values to the DFG are chosen before diode rounding 
begins, so that the f(X) set by one segment will not be affected by the 
adjustment of the succeeding segment. This is illustrated in Figure 3.3. 

Figure 3.3(A) shows the desired curve and an idealized straight line 
approximation. Figure 3.3(8) shows f(X) being set by the central slope 
pot with an input X value before XA (i.e., before diode rounding begins). 
When the segment 1 pot is adjusted for the desired f(X) at the second 
breakpoint, the f(X} set by the central slope pot (represented by the 
dot) does not change position, since it is not in the area affected by 
diode rounding. 

It is recommended that an input value be chosen somewhat before XA to be sure of 
avoiding effects of diode rounding. In the table made for the diode 
rounding of Figure 3.1 the input values were chosen to be .02 machine units 
before the XA observed in the maximum slope difference function. The 
reason for setting up that function now becomes clear: if the programmer 
knows where diode rounding begins for each breakpoint, he can avoid the 
effects of diode rounding on the accuracy of his f(X) values by choosing 
these values before the rounding begins whenever possible. This is the 
method used in Section 3.5 to set a fixed breakpoint approximation by the 
static method. 

-13-
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VDFG Set Up: Static Method, Gain Determination 

The best dynamic response is obtained from the VDFG if the gain is set 
as low as possible to generate the desired function approximation. In 
order to estimate the necessary gain in the static method of DFG set up 
it is necessary to perform a number of calculations which are shown in 
Figure 3.4. These calculations establish the two segments between which 
the greatest slope change occurs. The gain can then be set to achieve 
the desired f(X) at this point, and thus the gain will not be set higher 
than necessary. 

To simplify the 
with DFG set up 
of this manual. 
he will have to 
the appropriate 

programmer's task, copies of all the necessary tables 
information spaces left blank are provided at the back 
Copies of these can be made by the programmer, and all 

do to set up a DFG function is to fill in the tables with 
information, thus greatly simplifying his task. 

COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4 COLUMN 5 COLUMN 6 
BREAKPOINT FUNCTION SEGMENT 

INPUT POTS TO SET VALUES FOR A B WITH UPPER 
X VALUES f(X) FOR X X INPUT VALUE AT X 

X -o - i1 PARALLAX fn 

X = 1 . 1 CENT . SLOPE fl f1 - f0 Ifl - ff)1 CENT. SLOPE 

X = 2 .2 1 f2 f2 - 2f1 +f~ IAI 1 

X3 = .3 2 f3 f3 - 2f2 +f1 IAI 2 

X = 4 .4 3 f4 f4 - 2f3 +f2 IAI 3 

X = 5 .5 4 f5 f5 - 2f4 +f3 IAr 4 

X = 6 .6 5 f6 f6 - 2f5 +f4 IAI 5 

X = 7 .7 6 f7 f7 - 2f6 +f5 IAI 6 

X = R .8 7 f8 . f8 - 2f7 +f6 IAI 7 

Xg = .9 8 fg fg - 2f8 +f7 IAI 8 

X1fl=1.9' 9 f 1,0 f 1,0-2f 9 +f E IAI 9 

NOTE: The B values of Column 5 are absolute values of the corresponding 
A value which is found in Column 4. 
Figure 3.4 Tables for Gain Determination: Fixed Breakpoint 

To set the DFG gain, fill in the information required by the tables in 
Figure 3.4. Note that the gain tables require that the f(X) values be 
filled in at the nominal breakpoint X values. This is required even if 
the actual input values will be chosen to occur before diode rounding 
rather than at the nominal breakpoint values. The reason for this pro-
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cedure is to insure that the maximum slope change between two segments 
be determined for equally spaced segments. Once the tables have been 
filled in, proceed to set the DFG gain as follows: 

1. Set switch 1 in the CAL position and switch 2 in the F position. 

2. Address the DFG via the AD/FIVE addressing system. 

3. The input to the DFG should come either from the D3.l2 VDFG 
Calibrator or from an amplifier output patched into the CAL 
patchhole as show in Figure 1.5. 

4. Set the DFG input to 0 and adjust the parallax pot until the 
DRM reading is zero. 

5. Set the DFG input to 0.100 and adjust the central slope until 
the DRM reading is zero. 

6. At 0.1 machine unit increments for the DFG input, set all the 
segment pots for zero DRM reading until the entire function 
has been zeroed. 

7. Pick the segment whose Column 5 entry B is the largest. If 
B < 0.2, set the DFG gain full counterclockwise for minimum 
gaTn and set up the DFG (Sec. 3.5 or 3.6). If B > 2 the function 
cannot be generated by the E3.17 VDFG.) 

8. Find the entry A in Column 4 which corresponds to the largest 
entry B in Column 5. If entry A is positive, turn the segment 
pot with the number in Column 2 full clockwise for maximum 
positive slope. If entry A is negative, turn the segment pot 
full counterclockwise for maximum negative slope. 

9. Set the input voltage X equal to the corresponding value in 
Column 1. Then set the DFG output to a value of 1.2 times A by 
adjusting the gain pot until the desired result is obtained. 

The DFG gain is now set by the static method. 

3.5 VDFG Set Up: Static Method, Fixed Breakpoint 

When setting the DFG in the fixed breakpoint mode the X input values will 
either be at the nominal breakpoints or at values chosen to occur before 
the diode rounding begins. If the X input values must be at the nominal 
breakpoints it will be necessary to use the iterative method of setting 
the function described in Section 3.4 and the discussion of Figure 3.2. 
It will be necessary to set the entire function, then make another pass 
through the entire function to accommodate the diode rounding, and then 
make a third pass if necessary. Three passes will usually suffice to get 
the desired degree of accuracy. If the input values are chosen before 
diode rounding begins (see the table in Section 3.3) the function can be 
set as desired on the first pass. 

Fill in the appropriate values in the set up tables shown in Figure 3.5. 
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COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4 
BREAKPOINT SEGMENT 

INPUT POTS TO SET f(X) FOR X WITH UPPER 
X VALUES f(X) FOR X VALUE AT X 

0 PARALLAX f0 

Xl CENT. SLOPE fl CENT. SLOPE 

X2 1 f2 1 

X3 2 f3 2 

X4 3 f4 3 

X5 4 f5 4 

X6 5 f6 5 

X7 6 f7 6 

X8 7 f8 7 

Xg 8 fg 8 

1 .0 9 f10 9 

Figure 3.5 Tables for OFG Set Up: Fixed Breakpoint 

Set the OFG as described below: 

1. Set the input to 0.000 using the 03.12 Calibrator or an ampli­
fier output as shown in Figure 1.5. Adjust the parallax pot 
labelled P for the desired output at X = O. 

2. Set the input to Xl' (This will either be the nominal break­
point value or the point chosen to occur before diode rounding 
begins.) Adjust the central slope pot labelled CS for the 
desired output at Xl' 

3. Proceed in this way for X2 through X = 1 .000, adjusting the 
appropriate pots as shown in the tables for the desired function 
values until the entire function is set. 

If the input values have been chosen before diode rounding begins, the OFG 
is now set. If the input values are at the nominal breakpoints, it will 
be necessary to pass through the set up procedure again until the desired 
accuracy is achieved. 

An example of the set up procedure is given below, using a OFG with the 
diode rounding characteristics of Figure 3.1, and using the XA minus .02 
values in the table of Section 3.3 as input values. 
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Figure 3.6 shows the desired function of which an approximation is to 
be generated by the E3.17 VDFG. 

f(X) 
.3 

.2 

. 1 

.4 .6 .7 .9 1 . Ox 

-.1 

-.2 

Figure 3.6 Function to be Programmed by the E3.17 VDFG 

The dots on the curve of the function represent the XA minus .02 input 
values. 

The breakpoints are labelled as BP, - BPg. 

The areas of diode rounding are indicated for each breakpoint by two 
vertical lines. The first line for each breakpoint represents XA, and 
the second line for each breakpoint represents XB. Diode rounding begins 
at XA and ends at XB. These areas of diode rounding were determined for 
this DFG by programming the maximum slope change function of Figure 3.1 
and tabulating the observed XA and XB values in the table of Section 3.3. 

Figure 3.7 shows the tables necessary to determine the gain for the 
desired function and the tables necessary to set up the desired function. 

The DFG set up procedure is as follows: 

1. The gain is determined with the tables in Figure 3.7. 

After gain determination, the DFG is set for a zero slope 
function. 

-17-



-18-

TABLES FOR GAIN DETERMINATION: FIXED BREAKPOINT* 

COLUM~~ 1 COLUMN 2 COLUMN 3 COLUMN 4 COLUMN 5 COLUMN 6 
BREAKPO I tJT FUNCTION SEGMENT 

I;~PUT POTS TO SET VALUES FOR A B WITH UPPER 
X VALUES f(X) FOR X X INPUT * VALUE AT X 

II' PARALLAX -.100 

. 1 CENT. SLOPE .050 .150 .150 CENT. SLOPE 

"'l 1 . 125 -.075 .075 1 .L 

.3 2 -.065 -.265 .265 2 

.4 3 - .195 .060 .oeo 3 

.5 4 -.050 .265 .265 4 

.6 5 . 11 0 .015 .015 5 

.7 6 .215 -.055 .055 6 

.8 7 .260 -.060 .060 7 

~9 8 .290 -.015 .015 8 

1 .)1 9 .300 -.020 .020 9 

*WHEN USING TABLES TO DETERMINE GAIN FOR DFG 0 FOR USE IN THE VARIABLE 
BREAKPOINT MODE, SET THE NEGATIVE OF THE DESIRED B.P. X VALUES IN COLUMN 3. 

TABLES FOR DFG SET UP: FIXED BREAKPOINT 

COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4 

BREAKPOINT SEGMENT 
INPUT POTS TO SET f(X) FOR X WITH UPPER 

X VALUES f(X) FOR X VALUE AT X 

~ PARALLAX -.100 

.07 CENT. SLOPE .020 CENT. SLOPE 

.18 1 .125 1 l 

.27 2 -.020 2 

.39 3 - .190 3 
Fi gure 3.7 1 

Example Tables: Fixed 
Breakpoint 

.47 4 -.080 4 

.58 5 .095 5 

.69 6 .205 6 

.79 7 .255 7 

.87 8 .285 8 

1 .0 ' 9 .300 9 

r 
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2. Segments 2 and 4 (Column 6 of gain determination tables) have 
the largest Column 5 B entry. Since the gain determination 
procedure determines the gain necessary to set the maximum 
slope change between two segments, setting the gain for either 
segment 2 or segment 4 should achieve the desired result. 
Segment 2 will be used in this example. Since the Column 4 
A entry for segment 2 is negative, segment pot 2 is turned full 
counterclockwise for maximum negative slope. 

3. The input is set to 0.300. The gain pot is then adjusted until 
the DRM reads -0.3180 (i.e., 1.2 times -0.2650). 

The gain has now been set. The DFG is set up as follows: 

1. The input is set to 0.000. The parallax pot is adusted until 
the DRM output reads -0.1000. 

2. The input is set to 0.070. The central slope pot is adjusted 
for a DRM output of 0.0200. 

3. The input is set to 0.180. The segment 1 pot is adjusted for 
a reading of 0.1250. 

4. The inputs are set in succession for the rest of the values 
shown in the DFG set up tables, and the desired outputs are 
set by the corresponding pots until the entire function has 
been set. 

The DFG has now been set up in the fixed breakpoint mode through the static 
method. 

3.6 VDFG Set Up: Static Method, Variable Breakpoint 

In the variable breakpoint mode DFG 0 and DFG 1 are set up separately 
with switch 1 in the CAL position. When switch 1 is put in the OP 
position with switch 2 in the V position the two DFGs will together produce 
a function with variable breakpoints. DFG 0 determines the values of the 
variable breakpoints and is set up as follows: 

1. Determine the gain necessary for DFG 0 using the tables and 
procedures as outlined in the sections on the fixed breakpoint 
mode. Set the gain as instructed. 

2. Figure 3.8 shows the tables necessary for DFG 0 set up for the 
variable breakpoint mode. Note that these tables merely simplify 
the set up procedure and make it virtually foolproof. The use of 
the blank table sheets included at the back of this manual is 
greatly recommended. Fill in the appropriate values for the set 
up tables for DFG 0. 

3. Set up DFG 0 using the procedure as given in section 3.5. Note 
that the X values are given for the nominal breakpoints. The 
function generated by DFG 0 has a gradual slope change, and any 
necessary compensation for diode rounding is made during the set 
up of DFG 1. Set the desired function values for DFG 0 using 
Table 4, the input values of Table 1, and the pots shown in Table 2, 
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TABLE 1 TABLE 2 TABLE 3 TABLE 4 TABLE 5 
X INPUT BREAKPOINT NEGATIVE 

VALUE POTS TO SET DESIRED OF TABLE 3 SEGMENT 
FOR DFG 0 f(X)= DFG 0 BREAKPOINT { f(X) FOR WITH UPPER 

VALUES DFG 0 } VALUE AT X 

~ PARALLAX fl (0)* 

. 1 CENT. SLOPE BP l -BP l = 0f l CENT. SLOPE 

.2 1 BP2 -BP? = 0f? 1 

.3 2 BP3 -BP3 = ~f3 2 

.4 3 BP4 -BP4 = 0f4 3 

.5 4 BP
5 -BP5 = 0f 5 4 

.6 5 BP6 -BP6 = 0f 6 5 

.7 6 BP7 -BP7 = 0f 7 6 

.S 7 BPa -BPS = 0fS 7 

.g S BPg -BPg = 0f g a 

1 .9) 9 (l.~) (-l.g)** 9 

Figure 3.S Tables for DFG 0 Set Up: Variable Breakpoint 

DFG 0 is now set up. Set DFG 1 as follows: 

1. Figure 3.9 gives the tables necessary to set DFG 1 gain. 
Fill in the tables s determine and set the gain for DFG 1 
in the same manner as described for the fixed breakpoint 
procedure. NOTE: For the nominal breakpoint input values 
used to set up DFG l~ the f(X) set by the segment pots 
should be the function value at the corresponding final 
variable breakpoint. For examples for a set up X input 
of 0.300, the desired f(X) is the function value of the 
final variable breakpoint curve at the third breakpoint~ 
BP3· 

2. Figure 3.10 gives the tables necessary for DFG 1 set up. 
The same note applies as in step 1 above: for the nominal 
X input set up values the function values of the final 
variable breakpoint function are given at the corresponding 
variable breakpoints. The correspondences are tabulated 
below for clarity. 
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TABLE' TABLE 2 TABLE 3 TABLE 4 TABLE 5 TABLE 6 
BREAKPOINT SEGMENT 

X INPUT POTS TO SET f(X) AT XBP A B WITH UPPER 
VALUE f(X) AT XBP VALUE AT X FOR DFG 1 

0 PARALLAX f0 -- --

. 1 CENT. SLOPE fBP, fBP1-f0 I fBP1-f 01 CENT. SLOPE 

.2 1 fBP 2 fBP 2-2fBP1+f0 IAI 1 

.3 2 fBP3 fBP3-2fBP2+fBP1 IAI 2 

.4 3 fBP 4 fBP 4-2fBP3+fBP2 IAI 3 

.5 4 fBP 5 fBP5-2fBP4+fBP3 IAI 4 

.6 5 fBP6 fBP 6-2fBP 5+fBP4 IAI 5 

.7 6 fBP7 fBP7-2fBP6+fBP5 IAI 6 

.a 7 fBPa fBPa-2fBP7+fBP 6 IAI 7 

.9 a fBP 9 fBP 9-2fBPa+fBP7 IAI 8 

l.~ 9 f10 f 10-2fBPg+fBPa IAI 9 

Figure 3.9 Tables for Gain Determination: Variable Breakpoint, DFG 1 

X INPUT FOR SET UP 

o 
. 1 
. 2 
. 3 
.4 
. 5 
. 6 
. 7 
. a 
. 9 

1 .0 

FUNCTION VALUE AT VARIABLE BREAKPOINT 

Function value at X = 0.000. 
Function value at first var. BP . 
Function value at second var. BP . 
Function value at third var. BP . 
Function value at fourth var. BP. 
Function value at fifth var. BP . 
Function value at sixth var. BP . 
Function value at seventh var. BP . 
Function value at eighth var. BP . 
Function value at ninth var. BP . 
Function value at X = 1 .000. 

3. Set the input to 0.000 and set the parallax pot for a DRM output 
of lf0' which is the desired output of DFG 1 at X = 0. 

4. Set the input to 0.100 and set the central slope pot for a DRM 
reading of lfBP1, which is the desired DFG 1 output at the first BP. 

5. Set the input to 0.200 and set the segment 1 pot for a reading 
of lfBP2, which is the desired DFG 1 output at the second BP. 

6. Continue in this manner until the entire function is set. 

NOTE: The X input to the DFG must be inverted before switching to OP. 
In the variable breakpoint mode it is advisable to use the iterative method 
as a matter of course in setting DFG 1. When the E3.17 switch 1 is set to 
OP the function should be examined to see if further minor adjustments are 
necessary to achieve desired accuracy. DFG 0 and DFG 1 are now programmed 
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in the variable breakpoint mode using the static set up method. 

TABLE 1 TABLE 2 TABLE 3 TABLE 4 
X INPUT BREAKPOINT SEGMENT 

VALUE POTS TO SET f(X) AT WITH UPPER 
FOR DFG 1 f(X): DFG 1 XBP VALUE AT X 

0 PARALLAX lf0 -
.1 CENT. SLOPE 1 fBP l CENT. SLOPE 

.2 1 1 fBP 2 1 

.3 2 1 fBP 3 2 

.4 3 lfBP4 3 

.5 4 lfBP 5 4 

.6 5 1 fBP 6 5 

.7 6 lfBP7 6 

.B 7 lfBPB 7 

.9 B 1 fBP 9 B 

1.0 9 lfBP10 9 

Figure 3.10 Tables for DFG 1 Set Up: Variable Breakpoint 

An example set up is given below for the function shown in Figure 3.11. 
The variable breakpoints desired are indicated by a vertical line, and 
the lighter lines following the curve are the idealized variable breakpoint 
straight line segments of the approximation which is desired. 

1. Figure 3.13 gives the gain determination and set up tables for 
DFG 0. The segment with the greatest B entry in column 5 is 
segment B. The DFG is programmed for the zero slopi function. 
Since the Column 4 entry for segment B is negative, the segment 
8 pot is turned full counterclockwise. The input is set to 
0.900, and the gain pot is adjusted for a DRM output of -0.1920. 
The DFG 0 gain is now set. (-0.1920 is 1.2 times -0.1600.) 

2. The input is set to 0.000, and the parallax pot is adjusted 
for a DRM output of 0.0000. 

3. The input is set to 0.100 and the central slope pot is set for 
a DRM reading of -0.1900. 

4. The input is set to 0.200 and the segment 1 pot is set for a 
DRM reading of -0.3000. 

5. The procedure is continued until the input is 1.000, and the 
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DFG ~ 
in OP 

I f(X) \. 
I 

. 1 

I 
\; : 

0 

-.1 

segment 9 pot is adjusted for a reading of -1.000. 
Check the segment values and adjust if necessary. 

is now set up, and with switch 2 in the F position and switch 
its output would be the curve shown in Figure 3.12. 

.2 

BPl 

Figure 3.11 Function to be Programmed in the Variable Breakpoint Mode 

.1 .2 .3 .4 .5 .6 .7 .8 0x 

-. 1 

-.2 

-.3 

-.4 

-.5 

-.6 

-.7 

-.8 

-.9 

-1 .~ 
-f(X) 

Figure 3.12 DFG 0 Output with Switch 2 in F Position 
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InuL..L...J IV" un.l.l' UL..IL.."I'I.l.I'tMI.l.UI-'. r.LJ\cu Dr\CMl\.rU.Lnl"" 

COLUMN 1 COLUMN 2 COLUMN 3 
BREAKPOINT FUNCTION 

INPUT POTS TO SET VALUES FOR 
X VALUES f(X) FOR X X INPUT* 

~ PARALLAX ~ 

. 1 CENT. SLOPE -.190 

.2 1 -.300 

.3 2 -.360 

.4 3 -.415 

.5 4 -.445 

.6 5 -.465 

.7 6 -.540 

.B 7 -.610 

.9 B -.B40 

1 . ~ 9 -1.00 

COLUMN 4 COLUMN 5 

A B 

-.190 .190 

.OBO .OBO 

.050 .050 

.005 .005 

.025 .025 

.010 .010 

-.055 .055 

.005 .005 

- .160 .160 

.070 .070 

COLUMN 6 
SEGMENT 

WITH UPPER 
VALUE AT X 

CENT. SLOPE 

1 

2 

3 

4 

5 

6 

7 

B 

9 

r 
r 

F 
t 

f: 
i' 

*WHEN USING TABLES TO DETERMINE GAIN FOR DFG ~ FOR USE IN THE VARIABLE 
BREAKPOINT MODE, SET THE NEGATIVE OF THE DESIRED B.P. X VALUES IN COLUMN 3. 

TABLES FOR DFG SET UP: VARIABLE BREAKPOINT, DFG 0 

TABLE 1 TABLE 2 TABLE 3 TABLE 4 TABLE 5 

X INPUT BREAKPOINT NEGATIVE 
VALUE POTS TO SET DESIRED OF TABLE 3 SEGMENT 

FOR DFG ~ f(X): DFG ~ BREAKPOINT { f( X) FOR WITH UPPER 
VALUES DFG 0 } VALUE AT X 

~ PARALLAX ~ ~ 

. 1 CENT. SLOPE .190 -. 190 CENT. SLOPE 

.2 1 .300 -.300 1 

.3 2 .360 -.360 2 

.4 3 .415 -.415 3 

.5 4 .445 -.445 4 

.6 5 .465 -.465 5 

.7 6 .540 -.540 6 

.B 7 .610 -.61 e 7 

.9 B .B40 -.B40 B 

1 . ~ 9 (1.0) (-1.0)** 9 

Figure 31 3 
Example 
Tab1el 

For DFG 
In Varia Ie 
Breakpoint 
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TABLES FOR GAIN DETERMINATION: VARIABLE BREAKPOINT, DFG 1 

TABLE 1 TABLE 2 TAB.3 TAB.4 TAB.5 TABLE 6 

X INPUT BREAKPOINT SEGMENT 
VALUE POTS TO SET f(XBP) A B WITH UPPER 

FOR DfG 1 f(X) AT XBP VALUE AT X 

0 PARALLAX -.055 - -
. 1 CENT. SLOPE -.040 -.015 .015 CENT.SLOPE 

.2 1 . 010 .035 . .035 1 

.3 2 .190 .130 .130 2 

.4 3 . 120 -.250 .250 3 

.5 4 .060 .010 .010 4 

.6 5 .030 .030 .030 5 

.7 6 .020 .020 .020 6 

.8 7 .060 .050 .050 7 

.9 8 .305 .205 .205 8 

1 .0 9 .365 -.180 .180 9 

TABLES FOR DFG SET UP: VARIABLE BREAKPOINT, DFG 1 

TABLE 1 TABLE 2 TABLE 3 TABLE 4 

X INPUT BREAKPOINT SEGMENT 
VALUE POTS TO SET f(X) AT WITH UPPER 

FOR DFG 1 f(X): DFG 1 XBP VALUE AT X 

0 PARALLAX -.055 

. 1 ' CENT. SLOPE -.040 CENT. SLOPE 

.2 1 .010 1 

.3 2 .190 2 

.4 3 .120 3 

.5 4 .060 4 

.6 5 .030 5 

.7 6 .020 6 

.8 7 .060 7 

.9 8 .305 8 

1 .9) 9 .365 9 

Fi gure 3. 14 
Example 
Tables 

For DFG 1 
In Variable 
Breakpoint 

Mode 
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6. The gain and set up tables for DFG 1 in the variable breakpoint 
mode are shown in Figure 3.14. The B entry in Table 5 is largest 
for segment 3. All the DFG 1 segment slopes are set to zero. 
Since entry A for segment 3 is negative, the segment 3 pot is 
turned full counterclockwise. An input of 0.400 is set into 

7. 

B. 

9. 

the DFG. The gain pot is adjusted until the DRM reads -0.3000. 
The gain for DFG 1 is now set. (-0.3000 is 1.2 times -0.2500.) 

An input of 0.000 is set into the DFG. The parallax pot is set 
for a DRM reading of -0.0550. 

An input of 0.100 is set into the DFG. The central slope pot 
is set for a reading of -0.0400. 

An input of 0.200 is set into the DFG. The segment 1 pot is 
set for a reading of 0.0100. 

10. The rest of the segment pots are set in a similar manner until 
an input of 1.000 is reached and the segment 9 pot is set for 
a reading of 0.3650. 

At this point the operator should return to step 7 and repeat the rest of 
the set up procedure until the desired accuracy is achieved from the DFG 1 
output. 

Now the actual X input is inverted and patched into the X input hole. 

Switch 1 is set to OP and switch 2 is set to V. 

The two DFGs are now operating in the variable breakpoint mode. The 
final function should be examined to see if any minor changes in any of 
the segments are necessary. 

4.0 VDFG OPERATION IN FOUR QUADRANTS WITH TEN AND TWENTY SEGMENTS 

-26-

Each DFG in the E3.17 has adjustable segments for 0 ~ X ~ +1.0. Generally 
this range will not be sufficient for simulation problems. This section 
describes methods of achieving ten and twenty segment functions in the 
fixed and variable breakpoint modes for the input range -1.0 ~ X ~ +1.0. 

Figure 4.0 shows the patching configuration necessary for a ten segment 
fixed breakpoint approximation for a full range of input values from -1.0 
to +1 .0. Two variations are given. 

Figure 4.1 shows the means of achieving a full range twenty segment 
approximation in the fixed breakpoint mode. 

Note that two configurations are given. The upper circuit does not 
have a breakpoint at X = 0, so that the central slopes of the two DFGs 
act as one segment. The advantage of this configuration lies in the 
fact that less hardware is needed to achieve the approximation. The 
true twenty segment approximation with a breakpoint at X = 0 is shown 
in the lower configuration in Figure 4.1 
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x 0 

X F 
+REF. 

O~ IP r 

OR 

x 0 

X F 
+REF. 

Figure 4.0 Ten Segment Fixed Breakpoint Full Range Configuration 

x x---

OR 

x--------t 

NOTE: THE UPPER CIRCUIT DOES NOT HAVE INDEPENDENT CENTRAL SLOPES, I.E., 
THERE IS NOT A BREAKPOINT AT X = O. THE CENTRAL SLOPES OF DFG 0 
AND DFG 1 ACT AS ONE SEGMENT. THE LOWER CIRCUIT DOES HAVE A BREAK­
POINT AT X = 0, AND THE CENTRAL SLOPES ARE INDEPENDENT. 

Figure 4.1 Twenty Segment Fixed Breakpoint Full Range Configuration 
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Figure 4.2 shows the ten segment full range configuration for the variable 
breakpoint mode. Two versions are given. 

0: 
+REF .------~""_i 

F 

OR 

x 
O~ 

+REF. 
1 

IN
O F 

Figure 4.2 Ten Segment Variable Breakpoint Full Range Configuration 

Figure 4.3 shows the twenty segment full range configuration for the variable 
breakpoint mode. There is a breakpoint at X = 0. 

O~ 
IN
O 1 

F 

O~ 

IP 

1 

F 

Figure 4.3 Twenty Segment Variable Breakpoint Full Range Configuration 
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BLANK TABLES FOR DFG GAIN DETERMINATION 

AND SET UP PROCEDURES 
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TABLES FOR GAIN DETERMINATION: FIXED BREAKPUINI* 

COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4 COLUMN 5 COLUMN 6 
BREAKPOINT FUNCTION SEGMENT 

INPUT POTS TO SET VALUES FOR A B WITH UPPER 
X VALUES f(X) FOR X X INPUT * VALUE AT X 

.6 PARALLAX 

. 1 CENT. SLOPE CENT. SLOPE 

.2 1 1 

.3 2 2 

.4 3 3 

.5 4 4 

.6 5 5 

.7 6 6 

.8 7 7 

.9 8 8 

1 . {1 9 9 
~ -

*WHEN USING TABLES TO DETERMINE GAIN FOR DFG 0 FOR USE IN THE VARIABLE 
BREAKPOINT MODE, SET THE NEGATIVE OF THE DESIRED B.P. X VALUES IN COLUMN 3. 

TABLES FOR DFG SET UP: FIXED BREAKPOINT 

COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4 
BREAKPOINT SEGMENT 

INPUT POTS TO SET f(X) FOR X WITH UPPER 
X VALUES f(X) FOR X VALUE AT X 

fl PARALLAX 

CENT. SLOPE CENT. SLOPE 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

1.,.9' 9 9 
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TABLES FOR DFG SET UP: VARIABLE BREAKPOINT, DFG 0 

TABLE 1 TABLE 2 TABLE 3 TABLE 4 TABLE 5 

X InpUT BREAKPOINT NEGATIVE 
VALUE POTS TO SET DESIRED OF TABLE 3 SEG~1ENT 

FOR DFG ~ f(X): DFG ~ BREAKPOINT { f(X) FOR WITH UPPER 
VALUES DFG ~ } VALUE AT X 

~ PARALLAX 0 Z 

. 1 CtNT. SLOPE CENT. SLOPE 
') 1 , 

.'- I 

.3 2 2 

1-, .4 3 3 

.5 4 4 

.6 5 5 

.7 6 6 

.8 7 7 

.9 8 E 

1 . ~ 9 (l.fj) - I . .0 9 
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TABLES FOR GAIN DETERMINATION: VARIABLE BREAKPOINT, DFG 1 
TABLE 1 TABLE 2 TAB.3 TAB. 4 TAB.5 TABLE 6 
X INPUT BREAKPOINT SEGMENT 

VALUES POTS TO SET f(XBP) A B WITH UPPER 
FOR DFG 1 f(X) AT XBP VALUE AT X 

0 PARALLAX - - --
. 1 CENT. SLOPE CENT.SLOPE 

.2 1 1 

.3 2 2 

.4 3 3 

.5 4 4 

.6 5 5 

.7 6 6 

.8 7 7 

.9 8 8 

I 
1 .~ 

I 
9 

I I I I 
9 

TABLES FOR DFG SET UP: VARIABLE BREAKPOINT, DFG 1 

TABLE 1 TABLE 2 TABLE 3 TABLE 4 

X INPUT BREAKPOINT SEGMENT 
VALUES POTS TO SET f(X) AT WITH UPPER 

FOR DFG 1 f(X): DFG 1 XBP VALUE AT X 

0 PARALLAX --
. 1 CENT . SLOPE CENT. SLOPE 

.2 1 1 

.3 2 2 

.4 3 3 

.5 4 4 

.6 5 5 

.7 6 6 

.8 7 7 

.9 8 8 

1 .0 9 9 
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