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NOTICE 

In order to enable us to process your requests for spare parts and replacement items quickly 
and efficiently, we request your conformance with the following procedure: 

1. Please specify the type number and serial number of 
the basic unit as well as the EAI part number and de
scription of the part when inquiring about replacement 
items such as potentiometer assemblies or cups, re
lays, transformers, precision resistors, etc. 

2. When inquiring about items as servo multipliers, re
solvers, networks, printed circuit assemblies, etc., 
please specify the serial numbers of the major equip
ment with which the units are to be used, such as: 
Console, Type 8811, Memory Module, Type 4.204, 
Serial No. 000, etc. If at all possible, please in
clude the p~rchase order or the EAI project number 
under which the equipment was originally procured. 

Your cooperation in supplying the required information will speed the processing of your requests 
and aid in assuring that the correct items are supplied. 

It is the policy of Electronic Associates, Inc. to sUPPly equipment patterned as closely as possi
ble to the requirements of the individual customer. This is accomplished, without incurring the 
prohibitive costs of custom desi~, by substituting new components, modifying standard com
ponents, etc., wherever necessary to expedite conformance with requirements. As a regult, 
this instruction manual, which has been written to cover standard equipment, mq)' not entirely 
concur in its content with the equipment suPPlied. It is felt, however, that a technically quali
fied person will find the manual a fully adequate guide in understanding, operating, and main
taining the equipment actually supplied. 

Electronic ASSOCiates, Inc. reserves 
the right to make changes in design, 

. or to make additions to or improve
ments in its product without imposing 
any obligation upon itself to install 
them on products previously manufac
tured. 

PRINTED IN u.s ..... 
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INTRontx:TION· 

TR-20 MAINTENANCE MANUAL 

An Operator's Reference Handbook and a Maintenance Manual are provided with each 
TR-20. The Operator's Reference Handbook provides programming procedures, and 
sufficient information on computer operation to enable the user to interconnect 
computing components and to operate the computer without difficulty. ThiS publica
tion is the maintenance manual for the TR-20 and its contents have been arranged 
in accordance with that use. The manual is divided into sections that describe 
a particular computing component or a group of related circuits. A technically 
qualified person will find the circuit desoriptions an adequate guide in under
standing the operation of the equipment. Persons who are not familiar with analog 
devices are referred to AppendiK I for a discussion of some elementary principles. 
(Suggestions and techniques for servicing transistor circuits are included in 
Appendix II to aid maintenance personnel who are not familiar with transistorized 
equipment.) Where applicable, recommended test and adjustment procedures are 
included. The test procedures selected are designed to provide a simple and 
convenient means for monitoring the equipment on a regular basis. A replaceable 
parts list and schematic and wiring diagrams for each unit are located in the 
rear of the manual. A component location diagram has been placed near each sche
matic diagram to facilitate maintenance. 

xi 
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CHAPTER I 

THE TR-20 COMPUTER 

1. GENERAL DESCRIPTION 

The PAC~ TR-20, Figure 1, is a general purpose analog computer designed and manu
factured by Electronic Associates, Inc. Composed of solid-state computing components, 
the TR-20 is compact in size, has low power requirements, and does not need special 
cooling equipment in order to operate in normal office or classroom environments. 
A fully expanded computer consumes less than 60 watts. 

The computing components (see Figure 2) in the TR-20 occupy cradles above the slant
ing control panel area. The cradle area is divided into three rows, the top row 
contains the coefficient attenuators; the middle row house~ the integrator networks, 
comparators and other non-linear computing components; the bottom row provides space 
for twenty (10 dual units) operational amplifiers. 

The computing components are constructed on plug-in chassis. The front of each com
puting component consists of a color-coded plastic patching block that contains the 
input and output terminations for the unit. The computing components are inter
connected by placing patch cords between the appropriate input and output termina
tions. TR-20 Computers may be equipped with a removable pre-patch panel that allows 
problem patching away from the computer. The pre-patch panel consists of a rigid 
aluminum frame with individual rows that contain patching blocks identical to the 
patching blocks that form the front panels of the components. Contact between the 
pre-patch panel and the computing components is accomplished by means of gold plated 
contact springs. 

4. EQUIPMENT COMPLEMENT 

The components contained in and available for the TR-20 Computer are listed in 
Table 1. 

The TR-20 Computer cabinet accepts the plug-in computing. components listed in 
Table I in five areas as follows: 

~. Attenuator Row 

This is the top row of computing components. It is wired to accept a maximum 
of 10 dual coefficient setting potentiometer plug- in modules (20 potentiomete·rs). 

~. Non-Linear Row 

This is the middle row of computing components. It is wired to accept a variety 
of interchangeable linear and ~on-linear computing components. 

1 



(a) 12.1116 Integrator Network 

(b) 6. 712 Dual DC Ampl(fier 

(c) 16.306 Variable Diode Function Generator 

Figure 2 . . T~'pical TR-20 Compllting COJIIPO/lellts 
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£. Amplifier Row 

This is the bottom row of computing components. It is wired to accept a maximum 
of 10 dual amplifier modules (20 amplifiers). 

d. Control Panel Area 

This is the area on the right side of Control Panel 20.734. Three positions are 
available (numbered left to right) to accept the following accessory equipment: 

(1) Position CPl. High Speed Repetitive Operation Control Panel, 20.532. 

(2) Position CP2. Type 20.366 Function Switch Assembly. 

(3) Position CP3. Type 42.185 Quad Coefficient Setting Potentiometer Panel. 

e. The VDFG Area 

This area is located behind the hinged cover below the control panel. Space is pro
vided for housing up to six VDFG units in slide-out tray~ The slide-out feature 
makes the adjustment pots readily accessible for function setup. 

Certain TR-20 l s, such as those that are equipped with a Reactor Kinetics Network. 
or a Transport Delay Simulator, will have different arrangements. 

Non-Linear computing components (multiplier; DFG1s, etc.) are housed in full-width 
(1-1/2 inc~~s) or half-width (3/4 inches), plug-in modules that are interchangeable 
in the no~-linear row. This row consists of twenty 3/4-inch positions numbered to 
correspond to the numbering strip across the top of the row. It has the capacity 
for mounting twenty half-width modules, or ten full-width modules, or any combina
tion of both which does not exceed the total capacity of the row. Full-width 
modules occupy adjacent odd and even numbered position pairs, i.e., 1 and 2, 5 and 
6, etc. 

The non-linear row makes provisions for the following inter-changeable components 
in any combination (within the limitations described below), providing that the 
total capacity of the row is not exceeded. 

(1) Integrator Networks. Up to nine Type 12.1116 or Type 12.1115 Dual 
Networks can be accommodated in positions 1 through 18. Each dual network occupies 
adjacent position pairs. 

(2) Multipliers. Up to nine Type 7.045 Quarter-Square Multipliers or 7.117 
Bi-Polar Quarter-Square Multipliers can be accommodated in positions 1 through 18. 
Since the multiplier is housed in a full-width module it also occupies adjacent 
position pairs. 
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TABLE 1. TR .. 20 COMPONENTS 

" 

GROUP COMPONENT 

COMPUTING COMPONENTS 

1 Dual DC Amplifier 

2a Dual Integrator Network (Non-Rep-Op) 

2b Dual Repetitive Operation Integrator Network 

3a Quarter-Square Multiplier 

3b Bi-Polar Quarter-Square Multiplier 

4a X2 Diode Function Generator 

4b Log X Diode Function Generator 

4c 1/2 Log X Diode Function Generator 

4d Sine/Cosine Diode Function Generator 

5a Variable Diode Function Generator Group 

Consists of: 

-Variable Diode Function Generator 

+Variable Diode Function Generator 

+VDFG Readout Module 

5b Variable Diode Functipn Generator Group 

Consists of: 

+Variable Diode Function Generator 

-Variable Diode Function Generator 

VDFG Readout Module 

5c Variable Diode Function Generator Group 

Consists of: 

±Variab1e Diode Function Generator 

VDFG Readout Module 
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MODEL I 

NUMBER 

6.712 

12.1116 

12.1115 

7.045 

7.117* 

16.101 

16.126 

16.133 

16.313* 

2.713-0 

16.154-1 

16.156-1 

16.310 

2.645 

16.304 -1 

16.306 -1 

16.308 

2.752 

16.165-1 

16.310 



'GROUP,· 

6a 

6b 

6c 

6d 

7a 

7b 

7c 

8a 

8b 

9 

10 

11 

12 

COMPONENT 

COMPtrrING COMPONENTS (Cont) 

Attenuator Group 

Attenuator Group 

Attenuator Group 

Attenuator Group 

Consists of: 

Attenuator Panel 

Readout Module 

Referehce Network 

Tiepoint Network 

Dual Function Switch Group 

Consists of: 

Function Switch Assembly 

Readout Module 

Signal Comparator 

Electronic Comparator 

Regulated Power Supply 

Reference Regulator 

Dual DC Amplifier 

OPTIONAL COMPONENTS AND ACCESSORY EQUIPMENT 

Repetitive Operation Expansion Group 

Consists Of: 

High Speed Repetitive Operation Control Panel 

Repetiti~eQperation Timing Unit 

K:>DEL 
NUMBER' 

42.183 

42.187 

42.188 

2.128 

42.185 

12.265 

12.266 

12.267 

2.127 

20.366 

12.264 

6.143 

40.538 

10.179 

43.037 

6.282 

2.715 

20.532 

36.082 
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MODEL 
GROUP COMPONENT .". 

NUMBER" 

OPTIONAL COMPONENTS AND ACCESSORY EQUIPMENT <Cont) 

Dual Repetitive Operation Integrator Network 12.1115 

13 Display Unit** 12.987 

14 Reactor Kinetics Group 2.475* 

15 Transport Delay Simulator 2.448* 

16 Audio Overload Alarm 13.017 

17 Slave Cable 510.038 

18 Patching Kit 100.007 

- 51.039 19 Se,rvice Shelf 

20 AC Power Cable 51.040 

21 Pre-Patch Panel 5.235 

22 Rep-Op Slave Panel 20.567 

AUXILIARY EQUIPMENT 

1 VARIPLOTTE~ 1110 

2 Repetitive Operation.Display Unit 34.035* 

(3) Variable DFG. The available models of the variable DFG can be 
accommodated in any even numbered position with the exception of position 20. 

, . 

(4) Fixed Diode Function Generators (Half Width). The TYpe 16.101 X2 
Function Generator. the Model 16.126 Log X Diode Function Generator, and the 
Model 16.133 1/2 Log X DFG are housed in half-width modules, and may be placed 
in any even numbered position with the exception of pOSition 20. 

*These Components described in separate manuals. 

**This component not required ,if the Electronic COmparator, Model 40.538 is provided. 
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(5) Fixed Diode Function Generators (Full Width). The Model 16.313 Sinel 
Cosine Diode Function Generator is housed in a full-width module, and may be located 
in adjacent position pair 17-18 only. 

(6) Reference Panel. The Type 12.266 Reference Panel can be positioned in 
any even numbered position with the exception of position 20. 

(7) Dual Tie Point Panel. Thi5 unit can be used in any position in the 
non-linear row. 

(8) Comparators. The Type 6.143 Relay Comparator may be used in position 
18 only. The Type 40.538 Electronic Comparator may be used in adjacent position 
pair 17-18 only. 

(9) Function Switch Patching Module. The Type 12.264 Patching Module may 
be mounted in position 19 only. 

(10) Quad Potentiometer Patching Module. The Type 12.265 Patching Module 
may be mounted in position 20 only. 

(11) Displa.y Module. This module is required onLy if the electronic 
comparator is ~ supplied. It can be placed in position 17 only. 

NOTE 

The above assignment of computing components 
applies to the standard TR-20 Computers. 
Special computers may be supplied with pro
visions for mounting DFG's or reference panels 
in the odd numbered positions (with the 
exception of position 1) or for accommodating 
more than one.comparator. 

3. OPERATING AND MAINTENANCE ACCESSORIES 

In addition to the components listed in the preceding paragraph, each TR-20 in
cludes a group of operating and maintenance accessories. These items are listed 
in Table I. 

4. PRELIMINARY CHECKOUT 

Each TR-20 is completely tested prior to shipment and should be ready for opera
tion upon receipt. However, asa matter of good practice, it is recommended that 
the procedures below be followed as a preliminary checkout. 

a. Visual Inspection 

Make a visual inspection of the computer. Look for signs for shipping damage. 
Become familiar with the location of all components (refer to Figure 1). Check 
all plug-in units for proper seating. Verify that the patching blocks on the 
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Figure 3. Inserting the Pre-Patch Panel 
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pre-patch panel are positioned in the same order as the computing components. The 
switches in the control area should be positioned as follows: 

Power ON-OFF Switch ............. OFF 

Mode Control Switch ............. RESET 

Voltmeter Function Switch •••••••• VM 

Voltmeter Range Switch •••••••••• OFF 

COMPUTE TIME MILLISEC Switch ••••• OFF 

b. Insertion of Pre-Patch Panel 

As shown in Figure 3, hold the pre-patch panel at a slight ~ngle and place it in 
the patch bay groove. Move the pre-patch panel to the right until it contacts 
the right-hand side of the patch bay. Gently push,the pre-patch panel forward 
until it is flush with the computer. Turn the locking lever down (the pre-patch 
panel will slide to the left). 

Co Feedback for the Amplifiers 

All operational amplifters should be provided with feedback whenever the computer 
~turned on. Connect bottle plugs or patch cords as shown in Figure 4. 

do Application of Primary Power 

The TR-20 is designed to operate from a 50 to 60 cycle ac supply. The ac circuits 
are factory-wired for 110 vac or 220 vac as specified in the purchase order for 
the computer. (Drawings DOlO 179 OS and DOlO 179 OW show the required changes 
for converting from one power level to the other.) A three wire power cable is 
furnished for connecting primary power to the TR-20. The power cable is terminated 
in a parallel ground (3-prong. polarized) plug for connection to a parallel ground 
receptacle. If the primary power line to which the computer is to be connected 
is not equipped with such a receptacle, a parallel ground adapte·r (adapts 3 prong 
appliance plugs for use in standard 2 prong outlets) must be used. In this case, 
two precautions should be observed: 

(1) The power cable should be connected so that the ground side of the 
ac line is connected to the ac common line of the computer. The ac common line 
is terminated on pin 1 of the ac power connector; see Drawings D045 078 OW, Sheet 
2 and B045 078 OW, Sheet 3. 

(2) The ground wire on the adapter must be connected to earth ground. 

These precautions should be taken for safety reasons and also to prevent ex
cessive noise in the amplifier outputs. 



Figure 4. Amplifiers with Bottle Plugs in Place 
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e. Operational Check 

Place the., power ON-OFF switch in the ON position. The amplifier overload indicators 
will flicker briefly, then go out. If an overload indicator remains on, try to 
balance the amplifier (see Chapter 11). 

Next, measure the power supply output voltages and adjust them if necessary. Balance 
the amplifiers and verify that they will perform as inverters. (Place one end of 
a patch cord into a minus reference voltage termination; connect the other end to 
a I input of each amplifier. Connect a voltmeter to the 0 termination of the ampli
fier; the output should measure +10 vdc.) 

Check out all other computing components in turn by applying selected inputs and 
observing the proper output. The sections of the manual that describe the patch
ing for a component are helpful here since they show typical patching schemes. 
If any difficulties arise, reference to the appropriate section of this manual 
should help to clear them up. 

5. INSTALLATION OF PATCHING BLOCKS AND CONTACT SPRINGS 

The patching blocks in the pre-patch panel are installed or changed by proceeding 
as .follows: 

~. Lay the pre-patch panel on a flat surface. Remove the four hex head screws 
from the left .side. (See Figure 5.) 

£. Remove the left side member by sliding it off the four mounting pins. The 
mounting pins will remain in the cross members when the side member is removed. 

c. Slide the blocks out of the row. Position the blocks in the desired order • 

.!!. Replace the left side member. Take care to fit it .properly over the mounting 
pins. Tighten the four side screws quickly. Be sure that the patching blocks 
on the pre-patch panel are pOSitioned in the same order as the computing components. 

The contact springs can be inserted and removed with a pair of long-nose pliers. 
The patching blocks on the computing components have small orientation holes near 
each banana receptacle. The projection on the contact spring goes into this hole 
and the spring is held at tne proper angle. Do not install more than one spring 
for each group of input or output terminations. That is, for the amplifier (as 
an example), only one spring is required for the 0 terminations. 

6. CHASSIS AND ETCHED CARD REMOVAL 

The computing components of the TR-20 are packaged as plug-in components so that 
installation and removal can be accomplished easily. A U-shaped metal chaSSiS 
provides mechanical strength and affords shielding between the component and ad
jacent equipment. The components are held in place in the cabinet by two threaded 
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studs on the rear of the chassis. The etched-circuit card is positioned in the 
metal housing by guide slots and held in place by screws that pass through tapped 
blocks. 

The computing components are removed as follows: 

~. At the rear of the TR-20, use a 3/16 inch Spintite to remove one of the hex 
nuts. 

£. Loosen the second nut approximately 3/8 inches. 

c. Strike the back of the wrench with the palm of the hand to break the mated 
connectors apart. 

~. Remove the second nut and pull the component from the shelf. 

The etched-circuit cards are removed from the metal chassis as follows: 

a. Remove the two screws at the rear of the card. 

£. Flex the metal chassis and slide the rear of the card loose. 

c. To remove the front plastic block, flex the metal chassis and slip the block 
from its locKing tabs. 

7. OUTPUT DEVICES 

Digital voltmeters, XY plotting boards, strip chart recorders, and oscilloscopes 
are in general use as output devices for the TR-20. EAI's 5000 and 5001 TDVM's 
are high quality, transistorized digital voltmeters that can be used to measure dc 
potentials in the computer. The EAI Model 1110 VARIPLOTTER, equipped with a 
general purpose module, produces plots of one variable against another. The MARK 
200 strip chart recorder contains' eight independent channels and is used to obtain 
qualitative time histories of problem variables. The Model 34.035 Repetitive 
Operation Display Unit is available as an accessory. This unit provides up to 
four traces on a rectan~CRT by means of an internal sequential electronic 
switch. This accessory is very useful for observing the effect of one variable 
on another in repetitive operation. An oscilloscope, such as the Hewlett-Packard, 
Model 120 or equivalent, may be used to view problem variables when the computer 
is used in the repetitive operation mode if the Model 34.035 is not supplied. 
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Figure 6. Dual DC Amplifier, Model 6. 712 
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CHAPTER II 

DUAL DC AMPLIFIER, M:)DEL 6.712 

1. INTRODUCTION 

The Dual DC Amplifier, Model 6.712, Figure 6, consists of two independent high
gain amplifiers packaged in a plug-in module together with two independent pre
cision resistor networks. Each amplifier may be used in conjunction with appro
priate networks to perform linear computations such as summation, integration, 
and multiplication by a constant. Accessory components enable the amplifier to 
be used for operations such as multiplication and division of variables, and the 
generation of analytic or arbitrary functions, 

2, TECHNICAL DATA 

Output Voltage Range •.•••••...••.••.... , •...• o. ±lOV, Minimum 

Offset (At the Summing Junction) 

Unity-Gain Inverter with 10K Resistors 20 jJ..V, Maximum 
10 jJ..V, Typical 

Output Current at ±10 VDC •.••.••.....••. 0 •• " •• ±20 MA, Minimum 
(Drives 500 Ohms) 

Frequency Response (3 db Down), for a Unity-Gain Inverter with 
10K Resistors 

20 MI, P-P Input 200 KC, Minimum 
300 KC, Typical 

Noise (Peak-to-Peak) from DC to 500 KC ........ , 200 jJ..V, Maximum 
lCO jJ..V, Typical 

3, OPERATING CONSIDERATIONS 

.§j., Patching 

The input (B) and output (0) of each amplifier are terminated on the patching 
block, together with one end of each of the five input/feedback resistors, The 
other end of each resistor is connected to a common bus terminated at the sum
ming junction (SJ) terminal. To patch an amplifier as a standard inverter or 
summer, connect a four-prong bottle plug as shown in Figure 7. A single input 
applied to a 1 terminal (for example, +X) is inverted and appears as -X at any 
of the 0 terminals. If two inputs (for example +Y and +Z) are applied to 1 
terminals, their sum appears inverted as -(Y+ Z)atany of the 0 terminals. 
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The operational amplifiers are rated for a maximum output of :1::10 volts. The 
amplifier patching arrangement should be such that the output voltage does not 
exceed this limit. (The amplifiers are capable of producing outputs up to :1::13 
volts, depending on load, in order to ailow for minor scaling discrepancies.) 
It is important to note that all amplifiers m~st be provided with feedback 
even if they are not being used in a problem. This is most easily accomplished 
by inserting a four-prong bottle plug as shown in Figure 7. When the amplifier is 
usedinconjunction with an integrator netwo=k or one of the non-linear components, 
its patching requirements are discussed in the chapter pertaining to these units. 

E. Amplifier Balancing 

Under normal Circumstances, the amplifier will remain balanced for periods of 
weeks. HOyTever, at intervals it is desirable to check this condition, and if 
an amplifier is found to be unbalanced,then an adjustment should be made. 
The period between balance checks depends to a large extent on the application 
of the amplifier. For uses which might be unusually sensitive to amplifier un
balance or integrator drift, the amplifier should be balanced at more frequent 
intervals. In any case, maintenance personnel sho~ld recognize the fact that 
most amplifier and network malfunctions Can be detected by checking amplifier 
balance. Consequently, it is recommer.ded that a check o£ amplifier balance be 
made once a week. If the check indicates that the amplifier balance is within 
two or three divisions of zero (on the voltmeter), no adjustment need be made. 

The amplifier must have some sort of feedback in order to be balanced. Normal
ly this reqUirement is satisfied by the circuit in which the amplifier is con
nected. The amplifier may be balanced while normal inputs are applied. Each 
amplifier has a balance potentiometer that is located behi~d a hinged cover 
plate below the control panel. The balance potentiometers are labeled with 
the number of the amplifier they serve. To balance an amplifier, proceed as 
follows: 

(1) Place the computer ·in the ~!; mode. Place the voltmeter func
tion switch in the BAL position. Rotate the AMPL SEL switch to the number of 
the amplifier to be balanced. 

(2) Vary the appropriate amplifier belance control until the volt
meter reads within two or three divisions of zero. (The amplifier over load 
indicator may be triggered during the balancing process,) 

When the computer is first turned on, a check of amplifier balance may show 
meter deflections that are slightly high, but they will return to their normal 
levels after a warm-up period. For unusual problems that might be sensitive 
to amplifier unbalance or integrator drift, the amplifiers may reqUire bal
anCing at more frequent intervals to keep the meter deflection below one di
vision. 
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s. Overloads 

The computer is equipped with an overload alarm system that indicates the presence 
of an overloaded amplifier. The visual overload alarm is located to the left of 
the control panel. The lamps are illuminated whenever their associated amplifier 
is overloaded. The computer may also be equipped with an audio overload alarm unit 
lo~ated :in the rear of the 'IR-20; this unit provides an audible alarm whenever any 
ampLifier is overloaded. 

l~. CIRCUIT DESCRIPTION 

The elementary principles of the operational amplifier are diecussed in Appendix I. 

~. B~sic Block Diagram 

Each chann~ of the Model 6.712 Dual DC Amplifier consists of a dc amplifier sec
tion, a chopper (Dl), and a stabilizer amplifier connected as shown in Figure 8. 
(The dashed components are external to the amplifier chassis.) The circuit is 
arranged in such a manner that the drift-free characteristics of an ac amplifier 
and the high frequency response of a dc amplifier are both realized. The re
sulting circuit also has an extremely high gain at low frequencies. 

Inputs to the amplifier are applied through the input impedance Zin' The dc and 
low frequency components of the signal voltage at the summing junction (SJ) can
not pass directly to the input of the dc amplifier section because of Cl. In
stead 9 they a~e connected through R14 to contact 3 of chopper Dl. (A chopper or 
synchtonous vibrator consists of a coil-driven vibrating reed (2) that alter-

. nates between the contacts (1, 3) on each half cycle of the coil excitation volt
age.) The chopper alternately grounds contact 3 producing.a 60 cps square wave 
input to the stabilizer amplifier. After amplification, the reSUlting signal is 
de-modulated (or synchronously rectified) at the second contact (1) of the chop
per. The reSUlting signal at contact 1 is pulsating dc whose polarity is the 
same as the polarity of the signal at the summing junction. The dc Signal is 
filtered by Rl5 and C2 and applied through Rll to the input to the dc amplifier 
section. Thus dc or very low frequency signals are amplified by the stabilizer 
amplifier and by the dc amplifier. 

The circuit from contact 3 of Dl to contact 1 is a modulated carrier-type ampli
fier that provides high gain de amplification with very low drift. The stabi
lizer is phase sensitive; if the polarity of the summing junction signal changes, 
the phase of the modulated signal changes and the polarity of the pulsating dc 
output voltage changes. 

High freq~ency components of the input Signal are passed by Cl to the dc ampli
fier, and are amplified by the gain of the dc amplifier only. The open loop 
gain of the amplifier thus depends on the frequency of the input signal. At 
very low frequencies, the gain is extremely high because the stabilizer ampli
fier is placed in cascade with the dc amplifier. At higher frequencies, the 
gain is decreased but remains high enough to satisfy all expected computer 
operations. 
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One of the criteria for a high quality operational amplifier is that the output 
voltage be zero when the input voltage is zero. This zero corresponding be
tween input and output voltages is called amplifier balance. The manual adjust
ment process to insure this correspondence is called balancing. As previously 
described, the balance potentiometer (BAL POT) is adjusted until the amplifier 
output is zero volts when the input is zero volts. The amplifier would require 
balancing every few minutes without stabilization. The drift compensation pro
duced by chopper stabilization allows the amplifier to be used for weeks without 
attention. 

Any component of the amplifier output voltage due to drift in the dc amplifier 
section is fed back through the feedback impedance Zf to the summing junction of 
the amplifier. Since any drift-produced voltage has a very low frequency, it will 
be amplified by the stabilizer section, filtered, then applied as a drift-correc
tion Signal to the input of the dc amplifier section. The drift-produced com
ponent in the output voltage is reduced by a factor equal to the effective gain 
of the stabilizer section. 

The amplifier in the stabilizer section has a gain of about 1000. Since it is 
connected to the summing junction, it serves as a monitor of the summing junc
tion voltage. Under normal circumstances, the input current to the operational 
amplifier is equal to the feedback current, and the summing junction is at vir
t~al ground. If the currents are not equal, the amplifier is not performing 
properly, and the summing junction departs from virtual ground. This rise in 
voltage is amplified by the stabilizer and results in a large output signal that 
is used to trigger an overload indicator which informs the user that the ampli
fier is not operating properly. Because the stabilizer is a sensitive monitor 
of the summing junction voltage, the magnitude of its output voltage is an in
dication of the balance of the amplifier. The amplifier is balanced accurately 
by connecting the stabilizer output to the voltmeter on the control panel and 
adjusting the balance potentiometer until the voltmeter reads zero. Note that 
it is not necessary to remove the inputs to the operational amplifier during 
the balancing process since all circuit requirements are satisfied if the sum
ming junction is at virtual ground. A feedback resistor must be connected 
around the amplifier before the balancing procedure can be accomplished. 

The schematic diagram of the dual amplifier used in the TR-20 is shown on Draw
ing D006 282 OS in the rear of this manual. Each amplifier consists of a six
transistor dc amplifier and a three-transistor stabilizer amplifier. Each 
amplifier uses a set of contacts of chopper Dl. The coil excitation voltage 
(6.3 vac, 60 cps) for Dl is obtained from Regulated Power Supply, Model 10.179, 
which also provides the other operating voltages for the amplifier. Since each 
of the dual amplifiers is identical, the following circuit description is con
fined to the amplifier shown in the upper half of the schematic. A simplified 
schematic to be used with the following description is shown in Figure 9. 

£. The DC Amplifier Section 

The summing junction of the operational amplifier is connected to the Input 
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terminal. The ac components of the input signal are applied to the base of tran
sistorsQ17 th=ough R10, C2l, and Cl. The input signal is also coupled through R14 
to the input to the stabilizer section. Two reverse-connected diodes (CRl and CR2) 
are connected from the input to ground so that capacitor Cl cannot be charged to a 
high voltage during overload conditions. This feature allows the amplifier to re
cover quickly should an overload occur. The normal signal at this pOint is below 
the diode conduction pOint. 

Transisto=s Q17 and Ql comprise the amplifier input stage. Transistor Ql (PNP) is 
con~ected in a common-emitter configuration with R53 providing self-bias. T=an
sistor Q17 ·(NPN) is used in a common-collector configuration and uses the voltage 
drop (0.3 volt) across the base-emitter diode of Ql as its operating voltage. The 
base-emitter resistance of Ql serves as the load for Ql7. This configuration gives 
the amplifier a relatively high input impedance. The base circuit of Ql7 is com
pleted through R5S, Rl, and the balance potentiometer. These components form a 
voltage divider between -lS volts and +30 volts; adjusting the balance potenti
ometer sets the optimum operating point for Ql7. In practice, the balance po
tentiometer is adjusted for zero output from the stabilizer. 

The output at the collector of Ql is directly-coupled to-the base of Q2, which is 
also cor.nected in the common-emitter configuration. Bias is supplied from volt
age divider R3 a~d R12, connected between the collector 5f Ql and the +30 volt 
supply, This high-frequency roll-off of the Q2 stage is controlled by the series 
combination of R4 and C4 which provides an increasing amount of negative feedback 
at higher frequencies. Capacitors C3, C5, and C23 provide correct phasing for 
higher input frequencies. 

Transistor Q3 is the driver for the output stage. The circuit arrangement of this 
stage is similar to that of Q2, except that the emitter is returned to +15 volts 
instead of ground in order to establish the correct operating point for Q3, Q4, 
and QS. The output stage of the dc amplifier consists of Q4 and QS, each con
nected in a common-collector (emitter-follower) arrangement. Transistor Q4 is 
a PNP type transistor and QS is an ~~N type with similar characteristics. The 
circuit employs the advantages of the complementary-symmetry of the two types to 
provide push-pull operation with single ended input. A phase inverter is not re
quired to drive a stage of this type. The NPN transistor (QS) conducts when the 
output of Q3 goes positive and the PNP transistor (Q4) conducts when the output 
of Q3 goes negative. 

With no signal, the forward bias across resistor R9 causes a small current flow 
from the negative supply through Q4, II, 12, and Q5 to the positive supply. Be
cause the transistors are similar, the voltage drop is the same across each and 
the circuit is similar to a balanced bridge; no current flow through the load. 
An input to the amplifier causes one of the output transistors to conduct more 
heavily than the other (unbalancing the bridge) and current flows through the 
external load on the amplifier. The output voltage appears between terminal Y 
(the common-emitter point) and ground. Incandescent lamps (11 and 12) are con
nected in series with each emitter. Since the resistance of these lamps in
creases v:ith increasing current (higher temperature), the lamps serve to s tabi-
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lize and protect the output stage by limiting the maximum current flow through 
each transistor. 

s. The Stabilizer Section 

The stabilizer section consists of a three-stage amplifier <Q6, Q7, and Q8) and 
a 60 cps chopper (Dl). The stabilizer pre-amplifies the dc and low frequency 
components of the input signal and applies the resulting signal to the input of 
the dc amplifier section. Any dc or low frequency voltage appearing at the sum
ming junction is modulated by contacts 2 and 3 of Dl. The resulting 60 cycle 
square wave is applied to the base of Q6 and is amplified by Q6, Q7, and Q8. 
The ac signal from the amplifier at the collector of Q8 is coupled through C8 
to contact l of Dl. Contacts land 2 of Dl function as a phase-sensitive de
modulator or rectifier and produce a pulsating dc signal which is applied to 
a filter (Rl5-C2). The filter removes the carrier frequency generated by the 
chopper action. The filter output is a smooth dc which is applied to the base 
of Q17. 

5. TEST PROCEDURES 

The test procedures outlined below are designed to provide the maintenance 
technician with simple and convenient procedures for monitoring amplifier per
formance on a regular basis. 

~. Frequency Response 

A check of the frequency response of the operational amplifier is accomplished 
by applying a fixed amplitude, variable frequency input to the amplifier and 
observing the outputampli tude wi th an oscilloscope. Proceed as follows: 

(1) Patch the amplifier for unity gain using 10K ohm resistors 
(Figure 10). 

(2) Connect the output of a well-regulated audio oscillator to the 
amplifier input. Connect an osciiloscope to the oscillator output and adjust 
the oscillator and oscilloscope controls until a 20 millivolt peak-to-peak 
def lection appears on the oscilloscope screen. Vary the oscillator fr'equency 
from a few cyc les to about 200 kilocyc les. Be certain that the ampU tude of 
the oscillator output remains constant over the frequency range. If it does 
not stay constant, the oscillator amplitude control must be adjusted for each 
frequency check pOint. 

(3) Connect the oscilloscope to the amplifier output. Observe the 
amplitude of the amplifier output voltage as the generator frequency is varied, 
No pronounced peaks or dips (greater than ten percent) should occur be low 100 
kilocycles. At 200 kilocycles, the amplifier output should be decreased by 
less than 3 db. (That is, the output voltage should be greater than 70.7 per
cent of the input voltage up to 200 ke.) 
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(4) If the operational amplifier fails this test, it is probably due 
to a malfunction in the dc amplifier section. 

E. Offset Measurement 

Periodic checks for excessive amplifier offset are performed by monitoring the 
amplifier output with the circuit shown in Figure 11. Amplifier 2 in the measur
ing circuit amplifies any offset by a factor of 1000 and also acts as a filter 
or smoothing device. Switch Sl is used so that any offset of amplifier 2 can be 
compensated for. High quali ty ground is avai lab le at the ground terminations in 
the middle row of the patch panel. If possible, remove all other patch cords con
nected to these terminations. Do not use chassis ground or the ground terminations 
in the coefficient potentiometer row. Proceed as follows~ 

(1) After a warm-up period of one hour~ carefully balance the amplifier 
under test using the standard procedure. 

(2) Place Sl in the down position. Adjust the balance potentiometer of 
amplifier two until the meter reads zero volts. 

(3) Place S2 in the up position~ place the voltmeter on the 0.1 volt 
scale. Since the voltmeter is preceded by a gain of 10~0, the equivalent meter 
range is 100 microvolts full scale. 

(4) Record the voltmeter reading. The offset should be less than 20 
microvolts. 

s. Noise Measurement 

The noise content of the amplifier can be observed with the circuit shown in 
Figure 12. Balance the amplifier and observe the output noise on the oscil
loscope. The peak-to-peak noise should be less than 400 microvolts from dc 
to 500 kc. ' 

E. Output Current Capability 

The amplifier's ability to deliver rated current is checked with the circuit in 
Figure 13. The load resistor need not be a precision resistor. 

(1) Place switch Sl in the down position and measure the amplifier 
output voltage. The output should measure +10 volts. 

(2) Place Sl in the up position. The output should measure -10 volts. 

(3) If the amplifier is not supplying approximately 20 rna of current, 
the output voltage will be less than *10 volts. (Also s the amplifier will be 
out of balance, i.e., the balance test will indicate a malfunction.) 
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6. TROUBLESHOOTING 
, ~--,-,,"'.;(,.; '-, 

The amplifier is used with several different ~p~;s,~:ot,:rttitw.Qrks depending on the 
operation it must perform. Unsatisfactory perforl!1ance by, an operational ampli
fier could be due to a network malfunction. 'Pte 1malfuQction can usually be 
isolated to a particular chassis by interchanging,:,sus'pected modules with ones 
that are known to be good. Unlike most types if I'!lectronic equipment, a faulty 
operational amplifier usually identifies i tse if ;lninedi"ate ly. If a component in' 
the E.mplifier fails, the output voltage of the ~pliJier characteristically flops 
(0 its pl1.l3 or minus limit (up to ±13 volts,;,.'dJp~'ndirigonload)' 

:f' 
Failure to Balance 

f 
'" The mos t common indication of unsatisf actory c4nplifier operation is fai lure to 

balance proper ly. If an amplifier wi 11 not ba::'Iartce, 1;he malfunction can be 
localized to either the dc or s tabi lizer sectipn "wi th the following procedure. 

(1) Mount the amplifier on a service ~helf and plug the assembly into 
the amplifier's rack position. Patch a feedback resistor" around the amplifier 
and remove all inputs. 

.:, . 

(2) Disable the stabilizer section by grounding the stabilizer output 
at pin P or L (depending on which amplifier is malfunctioning). 

(3) Monitor the output of the amplifier with an oscilloscope or volt
meter and slowly rota'te the balance potentiometer., 

(4) The amplifier output should flop between its plus and minus limits 
{about ±13 volts} as the balance control is turned from one end to the other. 
A slight delay in response is normal. If the amplifier fails to do this, the 
malfunction is probably in the dc section of the amplifier. 

(5) Remove the_ground from pin P or L. Connect an oscilloscope to the 
output of the stabilizer (pin P or L) and observe the stabilizer output as the 
balance potentiometer is slowly rotated. 

(6) The square wave output should change polarity, from negative-goir:g 
to positive-going, as the balance control is turned from one end to the other. 
Failure to do so indicates that the malfunction is probably in the stabilizer 
section. 

E. DC Amplifier Section Check 

The d..:: amplifier section can be checked according to the following procedure, 

(1) Repeat Steps (1) to (3) above. 

(2) Check interstage voltages in the dc amplifier section. Begin with 
the output stage and work towards the input stage. Slowly rotate the balance 
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Excessive 

Excessive 

reading i~s for an . input of +10 volts, the center reading 
is zero input., and the lower reading for -10 vol ts. 

SYMPTOM 

NOTE 

A Triplett Model 630A Multimeter 
or an equivalent 20,000 ohms/volt 
meter should be used to ensure 
readings that correspond with 
those in the gUide. 

SUGGESTED REMEDY 

High-Frequency Noise Replace Ql or Q17 or Both 

Low-Frequency Noise Replace Q6 

Poor Frequency Response Replace Ql. Check Interstage 
Coupling Networks 

Amplifier Oscillates with Nega- Replace Q4 -
tive Output, Positive Output 
Satisfactory 

Amplifier Oscillates with Nega- Replace Q3 or Q5 or Both 
tive Output, Negative Output 
Satisfactory 

~ 

Excessive Offset Replace Cl or C7 ·or Both 

Extremely High Offset Replac'e Ql 

Negative Output Only Replace 11 

Positive Output Only Replace 12 
..... 

Figure 16. Symptoms and Possi(ble Causes of Amplifier Malfunctions 

30 

(2) Internal ResistanceMeasurem~ts 
.:, '. '.~' 

(j!) Remove aB. connections to the amplifier under test. 

Connect.aQ.oUter across the resistors in the circuit and 
compare' the~ ,ies~i.stance measured wi th the values given in 
Figure 'j4 ~,,~;~ 



(s) If the polarity of the ohmmeter test probes affects the 
resistance measurement. the readings for both connections 
are listed. The plus and minus signs associated with the 
reading indicates the p~obe polarity for the highest re
sistance reading. 

NOTE 

A Triplett Model 630A Multimeter 
should be used to ensure readings 
that correspond with those in 
Figure 14. 
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CHAPTER III 

DUAL INTEGRATOR NETWORK, MODEL 12.1116 

1. GENERAL DESCRIPTION 

The Model 12.1116 Dual Integrator Network, shown in Figure 17, is used with an 
external operational amplifier to perform the mathematical operation of inte
gration with respect to time. The network contains the passive elements and 
control circuits necessary to form two integrators. The Model 12.1116 is sup
plied with computers that are not equipped for repetitive operation. The Model 
12.1115 is supplied with computers that are equipped for repetitive operation; 
this network is described in the Repetitive Operation Section of Chapter X. 

2. TECHNICAL DATA 

Capaci tor Value 

IC Accuracy ................................. 
10 MFD ::1:0.1% 

100% ::1:0.2%, Minimum 
100% ::1:0.1%, Typical 

Drift Rate (Using a Model 6.712 Amplifier with a Grounded lOOK 
Ohm Input Resistor) ••••••••••.•••••••••.. 50 ~V/Sec, Maximum 

25 ~V/Sec, Typical 

3. PATCHING 

" 
An integrator is formed by connecting the SJ, 0, and B terminations of the in-
tegrator network to the SJ ,0, and B terminals, respectively, of an amplifier. 
Figure 18 shows typical patching and a simplified schematic for a 12.1116 Net
work; the patching for a 12.1115 Network is similar (see Chapter X). An in
itial condition voltage may be applied to the IC terminal if required. For 
normal operation, two-prong bottle plugs (or patch cords) should be inserted 
to cover the OP and RS designations on the lower cross-hatched areas of the 
patch block. These bottle plugs connect the operate and reset relays to the 
operate bus and reset bus respectively. For special applications, other 
patching arrangements may be used. These applications are described in the 
Appendix of the Operator's Reference Handbook. Figure 19 shows a typical 
block diagram and computer symbol for an integrator. 

4. CIRCUIT DESCRIPTION 

One channel of the dual integrator network is shown connected to an external 
amplifier in Figure 18. The operate relay (Kl) and the reset relay (K2) con
trol the mode of operation of the integrator. The relays are energized by the 
relay bus driver which is controlled by the mode control switch on the" control 
panel. 
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PART OF 6.712 DC AMPLIFIER 

PART OF 12.1.116 INTEGRATOR NETWORK 

XI XIO 
INTEGRATOR 

INPUTS 

INTEGRATOR 
OUTPUTS 

TO SOURCE 
OF INITIAL • ___ _ 
CONDIT ION 

VOLTAGE 

INTEGRATOR 
OUTPUTS 

B 

SJ 

IC 

o 

DUAL INT 
. NET 12.1116 

10K 

10K 

KI 

FROM RESET BUS J 
L-_______ ---FROM OPERATE BUS 

Figure 18. Patching an Amplifier to an Integrator, Showing Simplified 
Schematic of an Integrator Network 

10 MFO 

lOOK 

10 MFO 

K2 

INTERNAL 
CONNECTION 

10K :: __ ';;':I~::;"[>--- Eo >-..--- Eo 

Figure 19. Block Diagram and Symbol for an Integrator 



When the mode control switch is placed in the reset position~ relay Kl is de
energized and the inputs to the integrators (E i ) are grounded through the input 
resistors. None of these inputs can affect the amplifier. Relay K2 is ener
gized and its contacts connect the junction point of Rl and R2 to the summing 
junction of the amplifier. The feedback network for the amplifier consists of 
R2 and Cl in parallel; Rl is the input resistor. A voltage Eic applied to the 
IC termination charges the feedback capacitor and establishes a voltage Eo at 
the output of the amplifier. The time constant of the charging process is de
termined by values of R2 and Cl; with the given values the time constant is 
0.1 second and the capacitor charges to the magnitude of the initial condition 
voltage in about 0.5 second. In the steady-state, the amplifier behaves like 
an inverter and has an output of -E ic ' With +5 volts patched into the IC ter
minal, the steady-state amplifier output is -5 volts. If a voltage is not con
nected to the IC terminal the amplifier output is zero. 

In the hold mode, both Kl and K2 are de-energized. The summing junction of 
the input resistors is grounded; the initial condition inpu~ is removed. If 
an initial condition voltage has been applied (in the reset mode), the feed
back capacitor remains charged. Alternate ly, the capac i tor remains charged 
to the voltage attained in the operate mode. 

In the operate mode, relay Kl is energized and connects the summing junction 
of the input resistors to the base of the amplifier. The integrator is oper
ationaL In summary~ an initial condition voltage is applied' to the integrator 
in the reset node. The output voltage is equal in magni~ude and opposite in 
polarity--u;-tne IC input. In the ~old ill'ode, all inputs to the integrator are 
removed and the feedback capacitor remains charged to the voltage applied as 
an initial condition, or holds the voltage reached during the operate mode. 
In the operate mode, the inputs are applied and integration with respect to 
time takes place. 

5. TEST PROCEDPRES 

a. Operational Checks 

A single operational check that indicates the qualitative performance of the 
integrator is outlined below. 

(1) Connect the circuit shown in Figure 20. Open both switches. 
Switch the computer to RESET. Close switch 1; the amplifier output should 
measure zero volts. Close switch 2; the amplifier output should measure 
+10 volts. 

(2) Switch the computer to HOLD. The amplifier output should measure 
+10 va its. 

(3) Switch the computer to OPERATE. The output of the integrator should 
change linearly from +10 volts to -10 volts at the rate of minus one volt
per-second. (If a stopwatch is available, this rate can be checke4with suf
ficient accuracy for maintenance purposes. If qualitative measurements are 
to be made, more elaborate time measuring equipment if required.) After 
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NOTE: 
AN ATTENUATOR 

CAN BE USED TO PRO
VIDE THE 1.0 VOLT 
INPUT. 

52 

-IOV---O 

+I.OV ---0 
51 

Figure 20. Operational Check Circuit 

-IOV 
-IOV~ 

TO 
VOLTMETER 

TO 
VOLTMETER 

UNDER 
TEST 

-IOV 

u 

Figure 21. Initial Condition Resistor Ratio Check Circuit 

UNDER 
TEST 

10 TO 
VOLTMETER 

Figure 22. Integrator Drift Rate Check Circuit 



operating for 20 seconds, place the computer in HOLD. The amplifier output should 
measure -10 volts. 

(4) Swi tch the computer to RESET. The amplifier output should measure 
+10 volts. 

E. Initial Condition Resistor Ratio 

(1) Connect the circuit shown in Figure 21. Place the computer in tne 
~~ mode. 

(2) Place both switches in the down position; measure and record the 
output voltage of amplifier 2. Place both switches in the up position; measure 
and record the output voltage of amplifier 2. 

(3) The algebraic average of the two readings, divided by la, should 
be less than 20 millivolts. (The algebraic average is the algebraic sum di
vided by two.) 

(4) If the results of this test are unsatisfactory, the initial con
dition resistors are mis-matched or out of tolerance. 

E. Integrator Drift Rate 

(l) Connect the circuit shown in Figure 22. Place the computer in the 
reset mode, and balance the amplifier. tvkmi tor the output 0: ampli f ier 2 with 
the voltmeter. 

(2) Switch the computer to OPERATE; afteL 100 seconds, record the 
meter readings. 

(3) The meter reading should be less than 0.05 volt. This corresponds 
to a drift rate of 50 microvolts' per second. (If the integrator fails this test. 
the amplifier should be checked for high offset.) 

6. TROUBLESHOOTING 

A pOint-to-point resistance check is the qUickest way totroub1eshoot the network. 
Refer to Drawing C012 1116 as for ~esistance values. Figure 23 lists symptoms and 
probable causes for several malfunctions. In each case, it is assumed that a good 
amplifier is being used. 
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MODE 

RESET 

HOLD 

OPERATE 

SYtvIPTOM OF MALFUNCTION PROBABLE CAUSE 

A. Amplifier output is zero for all ini- 1. Open initial condi-
tial condition inputs. tion input resistor 

(R l - R3), 

2. Reset relay n·::>t 
oper ating. 

3. Shor ted feedback 
capacitor. 

B. Ampl if ie r goes into overload if in- 1. Operate re lay is 
puts are connected. energized. 

c. Amplifier goes into over load when l. Op~n initial con
diti:->n feedback 
resist,)r (R2 - R4). 

initial condition inputs are applied. 
The amplifier holds the voltage 
reached while in operation with no 
initial condition inputs. 

D. The amplifier output is not equal in 1. 
magnitude to the initial condition 
input. 

Mis=atched initial 
condition resistors. 
~leasure resistance 
of Rl and R2 (R3 -
R4) . 

" 

A. Amplifier will not hold voltage 
reached during operation but re
sets to the (ni ti al condi tion 
input. 

B. Amplifier will not hold voltage 
reached during operation nor will 
it hold the initiai condition input. 

A. Integrator does not have the proper 
integration rate. 

2. A~?lifier has a 
feed~ack resistor 
patched around it. 

1.. Reset relay ener
gized. 

l. Lec.k:: or open feed
back capacitor. 

1. Chec~ circuit time 
constants. Wrong 
value of input re
sistors or feedback 
capaci tor being 
used. 

Figure 23. Symptoms and Probable Causes of sOme Integrator Malfunctions 



CHAPTER IV 

QUARTER-SQUARE MULTIPLIER, MODEL 7.045 

1. GENERAL DESCRIPTION 

The Quarter-Square Multiplier, Model 7.045, is used in conjunction with a dc ampli
fier to produce a four quadrant product of -XY/lO from inputs of +X, -X, +Y, and 
-Yo In addition to multiplication, the Model 7.045 is capable of performing the 
mathematical operations of division, squaring, and square root extraction. 

The operation of the Model 7.045 Multiplier is based on the identity: 

which reduces multiplication to the operations of summation and squaring. The 
squaring operations are performed by diode function generators which produce a 
seven segment straight line approximation to a square law curve. The complete 
multiplier assembly contains four squaring circuits whose outputs are summed by 
an external amplifier. 

2. TECHNICAL DATA 

Input Voltage Range ••••••••••.••••.••..••••.•.•..•••••.•...• -IOV to +lOV 

Output Voltage Range .•••.••••.•••.••••..••....••....... , .••. ·IOV to +IOV 

Static Error 

Typical. . . . . . . • . • . • • • . . . • • • . . . . . . . • . • • . . • . . • • . . • . . . • . . .. +40 MV 

Maximum •••.•.•••..••••.••••...••..•••.•••••••..•••••.•.. +80 m 

Phase Shift (when multiplying ~10 VDC by 20V, peak-to-peak) 

at 1.0 KC .... ,.......................................... 0 .. 26°, t1a.ximum 

Frequency Response ••••.••••••.••..•.•.•••..•..•••..••.• Compatible with 
Associated Amplifier 

3. PATCHING 

The patching for the Quarter-Square Multiplier is shown in Figure 24. The input 
voltages, +X, -X, +Y, and .y are connected to the appropriately labeled termina
tions on the multiplier; the Sand 0 terminations on the multiplier are connected 
to the Sand 0 terminations of a dc amplifier. All four inputs (+X, +Y) must be 
patched in. The output can be changed to +XY/IO by interchanging-the~+X and -x 
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Figure 24. Quarter-Square MuUiplier Patching 
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inputs or the +Y and -Y inputs. 
re-sistorexcept the one (R65) in 
multiplier is also shown. 

Note that the amplifier does not have any feedback 
the multiplier. An appropriate symbol for the 

4. CIRCUIT DESCRIPTION 

A simplified schematic of the Model 7.045 Quarter-Square Multiplier is shown in 
Figure 25. (See Appendix 1 for a discussion of the elementary principles of a 
quarter-square multiplier,) For simplicity, only one segment in each X2 diode 
function generator is shown. The inputs to the multiplier are applied to the 
terminals designated +X, +Y, -X, and -Yo The outputs of the squaring cards 
(Sl to S4) are connected to the summing junction of an external amplifier. The 
feedback resistor (R65) for the amplifier is located on the multiplier chassis. 
The upper two X2 DFG's accept net positive inputs and produce a current at Sl or 

S2 that is proportional to 1/10 (x + y)2 The scale factor of 1/10 is obtained by 
the choice of circuit resistance vatues; this scaling is introduced so that the 
output voltage from the amplifier does not exceed 10 volts. The two lower DFG!s 
accept net negative inputs and produce an output current at S3 or S4 that is pro-

portional to -1/10 
to 

The total summing junction-current is proportional 

io ~ ; Y ) 2 _ io (X ; Y ) 2 

c 
and produces an amplifier output voltage of -XY/lO, Assume that +5 volts is applied 
to the +X terminal and -8 volts is applied to the +Y terminal. (Then -5 volts 
is at -X and +8 volts is at -Y.) With these inputs applied to the DFG's as shown 
in Figure 25, DFG No. 1 is not conducting because the net input vcltage is negative 
and increases the negative bias on the diode. The net input voltage to DFG No.2 
is positive and the diode conducts permitting the sum of the inputs to be squared, 
The contribution of the DFG to the output voltage of the amplifier is 

1 
10 

(
X + Y 

2 
1 (5 - 8) 2 - - ---
10 2 

9 
40 

(The minus sign is due to inversion in the amplifier.) The third DFG is cut off; 
the fourth conducts. The contribution of this DFG to the output voltage of the 
amplifier is 

~ i 0 (X ; Y ) 2 = i 0 ( 5 ; 8) 2 
= + 1 ~6 

The net output from the amplifier is 

+169 
40 

9 
40 

= + 160 ::. 
40 

+4 volts 
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+ Y ................ ~!_: S=-I~ I 
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o 
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o 
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Figure 25. Quarter-Sqllare Multiplier, Simplified SCJzematic 



which agrees with the designated output of -XY/l~:;~f ~::~f+5)(.,.8)/10 = +4 volts. 
For other input voltages, different combinationi~,c;e".\L\i.~J)FG"s' conduct. Thus 
input vol tages of any polarity combination resulf'1na ,pr.oduct. 

The Quarter-S quare Mul tiplier, t-bdel 7.045, contairie'two etched-circuit cards, 
Type 7.044, each of which contains two biased-di:Od.e .~~quaring circuits. The DFG 
on the left side of Drawing C007 044 OS accepts net positive inputs; the DFG on 
the right side accepts net negative inputs. Thej~iode function generators produce 
a seven segment straight-line approximation to ah X2 function. Since both cir
cuits are similar, the circuit description is co~ifiti,ed 'to the positive input DFG. 

(. :.~: . 

Diodes CRI to CR7 are biased to conduct at progre~si~~ly ~rtcreasing voltage magni
tudes. As each diode conducts, the equivalent itiput impedance of the external 
amplifier is decreased, the gain of the amplifief:i~ increased. Thermistors Rl4, 
R16, and R24 are used in the bias circuits to cofnpensate for the effects of tempera
ture variations. Variable padders are included in the bias networks so that the 
breakpoints of the segments can be adjusted. Inputs to the function generator 
(INPUT 1 and INPUT 2) are applied at circuit board terminals 5 and 6. 

The two Type 7.044 cards are connected as shown in Drawing C007 045 OA to form a 
Model 7.045 Multiplier. Resistor R65 is the feedback resistor for the external 
amplifier. 

5. MAINTENANCE 

The Model 7.045 Mul tiplier requires very little maintenance. The adjustments are 
very stable and normally the unit is tested only to ensure the operator's faith in 
its performance. 

a. Error Test 

The following test provides a convenient means of checking the operation of the 
multiplier. 

(1) Connect the circuit shown in Figure 26a. Balance the amplifiers. 
Be sure that computer reference voltages are within specifications. The input 
and feedback resistors for amplifier number two and the input resistors for 
amplifier number four should be matched resistors. If desired, the oscilloscope 
may be replaced by an XY recorder. 

(2) Adjust the oscillator controls so that it is operating at 5 cycles 
per second, 20 volts peak-to-peak. Set the oscilloscope Y sensitivity to 10 
mv/cm dc with a zero volt reference in the center of the screen; set the X 
sensitivity to 2 volts/cm. 

(3) An oscilloscope pattern similar to Figure 26b should be observed. A 
tilted waveform is caused by misalignment or reference unbalance. Specifications 
call for an error not to exceed +80 millivolts; however, it is relatively simple 
to hold the maximum error to .:!:.50-millivolts. The error VOltage is m~asured from 
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the zero line to the largest peaks as shown. 

(4) If the above test indicates that the multiplier is not operating within 
specifications, the diode function generator probably requires adjustment. 

b. Adjustment Procedure 

Each of the four diode function generators is checked by applying selected input 
voltages and observing the output voltage. Proceed as follows: 

(1) Place the multiplier on a service shelf and connect the circuit shown 
in Figure 27a. The inputs to the multiplier are applied according to the schedule 
in Figure 27b. Balance the amplifiers and be sure that the computer reference volt
ages are within specifications. 

(2) Figure 27c lists the input and output check point voltages for the 
DFG cards. Use coefficient potentiometer number one to set the output voltage of 
amplifier number one to the values listed in the Vi column. Always begin with the 
lowest voltage and continue in order to the highest voltage. 

(3) The output voltage of amplifier number two should correspond to the 
values listed in the Vo column. (The Vo column includes an allowable tolerance 
for each output voltage. The output voltage should be within the allowable tolerance 
when checking the DFG;· when adjusting the DFG, set the output voltage to the given 
value. ) 

(4) If the output voltage is out of tolerance, adjust the appropriate 
potentiometer listed in the ADJUST column. Be sure to adjust the potentiometers 
in order, Rl to R6, R7 to R12. The location of the adjustments is shown in 
Figure 27d. 

c. Troubleshooting-

Malfunctions in the Model 7.045 can be localized by means of the adjustment pro
cedure described above. The first segment that cannot be adjusted properl] is 
probably at fault. Check the components in the suspected segment with an ohmmeter. 
Compare resistance measurements in the suspected DFG with measurements made in a 
DFG that is known to be good. Test the unit after replacing any components. 
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,.-----.5 
~~--~ ~--, >--.---Vo 

- 10 V ------' 
7.045 

o 

(a) 

CARD POLARITY APPLY GROUND 
NUMBER OF Vi Vi TO INPUTS 

Vi ADJUST 
Vo 

(VOLTS) CARDS IS4 CARDS 2 S3 (VOLTS) 

I PLUS +X,+Y -X,-Y 
2.50 RI R7 0.64 ± .02 

2 MINUS -X,+Y +x. - y 
3.90 R2 RS 1.54 ± .02 

3 MINUS +x, -Y -x, +y 
5.30 R3 R9 2.82 ± .02 

4 PLUS -x -y +X +y 
6.70 R4 RIO 4.50 ± .02 

8.10 R5 RII 6.58 + .02 
( b) 

9.50 R6 RI2 9,04 ± .02 

(c) 

RI R7 

R2 RS 

R3 R9 
CARD I 

R4 RIO 
CARD 2 

R5 RII 

R6 s RI2 

0 
~" 

0 
'y 

.,.~ O~ 
RI R7 

RS R2 

R9 .. 0 R3 .. ,~ >.glt R4 CARD 4 CARD :3 RIO ~s 

RII R5 

RI2 R6 
( d) 

Figure 27. Quarter-Sqllaye MultiPlier Adjustment 
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CHAPTER V 

X2 DIODE FUNCTION GENERATOR, MODEL 16.101 

1. GENERAL DESCRIPTION 

The X2 Diode Function Generator, Model 16.101, is used in conjunction w~.th a d.c 
amplifier, such as the Model 6.712, to produce an output voltage that is proportional 
to the square or square root of an input voltage, The Model 16.101 contains two 
independent sections which generate quadratic curves. One accepts positive input 
voltages; the other accepts negative input volta~es, Precision resistors and 
solid-state diodes are used to approximate the X function by a series of seven 
straight line segments. An output voltage proportional to the s~~are root of an 
input voltage is obtained by placing the X2 DFG in the feedback lJop of an 
amplifier. 

2. TECHNICAL DATA 

Input Voltage Range ............. o •••• ooo ••••••••• o.oo ••• G ••• 0 to +lOV 

Output Vol tage Range ..•.••......•.• 0 0 •• 0 •••••••• , ••• , ••••• o. 0 to +lOV 

Segments per 'Generat'or •• 0. " •••••• 0 co •••• 0 0 .0 •••••• " • II •• 0 0 •• o. 7 

Error (full scale) 

Typ i ca 1 .. 0 •• II 0 ••••• (I •• 0 Q • I) •• 0 •• ~ ••• 0 • 0 • I) •••••••. 0 •• I) 0 0 c ,,~ 0 0 2 % 

Max i mum. . . (> • 0 •• 0 " • I) e • I) • '0 "., 0 • I) • 0 • I) • 0 (I 0 0 I) " • I) 0 0 0 I) " 0 I) 0 I) " 0 co I) •• 0 co 4% 

Frequency Response .•• ,.,., 0 • 0 ,". , , , • , • , , 0 • , ••••• , , , 0 •• , ••• , ., CompatiablE::! with 
Associated Amplifier 

3. PATCHING 

A simplified diagram and a typical patching scheme for the X2 DFG are shown in 
Figure 28. The DFG terminated on the upper portion of the patching module accepts 
a negative voltage X and produces a positive voltage of X2/l0 frem the associated 
amplifier. Should X be a positive voltage, the output will be zero. 

The DFG terminated on the lower portion of the patching module accepts a positive 
voltage Y and produces a negative voltage (_y2/10) from its associated amplifier. 
The output will be zero if y is a negative voltage. 
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4. CIRCUIT DESCRIPTION 

The MOdel 16.101 consists of two independent X2 function generators. Refer to 
Drawing C016 099 OS. The seven segment X2 DFG on the left side of the drawing 
accepts positive inputs only; the one on the right side accepts negative inputs. 
Since both circuits are similar, the circuit description is confined to the nega
tive input DFG. (The elementary principles of DFG's are discussed in Appendix I.) 

Figure 29 contains a simplified drawing of the negative input DFG. The unit is 
shown connected to an external amplifier. Each diode is biased (through R37 to 
R43) to conduct at progressively increasing input voltage magnitudes. With zero 
volts at -IN, none of the segments conduct. When the maximum input of -10 volts 
is applied, all the 'diodes conduct. As each diode conducts, the equivalent input 
impedance of the amplifier is decreased; the gain of the amplifier is increased. 
The circuit resistance values are selected so that the output of the amplifier is 
+X2 /lO. 

The actual networks, shown on Drawing C016 099 OS, contain variable padder resistors 
so that the breakpoints can be adjusted. Thermistors R33, R35, and R43, (R14, 
R16, and R24 in the positive input DFG) are used in the bias networks to compen
sate for the effects of temperature variations. 

5. MAINTENANCE 

a. Adjustment Procedure 

Use the following procedure to adjust or to test the X2 DFG. 

(1) Use a service shelf to extend the module so tbat the adjustment poten
tiometers are accessible. Connect the circuit shown in Figure 30a. Balance the 
amplifiers. Be sure that the computer reference voltages are within specifications. 

2 (2) Figure 30b lists t~e input and output check point voltages for the 
X DFG. Use coefficient potentiometer number one to set the output of amplifier 
one to the values listed in the INPUT VOLTAGE column. The output of amplifier 
two should correspond to the values listed in the OUTPUT VOLTAGE column. If the 
output voltage is out of tolerance, adjust the appropriate potentiometer listed 
in the ADJUSTMENT column. (The OUTPUT VOLTAGE column includes an allowable tol
erance for each output value. The output voltage should be within the allowable 
tolerance when checking the X2 DFG; when adjusting the function generator, set 
the output voltage to the given value.) 

(3) Place switches 81 and 82 to the positions shown in Figure 30a. Ad
just coefficient potentiometer number one until Vi is +2.50 volts. The output 
voltage Vo should be -0.64 volts. If an error exists, adjust Rl (see Figure 30c). 
Place 81 in the down position; Vo should be +0.64 volts. If. an error exists, 
adjust R7. Proceed in this manner through the other check values. 

(4) Resistors R52 and RS3 can be checked at the last checkpoint voltage. 
Remove the lead patched into the 0 termination and patch it into the other 0 ter
mination. The output voltages should remain within specification. Remove the 
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"lead 'patched into the Otermlnation 'and patch it to one end of Rf; connect the 
other end of Rf to the base of amplifier two. The output voltage should remain 
within specification. 

k. Troubleshooting 

Malfunctions in the X2 DFG can be localized by means of the adjustment procedure 
described in Section 5~. above. The first segment that cannot be adjusted properly 
is probably at fault. Refer to Drawing C016 099 OS for component values and lo
cation. Check the components in the suspected segment with an ohmmeter. (Com
pare resistance measurements made in the minus and plus cards.) Recalibr~te the 
unit after replacing any components. 
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C~TER VI 

DUAL LOG X DFG, 16.126, AND DUAL ONE-HALF LOG X DFG, 16.133 

1. GENERAL DESCRIPTION 

The Log X DFG's operate in conjunction with a dc amplifier to produce an output 
voltage that is proportional to the logarithm of the input signal voltage. The 
output of the generators is in the form of seven straight-line voltage segments 
that closely approximate a logarithmic curve for a single polarity input voltage. 

The Dual Log X DFG, Model 16.126, consists of two logarithmic function generators. 
One generator accepts a positive input voltage X and produces a negative output 
voltage Y = -5 log10 lOX. The other generator accepts a negative input voltage 
X and produces a positive output voltage Y = +5 log10 lOX. 

The. Dual 1/2 Log X DFG, Model 16.133, consists of two lcrgarithmic function gener
ators. One generator accepts a positive input voltage X and produces a negative 
output v')ltage Y = -2.5 loglO lOX. The other generator accepts a negative input 
voltage '{ and produces a positive output voltage Y = 2.5 loglO lOX. 

2. TECHNICAL DATA 

The data below applies to both the Model 16.126 and the Mo,de1 16.133 unless other
wise noted. 

Inpu·t Vol tage Range •••.••...•..••....••••.••••.•.•.•.• 0.1 to lOV 

Output Voltage Range .• ~ •••••••..•••••.•••••••••••••... 0 to lOV 

Segments per Generator ................................ 7 

Input Current (at zero volts in) 

Model 16.126 ...................................... 3MA 

Model 16.133 1.5 MA 

Static Error 

Log X, Referred to Input 

Maximum ...........•.•.•...•........•.......• .:! 1 %, Full Seal e 

Typical ...................................... !O.5%, Full Scale 

Frequency Response •••..••••••.•••••••••••••••••••..•. Compatible with 
Associated Amplifier 
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3. PATCHING 

A simplified diagram and a typical patching scheme for the Dual Log X DFG and the 
Dual 1/2 Log X DFG are shown in Figure 31. The Model 16.126 is shown in the figure 
but the information is applicable to the Model 16.133. The DFG terminated on the 
upper portion of the patching module accepts a negative voltage X and produces a 
positive voltage of 5 10glO lOX from the associated amplifier. The lower DFG 
accepts a positive voltage Y and produces a negative voltage of -5 10glO lOY from 
its associated amplifier. The input voltage magnitude should be greater than 0.1 
volts in order to maintain accuracy and/or avoid overloads. Care should be taken 
not to apply an input voltage of the wrong polarity; doing so will not damage the 
DFG but it does constitute a severe overload on the associated amplifiers. 

4. CIRCUIT DESCRIPTION 

The Model 16.126 and Model 16.133 each consist of two independent logarithmic 
function generators. Since the generators are basically the same, only the posi
tive input function generator in the Model 16.126 is described. (The elementary 
principles of DFG's are discussed in Appendix I.) 

A simplified diagram of the positive input logarithmic function generator is shown 
in Figure 32. The DFG is connected to an external amplifier. The feedback ele
ment for the amplifier is R24; the biased diode network forms the input impedance. 
When the input voltage X is near zero, all the diodes are conducting and the equiva
lent input impedance of the amplifier is at a minimum. As the input voltage in
creases in magnitude, the diodes are cut off one at a time. The amplifierQs 
equivalent input impedance increases and its gain is decreased. 

The circuit resistance values are chosen so that the output voltage of the ampli
fier is -5" 10glO lOX. Variable padder resistors are included in the networks so 
that the diode breakpoints can be adjusted. 

5. MAINTENANCE 

The Dual Log X and Dual 1/2 Log X DFG's require very little maintenance. The ad
justments are stable and normally the unit is tested only to insure the operatorQs 
faith in its performance. 

a. Adjustment Procedure 

(1) Use a service shelf to extend the module so that the adjustment poten
tiometers are accessible. Connect the circuit shown in Figure 33a. 

(2) Balance the amplifiers. Be sure that the computer reference voltages 
are within specifications. 
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(3) Figure 33b lists the input and output check point voltages for the 
DFG's. The OUTPUT VOLTAGE column includes an allowable tolerance for each output 
voltage. The output voltage should be within the allowable tolerance when check
ing the unit. Set to the given output voltage when adjusting the unit, Use 
coefficient potentiometer 1 to set Vin to the value listed in the INPUT VOLTAGE 
column. If the output voltage Vo is out of tolerance, adjust the specified poten
tiometer. Figure 33c shows the location of the adjustment potentiometers. 

(4) There is some interaction between adjustments. The adjustments must 
be completed in order, from number 1 to 6, and after each adjustment, the previous 
adjustments should be checked. 

(5) For example, to adjust the minus DFG card of the Model 16.126, use 
the patching terminations labeled CI) to connect the DFG in the test circuit. 
Set Vin to +2.15 volts. Adjust R19 until Vo measures -0.32 volts. Set Vin to 
+5.23; adjust R5 until Vo measures -1.16 volts. Recheck adjustment number 1 and 
reset R19 if necessary. Recheck adjustment 2 and reset if necessary. Set ad
justment 3; recheck adjustments 1 and 2. The recheck procedure is necessary for 
adjustments 1, 2, and 3, but should not be necessary for adjustments 4, 5, and 6. 
However, it is desirable to recheck several times until one is familiar with the 
adjustment procedure. 

b. Troubleshooting 

Malfunctions in the Log X DFG's can be localized by checking circuit resistance 
values with an ohmmeter. Remove all power to the unit and compare resistance 
measurements made on the plus DFG to measurements made on the minus DFG. Re
calibrate the unit after replacing any components. 
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CHAPTER VII 

VARIABLE DIODE FUNCTION GENERATOR GROUPS 2.645 A~~ 2.713 

1. GENERAL DESCRIPTION 

The variable diode function generators (VDFG's) ere used in conjunction with dc 
amplifiers to produce a segmented straight-line approximation to an arbitrary 
function. They accept an input voltage X and produce an output voltage Y = f(X). 
where f is a predetermined, single-valued function that can be non-monotonic" 
The desired function is produced by summing the outputs from biased diode networks. 
As the input voltage changes, the diodes effectively switch the input resistors of 
a summing amplifier. thus varying the amplifier gain. The output voltage of the 
amplifier changes in accordance with the input voltage by a sequence of straight
line segments. 

Two basic VDFG groups are available. The 2.645 Group provides plus and minus 
units with variable slopes and breakpoints; the 2.713 Group has variable slopes 
and fixed breakpoints. The groups are listed below. 

GROUP +VDFG READOUT -VDFG 
NUMBER UNIT MODULE UNIT :~,::,. 

, , 

2.713-0 16.156-1 16.310 16.154-1 

2.713-1 16.156-1 16.310 .. - --

2.713-2 - --- 16.310 16.154-1 
,,-;'~ 

2.645-0 16.304-1 16.308 16<306-1 

2.645-1 16:304-1 16.308 _ .. --
,,' ,'. 

2.645-2 s __ .. __ 16.308 16.306-1 

The VDFG units are mount,eci,'Pfl slide-out shelves below the control panel (see Fig
ure 33a), making theadjust.nt potentiometers readily accessible. 

~ -t--. . 1 

The readout rnodules'are\.iir~d-through units which couple signals between the 
patch' panel and the. VDFG un~ts. 

'-.i,. 
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2. TECHNICAL DATA 

Number of Segments 

Models 16.154 and 16.156 ••••••••••••••••••••••• 10 

Models 16.304 and 16.306 ••••••••••••••••••••••• 11 

Maximum Slope 

(All Units) 

Ini tial Segment .............................•... 2V Iv 

Remaining Segments ••••••••.••••••••••.••••••••• lV/V 

Diode Breakpoints 

Model 16.1S4 ••••••••••••••••••••••••••••••••••• -IV, -2V, -3V,-4V, 
- -SV, -6V, -7V, -8V, -9V 

Mod e 1 16. 156 ••••••••••••••••••••••••••••••••••• + 1 V, + 2V, +3 V, +4 V , 
+SV, +6V, +7V, +8V, +9V 

Model 16.306 •••••••••••••• 00 •••••••••••• 0 •••••• Variable from OV to -9.SV 

Model 16.304 •••••••••••••••••••••• _ ••••••••••• 0 0 Variable from OV to +~.5V 

Breakpoint Tolerance 

Models 16.154 and 16.156 •••• ' ••••••• 0 •••••••• 0 e' • +0.15V 

Frequency Response 

All Units •••.•.••••..••••.••••.•.•••.•••••••.•• Compatible with Associated 
Amplifier 

3. OPERATING INSTRUCTIONS 

a. Scope 

The 16.154 Minus VDFG Unit is identical to the 16.156 Plus VDFG, except that 
the diodes and internal reference voltages are reversed. Similarly, the 16.306 
and 16.304 Units are identical except for diode and reference polarities. 
Therefore, the l6.1S6 Plus (fixed breakpoint) VDFG and the 16.304 Plus (variable 
breakpoint) VDFG are the only units described. 
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Complete operating information is provided in the Operator's Handbook; the data 
provided in this chapter consists only of information sufficient for testing and 
servicing the units. Appendix I of this manual includes a section on the basic 
theory of diode function generation. 

b. Patching 

Patching is similar for all units. Figure 34 provides a simplified diagram and 
patching symbols for a +VDFG unit. 

4. CIRCUIT DESCRIPTION 

a. Fixed Breakpoint VDFG 

A simplified schematic of the 16.156 Plus VDFG is provided in Figure 35. Arbitrary 
identification numbers have been assigned to some of the resistors for explanation 
purposes, and the 4 volt through 8 volt networks have been deleted for clarity. 

Nine diodes are provided in this unit. Each diode is reverse-biased at a different 
pot.entia1. For example, CR9 has a reverse bias of -1 volt, provided by R2 and R3, 
and CR8 is reverse biased at -2 volts by R4 and R5. An input signal therefore 
must exceed the preset bias level in order to cause a given diode to conduct. An 
X ~nput signal between 0 volt and +1 volt is not sufficient to cause any of the 
diodes to conduct, but it does cause a current to pass through Rl to the wiper of 
the lV slope pot. The right end of the lV slope pot (as shown on Figure 35) is 
connected to the Bl terminal which is patched directly to .the base of an amplifiet" 
(the amplifier designated 00). The left end of the pot is connected to B2 and the 
base of amplifier 01. The position of the wiper of this pot then determines the 
division of the input current between the two amplifiers. If the wiper is moved 
completely to the right, most of the input current is rout~dto amplifier 00. 
Since the input is positive, th~ output of amplifier 00 goes in a negative direc
tion. This negative signal is coupled through R7 to the base of amplifier 01, 
causing the output at the f(X) terminal to go .positive. 

If the wiper of the lV pot is moved to the left, the majority of the input',current 
is routed directly to the base of amplifier 01, and the f(X) output goes negative. 

As the input potential increases to one volt, the reverse bias on diode CR9 is 
overcome and current flows through R2 and CR9 to the wiper of the 2V slope pot. 
The position of this wiper again determines the division of the input current 
between the two amplifiers. 

At this point, current is entering the output amplifiers through two branches: 
Resistor Rl and the IV slope pot, and R2 and the 2V slope pot. This indicates 
that the slope of the output function at any given point is equal to the sum 
of the slopes produced by all the networks conducting at that point. 
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" 

The PARALLAX pot, shown at the right side of Figure 35, provides an adjustable 
offset current to the base of amplifier 00. This input sets the value of f(X) 
when X = O. If the wiper is moved completely to the top (as shown), the function 
value is equal m +10 volts when X = O. If the wiper is moved to its lower ex
treme, the output equals -10 volts when X = O. This ,fixed current is also ad
ditive to the currents produced by an X input, so that adjusting this pot offsets 
the output function for the total range of X inputs. 

Resistor R6 provides feedback for the first amplifier (amplifier 00), and resistor 
R7 couples the output of this amplifier to the base of amplifier 01. Resistor 
R8 provides feedback for the output amplifier. 

b. Variable Breakpoint VDFG 

Refer to Figure 36, a simplified schematic of the 16.304 plus variable breakpoint 
VDFG, for the following description. The circuit for this unit is very similar 
to the circuit of the fixed breakpoint units. In Figure 36, diode networks 2 
through 9 have been deleted for clarity, and arbitrary numbers applied to some 
of the resistors for explanation purposes. Each diode is provided with a bias 
network which consists of fixed resistors (R2 through R5 for CRl) and a potenti
ometer. The potentiometer for each network allows the voltage on each diode to 
be varied from a slight forward bias to a reverse bias of approximately 9.5 volts. 
This potentiometer is deSignated the Breakpoint pot and permits the operator to 
select a breakpOint voltage which is consistent with the function being generated. 
The resistor deSignated R4 in the simplified schematic actually consists of a 
fixed resistor in series wi th a thermistor, providing temperature compensation 
networks for each breakpOint in the unit. The PARALLAX pot ~rovides an adjustable 
offset current whrch determines the value of the function at X = O. The SLOPE 
pots determine the direction and degree of slope for each diode network, and the 
CENTRAL SLOPE pot determines the function slope from X = 0 until the first diode 
conducts as determined by the BREAKPOINT 1 pot. 

5 • MA INTENANCE 

a. Fixed BreakpOint VDFG's 

There are no calibration adjustments for the VDFG's. Performance of the fixed 
breakpoint units can be checked quickly with the following procedure. 

(1) Connect the circuit shown in Figure 37. Rotate all potentiometers 
fully counter-clockwise. 

(2) Apply an input of zero volts. Rotate the PARALLAX control. The 
output should vary from -10 to +10 volts. Set the PARALLAX control for zero volts 
output. 

(3) Apply an input of +1 volt (-1 volt for the 16.154 Unit). Rotate the 
lV potentiometer. The output should swing between +2 volts. Set the lV pot for 
and output of zero volts. 
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(4) Apply an input of +2 volts (-2 volts for the 16.154 Unit). Rotate 
the 2V pot. The output should swing between +1 volt. Set the pot for an output 
of zero volts. 

(5) Repeat Step (4) with inputs of 4, 5, ••• , 10 volts (plus for the 
16.156 Unit; minus for the 16.154 Unit). In each case, the slope potentiometer 
should cause the output to swing between +1 volt. 

b. Variable Breakpoint VDFG's 

The following procedure may be used to check the variable breakpoint VDFG's. 

(1) Patch the circuit of Figure 37. Rotate all BREAKPOINT pots (1 
through 10) fully clockwise. Rotate SLOPE POTS 1 through 10 alternately counter
clockwise and clockwise. 

(2) With a zero volt, input, rotate the PARALLAX control from limit to 
limit. The output should swing from -10 volts to +10 volts. Set the PARALLAX 
pot accurately for a zero volt output. 

'(3) Apply an input of 1 volt (plus for the 1&.304; minus for the 16.306). 
Rotate the CENTRAL SLOPE pot. The output should s~ing between +2 volts. Apply 
an input of 8 volts (observing polarity) and set the CENTRAL SLOPE pot for an 
output of zero volts as accurately as possible. 

(4) Apply an input of zero volts and rotate the BREAKPOINT 1 pot fully 
counter-clockwise. Adjust the PARALLAX control for zero volt output. Apply an 
input of 1 volt, and observe the output. The voltage should be at least 1 volt 
(plus or minus, depending on the direction of the slope) •. Apply an input of zero 
volts and. rotate the SLOPE 1 pot fully in the opposite direction (clockwise, for 
example, if it had been counter-clockwise). Adjust the PARALLAX pot for an out
put of zero volts. Apply an input of 1 Volt. T~e output should again be at. 
least 1 volt (with a polarity opposite to that of the previous test).· Again 
rotate the BREAKPOINT 1 pot fully clockwise. Apply zero volts in, and adjust 
the PARALLAX control for zero volts output. 

(5) Apply an input of 1 volt, again observing polarity. Rotate the 
BREAKPOINT 2 pot counter-clockwise until the output goes !100 millivolts. Apply 
an input of 2 volts. The output voltage should be at least +1.1 volts. Rotate 
the SLOPE 2 pot to its opposite limit. The output should again be !l.l volt 
(polarity opposite to that of previous reading). Rotate the BREAKPOINT 2 pot 
fully clockwise. 

(6) Reveat Step (5) for 2, 3, .•• , 9 volts in and breakpoints 3, 4, 
10. In' each case, the appropriate BREAKPOINT pot is adjusted for an output of 
+100 millivolts with a given input. The input is then increased by 1 volt and 
the output examined. If each network is capable of producing a slope of 1 volt 
per volt, the output should increase by 1 volt as the input increases by one 
volt. Difficulty with any of the tests immediately isolates the problem to a 
given diode network. 

... , 
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CHAPTER VIII 

COEFFICIENT ATTENUATOR GROUPS 

1. GENERAL DESCRIPTION 

Four types of attenuator groups are available for use in the TR-20. All groups 
use ten-turn, 5000 ohm potentiometers. The groups are listed below. 

GROUP NO. OF POTS TYPE OF POT DIAL REMARKS 

42. 183 2 Carbon Uncalibrated No readout switches 

42.187 2 Carbon Uncalibrated 
I 

Eqyipped with readout 
switches 

42.188 2 Wi rewound Calibrated I Equipped with readout 
i switches I 

I 
2.128 4 Wirewound Calibrated 

, 
Pots· located in .. ~ontrol 

I Panel area .. 
(42.185 Equipped with readout 

and 

I 
switches, 

12.265) 
.' 

2. CIRCUIT DESCRIPTION 

The coefficient attenuators (or potentiometers) are energized with reference 
voltage in order to obtain a fixed accurate voltage less than the reference, or 
with a signal voltage in order to multiply the signal voltage by a constant 
less than unity. To facilitate coefficient setting, a pushbutton switch is 
located next to each attenuator (except for the 42.183 Group). See Figure 38. 
Depressing the switch connects the wiper to the Pot Bus, removes the voltage 
applied at the patch panel, and applies +10 volts to the top of the attenuator, 
The wiper is still patched to it$ load. The wiper voltage, on the Pot Bus, can 
be measured by the null comparison method by using the NULL POT on the Control 
Panel. 

The Type 42.183 Attenuator Group does not include the pushbutton switches. The 
wiper of each attenuator is brought out to a termination next to the attenuator 
to facilitate readout under loaded conditions. 
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The Type 42.183, Type 42.187, and Type 42.188 Groups have similar patching termina
tions. The upper potentiometer is terminated on the left side of the patching 
module and the lower end of the potentiometer is grounded. The lower potentiometer 
is terminated on the right side of the patching module and both ends of the poten
tiometer are available at the patch panel. The Type 2.128 Group consists of a 
patching module (Type 12.265) that mounts in the non-linear row of computing 
components, and Quad Coefficient Assembly, Type 42.185 that mounts in the control 
panel area. The lower end of each potentiometer is grounded. The potentiometers 
are terminated in order, top to bottom, on the patching module. 

The symbols used to represent the attenuators on computer circuit diagrams are 
shown in Figure 39. 

3 • M.UNTENANCE 

The attenuators are relatively rugged and rarely are a source of trouble. Mis
alignment of the vernier dial can occur. This is corrected by unclamping the 
dial from the attenuator shaft, turning the attenuator to one end of its travel, 
lining up the dial to the appropriate reading, then carefully fastening the 
dial back onto the attenuator shaft. Operators occasionalJy forget to ground the 
lower end of ungrounded attenuators with the result that thE' wiper voltage re
mains at a high level for all dial settings. 
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CHAPTER IX 

SIGNAL COMPARATORS AND FUNCTION SWITCHES 

1. RELAY COMPARATOR, MODEL 6.143 

~. General Description 

The Model 6.143 Signal Comparator consists of a high-gain amplifier and a double
pole, double-throw relay. The amplifier compares a variable input voltage to an 
arbitrary reference input voltage, and operates the relay when the weighted alge
braic sum of the input voltages is negative. The relay is de-energized when the 
weighted algebraic sum of the input voltages is positive. 

£. Technical Data 

Sensitivity (the Change in Input Voltage Required to Cause Switching) 

Maximum ............................ 3 Millivolts 

Typical ............................ 1 Millivolt 

Relay Throw Time 

Maximum •••••••••••••••••••••••••••• 10 Milliseconds 

Typical 7 Milliseconds 

Relay Contact Rating 

30 Volts (Non-inductive 
Load) ......................... 2 Amperes 

£. Circuit Description 

A simplified diagram of the Relay Comparator is shown in Figure 40. The signal 
input is applied to IN ; the reference input is applied to IN. When the inputs 
produce a negative voltage at the summing junction of the amplifier, the amplifier 
energizes the relay and the relay arms are connected to the minus contacts. The 
relay is de-energized when the summing junction is positive; the relay arms are 
connected to the plus contacts. Since the input resistors, Rl and R2, have dif
ferent values, the voltage applied to INI and IN2 have different weights in their 
effect on the summing junction voltage. Therefore, the setup procedure described 
in Sub-paragraph ~. must be followed if precise switching levels are desired. 

Refer to Drawing B006 134 OS for the following description. The signal input (IN:!.) 
is applied to R2; the ref~rence input (IN2) is applied to Rl. Assume that the relay 
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... is .to be energized when the signal input is +5 volts.· The reference input is then 
supplied with approximately -5 volts. As long as the signal input is greater than 
+5 volts, the base of Ql is positive and the transistor is cut off~ Under this 
condition, relay driver Q6 is also cut off and relay Kl is de-energized. There
lay contacts remain in the position shown, the arms closed to the plus contacts. 

The conditions in the amplifier at this time are as follows. Transistor Ql is cut 
off and the resulting negative potential at its collector causes Q3 to conduct. 
The resulting collector voltage of Q3 cuts off QS. No current flows through the 
emitter resistor (RlO) of Q5 and ~elay driver Q6 is reverse biased to cut off. 

The effects of drift due to temperature changes are reduced by means of Q2 and Q4. 
An increase in temperature will increase I in transistor Ql and Q2. These 
changes are applied to the base and emitte~Oof Q3' respectively, causing the two 
increases to cancel. 

When the signal input drops to +5 volts, the base of Ql is at zero potential, and 
the transistor conducts due to the slight forward bias applied to the emitter 
through R5. The collector current through R3 biases Q3 to cut off, and, as a re
sult, Q5 is driven into conduction. Relay driver Q6 also-conducts due to the for
ward bias developed across Rll. Relay K1 in the collector circuit is energized 
and the relay arms transfer to the minus contacts. 

When Ql conducts, the emitter current through R6 develops cutoff bias for the 
emitt~er of Q2. As .Q2 is turned off, Q4 conducts, drawing current through R9 and 
reverse biasing the emitter of Q3 receives a negative signal at the same time that 
a positive signal is applied to the base. 

Diodes CR1 and CR2 protect Q1 by limiting the voltage which can be applied across 
the base-emitter junction. Diode CR3 protects Q6 against the momentary appli
cation of a high forward bias to the collector caused by a collapsing field around 
the relay coil. 

~. Adjustment of Voltage Switching Level 

To obtain a precise voltage switching level, say +5 volts, proceed as follows: 

(1) Refer to Figure 41. Connect a coefficient potentiometer to the in
put of an amplifier and adjust the wiper until the output of the amplifier is at 
the desired switching level (+5 volts). Connect the output of the amplifier to 
the IN1 termination of the comparator. 

(2) Connect the appropriate computer reference voltage (-10 vdc in this 
case) to a second potentiometer. Connect the wiper to the IN2 termination. 

(3) Adjust the wiper of the second potentiometer until switching occurs. 
Remove the amplifier input to INl and apply any arbitrary input • 

.!. Maintenance 
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Figure 42. Sensitivity and Switching Time Test Circuit 

·F- o 

'Fi~t:e 43. Test Waveform 
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(1) Troubleshooting, The Relay Comparator rarely malfunctions. If it 
does, the first thing to check is relay Kl. If relay replacement fails to cure the 
trouble, the amplifier may be tested by grounding IN2 and applying a negative volt
age to INI. The amplifier stages are best checked with an oscilloscope or VTVM. 
Transistor Ql should be conducting (as indicated by its collector voltage), Q3 
should be cut off, Q5 and Q6 should be conducting, and the relay coil should be 
energized. A positive input causes the opposite effect. 

The follov7ing sensitivity and switching time test should be ?erfortned after any 
repairs. 

(2) Sensitivity". The sensitivity and switching time of the Relay Com
parator are checked by means of the circuit in Figure 42. Proceed as follows: 

(D 

Place switches Sl and 82 to the positions indicated. Place the 
computer in the reset mode. Place the voltmeter on the 0.1 volt 
range. Set the oscilloscope sensitivity to 0.1 volts/cm dc and 
the sweep to 2 milliseconds/cm. 

Switch the computer to OPERATE and adjust coefficient potenti
ometer number one until the voltmeter (vM) reads zero. At this 
point, the comparator relay arms should_begin to oscillate be
tween the plus and minus contacts. 

The oscilloscope should display a waveform similar to the one 
in Figure 43. On the display, the zero level represents the 
time when the relay s~otlld switch. The positive and negative 
peaks represent actual switching times. Thus the difference 
between the zero level and the adjacent peak represents the 
swi tching time. For convenience, the Sv]i tching time may be 
calculated as 1/4 the time between any pair of adjacent peal<s 
(i.e., a/4) since this technique eliminates the need for de
termining the zero leveL 

Place switch S2 ·to the right thus grounding R2. Set the oscil
loscope sensitivity to 0.5 millivolts/em and the sweep to 50 
milliseconds/cm. 

The oscilloscope waveform again should be similar to Figure 43. 
Distance "b" represents the switching sensitivity" 

Repeat Steps (a) to (e) with switch 81 in the up position to 
test the other-set of-contacts. 

2. ELECTRONIC COMPARATOR, MODEL 40.538 

~. General Description 

The Model 40.538 Electronic Signal Comparator (Figure 44) consists of a comparator 
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circuit and two electronic switch circuits, ho~sed in a dual-width module. This 
unit operates in conjunction with external amplifiers to provide sensitive high 
speed switching. 

~. Technical Data 

(1) Comparator 

Switching Sensitivity ••••••••••••••••••••• ±1.0 MV 

Switching Time 1.0 Microsecond 

Digital Output Levels 

Binary ONE •••••••••••••••••••••••••••••• +5.0 VDC ±0.5 VDC 

Binary ZERO ••••••••••••••••••••••••••••• 0.0 VDC ±0.5 VDC 

(2) Electronic Switch Units 

Signal Input Impedance (IN Terminal) 10,000 Ohms 

Switching Time .••.•. e _ ••••••••••••••• 0 •• 0 • 1.0 Microsecond 

DC OFFSET +500 Microvolts 

£. Block Diagram Analysis 

(1) Comparator Circuit. A simplified block diagram of the comparator is 
shown in Figure 45. The analog signals to be compa~ed are applied to the summing 
junction of an amplifier. The amplifier is supplied with a special feedback net
work within the comparator consisting of two back-to-back diodes. Since it re
quires approximately 0.6 volts to .cause either of the diodes to conduct, the ampli
fier gain is essentially equal to "open loop" gain between the output range of 
-0.6 to +0.6 volt. Therefore, if the sum of the analog inputs to the amplifier 
goes even slightly positive, the amplifier output goes instantly negative to -0.6 
volt. This change is coupled through the buffer to the flip-flop circuit, and 
causes the output designated 1 to go to binary ONE (+5.0 volts). The output 
designated 0 goes to binary ZERO simultaneously. 

If the sum of the analog inputs at the amplifier summing junction goes negative, 
the amplifier output immediately changes to +0.6 volt. This level is coupled 
through the Buffer to the flip-flop, causing the 1 output to go to binary ZERO 
(0.0 volt) and the 0 output to go to binary ONE. In this way the comparator 
circuit provides an output consisting of two discrete levels (0.0 volt for 
binary ZERO and +5.0 volts for binary ONE) from an indefinite number of con
tinuously varying analog inputs. 
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~n add it iotrto the' .\"1qf,~~t8.terminal8 are provided for entry of a binary ONE' 
latch or ablnaryZERO '1,1hlateh, cODJDand. If a binary ONE 18 applied to the latch 
terminal. the output ofth¢ CDmparatoramplif1er is effectively disconne'cted from 
~he flip-flop circuit, .. f"Q,rcing. the flip-flop to remai.n in its existing state regard
less of analog input V'ariaUon,s. A binary ZERO applied to the unlatch terminal . 
overrides the latch input. allowing the analog inputs to control the state of the 
flip-flop. ;. 

(2) Electronic Switch Circuits. In addition to the comparator circuit, 
two electronic switch circuits are contained within the Model 40.538 Electronic 
Comparator. A s~plified block diagram of one of the switch circuits is pro
vided in Figure 46. The electronic switch is a four-diode bridge circuit which is 
actuated by a transistorized. control circuit. When a binary ONE is applied to the 
digital input terminal, the control circuit allows an analog input to' pass through 
the bridge to the associated output amplifier. A binary ZERO at the digital input 
terminal causes the control circuit to effectively clamp the top and bottom of the 
bridge to ground (as shown on Figure 46), thus preventing the analog input from 
passing through the bridge to the output amplifier. The binary ONE and binary 
ZERO inputs to the electronic switch circuit ordinarily are supplied by the 
comparator circuit, but for special applications these signals may be supplied 
by an external digital circuit.. Patching of the switch units is described in 
the Appendix of the TR-20 Operator's Handbook. The patching shown in Figure 46 
is strictly to show switch to amplifier patching. It.assumes feedback is pro
vided for the amplifier when the switch is cut off. This feedback could be 
provided by another switch uni~, driven by the complement of the signal assumed 
to be driving the switch of Fi~ure 46. 

~. Circuit Description 

Refer to Figure 47 for the folloWing description. 

(1) The Electronic COmparator. The comparator circuit consists of tran
sistors QI through Q4 and associated components shown on' the simplified schematic, 
Figure 47. The external dc amplifier is shown, shunted by diodes CRI and ~CR.2, in 
the emitter circuit of QI. Since the summing junction of an operational ampli
fier is held at virtual ground. by circuits within the amplifier.(see Chapter II), 
the output of the amplifer may' not exceed approximately +0 •. 6 volt. This voltage 
is coupled to the emitter of ~)lffer transistor Q1 which is normally forward biased 
by resistor RI, so that the negative change that occurs when the sum of the ampli-

'fierinputs goes positive is coupled through Ql and resistor R4 to the base of Q3. 
Transistors Q3 and Q4 form a flip-flop circuit. A negative change at the base 
of Q3 causes this transistor (NPN) to cut off, and its collector goes positive. 
The positive from the collector of Q3 is coupled through resistor R9 to the 
base of Q4, causing this stage to conduct. As Q4 conducts, its collector 
potential changes from a positive level to ground. This change is coupled 
back to the base of Q3 through resistor R7, causing this stage to remain cut 
off. The collectors of Q3 and Q4 are directly connected to the terminals de
signated I and 0 respectively: Therefore, when Q3 is cut off, the I terminal 
has a potential of +5 volts arid the 0 terminal is at ground. 
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If the sum of the amplifier inputs goes negative, the output immediately goes in a 
positive direction. This positive change is again coupled through buffer Ql to the 
Q3-Q4 flip-flop. The flip-flop now changes state, with Q3 conducting and Q4 cut 
off. The output at the 1 terminal becomes binary ZERO (0.0 volt) and the 0 terminal 
has a binary ONE output (+5.0 volts). 

Transistor Q2 controls the operation of buffer transistor Ql. If a binary ONE is 
connected to the latch (LTH) terminal, transistor Q2 conducts, providing a positive 
voltage through resistors R3 and R2 to the base of Ql. This causes Ql to cut off, 
so that changes in the output of the comparator amplifier cannot be coupled to the 
flip-flop. Therefore, the flip-flop remains in its present state and is insensitive 
to analog input variations. If a binary ZERO is patched to the unlatch (UNLTH) 
terminal, this level is coupled through diode CR3 to the junction of R2 and R3, 
clamping this point at ground. This returns Ql to the conducting state regardless 
of the latch input level,and allows the analog inputs to resume control of the 
flip-flop. 

(2) The Electronic Switch Circuits. A simplified schematic of one of 
the switch circuits is shown in Figure 48. Transistors Q5 through Q8 comprise 
a complementary-symmetry control circuit. A binary ONE level at the digital in
put (DIG) terminal is coupled through diode CR8 and resistor R20 to the base of 
Q5, turning the transistor off. The collector of Q5 goes in a negative direction, 
and the negative change is coupled through Rl7 to the base of Q6, also turning 
this stage (NPN) off. The collector of Q6 goes in a positive direction, adding 
to the reverse bias on Q5 through R14. The collectors of Q5 and Q6 are connected 
to the bases of Q8 and Q7 through R30 and R28 respectively. The negative voltage 
from the collector of Q5 drives Q8 into cutoff and the positive voltage from Q6 
turns off Q7. With Q8 and Q7 CU4 off, the four matched diodes (CRI2 through 
CRI5) comprising the analog switch are forward biased, allowing the analog input 
at the input (INI ) or gate junction (GJI) terminal to pass through the gate to 
the base of the external amplifier. 

If a binary ZERO is provided to the digital input terminal, transistor Q5 is 
saturated. The positive level from the collector of Q5 is coupled through resistor 
R17 to the base of Q6, turning on this stage. The positive level from the collec
tor of Q5 saturates Q8, and the negative level from Q6 saturates Q7. Therefore, 
the emitters of Q8 and Q7 are at virtual ground, clamping the upper and lower 
junctions of the diode bridge (as shown in Figure 48) at ground potential. This 
prevents any analog input at the INI or GJl terminal from being coupled to the 
base of the output amplifier. 

Diodes CR9 and CRlO are connected from the gate junction to ground, preventing 
the voltage at this point from rising beyond about +0.6 volt. This keeps the 
output amplifier from being severely overloaded sho~ld a patching error occur. 

Resistors R22 and R24 are precision input and feedback resistors respectively. 
These resistors are arranged to include the diode gate in both the input and 
feedback circuits to assure a gain of unity despite minor variations in diode 
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network characteristics. The capacitors shunting these resistors (C25 and C26 
respectively), together with C28 assure, proper phase characteristics for the 
complete network including the output amplifier. 

The circuits associated with Zener diodes CR5 and CR18 (see Schematic D040 538 OS 
in Appendix IV) provide biasing voltages for the switch circuits, and decouple the 
comparator unit from the +15 and -15 volt power supplies. As an example. the net
work associated with CRIB consists. of an inductor (Ll-2), and a filter network 
(resisto·r R34 and capacitor C27). The inductor presents a high impedance path to 
transients which might be coupled through the -15 volt supply. The diode (CRIB) 
is a Zener which provides a constant drop of approximately 13 volts, creating a 
bias level of approximately -2 volts. Resistor R34 provides a constant minimum 
load on CR1B to assure that the diode remains within the proper current range for 
Zener operation. Capacitor C27 filters the -2 volt bias level. CRS and its 
associated components function in the same way to decouple the +15 volt supply and 
provide a +2 volt bias level for the switch circuits. 

e. Maintenance 

The comparator unit is ruggedly constructed of solid-state components and should 
require little servicing. The high sensitivity and switching speed are pri
marily functions of the external comparator amplifier. 

Adjustments are provided in each switch circuit for gate junction and output offset. 
These adjustments are set at the factory for optimum operation, but should be checked 
periodically and set if necessary. 

Before checking or performing any adjustments, allow the comp~ter to warm up 
for at least 30 minutes. Check. the +15 and -15 volt power supplies and adjust 
them if necessary. Carefully balance the plus and minus reference supplies 
(see Chapter Xl, Sub-paragraph 2~.). 

(1) Gate Output Offset Test. To perform this test, patch the circuit 
shown in Figure 49, and balance amplifier 1. 

(~) Set the function switch to the down pOSition, and carefully 
balance amplifier 2. 

(£) Set the voltme~er to the 1.0 volt range and set the function 
switch to the up position. 

(.£) The voltmeter should read 0.5 volt or less. This is equivalent 
to an offset of 500 microvolts. 

(~) If the reading: in Step (c) is greater than 0.5 volt, or if a 
more accurate,v:adjustment-is desired; set potentiometer R27-~ 
for a minimum reading. 

~ '~'A 

i.{/ 
Repeat tl1ispt~cedure for switch 2, adjusting~R27-2 if required. 
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, 
(2) Gate Junction Offset Test. To perform this test, patch the circuit 

of Figure 50. It is assumed that the power supply and amplifier balancing ad
justments of test (1) have been ~arried out. 

(~) Set the voltmeter to the 1.0 volt range and place the function 
switch in the up position. 

(£) The voltmeter should read 0.5 volt or less. 

<.~) If the reading in Step (la) is greater than 0.5 vol t or if a more 
accurate adjustment is required, adjust R31-1 for a minimum 
reading. 

(~) Repeat this procedure for switch 2, adjusting R31-2 if required. 

3. DUAL FUNCTION SWITCH GROUP 2.127 

The dual function switch group consists of a Patching Module, Type 12.264, and a 
Dual Function Switch Assembly, Type 20.366. The function switches are mounted in 
the control panel and are terminated on a patching module which is located in the 
middle row of the patch panel. Each function switch is a single-pole, double-throw 
switch with a center off position. The upper switch is terminated on the upper 
portion of the patching module; the lower switch is terminated on the lower portion 
of the patching module. The switch contacts are rated at 120 volts, 10 amperes 
(resistive load). 
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CHAPTER X 

MANUAL MODE C()NtROL~ REPETITIVE OPERATION, AND MONITORING CIRCUITS 

This chapter provides.maintenance information for the manual mode control, repeti
tive operation, slaVing, readout, and overload alarm circuits for the TR-20. The 
operating controls for these circuits are grouped on the sloping control area below 
the component cradles, as shown in Figure 51. The functions of the controls are: 

Control 

Power ON-OFF Switch (S4) 

Mode Control Switch (85) 

Amplifier Selector Switch 
(AMPL SEL - S6) 

Voltmeter Function Switch (Sl) 

Voltmeter Range Switch (S2) 

NULL POT and Reference Selector 
SWitch, +lO/OFF/-lO 

VM Jack 

AMPL OUT Jack 

. Overload Indicators (OVLD IND) 

Function 

Controls application of primary ac power 
to the Model 10.179 Power Supply. The 
voltmeter is illuminated when power is 
applied. 

Controls the operational mode of the 
computer. Positions are RESET, HOLD, 
and OPERe 

Selects the output or the stabilizer out
put of the tndicated amplifier for con
nection to the monitoring circuits. 

Controls voltmeter operation. Positions 
are POT BUS, NULL, VM, AMPL, and BAL. 

Selects sensitivity for voltmeter. Full 
scale ranges o~ .1, .3, 1, 3, 10 and 30 
volts are provided. 

Used in conjunction with the voltmeter 
to measure voltages by the null compari
son method. 

Supplies inputs to the voltmeter when 
Voltmeter Function switch is in the NULL 
or VM position. 

Connected to the wiper of the AMPL SEL 
sWitch; facilitates connecting any 
amplifier output to external monitoring 
or measuring equipment •. 

Indicate an overload in the associated 
amplifier when illuminated. 
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1. READOUT FACILITIES 

The readout facilities consist of a sensitive voltmeter, selector switches for con
necting the voltmeter to various points in the computer, and a precision ten-turn 
potentiometer used as a null-voltage source The readout circuits with the excep
tion of the AMPL SEL switch, are shown on Drawing C020 734 OS. 

The BAL position of the Voltmeter Function Switch Sl is used when balancing the 
operational amplifiers. The AMPL SEL switch is used to select the stabilizer output 
of the amplifier to be balanced. See Figure 52a. The balance potentiometer of the 
amplifier is rotated until the meter reads zero. 

The AMP position of Sl establishes the circuit shown in Figure 52b where the AMPL SEL 
switch provides the input to the voltmeter. Note that the wiper of the AMPL SEL 
switch is connected to the AMPL OUT jack so that amplifier outputs can be monitored 
with external equipment. 

The VM position of Sl connects the VM jack to the Voltmeter Range switch. Voltages 
patched into the VM jack are read on the voltmeter. (See Figure S2c.) 

The NULL position of Sl provides a means of accurately mea-suring unknown voltages 
with respect to the computer reference voltage. The circuit arrangement is shown 
in Figure 52d. The voltage to be measured is patched to the VM jack and connected 
to one side of the meter. The wiper of the NULL POT is connected to the other side 
of the meter. The Reference Selector switch S3is switched to the position that 
supplies reference voltage with the same polarity as the voltage to be measured. 
The NULL POT is varied until the meter reads zero. The position of the turns-

. ~"counting dial indicates the magnitude of the unknown voltage; the position of S3 
indicates the polarity of the unknown voltage. The null comparison method of volt
age measurement results in an error that is less than +0.1% of full scale. A 
feature of the method is that no current is drawn from-the source being measured 
once a balance is attained. Thus the resistance of the source has no effect on 
the measurement. A large source resistance, however, will decrease the sensitivity 
of the meter to unbalanced conditions. 

The POT BUS position of Sl is used when setting attenuators. See Figure S2e. The 
readout circuit is connected to measure the voltage on the Pot Bus by the null 
comparison method. When the pushbutton switch associated with an attenuator is 
depressed, +10 volts is connected to the top of the attenuator; the wiper is con
nected to the Pot Bus. The Reference Selector switch S3 is in the +10 position. 
The NULL POT is set to the desired attenuator coefficient. The attenuator is 
adjusted until the meter reads zero. The attenuator is then set to the same co
efficient as the NULL POT. 

2. MANUAL MODE CONTROL 

The tbde Control switch (S5) on the Control Panel provides a means of starting and 
stopping the computer solutions and of establishing initial conditions when the' 
computer is not in repetitive operation. The switch controls the operation of 
the Relay Bus Driver whicb in turn actuates the Reset and Operate relays of the 
integrators. Refer to Figure 53. The Reset relays are connected between ground 
and the emitter of Ql; tbe Operate relays are connected between ground and the 
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emitter of Q2. When S5 is placed in the RESET position, relay voltage is applied 
through Rl2 to the base of Ql causing it to conduct. The Reset relays are energized 
and the computer is in the reset mode. When S5 is placed in the ~ position, Q1 
and Q2 are cut off; the Reset and Operate relays are de-energized and the computer is 
in the !!2.!2. mode. When the MODE Control Switch is placed in the oper pOSition, Q2 
conducts and energizes the Operate relays. Diodes CR1 and CR2 protect the transis
tors from excessive collector-emitter voltages caused by collapsing relay fields. 
These diodes are located on the rear of connector J1l. 

Inputs to the Relay Bus Driver can also come from the Rep Op Timing Unit or the 
Slave Connector. When the computer is placed in repetitive operation, the Mode 
Control switch must be placed in the HOLD position; the Timing Unit controls the 
conduction of Ql and Q2. When the computer is slaved to another computer, S5 is 
placed in the hold position and Q1 and Q2 are controlled by the Mode Control 
switch or Timing Unit of the master computer. 

3. SLAVING 

Two TR-20'sambe slaved in order to accommodate a larger problem. Slave Cable 
510.038 is connected between the Slave Connectors (J37) of_each computer. The 
position of the computer controls is summarized in the table below. 

Non-
Computer Control Repetitive 

Operation 

SLAVE Sl OFF 

S5 . HOLD 
. -

MASTER Sl OFF 

S5 CD 

Sl: 
S5: 

COMPUTE TIME MILLISEC Swi tch 
Mode Control Switch 

Special 
Repetitive Repetitive 
Operation ope&)tion 

,<"J' 

SLAVE -
HOLD ANY 

(i) CD 
HOLD HOLD 

ffi This control is used to control the mode of both computers. 
Only one computer, the Master, equipped with Rep-Op. Do 
not use integrators in Slave computer. 
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4. REPETITIVE OPERATION GROUP, 2.715' 

a. General Description 

The addition of the Repetitive Operation (Rep Op) Group to the TR-ZO provides a 
means of switching the integrators between the reset and operate modes at rates 
greater than 30 cycles per second. The usual 10 mfd integrator feedback capacitors 
are replaced with 0.02 mfd capacitors to change the problem time scale by a factor 
of 500. Thus the Rep Op Group gives the operator faster acquisition of problem 
solutions. The problem variables are displayed on a Model 34.035 Repetitive Op
eration Display Unit, or on an external oscilloscope. The computer can still be 
used as a real time simulator when the Rep Op Group is installed. 

The Repetitive Operation Group consists of Rep Op Control Panel, Model 20.532 
Timing Unit, Model 36.082, and Dual Integrator Networks Model 12.1115. The Rep 
Op Control Panel is mounted next to the Model 20.734 Control Panel. The Timing 
Unit is mounted in the rear of the TR-20 next to the Audio Overl~ad Alarm. The 
Integrator Networks are positioned in the middle row of computin~ components. 

b. Dual Integrator Network 12.1115 

This network differs from the integrator network described in Chapter III principally 
by providing two values of feedback capacitor. These values (10 mfd and 0.02 mfd) 
allow a 500 to 1 change in time scale. Figure 54 illustrates the patching connec
tions and a simplifieu schematic of the network. Note that the patching connections 
to the amplifier are identical to those for a 12.1116 Network. An additional patching 
~onnection is required on the integrator network in the cross-hatched area designa
ted SPEC, if the integrator is to be used in the standard rep-op mode. 

The Operate and Reset relay functions (Kl and K2 of Figure 18) are provided by a 
balanced single-armature relay (K3 of Figure 54). This allows the integrator to 
be switched between the operate and reset modes very rapidly, a necessary require
ment for repetitive operation .. Relay Kl selects the correct val~e of feedback 
capacitors for normal or repetitive operation. If the connection in the SPEC 
area is deleted, the integrator has a feedback capacitance of mfd for either mode. 
This patching is described in the Appendix of the Operator's Reference Handbook. 

When the computer is used in non-repetitive operation, relays K2 and K3 are con
trolled by the Mode Control Switch (S5) on the Control Panel. When S5 is pl~ced 
in the RESET position, the Relay Bus Driver energizes the Reset bus. Relay K3 
is energized and its contacts connect the junction point of the amplifier. The 
integrator is in the reset mode. When S5 is placed in the OPERATE position, the 
Relay Bus Driver energizes the Operate bus. The lower portion of K3 is energized 
and the relay arm closes to the lower contact. Relay K2 is energized through 
CRl. The integrator is operational. When S5 is placed in the HOLD position, the 
Reset bus and the Operate bus are de-energized, the relays are de-energized as 
shown in the figure; the integrator is in the hold mode. Relay Kl is not energized 
when the computer is in non-repetitive operation; therefore the integrator 
always has a 10 mfd feedback capacit,or. 
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In repetitive operation, the Rel,~y Bus Driver is controlled by the Timing Unit 
which supplies pulses that energize the Reset bus for a constant 10 milli
seconds and the Operate bus fora variable time ranging from 20 to 500 milli
seconds. The arm of K3 swi tches back and forth between i teo contacts th us 
cycling the integrator between the reset and operate modes. 

c. Repetitive Operation Control Panel, 20.532 

The repetition rate of the pulses from the Timing Unit is determined by two controls, 
the COMPUTE TIME MILLISEC switch and the CALIBRATE VERNIER potentiometer, located 
on the Model 20.532 Rep Op Control Panel, The COMPUTE TIME MILLISEC switch (Sl) 
has an OFF position, four COMPUTE TIME positions (labeled in milliseconds) and a 
SLAVE position. The CALIBRATE VERNIER permits continuous coverage between the 
fixed COMPUTE TIME positions, and can increase the selected COMPt:TE TIME by a 
factor of 2.5. 

Refer to Drawing C020 532 OS. Switch section Sla (contacts 1 to 6) connects 
various resistor combinations into the timing circuit of ' the Timing Unit. 

Switch Slb (contacts 1 to 6) contrbls the application of-.15 volts to Timing Units. 
Switch Slb (contacts 7 to 12) operates the Time Scale relays (Kl) in the Integrator 
Networks. The CALIBRATE VERNIER potentiometer (R6) varies the voltage in the 
timing circuit and, as previously stated, can expand each of the fixed COMPUTE 
Tn1E positions of Sl bya factor of 2.5. Resistors Rl through R4 provide internal 
adjustment of the fixed COMPUTE TIMES of 20, 50, 100, and 200 milliseconds. 

~. Timing Unit, Model 36.082 

The Timing Unit provides a reSE(t pulse t.hat has a constant 10 millisecond duration 
and an operate pulse whose duration is determined by the position of the COMPUTE 
TIME MILl.ISEC switch and the CALIBRATE VERNIER potentiometer. The pulses from 
the Timing Unit are supplied t~ the Relay Bus Driver which energizes the Operate 
and Reset buses thus cycling Q in the Integrator Networks. 

Refer to Drawing C036 082 OS for the follow'ing description. Assume initially that 
Cl (connected between the emittler of Ql and ground) is charged to a negative 
voltage and contitlues to chargJ towards zero volts through Q7 and the resistor 
selected by the COMPu~E TIME MILLISEC switch on the Rep Op Control Panel. (Pin 
K, labeled Control, connect~ t~ .the Rep Op Control Panel. Note that the charging 
rate of Cl can also be varied: by the CALIBRATE VERNIER control.) Capacitor C1 
charges until the emitter of Ql goes slightly positive. Then Q1 (a blocking 
oscillator) begins to conduct ,and is driven into saturation by the action of T1 
in its base-col1ectorcircuit';f.Cl ·i8 charged to approximately -15 volts. The 
sawtooth voltage across Cl is, applied to Q2, an emitter follower, and the output 
of Q2 serves as a sweep"voltag,e f~r an external. oscilloscope. The sweep Voltage 
is available at the front panels of the Timing Unit and the Rep Op Control Panel. 
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The sharp negative going pulse at pin 4 of T1 is coupled to'''a monostab1e mu1ti
vibrator, Q3 and Q4, that provides the system timing. The mu1tivibrator operates 
with Q3 normally biased to cutoff, so that the circuit is stable and inactive 
until a trigger is received from the blocking oscillator. When the trigger is 
received, the mu1tivibrator changes to the unstable state, Q3 conducting. The 
discharge of C3 through R6, R8, and R9 holds the circuit in the unstable state 
for 10 milliseconds, then returns to the stable state. PotentiometerR9 adjusts 
the duration of the negative-going pulse from the collector of Q4 which should be 
a fixed 10 millisecond pulse with an amplitude of approximately -15 volts. The 
pulse at the collector of Q4 is applied to Q5, an emitter follower. The output of 
Q5 (Rep Rate) appears on the front panel of the Timing Unit and is used when making the 
reset time adjustment. The output of Q5 is also applied to the base of Q6 and Q8. 
Q6 is part of the sweep circuit; it conducts during the 10 millisecond reset time 
and clamps the emitter of Q7 to ground thus cutting off Q7 and preventing Cl from 
being discharged. 

Transistors Q8 to Qll comprise the circuit that provides the reset and operate 
connnands to the Relay Bus Driver. Q8 and Qll conduct simultaneously and Q9 
and QlO conduct simultaneously. Q8 is the control transistor for Q9, and when 
Q8 conducts, Q9 is cut off. QlO is the control transistor for Qll, and when QlO 
conducts, Qll is cut off. In the operate mode. Q8 and Qll are off; Q9 and QlO 
are conducting. 

The reset output (Pin Y) is at zero volts; the operate output (Pin X) is at -20 
volts (approximate level). In the reset mode, the pulse from Q5 turns on Q8 
and turns off QlO. The operate output is at zero volts; the reset output is at 
-20 volts (approxima~~.Jevel). Thus the rc;set output is at -20 volts for 10 
milliseconds and the'operate output is at -20 volts for the time selected by the 
COMPeTE TIME MILLISEC switch and the CALIBRATE VERNIER control. 

. ~ . 
.... 

!:.. Adjustment of Reset and Operate Times 

The reset time is adjusted according to the following procedure: 

(1) Mount the Timing Unit on a service shelf. Connect an integrator as 
shown in Figure 55. Set the oscilloscope controls as follows: vertical sensitivity 
to 1 volt/em, sweep to 5 millisec/cm (calibrated), use external sync. 

(2) Place the Mode Control switch (S5) in the hold position. Place the 
COMPUTE TIME MILLISEC switch to the 20 position; turn the CALIBRATE VERNIER fully 
counter-clockwise. Adjust the amplitude of the oscilloscope waveform by varying 
the setting of coefficient attenuator 1. 

(3) The displayed waveform should be similar to the one shown in Figure 55. 
Adjust R9 in the Timing Unit until the indicated reset time is 10 milliseconds 
±0.5 milliseconds. (The reset time shown in Figure 55 includes a hold time of 
0.25 to 0.30 milliseconds before the next compute time.) 
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The operate time is adjusted according to the following procedure: 

(1) Remove the retaining screws from the front of the Rep Op Control 
Panel and lift the panel away from the computer. Do not disconnect connector 
J38. 

(2) Complete Steps (1) and (2) of the reset time adjustment procedure. 

(3) Place the COMPUTE TIME MILLISEC switch to the 50 position. Reduce 
the input to the integrator (to prevent overload) by varying coefficient attenuator 
1. Adjust R2 in the Rep Op Control Panel to produce an operate time of 50 milli
seconds :t5%. 

(4) 
100 and 200. 
milliseconds 
case, reduce 

Repeat Step (3) with the COMPUTE TIME MILLISEC switch in positions 
Adjust R3 on the Rep Op Control Panel for an operate time of 100 

:t5%; adjust R4 for an operate time of 200 milliseconds :t5%. In each 
the integrator input. 

(5) Rotate the CALIBRATE VERNIER clockwise and verify a scale expansion 
of at least 2.5. 

!. Repetitive Relay Checks 

The high-speed repetitive relay (1<3) in the Model 12.1115 Integrator Network seldom, 
if ever, requires adjustment during its service life-. If adjustm~t -is required, 
it is recommended that the relay be returned to EAI since adjustment is a tedious 
task that requires special equipment. Each relay can be checked by performing 
Steps (1) and (2) of the reset time adjustment procedure. A waveform similar to 
Figure 55 should be observed. Improper waveforms that might be observed are 
shown in Figure 56. Relay bounce (small steps) during the reset time may appear 
but cannot be tolerated during the operate time. 

In addition to proper adjustment, all of the repetitive relays in the integrator 
networks must be sychronized so that the integrators are placed in the operate 
mode at the same time. The start time test is simplified if an "average" in
tegrator is used. An average integrator can be located by means of the following 
procedure: 

(1) Connect the circuit shown in Figure 57. Place the Mode Control switch 
in the HOLD position; select a compute time of 20 milliseconds. Set the vertical 
sensitivity of the oscilloscope to 2 volts/centimeter; set the sweep to 100 
microseconds/centimeter; use external sync if necessary. 
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(2) Monitor the output of each of the· integrators. The observed waveforms 
will be similar to the one in Figure 57; usually each integrator will have a 
different start time, i.e., integrator C starts later than A and sooner than B. 

(3) Choose the integrator that starts near the midpoint of the spread 
as the average integrator. 

The start time error test is performed as follows: 

(1) Patch the circuit shown in Figure 58. Place the computer in repetitive 
operation and select a compute time of 20 milliseconds. Set the vertical sensitivity 
of the oscilloscope to 50 millivolts/centimeter; set the horizontal sweep speed 
to 5 milliseconds/centimeter. 

(2) Compare each integrator to the average integrator and observe the 
resulting waveform. A typical error waveform is shown in Figure 58. The maxi
mum height of the step is 50 millivolts (50 mv = 100 microseconds). The rise 
time of the start time error (shown dotted) may show a slope. 

(3) If an integrator has an excessive start time e~ror, return the re
petitive relay (K3) to EAI for adjustment. 

5. READOUT AND DISPLAY NETWORKS 

Networks are available for the TR-20 to allow simple patching from various computing 
components to external display or recording devices. 

~. Model 12.987 Display Network 

This unit is a plug-in wired through module. I~may be mounted in position 17 
of the non-linear row only. The network may be used with the Model 6.143 
Signal Comparator or by itself; it is .not ·used if the computer is equipped with 
a Model 40.538 Electronic Comparator. ----

~. Model 40.538 Electronic Comparator 

The electronic comparator unit is housed in a dual-width module, occupying 
positions 17 and 18. The upper two-by-four terminal area (labeled DISPLAY) 
provides the same patching connections as the 12.987 Network. These terminals 
are wired through to a connector which mates with the. connector in position 17. 

Figure 59 is a simplified diagram of the wiring from either patching area to 
the DISPLAY connector (JS6) and the Model 36.082 Timing Unit. 

Cables are available to connect the Model 34.035 Repetitive Operation Display 
Unit or an1ll0 Series VARIPLOTTER to JS6, providing easy addition of these 
accessories. 
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6. OVERLOAD INDICATORS 

~. Visual Overload Indicators 

(1) General Description. The Overload Indicators, Type 20.919, mounted 
on Overload Indicator Panel, Type 20.738, provide a visual indication of an over
loaded amplifier by illuminating an indicator lamp labeled with the number associated 
with the amplifier. When an amplifier overloads, it is unable to provide the output 
voltage required to keep the summing junction at virtual ground. The rise in the 
summing junction voltage is greatly amplified by the stabilizer section of the 
amplifier. The signal at the output of the stabilizer is used to trigger the over
load indicator which informs the user that the amplifier is overloaded. 

The circuit arrangement is such that the Overload Indicator is capable of detecting 
non-linear amplifier performance due to excessive output current, and most other 
amplifier malfunctions, in addition to excessive output voltage. Furthermore, it 
allows the amplifier output voltage to exceed +10 volts without an overload in
dication if the amplifier is still operating linearly (up to +13 volts, depending 
o~ load). .-

(2) Circuit Description. When an amplifier is overloaded, a large 60 
cycle square wave signal appears at the output of the stabilizer section. This 
signal is applied to the overload indicator circuit associated with the amplifier 
as shown in Figure 60. The square wave signal is applied through a capacitor 
(Cl) to the anode control gate of silicon controlled rectifier CRl. The positive 
alternation of the square wave input, developed across Rl , cause the SCR to 
conduct illuminating DS1. Once conduction is initiated in the diode, the gate 
loses control over conduction. Therefore, in order to extinguish the lamp, the 
anode to cathode voltage must be reduced to a point insufficient to cause current 
flow. This is accomplished by supplying the +6 volts from an unfiltered power 
supply. This causes the voltage to fall to zero 120 times each second, causing 
the lamp to go out when the overload is removed. 

The unfiltered +6 volts is obtained from the 10.179 Power Supply. If the Model 
13.017 Audio Overload Alarm is installed, the +6 volts is connected through J-34 
as indicated on Figure 61. 

~. Audio Overload Alarm, Model 13.017 

(1) General Description. The Model 13.017 provides an audible in
dication whenever an amplifier is overloaded. The unit is driven by a signal 
from the visual overload indicators. When a visual indicator lamp is illuminated, 
current flows through resistor R1l in the audio overload circuit triggering the 
alarm. 

(2) Circuit Description. Refer to Drawing B013 017 OS for the following 
description. The circuit consists of five stages: A trigger amplifier (Q5), an 
ac amplifier Ql, emitter-follower Q2, oscillator Q3, and an audio amplifier Q4. 
The unfiltered 6 volts for the visual indicators is connected through the parallel 
combination of R11 and CR3-CR4. When an overloaded amplifier causes a lamp to be 
illuminated, the current flow through R1l creates a voltage drop between the cathode 
and cathode gate of silicon controlled switch Q5. This causes the switch to 
conduct, coupling the 120 cycle ripple component through R12 and C7 to the 
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base of Ql. Diodes CR3 and CB,4prevent the input signal from exceeding approxi": 
mately 0.8 volts when more than one lamp is illuminated. Transistor Ql amplifies 
:the input signal, which is clamped and rectified by CRl an~CR2. CapacitorC3 
charges through CR2 and dev~~~~s.a positive potential at the base of Q2, cutting 
off its collector current. The'emitter-coupled positive-going,signal causes Q3 
to become forward biased and oscillation starts. Transformer coupling between 
collector and base provides feedback for the oscillator. The output of the 
oscillator is amplifier by Q4; audio output transformer T2 couples the alarm 
signal to the loudspeaker. Potentiometer Ra, connected across the secondary of 
T2, is a volume control. 
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CHAPTER XI 

POWER AND REFERENCE VOLTAGE SUPPLIES 

This chapter provides maintenance info=mation for the power and reference supplies 
of the TR-ZO. Section 1 covers the Model 10.179 Power Supply and includes some 
ac wiring information. (More ac wiring information is contained in Chapter I under 
the Operational Checkout Section~) Section 2 describes the Model 43.037 Reference 
Regulator; the Power Bus By-pass Network is discussed in Section 3. A list of draw
ings that are applicable to the power and reference circuits is contained in Section 
4. 

1. REGULATED POWER SUPPLY, MODEL 10.179 

~. General Description 

The Model 10.179 Regulated Power Supply furnishes operatin& voltages for the com
ponents in the TR-20. The unit provides the following outputs: 

+30 VDC, series regulated -22 VDC, unregulated (relay drive) 

+15 VDC, series regulated +6.3 VDC, unregulated (overload lights) 

-15 VDC, series regulated +6.3 VAC, unregulated (chopper drive) 

The Model 10.179 is located at the rear of the computer cabin~t, as shown in 
Figure 62. The fuses, vQ.ltage-adjustment potentiometers and output voltage monitor
ing terminals are locat~d on the front of the unit. 

£.. Technical Data 

Specification +15 VDC -15 VDC +30 VDC 

Output Current (amperes) maximum 0.5 0.75 0.15 

Output Impedance (ohms) typical 0.15 0.10 0.75 
-

Regulation from No Load to Full 
Load (mv) maximum 150 150 150 

Ripple at Full Load (mv, p-p) 
typical 0.375 0.375 0.375 
maximum 1.0 1.0 1.0 
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Specification -Relay +6.3 VDC 

Output Voltage (VDC) 
no load -22 +3 +6.3 ±1.5 
full load -15 +4.0 

Output Current (am- 0.75 0.9 
peres) maximum 

£. Circuit Description 

Primary power (llOor 220 vac, 50/60 cps) is connected to the TR-20 by a three
wire power cable supplied with the computer. One side of the ac line is routed 
through the OFF-ON switch (S4) on the Control Panel to the primary of transformer 
Tl in the Model 10.179. Refer to Drawing DOlO 179 OS. The two primary windings 
can be connected in parallel or in series for 110 vac or 220 vac operation res
pectively. The details are shown in the table of Uni~ Numbers on the drawings. 
The secondary to Tl supplies power to the three regulated power supplies and to 
the unregulated sections of the supply. 

The relay drive supply is composed 
large shunt-capacitor filteF (C4). 
for chopper drive. This source is 
CRll, and CR12) to provide 6.3 vdc 

of a full-wave rectifier (CR7 and CR8) and a 
Taps 12 and 13 o'f T1 ,provide 6.3 vac (nominal) 

also appl:led to .a bridge rectifier {CR9, CRlO, 
to poW'b- the overload indicator lights. 

The regulated sections of the supply are basically the same; therefore, the following 
circuit description is confined to the -15 vdc section. Diodes CR1 and CR2 are 
connected as a full-wave rectifier; capacitor C1 provides filtering. Unregulated 
de from the filter is applied across the series regulator (Q1) and the load on the 
supply (connected between pin&A and D of P1). The output voltage of the supply 
is regulated by varying the voltage drop across Q1 which simulates a variable 
resistor. If the output volta~e of the supply tends to increase, the resistance 
of the series regulator is increased, thus increasing the voltage drop across 
the regulator. The output voltage then remains constant. 

The resistance of the series regulator is controlled by an error signal obtained from 
a comparison between a portion of the regulated output voltage and a stable zener 
reference voltage. A portion of the regulated output voltage is supplied to the 
base of Q6 by a voltage divider (R20, R2l, and Rl8). The emitter of Q6 is main
tained at a stable potential by zener diode CR3. Resistor R2l is used to set the 
operating point of Q6 and thus controls the magnitude of the output voltage. Any 
change in the collector current of Q6 is amplified by Q5 which varies the emitter
collector resistance of Ql. Thus, any supply voltage variation appears across 
Ql and not across the load. Capacitor C7 reduces the attenuation of the voltage 
divider at higher frequencies thus aiding in the reduction of ripple and decreaSing 
the output impedance at these frequencies by presenting a low impedance path to 
the base of Q6. Diode CR6 is used to protect Ql in the event two supply voltages 
of opposite polarity are inadvertently connected together. ' 
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The three 15 volt supplies,. are arranged ,to produce pote*~ials of ,+15'volts, .;.15 volts 
and +30 volts. The -15 volt source h provided by gr'oun,Qing the positive terminal • 
(pin D of PI) of one supply, while the +15 volt supply·i~ obtained by grounding the 
negative. terminal (pin F of Pl)of the second supply. Tli:e +30 volts output is ob
tained by connecting the negative terminal (pin M of Pl)fof the third 15 volt 
supply to the +15 volt bus (pin L of PI). This connects:two IS-volt sections in 
series and produces a +30 volt supply. The above connections are described on 
Drawing B045 078 OW, Sheet 20. 

d. Output Voltage Adjustment 

The output voltages of the supply should only be adjusted if a meter of sufficient 
accuracy is available (±1.0%). 

The output voltages of the supply are adjusted as follows: 

(1) Connect a voltmeter to the output of the -15 vdc supply (use the 
monitoring jacks). Rotate the potentiometer that is labeled -15V!ADJ until the 
voltmeter reads -15 vdc. 

(2) Monitor the output of the +15 vdc supply. Rotate the +15V/ADJ pot
entiometer until the voltmeter reads +15 vdc. 

(3) Connect the voltmeter to the output of the +30 vdc supply. Rotate 
the +30V/ADJ potentiometer until the meter reads +30 vdc. (The +15 vdc supply 
should be adjusted first.) 

.. ~ 
.~. Troub les~e't.ing 

.~ 

Malfunctions in the Model 10.179 can be isolated with the 'following procedure. 

(1) Note which output voltage is abnormal. Malfunctions in the +15 
vdc supply commonly affect the +30 vdc supply. Check alL fuses on the front 
panel. Be sure that all connec~ions to the regulator amplifier board are secure. 

(2) If the supply passes the above check, the malfunction is probably in 
the regulator amplifier. Remove the supply from the computer; remove the regulator 
amplifier board. Compare resistance readings in the suspected amplifier with read
ings in one of the amplifiers that is known to be good. '(The three regulator ampli
fiers are identical.) Note that the polarity of the ohmmeter leads can affect the 
ohmmeter readings. . 

(3) Check the rectifier of the defective supply ~ith an ohmmeter. 

(4) Check the series regulator transistor (Ql, Q2, or Q3) with an ohmmeter. 
A simple check is outlined in Appendix II. . 

An extension cable for the Model 10.179. is avail~t1)ie'li&~"lif:;;maintenance aid. The 
EAI part number for this cable is 019 263 O. 

110 



2. REFERENCE REGULATOR, M()DEIi-43..037 

~. General Description 

The Model 43.037 Reference Regul~tor, Figure 62, is used in conjunction with a 
Dual DC Amplifier, Model 6.282,-to produce stable and precise reference voltages 
of plus and minus ten volts. The reference system consists of a stable zener 
diode voltage source followed by two operational amplifiers, with emitter-follower 
power output stages. The gain of the plus reference amplifier is adjusted so that 
+10 vdc is obtained at the regulator output with the zener voltage as an input. 
The plus-ten-volt reference is used as the input voltage to the minus reference 
amplifier. The amplifier has unity gain and thus provides -10 vdc. Two potentiom
eters, labeled +ADJ and BAL, on the front panel of the Model 43.037, control the 
magnitudes of the reference voltages. The balance potentiometers for the associa
ted amplifiers are also located on the front panel of the unit. 

The reference voltages are supplied to the power bus bars for distribution to the 
computing components and to the REF patching modules located in the middle row 
of components. The AMPL 8EL switch (86) on the Control Panel monitors the plus 
reference regulator in position 21, and the minus reference regulator in position 
22. The reference voltage output of the regulators is monitored at these posi
tions when the Voltmeter Function switch (81) is in the AMPL position. When 81 
is in the BAL pOSition, the stab~lizer output of the associated amplifier is 
available at these positions so that the amplifier balance can be checked. 

~. Technical Data 
". 

Absolute Amplitude ................................. 10 VDC +5 MV 

Reference Balance ••••• • ' ••••.•.....••....•..•.•... .. +1 MV 

Output Current •••••••.•••.•••••.•••.••.•••••••••••• +50 l1.A 

Short Circuit Cu.rrent Limited to Approximately ••••• 75 MA 

Noise (peak-to-peak) Less Than ••••••••••••••••••••• 0.6 MV, RM8 

£. Circuit Description 

A simplified schematic of the ptus and minus reference supplies is shown in 
Figure 63. Zener diode CRI and 1 resistor Rll are connected across the -15 volt 
supply and provide a stable source of approximately -5.6 volts. Resistors R7, 
R2, and R3 form the input resistor for amplifier tw:>, R6 is the feedback resistor. 
Emitter-follower Q2 is considered as part of the amplifier since it is within 
the feedback loop of the amplifier. The emitter-follower increases the current 
capability of the Model 6.282 Amplifier to 50 rna. Incandescent lamps 13 and 14 
stabilize and protect the output stage by limiting the maximum current flow 
through the transistor. The resistance of the lamps increases with increasing 
current. Potentiometer R7 (+ADJ) adjusts the magnitude of the plus reference 
voltage. Resistor RIO provide~,a constant emitter load for Q2. 
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The +10 volt reference is used as the input voltage to the minus reference ampli
fier. Since the input and feedback resistors (RS, R4) are equal, the ampli.fier 
has unity gain. Potentiometer Rl (BAL) permits a small gain adjustment so that 
the plus and minus reference voltages can be balanced to the same magnitude. 

~. Patching 

The front panel of the Reference Regulator has Sand 0 terminations O~ the upper 
and lower halves of the panel. These terminations are used to connect the Regula
tor t.:> its associated Dual DC Amplifier. The Sand 0 ter.ninations of the upper 
part of the regulator should be patched to the corresponding Sand 0 terminations 
of the upper amplifier. The lower 5 and 0 terminations are connected to the corres
ponding Sand 0 terminations of the lower amplifier. 5ee Figure 62. 

~. Adjustments 

(1) Amplifier Balance. The amplifiers associated with the reference 
supply are balanced in the same manner as the operational amplifiers. Place the 
Voltmeter Function switch (51) to BAL and the AMPL 8EL switch to position 21. 
Rotate the +AMPL BAL control on the Regulator until the voltmeter reads zero. 
Place the AMPL 8EL switch to position 22; rotate the -AMPL BAL control until the 
voltmeter reads zero. 

(2) Magnitude and Balance Adjustment. The Model 43.037 is adjusted pr.ior 
to shipment to yield +10 volts ±5 millivolts; the magnitude of the minus reference 
is adjusted to be within +1.0 millivolts of the plus reference magnitude. These 
reference levels may be checked and re-adjusted at any time if sufficiently accurate 
equipment is available. Otherwise, EAr recommends that the Regulator be returned 
to the factory for adjustment or component replacement. 

The magnitude of the plus reference supply is adjusted as follows: 

(~) Be sure that the -15 vdc supply is operating within specificatiol1s, 
Balanc-e the dc amplifiers associated with the refere::lce system. 

,(~) Measure the plus reference voltage with an accurat'~ voltmeter. 
Rotate the +ADJ potentiometer until the meter reads +10 vdc +5 mv. 

While it is important that the reference voltages have the proper magnitude, it is 
more important that they be equal in magnitude. Balance the associated amplifiers 
bef0re making any adjustment. To balance the minus reference magnitude to the plus 
reference magnitude, proceed as follows: 

(~) Connect the circuit shown in Figure 64. Place the voltmeter on 
the 0.1 volt range. 

(£) Record the voltmeter readings with 81 in both positions. The 
algebraic average (algebraic sum divided by two) of the two 
readings, divided by 100, is equal to the reference balance. 
Changing input 'resistors with 81 decreases the possibility of 
error caused by mis-matched resistors. 
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(~) 

Since the'vor~teris on the 0.1 volt scale, full scale meter 
deflection indi,.#ates a reference balance of 1.0 millivolt. The 
reference supp1J,es ~ustbe balanced to within 1.0 millivolt, 
but should bea:~justed"as close to zero as possible. .. 

';.' 

If adjustment ;i~ necessary, vary the BAL potentiometer for I}1inimum 
meter reading. / 

!. Troubleshooting 

Reference supply malfunctions can be localized by means of the following procedure. 

(1) Note which supply is malfunctioning; trouble in the +10 volt supply 
commonly causes malfunction symptoms in the -10 volt supply. Check that the :±:15 
vdc levels .are present at the regulators and are within specifications. 

(2) Replace the associated dual dc amplifier with a unit that is known to 
be operational. (A 6.712 Amplifier may be used; the units are identical except 
for the input network.) 

(3) If the malfunction still exists, remove the Reference Regulator and 
use an ohmmeter to check circuit'values. Be sure to check the continuity of the 
incandescent lamps, and the Zener, diodes, Ql and Q2. Refer to Appendix II for 
details on a simple transistorc~ck • 

.;. 

The value of R3 is determined by the characteristics of CR1; therefore, R3 and CRl 
must be replaced asa unit that has been designated Network NWl. See the Parts 
List for the Model 43.037. 

3. POWER BUS BYPASS NETWORK 
.."-: 

The Power Bus Bypass Network is u~ed to lower the high frequency impedance of the 
power buses in order to increase amplifier stability. The network is composed ~f 
three RC circuits each consf.stirig1of a 0.1 mfd capacitor and a 10 ohm resistor 
connected in series. Each power b,us (+30 vdc, +15 vdc, -15 vdc) has an RC ~et
work connected from the bus to ground. The network is designated NWl and is 
located at the rear of the comput~r cabinet in the middle of dc Bus-l. 

I 

4. APPLICABLE DRAWINGS FOR THE POWER AND REFERENCE CIRCUITS 
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~. Regulated Power Supply, Model 10.179 

Schematic 
. Wiring 

Rack Wiring 

~. Reference Regulator, Mode~ 43.037 

DOlO 179 OS 
DOlO 179 OW 

B045 078 OW, Sheet 20 

Schema tic (Regulator~ B043 037 OS 

Schematic' (Amplifier) Wiring D006 282 OS 

Rack Wiring B045 078 OW, Sheets 20 and 21 



£. Power Bypass Network (NWl) 

Identification B592 007 0 

Location B045 078 OW, Sheet 2 

&. Miscellaneous 

AC Power Connector (AC) 

Location B045 078 OW, Sheet 2 

Wiring B045 078 OW, Sheet 3 

Chassis Ground Bus 

Location D045 078 OW, Sheet 2 

Wiring D045 078 OW, Sheet 3 

DC Bus-l and 2 

Location B045 078 OW, Sheet' 2 
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APPENDIX I 

ELEMENTARY PRINCIPLES OF ANALOG DEVICES 

1. THE DC AMPLIFIER 

1.1 The Direct Coupled Amplifier 

The amplifiers used in analog computers very often must retain the dc components that may 
accompany varying signals. Amplifiers that can amplify a zero-frequency input signal are 
then required. These amplifiers cannot employ transformer or capacitor coupling between 
stages since reactive components block the transmission of a dc signal. The amplifier inter
stage coupling must be direct so that both constant and varying signal voltages can be passed 
from one stage to the next. The resulting direct-coupled amplifer can amplify voltages that 
do not change with time as well as alternating signals. 

A symbol to represent a direct-coupled amplifier is shown in Figure Al.l. According to conven
tion, the rounded side represents the input of the amplifier and the pointed end represents the 
amplifier output. A common reference level or ground exists between the amplifier input and 
output and all voltages are measured with respect to it. The ground reference line is under
stood and is usually ~mitted from the symbol. The input terminal of the amplifier is often 
called the base because it connects to the base of a transistor in the input stage. More fre
quently it is called the summing junction of the amplifier. 

o------i(>>---------o 
O----------------------~Jt~----------------~O 

Figure Al.l. Symbol for a High- Gain, Direct- Coupled Amplifier 

The internal connections in the amplifier are such that if the summing junction is positive 
with respect to ground, the amplifier output voltage is negative with respect to gr.ound. The 
amplifier has an open loop voltage gain of -A; therefore, an input voltage of Eb results in an 
output voltage of -AE~. The gain of a good computing amplifier can be as high as several 
million. An input voltage of one microvolt can produce several volts at the amplifier output. 
Unfortunately, no matter how well constructed the amplifier might be, the electronic com
ponents within it will produce undesirable noise and distortion in the output signal. If the 
amplifier is to serve as a precision device, these undesirable effects must be reduced to ex
tremely low levels. For most uses, an amplifier that has a noise-free, distortionless gain 
of one to twenty isrequire<t By making use of the properties of negative feedback, it is pos
sible to exchange the extremely high gain of the amplifier for lowerg3.in with greatly reduced 
noise and distortion. Negative feedback trades quantity for quality. 
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AI-2 

The term feedback signifies tha:ra po~tion of the output voltage of the amplifier is returned 
to the input. When the returned voltage is opposite in polarity to the input voltage, it is known 
as negative feedback. Figure AI. 2 shows an amplifier with negative feedback applied to its input 
through resistor Rf. In order to perform certain mathematical operations and to properly 
take advantage of the feedback resistor, a resistor RJ.n is added in series with the summing 
junction. The amplifier input voltage is now shown as Ein while Eb is the actual voltage at 
the summing junction. 

Figure Ai. 2. A High-Gain Amplifier with Feedback Resistor Rf and Input Resistor Rin 

The circuit operation can be viewed in the follOwing manner. A dc -voltage Ein applied to input 
resistor Rin produces a summing junction voltage Eb. The summing junction voltage is ampli
fied and appears at the amplifier output as a voltage Eo which is equal to -Ab where A is the 
open loop voltage gain of the amplifier. Part of the output voltage Eo is returned through Rf 
to the summing junction. Since the returned or feedback voltage is of opposite polarity to the 
voltage at the summing junction, it will tend to reduce the magnitude of Eb' This, in turn, re
duces Eo which reduces the feedback voltage and thus tends to raise the value of Eb. This pro
cess continues until a pOint of equilibrium is reached. Actually, this pOint is reached almost 
instantaneously. It can readily be seen that if the amplifier gain is very large, then Eb will 
be reduced to a very small value. In fact, the summing junction voltage is so small that it is 
considered to be at zero potential in order to simplify the mathematical expressions that arise 
from this circuit configuration. The summing junction is said to be at virtual ground or is prac
tically at zero volts (a typical valu~ f9r the summing junction voltage is 25 microvolts). 

Several desirable features are realized with this circuit arrangement. The resulting amplifier 
gain is extremely stable and the performance of the amplifier is nearly independent of the am
plifier components. The gain of the Qj.rcuit can be changed by varying the ratio of the feedback 
resistor to the input resistor. . .-.:. 

One of the laws of electricalcireuits-: states that the sum of the electrical currents flOwing 
towards a junction of three or more Wi,res must be equal to the sum of the electrical currents 
flOwing away from the junction. The/summing junction of the circuit in Figure AI. 3 is such a 
junction, therefore: 

10K 

Eo 
>---..... ----

.. ~~ ,~~.~~tf;-:~.~ Ib 

Figure Al. 3. 'T~~Su~rK.4iltA1unction Currents in an operational Amplifier 
:" ~;~,?;; ~i~:.~.' ~,~-':,';.,~:,~' 
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The amplifier is designed so that it has a high resistance to the flow of current into or out of 
its input terminal. The input current ib can then be considered to be equal to zero. The re
sulting current equation states that the input current iin is equal to the feedback current ire 
If the amplifier has a very large gain, the summing junction voltage is very nearly zero. The 
voltage drop across Rj,n is Ein, the voltage drop across Rr is Eo. Therefore, 

Rf 
E =---E· 

o Rj,n m 

This expression is the fundamental relationship for the amplifier in Figure Al. 3. As long as the 
amplifier has a high gain and draws negligible current from the summing junction, the ampli
fier input and output voltages are related by the ratio of two resistors and are not affected by 
the components of which the amplifier is made. 

When a dc amplifier is used in conjunction with input and feedback networks to perform mathe
matical operations, the resulting system is generally referred to as -an operational amplifier. 

1.2 The Inverting Amplifier 

When the same value resistor (for instance 10K ohms) is used for both the feedback and input 
resistor, the amplifier output voltage will have the same amplitude as the input voltage but 
will be of opposite polarity. 

Rr 10K E = - -- E· = --_. E· = -E. 
o Rtn m 10K m m 

A +10 volt input results in a -10 volt output. The amplifier has a gain of minus one and is called 
an inverter. The accuracy of this sign changing or inversion process depends only on the ratio 
of the two reSistors. 

1.3 Multiplication by a Constant 

A change in the ratio of the resistors results in multiplication by a constant. With Rr equal to 
lOOK and Rin equal to 10K the amplifier output is: 

lOOK 
Eo = --- Ein = -10 Ein 

10K 

An input voltage of plus one volt results in an output of minus ten volts. The operational am
plifier has a gain of ten. The multiplying constant can be made smaller than one by using a 
10K feedback resistor with a lOOK input resistor. 

10K 
--'Bb-='''' Ein = -0.1 Ein 

··100K 

An input voltage of minus te~ volts produces an output of plus one volt. 

Al-3 
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Thus, a constant current of 30 microamps flows through the 10 mfd capacitor when the voltage 
across it is changing at the rate of three volts-per-second. 

When a constani three-volt input is applied to the lOOK input resistor of the integrator in Figure 
Al.5, the input current is a constant 30 microamps. The feedback current must also be a con
stani 30 microamps. Therefore, the voltage across the feedback capacitor must change at the 
rate of three volts-per-second, and the output of the amplifier must change atthe rate of three 
volts-per-second. It can then be said that the integration of an input voltage with respect to 
time represents a continuous summation or accumulation of voltage over a specified period of 
time. In fact, to integrate a voltage that is a function of time simply requires finding the area 
under the input voltage-time curve. 

The output of the integrator in Figure AI. 5 is mathematically described as: 

Eo = - _1_ J El dt - _1_ J E2dt = - J (E l + 10 E2) dt 
RlCl R2Cl 

The minus sign indicates that the amplifier performs an inversion. The symbol J is the math
ematical symbol for integration. The dt term indicates that the integration process is carried 
out over a period of time with respect to time. The term RC is a time constant, which for R = 
lOOK and C = 10 mfd, is equal to one second. Under this condition, the output voltage of the 
integrator changes at the rate of minus one volt-per-second for each positive input volt. The 
number one is then placed in front of the integrator symbol (Figure AI. 5). When a 10K input re
sistor is used with a 10 mfd feedback capacitor, the output of the integrator changes at the rate 
of minus ten volts-per-second for each positive input volt. The number ten is then placed be
fore the integrator symbol for this input (Figure AI. 5). 

The curves in Figure AI. 6-show integrator outputs for various step inputs. Note that when the 
input voltage goes to zero, the output voltage remains constan~. With zero input current, the 
feedback current must be zero. Therefore, the potential across the feedback capaCitor must 
be constant (not necessarily zero). The integrator input in FigureAl. 6 is +2 volts for four seconds; 
its output changes 2 volts-per-second for four sec-onds, thus reaching -8 volts. The input in 
Figure AI. 6bis one volt fOl!-one second and is applied to a gain-of-ten input of the integrator. 
The integrator output reaches -10 volts in one second. The integrator in Figure AI. 6c has an 
output that increases at a rate of 2 volts-per-second for two seconds, then decreases at a rate 
of 2 volts-per-second for three more seconds, finally reaching -2 volts. 

When the inputs to an integrator go to zero or are removed, the integrator "holds" the value of 
voltage reached while it was operating. In the computer this lwld mode is established with re
lay contacts that disconnect all inputs. It is often necessary for the integrator output voltage 
to have a value other than zero when time is equal to zero. This means that the feedback ca
pacitor must receive an initial charge. This charging process takes place in the reset mode. 
In this mode, the integrator can be conSidered to be a simple inverter. 

1. 6 Other Uses of the DC Amplifier 

The operational amplifier is so versatile that any attempt to catalog its uses would result in a 
formidable list. The presentation here has been based on the use of linear components in the 
input and feedback networks of the amplifier. The basic concepts that were developed can be 
expanded to include non-linear components. The use of non-linear components can be illus
trated with the. circuit in Figure AI. 7. An ideal diode is connected in parallel with Rr. The diode 
will conduct whenever its anode, connected to the amplifier output, becomes positive. 

As long as Ein is a positive voltage, the. amplifier output voltage is negative and the diode does 
not conduct. The circuit functions normally as an inverter. When Ein becomes negative, the 
amplifier output attempts to go positive and the diode conducts. The ideal diode effectively 
shorts Rr making the net feedback resistance equal to zero. ' The amplifier output is zero 
volts and remains sOfor:·all'l1egatiVEfWJ:U~sofEin.' 
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Figure Ai • 6. Integrator Outputs for Various step Inputs 
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Figure Al. 7. A Simple Feedback Limiter or Half- Wave Rectifier 

1.7 Simple Circuits and Symbols 

Figure A1. 8 contains some simple operational amplifier circuits and their equivalent sym
bols. The numbers on the inputs to the triangular symbols indicate the gain for the particular 
input. All of the input voltages shown have constant values but the amplifier is, of course, 
quite capable of handling inputs that vary with time. 
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1. 8 The Problem of Drift 

In order to pass dc signals, an amplifier must have direct coupling between its stages. This 
method of coupling, however, presents some complications. In an ac amplifier, such as an 
audio amplifier, the quiescent voltage at the plate of one tube is isolated from the grid of the 
next. stage by a capacitor. Thus slow time-varying changes in the operating level of the first 
stage are blocked by the capacitor and do not affect the second stage. In a direct-coupled 
amplifier, any change in the operating level of a stage is coupled to the next stage where it is 
amplified and perhaps passed on to still another stage. A number of things can cause changes 
in the operating level of an amplifier stage: power supply variations, resistor values changing 
with temperature, vacuum tube or transistor gain changing with age and temperature, etc. 
Note that all of these changes are slow-time-varying changes. Therefore, even when the input 
of a dc amplifier is grounded, the output voltage may drift away from zero. Drift in the output 
voltage prevents accurate computation because it has the same effect as a spurious signal ap
plied to the input of the amplifier. 

Suppose that drift originating in one of the stages of the amplifier in Figure AI. 9 causes the 
output voltage to go positive; this positive voltage is coupled to the summing junction by the 
feedback resistor causing the summing junction to become more positive. The amplifier out
put becomes more negative, thus cancelling most of the original drift-produced output voltage. 
The negative feedback around the amplifier reduces the effect of drift but does not provide com
plete correction. The major effect of drift is to place the summing junction at some voltage 
other than virtual zero. Since all mathematical operations performed by the amplifier depend 
on the summing junction being at virtual ground, a more effective means of stabilizing the am
plifier against drift must be used. 

As noted earlier, ac amplifiers do not amplify drift •. This suggests that any drift-compensating 
circuit should use an ac amplifier. But since the drift produced in a direct-coupled amplifier 
is dc or a slowly changing voltage, it must be converted to an ac signal if it is to be used in an 
ac amplifier. In the Model 6.282, the drift voltage at the summing junction is converted to ac 
by a chopper or synchronous vibrator, amplified, rectified and filtered, then applied as a cor
rection signal to the dc amplifier. This method of drift correction is known as chopper stabi-' 
lization. 

Figure Ai. 9. operational Amplifier with Grounded Input 

2. DIODE FUNCTION GENERATORS AND QUARTER-SQUARE MULTIPLIERS 

An elementary function generator is shown in Figure Al.lOa. The basic relationship for the 
amplifier is ~o = -(Rr IRj)Ei' where Rr and Rj are the feedback and input resistors respectively. 
H Rj is decreased, the gain of the amplifier is increased. The function shown in Figure Al. lOb 
could be generated by continuously decreasing Ri as the input voltage Ei increases. Using a sim
ple potentiometer as Rio .however, leads to difficulty because the desired function cannot be re
produced with accuracy. A more practical method of changing Rj is to Switch in different input 
resistors by means of diodes. A diode function generator uses biased diode networks to approx
imate a function by means of straight line segments. 
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(0) (b) 

Figure Al.l O. Elementary Function Generator 

An ideal diode can be regarded as a voltage-sensitive on-off switch (Figure AI. lla). The cir
cuit is closed when the anode of the diode is positive with respect to the cathode, and the circuit 
is open when the anode is negative with respect to the cathode. In the circuit shown, the ideal 
diode has infinite resistance until the input voltage Ei is equal to the bias voltage Eb' When the 
input voltage becomes greater than the bias voltage, the diode conducts and has zero resistance. 
The resulting current through resistance R produces an output voltage that is equal to (Ei - Eb)' 

Adiode can be connected in series with a battery and the input resistor of an amplifer as shown 
in Figure AI. 12. The cathode of the diode is connected to the amplifier's summing junction (SJ) 
which is at virtual ground potential. The anode is at minus two volt!?.; the diode is cutoff. The 

. input current to the summing junction is zero. When the input voltage Ei is greater than plus 
two volts, the anode of the diode is positive and the diode conducts. The net voltage across the 
input resistor Rj, is (Ei - 2) volts. The amplifier output is -1/2 (Ei - 2) volts since the ratio 
of Rf to Ri is 1/2. The amplifier output voltage is plotted against the input voltage in Figure 
AI. 12b. The point at which the diode begins to conduct is called the breakpOint. The slope of 
the output is determined by the ratio of Rr to Ri' 

Biased diode networks can be paralleled as shown in Figure AI. 13. The input network of the 
amplifier contains three parallel paths. When all three diodes conduct,_ the net input resis
tance is the parallel combination of R1, R2, and R3. Assume that Ei is a positive going ramp 
that starts at zero. When Ei is less than one volt, none of the diodes conduct. When Ei reaches 
one volt, diode CR1 conducts and produces the segment one output shown in Figure Al. 13b. The 
slope of the resulting segment is -Rf/Rl. Segment two conducts when Ei reaches three volts 
and contributes the segment shown in Figure Al.13b. Segment three conducts when Ei reaches 
five volts. The net output voltage Eo is the sum of the contributions from the three segments. 
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Figure Ai .11. Series Diode Circuit 
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Figure Al.13. Simple Diode F1lllctioll GCllcraior 

The complete function is a four segment straight line approximation to a desired function. Note 
that the output voltage is zero for negative inputs since a negative input voltage would add to the 
reverse bias of the diodes. 

Practical diode function generators replace the battery used in the preceding discussion ",ith 
a bias or reference power supply as shown in Figure Al. 14. The diode is biased to cutoff by 
the -10 volts applied through R3. The diode does not conduct until the input voltage Ei reaches 
+ 5 volts. The resulting output is plotted in Figure Al. 14b. By adding more segments in paral
lel with the first, a function can be represented by a series of straight line segments. Note, 
however, that the function must h~l.Ve a slope that increases after each breakpoint. Networks 
of this type are used in the X2 Diode Function Generator. 

The biased diode networks discussed thus far can only generate monotonic functions that have 
a second derivative that does not "change sign in anyone quadrant. However, non-monotonic 
functions can be generated by summing monotonic functions as illustrated in Figure Al. 15. 
The Variable Diode Function Generators use operational amplifiers to sum the component 
functions as shown in Figure Al.16. The ratio of resistors R1 and R2 determines the break
point of the diode. When the diode conducts, the input signal is applied to the \\iper of the 
SLOPE potentiometer. The setting of the SLOPE potentiometer determines the slope of each 
segment by controlling the ratio of signal levels applied through a direct input and an inverted 
input to amplifier two. If the wiper of the SLOPE potentiometer is at the top of its travel, the 
Signal applied to the direct input is larger than the signal to the inverted input (through ampli
fier one). The two amplifiers are used to sum the contributions from additional diode networks 
so that any single vah1ed fu.ncti-on~canJ)e represented by a series of straight line segments. 

-:( 



. - , . 
APPENDIX I ELEMENTARY PRINCIPLES OF ANALOG DEVICES 

Rf 0 5 10 
Ej 

10K 

E\ 
RI 

Eo 
-5 

5K 
R3 
10K -10 

-10 Eo 
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Biased diode networks are also used in the Quarter-Square Multiplier which makes use of the 
identity: 

1 [ 2 2] (X +y)2 (X- y)2 XY="4 (X +Y) - (X- Y) = -2- - -2-

The product of two input variables, X and Y, can be obtained by subtracting the square of 

(X; Y) from the square of (X 2+ Y). The summing and squaring operations are performed 

by diode function generators that contain networks similar to those in the X2 DFG. 

AI-12 

In the Quarter- Square Multiplier, the squaring circuits .must produce voltages proportional to 

(X ; y)2 and (X ; Yy. This can be accomplished by modifying the basic circuit in Figure 

AI. 14 by the addition of another input resistor R2 as shown in Figure AI. 17a. By making 
Rl = R2, it can be shown that the circuit in Figure AI. 17b is equivalent to the one in Figure 

AI. 17a. The equivalent input voltage to the network is (X; Y) volts. By adding more seg

ments in parallel with the one shown in Figure AI. 17a, a function generator can be formed that 
accepts inputs of X and Y, sums them, and produces an output that-is proportional to 

2 
(X ; Y) as long as (X+ Y) is positive. If X and Y can be input voltages with any combination 

of polarities, then four X2 DFG's are required for each Quarter-Square Multiplier. 
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Figure Al.l7. Diode Networks jor the Quarter-Square Multiplier 
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Biased diode networks are also used in Log X DFG and the 1/2 Log X DFG's. The basic cir
cuit is modified slightly. The ideal diode shown in Figure A1.18 has zero resistance as the 
input voltage Ei varies from zero to +5 volts; the output voltage Eo is equal to the input volt
age. When the input voltage is greater than +5 volts, the diode is cut off and the output voltage 
is equal to +5 volts. This type of diode limiter can be used in conjunction with an amplifier as 
shown in Figure A1. 19. Since the summing junction of the amplifier is at virtual ground, the 
circuit behaves as before. When Ei is between zero and +5 volts, the diode conducts and Ei is 
applied to R2, the input resistor of the amplifier. When Ei is greater than +5 volts, the diode 
is cut off and +10 volts is applied to R1 and R2 which now form the input impedance of the am
plifier. 

The diode networks can be placed in parallel in the input network of an amplifier as shown in 
Figure Al. 20. The resistor values can be chosen so that each diode network contributes the 
segment shown in Figure AI. 20b. The compOSite function is the sum of the individual seg
ments and is a straight-line approximation to some desired function. When Ei is at zero volts, 
all diodes are conducting. As the input voltage increases, the diodes are cut off, one at a time. 
The equivalent input impedance of the amplifier is increased; the gain of the amplifier is de
creased. Note that networks of this type can only generate functions that have a decreasing 
slope as the input voltage becomes larger. 
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Figure Al.19. Amplifier with Diode Limiter 
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SERVICING TECHNIQUES 

1. TRANSISTOR SERVICING AND TROUBLESHOOTING TECHNIQUES 

Although servicing and troubleshooting procedures applicable to transistor circuits are similar 
in many ways to the techniques used with vacuum tube circuits, certain differences exist and 
some extra precautions are necessary when servicing transistor circuits. The following sug
gestions and techniques are given to aid maintenance personnel who are not familiar with ser
vicing transistorized equipment. 

a. Servicing Techniques 

Most transistors are mechanically rugged, but they are easily damaged by excessive heat. If 
it becomes necessary to solder near a socket-mounted transistor, the transistor should be re
moved to prevent damage. When the transistor is soldered to the board, extreme care should 
be taken to prevent damage to it from overheating. Always use a small, well-tinned soldering 
iron and work as quickly as possible. 

Transistors and small diodes which are soldered directly to the board should be removed only 
when there is strong reason to believe they are defective, as they are often over-heated while 
being removed. When soldering transistors or diodes a heat sink should be used, whenever 
practicable, on each lead as it is soldered. Holding the lead with a pair of long-nose pliers, 
or clipping an alligator clip, the ja~s af which have been filled with solder, on the lead are 
two common methods of protecting'tnesi"e semi-conductors from overheating while soldering. , 

Power transistors, which are usually used in power amplifiers and power supplies, are 
mounted on metal chassis plates which function as heat sinks to dissipate the heat generated 
during normal operation. The metal case of a power transistor is usually the collector and 
is generally operated at some potential other than ground. For this reason they must be 
mounted so that they are electrically insulated from the heat sink. At the same time, heat 
from the transistor must be transferred easily to the heat sink. A common method of accom
plishing this is to use a mica, anodized aluminum, or fiber glass washer coated with silicone 
grease. The washer provides electrical insulation, and the silicone grease increases the 
heat conduction. When replaCing a power transistor, use only a single washer, and coat both 
sides with silicone grease (Dow Corning Number 4 Compound or equivalent). As a final pre
caution before applying power to the unit, check the resistance between the body of the tran
sistor and the heat sink to ensure that no short or high resistance leakage path exists between 
these points. 

Diodes, electrolytic capacitors, and the transistors themselves used in transistor circuits 
are easily damaged by voltage overload. For this reason transistors should never be re
moved or inserted with power applied, and special care must be taken in the selection and use 
of test equipment. Signal generators commonly used in servicing vacuum tube circuits are 
often capable of prodUCing enough output to overload and permanently damage the diodes, elec
trolytic capacitors, and transistors used in transistor circuits. Always start with the mini
mum output signal and slowly increase it to the desired level. 

The meter used for continUity and resistance checks must be chosen carefully. Some ohm
meters use batteries with a voltage higher than the rating of the transistors and capacitors 
under test and can destroy them. For this reason, a meter with a 1-1/2 volt battery (Trip
lett, Model 630A or equivalent) is recommended. Determine the polarity of the ohmmeter 
leads by using another meter set to a low dc range. 

All-I 
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The electrolytic capacitors in transistor circuits usually have low rated working voltages 
and can be damaged by a conventional capacitor tester that employs a high test voltage. If 
an electrolytic capacitor is suspected of being.faulty, disconnect one lead from the circuit 
and make a resistance check on·the unit. Since these units have relatively high capacitance, 
use the R x 10,000 range of the ohmmeter. When the ohmmeter leads are connected across 
the capacitor (observe the proper polarity), the meter needle will deflect across the scale 
and gradually return to the infinite resistance position. The smaller the capacitance, the 
quicker the return to the infinite resistance position. An open capacitor will not produce 
a meter deflection. A leaky capacitor will have a finite resistance value and the meter 
needle will not return to the infinite resistance position. This test can also be employed 
on ceramic, mica, and paper capacitors. A slight deflection on a high resistance range 
(R x 1 megohm) will be observed. The lower the capacitance, the smaller the deflection; 
the test is inconclusive when the capacitance becomes too small. 

b. Troubleshooting Techniques 

As with any other type of electronic circuit, the first step in troubleshooting transistor cir
cuits is a visual inspection for charred, discolored, or leaky components; broken, shorted, 
or loose connections; heavily tarnished or broken connectors; and physical damage to the 
board itself. The next step is to replace any relays, ovens, or choppers, which are socket 
mounted on the board, with units known to be good. This is done not 'only because it is fairly 
easy, but also because each contains mechanical mOving parts which may fail due to normal 
wear. If the trouble is not located by either of these steps, the board may be dynamically 
tested by applying all supply voltages, a signal input, and then checking voltages and signals 
on the board until the trouble is isolated. If dynamic testing is impossible due to the lack o~ 
suitable test equipment, or availability of "down time" on the equipment in which it is used, 
the trouble can usually be located through resistance and continuity checks. 

Remove all power before making resistance checks. Connect an ohmmeter across the resis
tors in the circuit and compare the resistance measured with values on the schematic dia
gram or with values obtained from another unit that operates properly. 'In many cases, the 
polarity of the ohmmeter test probes affects the in-circuit resistance measurement; com
pare measurements made with both polarities. Observe the correct meter polarity when 
checking electrolytic capaCitors. 

When the board is removed many co~ponents are naturally isolated by the plug or pin con
nections. Others are effectively ir:;Qlated by capacitors in series with them. When it becomes 
necessary to unsolder and lift one end of a componellt from the board to isolate if for resis
tance checks, resistors should be chosen whenever possible as they are the component least 
likely to be damaged by the heat .• 'In many cases, by carefully selecting the correct lead to 
disconnect, several components may be isolated at one time. It is not usually necessary to 
risk overheating a transistor by unr:;oldering it to make resistance checks. For example, 
lifting one end of the collector load'resistor and one end of the emitter resistor would effec
tively isolate the transistor in a 'l1~mal transistor amplifier stage • 

. ":{, 

Once a transistor is isolated, it may be checked using the follOwing procedure: 

(1) Set the ohmmeter tOia high range and connect it between the base and the col
lector leads; reversethe:leads and: note which connection caused the higher reading. 
This is the reverse-bias direction. 

(2) Connect the ohn¥ne~r to reverse-bias the transistor and note the reading. 
Short the base to theeri'litter.::::TKe'::reading should decrease. Remove the short. 

.', c...p."'; 

(3) Move theie~d,b~.:tlle·ipa~e to the emitter and note the reading. Reconnect 
the short. The reading·sh9~~~t~~se. 
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This test will indicate an open or shorted transistor but not a lpw gain, noisy, or high-Ieak- . 
age transistor. If the transistor is still suspected, and no other troubles are found, substi
tute one known to be good. 

2. ETCHED CIRCUIT BOARD SOLDERING TECHNIQUES 

The following suggested procedures are included to aid personnel not familiar with repairing 
etched circuit boards. The techniques and precautions employed while soldering any electronic 
equipment still apply, but there are several additional factors to be considered. 

Wire leads or components fastened to the board by their leads may be replaced by using the fol
lOwing procedure: 

. (1) Grip the lead to be removed with a pair of long-nose pliers, (in cases where 
this is impossible due to short or hidden leads, the component itself must be carefully grasped). 
While applying pressure to the lead, touch a well-tinned, small (40 watt or less), soldering 
iroIf to the fillet. If the lead does not slip out immediately, remove the soldering iron and re
check to be sure the correct fillet is being heated. 

(2) Clear the excess solder from the hole by touching the iron to it briefly and 
either blOwing the excess solder out or carefully pushing it out with a soldering aid (GC 
Electronic Number 9093 or equivalent). 

(3) Bend the leads on the new component or jumper to fit the board connections. 
Insert the component, but do not cut the leads. 

(4) With the component or jumper held in place, touch the soldering iron to the 
lead and allow solder to run down the lead and form a fillet. Heat should be applied to the 
lead only until the fillet has formed. It is not necessary to fill the hole with solder, and 
some components such as transistors and diodes may be damaged by prolonged application 
of the soldering iron. . 

(5) After both leads have been soldered, use a pair of diagonal cutters to cut 
the lead off as close to the board as possible. Use the soldering aid to carefully scrape any 
excess flux or solder off the board. 

Replacing components such as tranSistors, relay and chopper sockets, potentiometers, or 
networks with multiple connections is accomplished in essentially the same manner. Re
moval of these components is much easier if special tips such as the Ungar Electric Tool 
Number 856 (5/8" diameter cup) and Number 858 (bar) are used. These tips are used for 
component removal only, and permit all leads to be freed simultaneously. 

If the above procedures are strictly adhered to, no trouble with the etched conductor itself 
should be encountered. If, however, a conductor becomes cracked or broken it may be re
paired by carefully soldering a tinned piece of bus wire over it. Again extreme care should 
be taken not to overheat the strip and cause it to separate from the board. 
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REPiACEABLE PARTS LISTS 

TR-20 COMPUTER, MODEL 45.078 

This appendix contains a Replaceable Parts List for the equipment described in 
this manual. In each case, a brief description of the part is listed. Where 
applicable, a reference symbol (schematic designation) is included. To enable 
a particular sheet to be readily located, an index precedes the individual re
placeable parts lists. 

The category column in the parts list indicates the availability of each listed 
part so that a replacement part can be obtain.ed as quickly as possible. 

Category "A" - The parts in category "A" are standard electronic items that are 
usually available from any commercial electronic supplier. In order to expedite 
obtaining items of this nature, it is suggested that they be purchased from a 
local source whenever possible. If necessary these parts may be purchased from 
EAI by specifying the EAl Part Number. 

Category liB" - The parts in category liB" are proprietary items that are available 
only from EAI. 

CAUTION 

If other than factory parts are used for 
replacement of Category "B" items. EAI can-
not assume the responSibility if a unit does 
not perform within its published specifications. 

ORDERING INFORMATION 

In order to enable us to process your request's for spare parts and replacement 
items quickly and efficiently, we request your conformance with the following pro
cedure: 

1. Please specify the type number and serial number of the basiC unit as well 
as the EAI part number and the description of the part when inquiring about 
replacement items such as potentiometer assemblies or. cups, relays, trans
formers, precision resistors, etc. 

2. When inquiring about items such as servo multipliers, resolvers, networks, 
printed circuit assemblies, etc., please specify the serial numbers of the 
major equipment with which the units are to be used, such as: Console ,Type 
8811, Memory Module, Type 4.204, Serial No. 000, etc. If at all possible, 
please include the,.purchase order or the EAI project number under which the 
equipment was origtnally procured. 



Your cooperation in supplying the required information will speed the processing 
of your requests and aid in assuring that the. correct items are supplied. 

PLEASE NOTE THAT EAI RESERVES THE RIGHT TO MAKE 
PART· SUBSTITUTIONS WHEN REQUIRED. IN ALL CASES 
EA.I GUARANTEES THAT THESE SUBSTITUTIONS ARE ELEC
TRICALLY AND PHYSICALLY COMPATIBLE WITH THE ~IG
INAL COMPONENT. 

PARTS LIST INDEX 

Title 
TR-20 COMPUTER, MODEL 45.078 

45.078 TR-20 Computer (Main Frame Components and Operating 
Equipment) ...•.................................. 

2.127 Dual Function Switch Group .......................... . 

12.264 Function Switch Network ................... ~ .... . 

20.366 Function Switches .............................. . 

2.128 Quad Coefficient Potentiometer Setting Group ........ . 

12.265 Attenuator Network ...........................•.. 

42.185 Attenuator Panel ............................... . 

2.713 Accessory Installation Variable Diode Function 
Generator ......................................... . 

16.154-1 

16.156-1 

-Variable Diode Function Generator 

+Variable Diode F.unction Generator 

16.310 Variable Diode Function Generator .............. . 

2.715 Repetitive Operation Accessory Installation ......... . 

12.1115 DUal Integrator Network ....................... . 

20.532 Repetitive Operation Control .................. . 

36.082 Timing Unit .................................... . 

2.752 Accessory Installation Variable Diode Function 
Generator ....................•........... , .•....... 

16.165-1 Variable Diode Function Generator ............• 

16.310 Variable Diode Function Generator ..............• 

6.143 Relay Comparator Amplifier ...................••.•.... 

6 . 282 Dua 1 DC Amp 1 i fie r ...........••....•.........••...••. 

6.283-4 DUal DC Amplifier ...................•...••..... 

AIII-2 

AIII-4 

AIII-6 

AIII-7 

AIII-8 

AIII-9 

AIII-lO 

AIII-ll 

AIII-12 

AIII-13 

AIII-14 

AIII-15 

AIII-17 

AIII-12 

AIII-18 

AIII-20 

AIII-21 



/ 

PARTS LIST INDEX (Cont) 

Title 

6.712 Dual DC .Amplifier ................................... . 

6.283-4 Dual DC Amplifier ••••••••••••••••••••••••••••. 
2 7 • 045 (·1/4) Mu 1 t ip 1 ier ....................................... . 

7.044 (1/4) 2 Multiplier •.••••••••••••••••.•••••••••••• 

7.044-1 (1/4)2 Multiplier (Identical with 7.044 less 
Iten 19) ......................................... . 

10.179 Regulated Power Supply ••••••••••••• ~ ••••..•.•..••.• 

43.107 Power Supply Regulator •.••••....•.•••••••.••••. 

12.266 Reference Network 

12.267 Tie Point Network ....................... ' ........... . 
12.987 Display Network .................................... 
12~Ill6 Dual Integrator Network ••••.•.••..•••.••.•••••••••• 

13 •. 017 Audio Overload Alarm •••••••••.•••.••••••••.•••••••• 

16.101 X2 Diode Function Generator ••••••••••••••••••.•.•••• 

16.126 Log X Diode Function Generator .••••..••••••••••••• 

16.133 1/2 Log X Diode Function Generator .•••••••••••••••• 

16.304-1 +Variab1e Diode Function Generator ••.•••••••.•••• 

16.306-1 -Variable Diode Function Generator (Identical 
with 16.304-1) .................................. . 

16.308 +Variable Diode-Function Generator ••••.•.••••••.••• 

20. 734 Control Panel ......................... , ................. . 

20.738 Overload Indicator ................................... . 

40.538 Electronic Comparator •••••••..•.•••.•.••••••..•.•.. 

40.493-1 Electronic C~parator Card .••••.••...•..••... 

42.183 Attenuators ......................................................... .-........ .. 

42.187 Attenuators .. _ ...................................... . 

42.188 Attenua.tors ......................................... . 

. 43.037 Reference Regulator ••••••••••••••.••••••••••.••• ~ ••• 

45.058 Bus DE'1ver .••...••.•.•..••.•.....•...••....••..•..• 

Allt-24 

AIII-21 

AIII-25 

AIII-25 

AIII-27 

AIII-28 

AIII-29 

AIIl-30 

AIII-31 

AIIl-32 

AIII-33 

AIII-35 

AIII-36 

AIII-37 

AlII-38 

AIII-39 

AllI-40 

AIIl-42 

AIII-43 

AIII-44 

AIlI-47 

AIII-48 

AIIl-49 

AlII-50 

AlII-51 



ITEM REf. DESIG. OESCRIPTIOH IAI NO. *CAT. 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

CRl,2 Diode 

DSI Lamp, Incandescent: 6.3V, 0.15 amps; #47 

NWl Circuit Module 

Rl thru 20 Resistor, Variable, Composition: 
SOK ohms :30%, 0.2W 
(Chicago Telephone Supply Series 70 
#HH1860 or equal) 

R21 ReSistor, Fixed, Composition: 
2.2 ohms ±S%, .l2W 
(Allen-Bradley EB or equal) 

S6 Switch 

Service She 1£ 

**Patch Cord Se.t: c/o 
Bottle Plug (4 Prong) 
Bottle Plug (2 Prong) 
Patch Cord: Black; 6" 
Patch Cord: Brown; 12" 
Patch Cord: Orange; 18" 
Patch Cord: Blue; 30" 
Receptacle 

Slave Cable 

Power Cord 

Connector, Receptacle: 22 Contacts; Female 
(Amphenol 143-022-01 or equal) 

Connector, Receptacle: 4 Contacts; Female 
(Cinch 261-12-04-010 or equal) 

Connector, Receptacle: 3 Prong; Male 
(Tower Mfg. Co. H-I061 or equal) 

Connector, Receptacle: 3 Wire Grounding Type 
Female 
(Hubbell 5258 or equal) 

Fuse, Cartridge, Fast Acting: 
3/4 amp, 250V (Used on 10.179) 
(Littelfuse 312.750 or equal) 

00 614.0007-0 

00 578.0003-0 

'00 592.0007-0 

00 642"0351-0 

00626.0229-0 

00 656.0126-0 

00 051.0039-0 

00 100.0007-0 
00 005.0172-0 
00 005.0174-0 
00 510.0253-0 
00 510.0254-0 
00 510.0255-0 
00 510 .0278-0 
00 542.0605-0 

00 510.0038-0 

00 510.0040-0 

00 542.0091-0 

00 542.0158-0 

00 542.0888-0 

00 542.1157-0 

00 570.0084-0 

B 

A 

B 

A 

A 

B 

B 

B 
B 
B 
B 
B 
B 
B 
B 

B 

B 

A 

A 

A 

A 

A 

~NOTEI THE CATEGORY COI..UMN IS DESIGNED TO INDICATE A V AI I.. A BII..ITY 01" PARTs. UNIT TITLE lR- 20 COMPUTER 
A • INDICATES PARTS THAT SHOULD BE PURCHASED LOCALI..Y. (MAIN FRAME COMPONENTS AND 
B .INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAI. 

DA TE 4 I 20 I 66 

AIII-4 

OPERATING EQUIPMENT) 

MODEL NO. 

45.078 Sh. lof 2 She 



ITIM RIP.DISIG. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

'0/. 

OISCR,IPTIOM 

'Fuse, Cartridge, ~1owActing: 
1 amp, 125V (Used on 10.179) 
(Littelfuse 313001 or equal) 

Diode, Plug-In 

Resistor, Plug-In: 1K ohms :1:0.1'7., 1/8W 

Resistor, Plug-In: 10K ohms ±O .1'7., l/8W 

Resistor, Plug-In: lOOK ohms :1:0.1'7., 1/8W 

Resistor, Plug-In: 1 Megohm :1:0.1'7., l/8W 

Nut Driver 

Insert Toul 

Wrench 

Allen Key ( 1/ 16" ) 

Allen Key (3/32") 

NOTE 

**The patch cord set components may be 
ordered separately as shown or as a 
complete set hy specifying EAr Part 
Number 00 100.0007-0. 

-

. , 
EAI NO. -CAT. 

00 570.0111 .. 0 A 

00 614.0051-0 B 

00 646.0005-0 B 

00 646.0006-0 B 

00 646.0007-0 B 

00 646.0008-0 B 

00 777.0030-0 B 

00 777.0034-0 B 

00 777.0037-0 B 

00 777.0040-0 B 

00 777,0042-0 B 

!-NOTE. THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE TR-20 COMPUTER 
A -INDICATES PARTs THAT SHOULD BE PUI'ICHASED LOCALLY. 
B -INDICATES PAI'ITS THAT SHOULD BE PUI'ICHASED FI'IOM EAI. (MAIN FRAME COMPONENTS ANp 

OPERATING EQUIPMENT) 

MODEL NO. 

DATE 4 / 20 I 66 45.078 Sh. 20£ 2Sh. 

AI11-5 



ITEM REF. DaSIG. , ",·t DESCRIPTION "";" EAI MOo 

1 Connector Block: Lettered (FUNCT SW 12.Z64) 00 542.0363-8 

2 

• 

Connector. Plug: 22 Contacts; Male 
(Amphenol 133-022-21 or equal) 

NOTE. THE CATEGORY COI..UMN IS DESIGNED TO INDICA TE A V AI I.. A 1111..1 TV OF PARTS. 

AIII-6 

A • INDICATES PARTS THAT SHOULD liE PURCHASED LOCAI..LY. 
II -INDICATES PAI'ITS THAT SHOULD liE PURCHASED FROM EAI. 

DA TE 4 I 20 I 66 

00 542.0569 .. 0 

UNIT TITLE 

FUNCTION SWITCH NETWORK 

MODEL NO. 

12.264 She 10f 1 Sh. 

B 

A 



ITIM RI'. DESIG. DESCRIPTION eAl NO. 

1 Sl,2 SW'i tch, Lever: 3 Locking Posi tions, '" 
Including Neutral Position; 

00 654.0009-0 

1 Form F Contacts each at Sections Cl 
and C3 
(Gen. Control Co. MCTl-Tl-F-O-F-O or equal 

IoNOTE.THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILA81LITY OF PAATS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCAL.LY. 
8 -INDICATES PARTS THAT SHOULD liE PURCHASED FROM EAI. 

FUNCTION SWITCHES 

DATE 4 / 20 / 66 

MODEL NO. 

20.366 Sh. lof 1 Sh. 

A 

AIII-7 
M 



'. 
ITIM RIP.OISIO. .SCRIPTIQH '.(;i~'· IAINo. ·CAT. 

I , 

1 Connector Block: Lettered (ATTEN 1.2.265) 00 542.0363 .. 9 B 

2 Connector, Plug: 22 Contacts; Ma1.e 00 542.0569 .. 0 A 
(Amphenol 133-022-21. or equa1.) 

NOTE. THE CATEGORY COLUMN IS DESIGNED TO INDICATE ... V ... IL .... ILITV OF P ... RTS. UNIT TITLE 
... -INDICATES P ... RTS TH ... T SHOULD I!£ PURCHAS£D LOC ... LLY. 
I! .INDICA T£S PARTS THAT SHOUI.D 11£ PURCH"'SED FROM E ... I. 

ATTENUATOR NETWORK 

MODEL NO. 

0'" TE 4 I 70 / nn I? ,:lnS Sh. 1 of 1 Sh. 

AlII-8 



IAI MG. 

DO. 65<6.0.0.10..0. B 

Io"'OTa,THa CATaao .. y COIoV .. '" I. DIl.laNIlD To INOICATIt AVAlloAaU.lTY 0 .. ,,1."1' •• UNIT TITLE 
Ii.. lHOICATIt. IOA .. T. 1'1011.1' .HOVIoD alt IOV .. CHA.ItO 100CAIoIoY • 
• • tNoICATIt ... 1."1'. THAT .HOVIoD alt "V .. CHA.ItO .... 0 .. 1£1.1. 

DATa 4 1 20. 166 

ATTENUATOR PANEL 

MODEL NO. 

42.185 Sh.l of 1 Sh. 

AIII-9 



," .. ~ , 

Ole"~ 

ITIM "~''''to. , ,Mtca.PTIOM IAI NO. -CAT. 
,",..-"",,,'0" 

, < ., "'-'m, 
~ ~~.' "< 

1 CRt thru .9 Diode 00 614.0007-0 B 
. 

2 pp 'Co'nhector 1\ lock: 'Lettered ( -VDFG 16.154-1 ) 00 542.0937~8, B 

3 R1 thru 4, Potentiometer 
.. 
00 642.0452N O B 

6 thru 11, ".;.-

26 

4 R14,16,18, Resistor, 1?recision 00 638.0565-0 B 
20,22,24, 
27,29,31 

S R15 Resistor, Precision 00 638.0556-0 B 

6 R17 Resistor, Precision 00 638.0561-0 B 

7 R19 Resistor, Precision 00 638.0557-0 B 

8 R21 Resistor, Precision 00 638.0562-0 B 

9 R23 Resistor, Precision 00 638.0558-0 B 

10 R25 Resistor, Precision - 00 638.0563-0 B 

11 R28 Resistor, Precision 00 638.0559-0 B 

12 R30 Resistor, Precision 00 638.0564-0 B 

13 R32 Resistor, Precision 00 638.0560-0 B 

14 R33 Resistor, Precision 00 638.0476-0 B 

15 R34 Resistor, Precision 00 638.0477-0 B 

16 Connector, Plug: 22 Contacts; Male 00 542.0488-0 A 
(Ampheno1 133-022-43 or equal) 

. 

!'NOTIl. THIl CATIlGOlltV COLUMN la DllalGNIlD TOINDIC~T", AVAILAalLITY 01" "AlltTa. UNIT TITLE 
A -INDICATlla PAlltTa THAT aHOULD all "UlltCHAaIlD LOCALLY. -VARIABLE DIODE FUNCTION 
• -INDICA Tlla PAlltTa THAT aHOULD all. "u,,"ctlJAa'IlD ",,"OM IlAI. 

GENERATOR 

t MODEL NO. 

i. DA Ttl[ 4 I 20 I 66 16 154-1 Sh. 1 of 1 Sh. 
AlII .. 10 



ITIM RIF.DISIO. I).SCRIPTION IAI NO. ·CAT. 

" .' 

1 ctu thru 9 Diode 00 614.0007-0 B 

2 l'P Connector Block: Lettered (-VDFG 16.156-1) 00 542.0937-7 B 

3 Rl thru 4, Potentiometer 00 642.0452-0 B 
6 thru U t 

16 

4 R14, 16, 18, Resistor, l'recision 00 638.0565-0 B 
20,22,24, 
27 t 29,31 

5 R15 Resistor. l'recision 00 638.05;56-0 B 

6 R17 Resistor t l'recision 00 638.0561-0 B 

7 R19 Resistor, l'recision 00 638.0557-0 B 

8 R21 Resistor, Precision 00 638.0562-0 B 

9 R23 Resistor, Precision 00 638.0558-0 B 

10 R25 Resistor, Precision 00 638.0563-0 B 

11 R28 Resistor, Precision 00 638.0559-0 B 

12 R30 Resistor, Precision 00 638.0564-0 B 

13 R32 Resistor, Precision 00 638.0560-0 B 

14 R33 Resistor, Precision 00 638.0476-0 B -
15 R34 Resistor, .Precision 00 638.0477-0 B 

16 Connector, Plug: 22 Cont·acts; Male 00 542.0488-0 A 
(Ampheno 1 133-022-43 or equ'aU 

~NOT&ITH. CAT&.o"V COI.U ... N I. O&.laN&O TO INOICAT .. AYAILAall.lTY 01" "A"T •• UNIT TITLI 
A 'INOICAT.~."A"Ta THAT.HO",,,,O a .. "U"e"A."O. Lj)CAI.I.V. ....TAR-IASLE. DIODE ~.,·UN' CTI' ON 
.. ,,'NOICAT ... "A"is "H':,,'.Ho\'/\::o a .. ~U'U:HA""O ""~'" .. AI. 'y, ~, 

: DAn 1+ 120 I 68 

GENERATOR. 

MODIL MO., 

16.156-t SIl. 1 of 1 SJa. 

, 
! 
i 



11'1", ItEF. DESIG. DESCIUPTION !!AING. -CAT. 

. 1 .Pl .connector,. Plug: . 2? Contacts; ~ale . 00 542,! 0569-0 A 
I' (Amphenol 133-022-21 or equal) 

2 PI' Connector Block: Lettered (VDFG 16.310) 00 542.1225-8 B 

3 R,13,14 R,e sis tor , l'recision 00 638 •. 0764-0 B 

4 IllS Resistor, l?recision 00 638.0883-0 B 

!"NOTlliTH. CAT •• o,",y COLUMN I. D .... N&O TO INOICAT& AVAILAalLITY 0 .. ,"A"T" UNIT TITLE 
A. INOICAT&' PA"T. THAT .HOULt) a& "U"CHA'&O LOCALLY. 
a .INDICAT&' "A"T' THAT .HOULD a& ,"U"CHA'&O ""0M .AI. 

OATI!: 4 / 20 I 66 

VARIABLE DIODE FUNCTION 
GENERATOR 

MODEL NO. 

16.310 Sh. 1 of 1 Sh. 



".' . 
ITiM REf;DESIG~;.;: 

I CI,3 ,; Capacitor 

2 C2,4 Capacitor 

3 CR1,2 Diode 

4 Kl Relay: 12.6 ~dct 425 ohm Coil, 
2 Form C Contacts 
(C.P. Clare Type F RP-764l-G40 or equal) 

5 K2 Relay: 26.5 ~dc. 600 ohm Coil, 
2 Fonn C Contacts 
(General Electric 3S279lCC3l0A21 or equal) 

6 K3 Relay 

7 RI and 2, Resistor, Precision (Matched Pair) 
R3 and 4 

8 IK3 

9 

10 

1l 

Socket, Tube: 90° Printed Circuit, 
9 Contacts 
(Elco Corp. 05-4008 or equal) 

Connector, Plug: 22 Contacts; Male 
(Amphenol 133-022-43 or equal) 

Connector Block: Lettered (DUAL NET) 

Connector Block: Lettered (INT 12.1115) 

00 521.0064-0 

00 521.0146-0 
00 

00 614.0007-0 

00 618.0097-0 

00 618.0188-0 

00 618.0149-0 

00 640.0021-0 

00 650.0075-0 

00 542.0488-0 

00 542.1260-4 

00 542.1260- 5 

~NOTIU TH" CAT".OltV COLoUMN .1 O ..... N .. o TO INDICAT .. AVAlLoA.lLoITV 0 .. PART .. UNIT TITLE 
,A. INDICAT .. I PARTI THAT IHoULoD ... PURCNAI .. O LoOCALoLoV • 
.• • INDICAT.I PARTI TNAT IHOUIoD .It PURCNAI .. O ... ROM ItAI. 

B 

B 

B 

A 

A 

B 

B 

A 

A 

B 

DUAL INTEGRATOR Ngr"WORK 

DATIt 4 I 21 I 66 
MODELM. 

12.1115 She lof 1 She 

AJ:l1-13 



-",,' 

ITEM REF. DES.IG. . '"' : . ;;;;.,.ESCRI PTJON i 
_ .. ~'fI. ., 

,<, •. ,t_ "" ,. ...... -:: 

1 Rl Re'Siistor, Variable~, 
',' 

Composition: 00 
20K ohms:20~!>·~. 2W 
(Bourns. Lab;'2rp-1-203 or equal) 

.. ~,:";. 

"';:t 

2 R2 Resistor, Variable" Composition: 00 
SOK ohms :20%, '0.2W 
( Bourns Lab. 276-1-503 or equal) 

3 R3 Resistor, Variable, Composition: 00 
lOOK ohms :20%, 0.2W 
( Bourns Lab. 276-1-104 or equal) 

4 R4 Resistor, Variable, Comryosition: 00 
200K ohms :20%, 0.2W 
( Bourns Lab. 276-1-204 or equal) 

S RS Resistor, Precision 00 

6 R6 Potentiometer 00 

7 R7 Resistor, Fixed, Composition: 00 
4.7K ohms ±5%, l!2W -
(Allen-Bradley EB or equal) 

8 Sl Switch 
~." 

00 

ioNOTE' THE CATEGORY COLU ... N IS DESIGNED TO INDltATE AVAILAelLITY 0 ... PAIns. UNIT TITLE 
A· INDICATES PARTS THAT SHOULD BE PUltCHASED L.OCAL.LY. 
e -INDICATES PA .. TS THAT SHOUL.D 81£ PURCHASED ..... 0 ... 1£11.1. 

.UIMo. *CAT. 

642.0471-,,0 .. A. 

642.0472-0 A 

642.0482-0 A 

642.0490-0 A 

638.0439-0 B 

642.0486-0 B 

626.0472-0 A 

658.0180-0 B 

REPETITIVE OPERATION CONTROL 

DATE 4/21 166 

AIII-14 

MODEL NO. 

20.532 Sh. 1 of 1 SII. 



ITEM REf.OESIG. DESCRIPTION " 

1 Cl Capacitor 

2 C2 Capacitor, Fixed, Ceramic: 
1 nf :1:20%, IOOOV 
(Cornell Dubilier BYA10D1M or equal) 

3 C3 Capacitor, Fixed, Paper: 
0.05 uf :1:20%, 200V 
(Aerovox P8292ZN9 or equal) 

4 C4 Capacitor 

5 C5 Capacitor 

6 CRI thru 6 Diode 
(Clevite CTP-462 or equal) 

7 CR7,8 Rectifier 

8 PI Connector, Plug: 22 Contacts; Male 
(Amphenol 133-022-43 or equal) 

9 Q1 thru 7 Transistor 

10 Q8,10 Transistor: 2N321 

11 Transistor: 2N242 

12 ~ Ifl , 2 Resistor, Fixed, Comoosition: 
47K ohms :1:10%, 1/2W 
(Allen-Bradley EB or equal) 

13 R3 

14 R4 

15 R5,13,16 

16 R6, 14 

17 R7,18,19, 
20 

Resistor, Fixed, Composition: 
18K ohms :1:10%, 1/2W 
(Allen-Bradley"EB or equal) 

Resistor, Fixed, Composition: 
2.2K ohms :1:10%, 1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
10K ohms :1:10%, 1/2W 
(Allen-BradleyEB or equal) 

Resistor, Fixed, Composition: 
15K ohms :1:10%, 1/2W 
(Allen-Brad ley EB or equal) 

ReSistor, Fixed, Composition: 
1K ohms :1:10%, 1/2W 
(Allen-Brad ley EB or equal) 

IAI NO. 

00 521. 0077-0 B ", 

00 515.0005-0 A 

00 520.0210-0 A 

00 516.0198-0 B 

00 516.0191-0 B 

00 614.0043-0 A 

00 614.0035-0 B 

00 542.0488-0 A 

00 686.0032-0 B 

00 686.0004-0 A 

00 686.0018-0 A 

00 626.0473-1 A 

00 626.0183-1 A 

00 626.0222-1 A 

00 626.0103-1 A 

00 626.0153-1 A 

00 626.0102-1 A 

!"NOTIl. THIl CATIlGOIIIY COL-UMN 'S DItS'GNItD TO INDICATE AVAIL-A.IL-ITY 0 .. "AIIITS. UNIT TITLE 
I. • INDICATES PAIIITS THAT SHOUL-D .Il PUIIICHASItD L-OCAL-L-Y • 
• • INDICA TES PA"TS THAT SHOUL-D alt .. U .. CHASCD .... OM ItAI. 

OA Til 4 I 2 1 I 66 

TIMING UNIT 

MODEL NO. 

36.082 Sh. lof 2 Sh. 

AlII .. IS 
M 



-'-
I'TEM REF. DESIG. DESCR"TIOH , ' . UIHo. 
'. 

. , : '.;",,- :: : . 

18 R8 Resistor,Fixed, ComoosLtion: 00 626.0224.,.1 
220Kohms :1::10%, 1/2W / 

(Allen-Bradley EB or equal) 
.. 

19 R9 Potentiometer 00 642.0476-0 

20 R10,11 Resistor, Fixed, Composi tion: 00 626.0472-1 
4.7K ohms :1::10%, l/2W 
(Allen-Bradley EB or equal) 

21 R12 Resistor, Fixed, Composition: 00 626.0223-1 
22K ohms :1::10%, 1/2W 
(Allen-Bradley EB or equal) 

22 R15,17 Resistor, Fixed, Composition: 00 627.0561-1 
560 ohms :1:10%, lW 
(Allen-Bradley GB or equal) 

23 R21 Resistor, Fixed, Comoosition: 00 626.0101-1 
100 ohms ±10%, l/2W 
(Allen-Bradley EB or equal) 

24 Tl Transformer - 00 684.0125-0 

25 Connector Block: Lettered (TIMING UNIT) 00 542.0371-8 

26 Connector Block: Lettered (36.082) 00 542.0371-9 

I"NOTI:'THI: CATItGOfllY COL.UMN IS I)I:SIGNIID TO INDICA Tit AVAIL.A.IL.ITY 0" "AfIITS. UNIT TITLE 
A. INDICA TitS PAfIITS THAT SHOUL.D .It PUfIICHASI:D L.OCAL.L.Y • 
• • INDICA TitS PAfIITs THAT SHOUL.D .11 "UfIICHASII:D I"fIIOW ItAI. 

TIMING UNIT 

·CAT. 

A 

B 

A 

A 

A 

A 

B 

B 

B 

'" 

DATil 4 I 21 166 
MODEL NO. 

36.082 Sh.2 of 2 Sh. 

AIII-16 

I: 



11]~ttt 
. 
~EF. DESIG. bESCRIPTIC)N EAI No... ·CAT • 

. 
~ , ..... 

1 CR1 thru 10 DiDd~ .. -'-'- 00 614.0007-0 B' 

2 PP Connector Block: Lettered ( :!:VDFG 16.165-U 00 542.0937-9 B 

3 Rl thru 11, Potent iome ter 00 642.0452-0 B 
26 

4 R 14,16,18, Resistor, Precision 00 638.0565- 0 B 
20,22,27,29 
31,33,35 

5 R15,36 Resistor, Precision 00 638.0556-0 B 

6 R17,34 Resistor, Precision 00 638.0557-0 B 

7 R19,32 Resistor, Precision 00 638.0558-0 B 

8 R21,30 Resistor, Precision 00 638.0559-0 B 

9 R23,28 Resistor, Precision 00 638.0560-0 B 

10 R24 Resistor, Precision - 00 638.0476-0 B 

11 R25 Resistor, Precision 00 638.0477-0· B 

12 Connector, Plug: 22 Contacts; Male OJ 542.0488-0 A 
(Amphenol 133-022-43 or equa 1) 

ioNOTEITHE CATEGORY COLUMN Is DESIGNED TO INDICATE ... V ... IL. .... IL.ITY OF PARTS. UNIT TITLE 
A • INDICATES P ... RTS TH ... T SHOULD 81£ PURCHASED LOC ... L.L.Y. 
•• INDICATES P ... RTS THAT SHOULD .EPURCHASED FROM EAI. 

DATE 4 I 21/66 

VARIABLE DIODE FUNCTION 
GENERATOR 

MODEL NO. 

16. 165-1 She 1 of 1 She 



·ITEM.EF. DESIG. 

1 CR1,2 

2 CR3 

3 Kl 

4 Q1 thru 5 

5 Q6 

6 Rl 

7 R2 

8 R3,4,8 

9 R5 

10 R6,13 

11 R7 

12 R9 

13 RIO 

14 Rll 

15 R12 

16 !xxI 

DESCRIPTION ; " 

Diode 

Diode (I.T.T. G187 or equal) 

Relay: 430 ohm Coil, 2 Form C Contacts 
(General Electric 3S2791G2l0-A-29 or equal 

Transistor 

Transistor: 2N32l 

Resistor, Precision 

Resistor, Precision 

Resistor, Fixed, Composition: 
27K ohms ±5%, l/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
15K ohms ±5%, l/2W 
(Allen-Bradley EB or equal) 

ReSistor, Fixed, Composition: 
47K ohms ±5%, 1/2W 
(Allen-Bradley EB or equal) 

ReSistor, Fixed, Composition: 
4.7K ohms ±5%, 1/2W 
(Allen-Bradley EB or equal) 

ReSistor, Fixed, Composition: 
8.2K ohms ±5%, 1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: . 
202K ohms ±5%, 1/2W 
(Allen-Bradley EB or equal) 

ReSistor, Fixed, Composition: 
12K ohms ±5%, 1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
100 ohms ±5%, l/ZW 
(Allen-Bradley EB or equal) 

Socket, Relay: 8 Contacts 
(Viking Ind. Inc. VB8/3DV3 or equal) 

!oNOTE. THE C ... TEGORY COLUMN 11 DESIGNED TO INDIC ... TE ... V ... IL .... II-ITY 01" P ... RT •• UNIT TITLE 
.... INDIC ... TE. P ... RT. TH ... T .HOULD eE PURCH .... ED LOC ... LLY • 
• -INDIC ... TE' P ... RT. TH ... T .HOULD eE PURCH .... ED 1"ROM E ... I. 

'eAl Nel ·CAT. 

00·614.0007:..0 

B ".' 00 614.0043-0 A 

00 618.0126-0 A 

00 686.0032-0 B 

00 686.0004-0 A 

00 638.0288-0 B 

00 638.0289-0 B 

00 626 00273-0 A 

00 ,626.0153-0 A 

00 626.0473-0 A 

00 626.0472-0 A 

00 626.0822-0 A 

00 626.0222-0 A 

00 626.0123-0 A 

00 626.0101-0 A 

00 650.0046-0 A 

RELAY COMPARATOR AMPLIFIER 

D ... TE 8 I 16 / 66 

AlII-18 

MODEL NO. 

6.143 She 10{2 Sh. 

I 



ITEM REF. DiSIG. 

17 

18 

DESCRIPTION " "" 

Connector Block: Lettered (COMP-'6.143) 

Connector, Plug: 22 Contacts; Male 
(Amphenol 133-022-43 or equal) 

()O 542.0363-5 B 

00 542.0488-0 A 

toNOTE'THE CATEGO .. V COL.UMN .. DE •• GNED TO INDICATE ... v' .... L. .... U.ITV OF ....... T •• UNIT TITLE 
A. INDICATE. PA"T' THAT IHOUL.D .E PU .. CHA.ED L.OCAL.LV • 
• -INDIC ... TEI PA"TS TH ... T SHOULD aE PU .. CH.SED ..... OM E ... I. 

D ... TE 4 I 21 166 

RELAY COMPARATOR AMPLIFIER 

MODEL NO. 

6 143 Sh. 2 of 2 Sh. 

AIII-19 



ITEM REF._SIG. " " DISCRtPTION 
''',-W 

1 Conne~tor Block: Lettered (AMPL) 00 542.0363-3 

2 Connector Block: Lettered (6.282) 00 542.0940-0 

JoNOTEtTHE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILA81LITY OF PARTS. UNIT TITLE 
A. INDICATES PARTS THAT SHOU ... D .It PURCHASED ... OCA ...... Y • 
• • INDICA T.S PARTS THAT SHOU ... D alE PURCHA,SED FROM,EAt. 

,J 

DAT£ 4 I 21 I 66 

AIII-20 

DUAL DC AMPLIFIER 

MODEL-NO. 

6.282 Sh. 1 of 1 She 

B 

B 



", 

ITEM ItEP.OUlo. 
" " • "' .• 'j. ,'.' OESCRIPTION UlNa. ~~!,. " .. ;,,'" " .. ,~., ''"'"'~'" , . 

1 C1,tO Capacitor ·00516.0273-0 B 
., 

C2,9,1l,18 Capaci tor .. 
00 516.0184-0 B 2 

3 C3,12 Capacitor, Fixed, Ceramic: 00 515.0017-0 A 
47 pf :1:10%, 1000V 
(Cornell Dubilier LA10Q47-S3 or equal) 

'. 

4 C4,13 Capacitor, Fixed, Ceramic: 00 S15.0182-0 A 
20 nf :1:10%, 7'3N 

(G 1enco Corp. MIN-M-.02-K or equal) 

5 C6,15 Capacitor, Fixed, Ceramic: 00 S15.0158-0 A 
7S0 pf :1:10%, 500V 
(Solar Mfg. CD8X7S1KSOOV or equal) 

6 C7,16 Capaci tor 00 516.0266-0 B 

7 CS,17 Capacitor 00 516.0182-0 B 

8 C19,20,23, Capacitor, Fixed, Ceramic: 00 515.0183-0 A 
24,25,26 50 nf +100% -20%, 30V 

(CentralabDA-503 or equal) -

9 C21,22 Capaci tor, Fixed, Ceramic: 00 515.01S5-0 A 
33 pf :l:S%, 500V 
(Solar Mfg. CD17C330J500V or equal) 

10 CR1 thru 6 Diode 00 614.0007-0 B 

11 01 Chopper 00 530.0042-0 B 

12 11 thru 4 Lamp 00 578.0047-0 B 

13 Pl Connector, Plug: ·22 Contacts; Hale 00 542.04l9-0 A 
(Amphenol 133-022-23 or equal) 

14 Ql,2,3,9, Transistor 00 686.0242-0 B 
10,11 

15 Q4,12 Transistor 00 686.0091-0 B 

16 QS,13 Transistor 00 686.0039-0 B 

17 Q6,7,8,14, Transistor 00 686.0032-0 B 
15,16 

18 Q17,18 Transistor 00 686.025S-0 B 
. -~ . ,. 

'''1040TEI THE C'" TEGORY COL.U .... 104 'S DESI GIo4 ED TO INDIC ... TE ... V ... I L. ... BIL.ITY OF P ... RT •• UNIT T'ITLE 
... -INDIC ... TE. P ... I1IT. TH ... T SHDUL.D BE PUI1ICH .... ED L.OC ... LLY. 
B .INDIC ... TE. P ... RT. THAT SHOULD BE ·,sUI1ICH .... ED "'''0'''' 1£ ... 1. 

DUAL DC AMPLIFIER 

DATE 4/ 21/ 66 
MOOEL NO. 

6.283-4 Sh.l of 3 She 

AIII-21 
M4I46 



ITEM ~ REF. DESIG. ' 

32 R18,SO 

33 R19,20,47, 
49 

34 R2l,22,42, 
43 

35 R23,45 

36 R24,44 

37 R25,26,5l, 
52 

38 R53,54 

39 R55,56 

40 R57,58 

41 R59 

42 XDl 

Resistor. F;lx~d.j Compo!ii. tion: " 
2 • 2K ohms :t5%, l/2W ~ 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
220 ohms :t5%, 1I2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
22K ohms :t5%, 1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
l20K ohms 2:5%, 1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
10 ohms 2:5%, 1/2W 
(Allen-Br ad ley EB Dr equal) 

Resistor, Fixed, Composition: 
68K ohms 2:5%, 1I2W 
(Allen-Bradley EB or equal> 

Resistor, Fixed, Composition: 
l80K ohms ±5%, 1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
4.7 Megohms 2:5%, l!2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Comoosition: 
270K ohms ±5%. l/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
8.2K ohms 2:5%, 11 4W 
(Allen-Bradley CB or equal) 

Socket, Tube: 9 Contacts, 90° Printed 
Cireui t 
(Elco Corp. 05-4008 or equal) 

43 XQl thru 18 Socket, Transistor: 3 Contacts 
(Augat Inc. 8069-1G1 or equal) 

00 626.0222 .. 0 

00 626.0221 .. 0 

00 626.0223-0 

00 626.0124-0 

00 626.0100-0 

00 626.0683-0 

00 626.0184-0 

00 626.0475-0 

00 626.0274-0 

00 625.0822-0 

00 650.0075-0 

00 650.0121-0 

NOTE,THE' CATEGOAY COL.UMN IS DESIGNED To INDICATE AVAIL.ABILITY OF PAATS. UNIT TITLE 
A - INDICATES PAATS THAT SHOULD BE PUACHAIED LOCALL.Y. 
B -INDICA TES PAATS THAT SHOUL.D BE PUACHAIED FAOM EAI. 

DUAL DC AMPLIFIER 

*Cl.T. 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

DATE 4 I 21 I 66 

MODEL NO. 

6.283-4 She 3 of 3 She 

AIII-23 
M 



ITEM REF. 'DESIG. DESCRIPTION , , ' "" • "'~. -'.1 

1 Connector Block: Le~terd 
(DUAL DC AMPL 6.712) 

2 Resistor, Precision (Matched Set) 

NOTE. THE C ... TEGORY COL.UMN I. DE.IGNED TO INDIC ... TE ... V ... IL. .... IL.ITY OF P ... RT •• 

A - INDICATE. PARTS THAT 'I'fOUL.D BE PURCH .... ED L.OC ... L.L.Y. 
,,-INDIC ... TE. P ... RT. TH ... T 'I'fOUL.D BE PUACI'fA.ED FROM EAI. 

0 ... TE 4 I 21 I 66 

AIII-24 

UI~o. ·CAT. 

00 542.1226-0 B 

tlo 640.0081-0 B 

UNIT TITLE 

DUAL DC AMPLIFIER 

MODEL NO. 

6.712 Sh.l of 1 Sh. 



r---~----------~--------------------__ ----__________________ -, ________ ~~" ______ ,-__ ~~, 
. lTEM REF.~ DESIO;' DESCRIPTION , EAI NO. *CAT. 

1 R6S' ., " . ita'sistor, Precision ",00638. 0 244~;O B ", 

2 Connector Block: Lettered (MULT 7--~-045) 00 542.0363-0 B 

3 Connector Block: Lettered (REF) 00 542.0363-1 B 

7.044 (1/4)2 MULTIPLIER 

1 CR1 thru 14 Diode 00 614.0042-0 B 

2 R1,7 Potentiometer 00 642.0457-0 B 

3 R2,3,8,9 Potentiometer 00 642.0445-0 B 

4 R4,5,6,10, Potentiometer 00 642.0444-0 B 
11,12 

5 R13,39 Resistor, Fixed, Composition: 00 626.0301-0 A 
300 ohms ±5%, l/2W 
(Allen-Bradley EB or equal) -

6 R14,40 Thermistor 00 646.0004-0 B 

7 R15,41 Re sis tor, Fixed, Composition: 00 626.0123- 0 A 
12K ohms 2:5%, 1/2W 
(Allen-Bradley EB or equal) 

~ 

8 R16,42 Thermistor 00 6~6.0003-0 B 
, 

9 R17,43 Resistor, Fixed, Composition: 00 -626.0824- 0 A 
820K ohms ±5%, 1/2W 
(Allen-Bradley £B or equal) 

10 R18,44 Resistor, Precision 00 63H .0282-0 B 

11 R19,45 Re-sistor, Precision 00 638.0283-0 B 

12 R20,46 Resistor, Precision 00 638.02R4-0 B 

13 R21,47 Resistor, Precision 00 638.285-0 B 

14 R22,48 Resistor, Precision 00 638.0286-0 B 

15 R23,49 Resistor, Precision 00 638.0541-0 B 

16 R24,50 Thermistor 00 646.0002-0 B 

I"NOTE'THE CATEGORY COLUMN IS DE.IGNED TO INDICATE ... V ... IL .... ILITYOF P ... RT •• UNIT TlrLE 
A *INDIC ... 1'I£. P ... RT. TH ... T .HOULD.E PURCHA.ED LOCALLY. 
a·INDlc ... TE. PART. TH ... T SHOULD Be: PURCH .... ED FROM E ... I. 

0'" TE 4 I 21 I 66 

(1/4)2 MULTIPLIER 

MODEL MO. 

7.045 She 1 of 2 She 

AIII-25 



,~ " -, 
ITEM REF.OESIG. ' DESCRIPTION r 

",,,,EAt NO. *CAT. ';' i .. 
" 

17 R25 thr.u36 Resist0J:" Precis,ion .<Matched Pair) no 640.0048-0 .l3 
51 thru 62 

The resistors below are to be matched in 
pairs as indicated. 

R25 and R26 R51 and R52 
R27 and R28 R53 and R54 
R29 and R30 R55 and R56 
R31 and R32 R57 and R58 
R33 and R34 R59 and R60 
R35 and R36 R61 and R62 

18 R37 and R38, Resistor~ Precision (Matched Pair) 00 640.0049-0 B 
R63 and R64 

19 Connector~ Plug: 22 Contacts 00 542.0419-0 A 
(Ampheno1 133-022-23 or equal) 

IoNOTI£ITHE CATEGORY COLUMN If DESIGNED T.O INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A· INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY • 
• • INDICA TES PARTS THAT SHOULD BE PURCHASED FROM 1£1101. 

DATE 4 / 21 166 

AIII-26 

(1/4)2 MULTIPLIER 

MODEL NO. 

7.045 Sh. 2 of 2Sh. 



ITEM REF. DESIGo", DESCRIPTION 

1 C1,2,3;4 Capacitor 

2 CR1 thru 12 Rectifier, Silicdn: ~ PIV 100V @ 750 MA 
(Solitron Devices Inc. CER-68 or equal) 

;. f 

3 F1,2,3,4 Fuse, Cartridge, Wast Acting: 
3/4 amp, 250V' c. 

(Littelfuse 312.750 or equal) 

4 FS Fuse, Cartridge, Slow Acting: 
1 amp, 125V 
(Littelfuse 313001 or equal) 

5 F6 Fuse, Fast Acting: 

6 Q1,2,3 

7 T1 

8 XQ1,2,3 

1.5 amp, 250V; Visual Window 
(Bussman GJV1 1/2 or equal) 

Transistor: 2N242 

Transformer 

", 

Kit, Transistor Mounting 
(Bendix AviatiA:m Corp. 

',I 
210-6500 or equal) 

00 516.0253-0 

00 614.0110-0 

00 570.p084-0 

00 570.0111-0 

00 570.0169-0 

00 686.0018-0 

00 684.0161-0 

00 650.0104-0 

NOTE. THE CATEGORY COLUMN IS DESIGNIED TO INDICATE AVAILA.ILITY 0 .. PAJIITS. UMIT TITLE 
A· INDICATES PAJIITs THAT SHOULD .IE PUJIICHASIED LOCALLY. 
IS • INDICATES PAJIITS THAT SHOULD .IE'PUJIICHASIED .. JIIOM lEAl. 

·C"'T~ 

A 

A 

A 

A 

A 

B 

A 

REGUlATED PCWER SUPPLY 

DATe: 8 I 25 I 67 
MODEL MO. 

10.179 Sh. 1 of 1 Sh.' 

AIIl-27 



IT:IM RIP'. DISIG.-

1 C7 ' 

2 C8,9 

3 CR3 

4 CR6 

5 Q5 

6 Q6 

7 Rl5 

8 R16,17 

9 R18 

10 R19 

11 R20 

12 R2l 

13 R24 

Capacitor 

Capacitor 

Diode: IN754 

Rectifier, Silicon: PIV 100V @750 MA 
(Solitron Devices Inc. CER-68 or equal) 

Transistor: 2N1377 

Transistor 

Resistor, Fixed, Composition: 
10K ohms ±5%, 1/ 2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
4. 7K ohms :t5%, 1/ 2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
470 ohms ±5%, 1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
lK ohms ±5%, 1/2W 
(Allen-Bradley EB or equal> 

Resistor, Fixed, Composition: 
560 ohms ±5%, 1/2W 
{Allen-Bradley EB or equal> 

Potentiometer 

Resistor, Fixed, Composition: 
75 ohms :t5%, 1/2W 
{Allen-Bradley EB or equal> 

'Q0516.0199, ... 0 

00 516.0198-0 

00614.0046-0 

00 614.0110-0 

00 686.0079-0 

00 686.0028-0 

00 626.0103-0 

00 626.0472-0 

00 626.0471-0 

00 626.0L02-Q 

00 626.0561-0 

00 642.0443-0 

00 626.0750-0 

NOT.aTH. CATIl.O .. V COL.UMN 'I OIlIl.NIlO TO INOICAT. AVAIL.A.IL.ITV 01" "A .. TI. UNIT TITLE 
A -INOICAT.I PARTI THAT IHOULO •• "URCHAI.O L.OCAL.LY • 
• • INOICAT •• PA .. TI THAT .• HOUL.O .... U .. CHA •• O I"ROM .AI. 

POWER SUPP LY REGULATOR 

*CAT. 

B 

B 

A 

A 

A 

B 

A 

A 

A 

A 

A 

B 

A 

on. 41 21 166 
MODEL NO. 

43.107 Sh.l of l She 

AIII-28 



ITEM I .EF. DeSIG~:" 

1 Pl 

2 PP 

DESCRIPTION 

Gonnecto-r, }.>lug: 22 Contacts; Male 
(Amphenol 133-022-21 or equal) 

Connector Block: Lettered (REF 12.266) 

*CAT. 

00 542.0569,..0 A 
". 

'00 542.0371-0 B 

~NOTE.THa: CATEGORY COLUMN IS ollt.~#~ INDICATE AVAILABILITY OF PARTs. UNIT TITLE 
A • tNDICATlts PARTs THAT.SHOlJ~D:'£ PUI'ICHAS£D LOCALLY. 
B .INDICA Tits PARTs THATSHbY.J.o;llt PUI'ICHASa:D FI'IOM Itt.... 

OJ. TE 4 I 21 I 66 

.' 

REFERENCE NETWORK 

MODEL NO. 

12.266 She 1 of 1 She 

AIII-29 



ITEM .IP~DESI'G. DESCRIPTION , EAt'No. -CAT. 

1 Connector Block: Lettered (TIE PT 12.267) 00 542.0371-1 B 

10 NOTIlI THE C ... TEOORY COI..UMN II DIlIIONED TO INDIC ... TE ... V ... 'I.. .... II..ITY OF P ... RT •• UNIT TITLE 
.... INDIC ... TE. P ... RTI TH ... T IHOUI..Dall PURCHA.ED 1..0CAI..LY • 
• • INDIC ... Til. P ... RTI TH ... T .HOUI..D all PURCH .... ED FROM E ... I. 

TIE POINT NETWORK 

DATE 41 21 I 66 

MODEL NO. 

12.267 Sh. 1 of 1 Sh. 

AlII-3D 



ITEM REpr"oiSIG. DESCRIPTION 

1 Pl Connector ,P lug :,' 22 Contacts; Male 
(Amphenol l33~022-2r or equal) 

2 pp Connector Block: Lettered (DISPLAY) 
,. .'''' ""-

teNOTE.THE CATI!.GORY COI..UMN IS DI!.SIGNED TolNDICATE AYAILA.II..ITY OF "ARTS. 

A -INDICATES "AfIITS THAT S!,!9 ... 1.."0 .~~PURCHASED 1..0CAI..I..Y • 
• - INDICA TES PARTS THA T "SHOULO .E,PURCHASED FROM EAI. 

"" 

.. DATE L+I 21 / 66 

,: ... NO. 
""~:i-;'j 

00 542.-0569-0 

00 542.1166-1 

-

UNIT TITLE 

DISPLAY NETY.URK 

MODEL NO. 

12.987 Sh. 1 of 1 

·CAT. 
I 

i 

A 

B 

Sh. 

AIII-31 
M4 



DESCRIPTION ·~T. 

1 Cl,2 

2 C3,4 

3 K1 

capacitor 

Relay: 26.5 vdc, 600 ohm Coil, 
2 Form C Contacts 

iOO 521.0064-0 
~ ~ . "( ".. . ';':., 

00 516.0183-0 

00 618~0188-0 

(General Electric 3S2791GC310A21 or equal) 

4 K2 Realy: 26.6 vdc, 425 ohm Coil, 
2 Form C Contacts 

00 618.0097-0 

(C.P. Clare Type F RP-7641-G40 or equal) 

5 

6 

7 

8 

9 

R1 and 2, 
R3 and 4 

R5 

Resistor, Precision (Matched Pair) 

Resistor, Fixed, Composition: 
560 ohms ± 5%, 1/2W 
(Allen-Bradley EB or equal) 

Connector, Plug: 22 Contacts; Male 
(Ampheno1 133-022-43 or equal) 

Connector Block: Lettered (DUAL NET) 

Connector Block: Lettered (INT 12.1116) 

NOTIE.THIE C ... TlteaO"Y CO ... U ... N 's DIESleaNIED TO INDIC ... TIt ... V ... ' ....... I ... ITY 01" "''''''Ts. 
A • tNDICA TIES PA" Ts THA T SHOU1..D .IE PU"CH .... IED I.OCA ... I. V • 
• • INDICA TIES PA"TS THAT SHOU ... O.IE PU .. CHASIED .... O .... IE ... I. 

DATIt 8/25 f 67 

AIII-32 

00 640.0093-0 

00 626.0561-0 

00 542.0488-0 

00 542.1260-6 

00 542.1260-7 

UNIT TITLE 

,DUAL INTEGRATOR NETWORK 

MODEL NO. 

12.1116 Sh.1 of ISh. 

B 

B 

A 

A 

B 

A 

A 

B 

B 



"~ 

)TEM a., .. Dlls.Go 

1 C1 

2 C2 

3 C3 

4 C4 

5 C5 

6 C6 

7 C7 

8 CR1 

9 CR2 

DESCRI"'ON 

Capacitor 

Capacitor 

Capaci tor, Fixed~ Plastic: 
0.047 uf :20%) lSOV 
(Gudeman 338Y473M or equal) 

Capacitor 

Capacitor, Fixed, Electrolytic: 
50 uf, 25V 
<Cornell Dubilier NLW50-25 or equal) 

Capacitor, Fixed, Ceramic: 
200 nf +80% -10%, lOV 
<Centralab UKlO-204 or equal) 

Diode 

Diode 
(I. T. T. 

j 

G187.or equal) 

niNO. . , 
"-CAT • .. " . 

00 516.0182~0 B· 

00 516.0131-0 B 

00 516.0190-0 B 

00 521.0041-1 A 

00 516.0183-0 B 

00 516.0149-0 A 

00 515.0208-0 A 

00 614.0007-0 B 

00 614.0043-0 A 

10 CR3,4 Rectifier, Silicon: PIV 100V @750 MA 
<Solitron Devices ~nc. CER-68 or equal) 

00 614.0110-0 A 

ju P1 

12 Ql,2 

13 Q3 

14 Q4 

15 Q5 

16 Rl 

17 R2, 6 

18 R3 

Connector, Plug: 22 Contacts; Male 
(Amphenol 133-022-43 or equal) 

Transistor 

Transistor 

Transistor: 2N1377 

Silicon Controlled Switch: 3N60 

Resistor, Fixed, Composition: 
4.7K ohms :!:5%, 1I2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
10K ohms :!:5%,. 1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
15K ohms ,':tS%, 1/2W 
(Allen-Bradley EB or equal) 

NOTE. THE CATEGOtlllY COLUMN IS DESIGNIID TO INDICATE AVAILA.ILITY 0 .. "ARTS. 
A. INDICATIIS PARTS THAT SHOULD .lE PURCHASlED LOCALLY • 
• • INDICATES PARTS THAT SHOULD .E .. URCHASED .. ROM EAI. 

DATE 4 121 166 

00 542.0488-0 A . 

00 686.0032-0 B 

00 686.0029-0 B 

00 686.0079-0 A 

00 648.0008-0 A 

00 626.0472-0 A 

00 626.0103-0 A 

00 626.0153-0 

UNIT TITLE 

AUDIO OVERLOAD ALARM 

MODEL NO. 

13.017 Sh.l of ~ Sh. 

AIII-33 



~I_TIM~~_~,R_E_'~~.~_. E_S_I~~,._ .. ~ __ ~< ____ ~ __ ~., __ D_E_S,_CR_.l_P_T_IDN ____ ~.~~;~~,~~,~ __ ~ ___ ~···,·_.eA __ I~~~~~ ____ -+ ____ ~., 
l~ R4 

20 R5 

21 R8 

22 R9 

23 RIO 

24 Rll 

25 R12 

26 Tl 

27 T2 

28 

29 

Resistor, Fixed. Composition: 
.' 560K ohms :1:5%," ·1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
62K ohms .:1:5%, l/2W 

(Allen-Bradley EB or equal) 

Potentiometer 

Resistor, Fixed, Composition: 
100 ohms ~!S1.~ 1/2W 
(Allen-Bradley EB or equal) 

ReSistor, Fixed, Composition: 
56K ohms ::±5%,. 1/2W 
(Allen-Braaley EB or equal) 

Resistor, Fixed, Composition: 
24 ohms :1:5%, 2W 
(Allen-Bradley HB or equal) 

Resistor, Fixed, Composition: 
150 ohms ±510, 1/2W 
(Allen-Bradley EB or equal) 

Transformer 

Transformer 

. Connector Block: Lettered (13 .017) 

Connector Block: Lettered (OVLD ALARM) 

00 626.0564-0 A , 

00 626.0623-0 A 

00 642.0475-0 B 

00 626.0101-0 A 

00 626.0563-0 A 

00 628.0240-0 A 

00 626.0151-0 A 

00 684.0147-0 B 

00 684.0146-0 B 

00 542.0937-0 B 

00 542.0936-1 B 

IoNOTII:.THII: CATaGORY COioUMN I. DII:.lctNaD TO INDICA Tit AVAlioAaliolTV 01'" ~ART •• UNIT TITLE 
A. tNDICATIl. PART. THAT .HOUioD all: PURCH.A.aD ioOCAioioY. . - • 
• -INDICATE. P,.RT. THAT .HOUioD all: PURCHASED ... ROM II:AIo 

DA TIE 4 I 21 I 66 

AIII-34 

AUDIO CNERLOAD ALARM 

MODEL NO. 

13.017 Sh.2 of 2 She 



ITEM REF. OESIG. DESCRiPtiON 

1 CR 1 thru U Diode 

2 R1,7 Potentiometer 

3 R2,3,8,9 Potentiometer 

4 R4,5,6,10, Potentiometer 
11,12 

5 R13,32 Resistor, Fixed, Composition: 
300 ohms ±5%, 1/2W 
(Allen-Bradley EB or equal) 

6 R14,33 Thermistor 

7 R15,34 Resistor, Fixed, Composition: 
12K ohms ±5%,. 1/2W 
(Allen-Bradley EB or equal) 

8 R16,35 Thermistor 

9 R17,36 

10 R18,37 

11 R19,38 

12 R2(),39 

13 R21,40 

14 R22,41 

15 R23,42 

16 R24,43 

Resistor, Fixed, Composition: 
820K ohms+5%~ 1/2W 
(A11en-BradIey EB or equal) 

Resistor, Precision 

Resistor, Precision 

Resistor, Precision 

Resistor, Precision 

Resistor, Precision 

Resistor, Precision 

Thermistor 

17 R25 thru 30 Resistor, Precision 
44 thru 49 

18 R31,50 

19 R51,52,53 

20 

21 

Resistor, Precision 

Resistor, Precision 

Connector Block: Lettered (X2 DFG' 16.101) 

Connector, Plug: 22 Contacts; Male 
(Ampheno1 133-022-43 or equal) 

EAI NO. 

00 614.0042 ... 0 

00 642.0457-0 

00 642.0445-0 

00 642.0444-0 

00 626.0301-0 

00 646.0004-0 

00 626.0123·0 

00 646.0003-0 

00 626.0824- 0 

00 638.0282-0 

00 638.0283-0 

00 638 0 0284-0 

00 638,0285-0 

00 638.0286-0 

00 638.0541-0 

00 646.0002-0 

00 638.0280-0 

00 638.0281-0 

00 638.0244-0 

00 542.0363-2 

00 542.0488-0 

!oNOTE,THE CATEGlOAY COLUMN I. OE.IGNltO TO INPICATE AVAILABILITY OF PAAT •• UNIT TITLE 

·CAT •. 

B 

B 

B 

B 

A 

B 

A 

B 

A 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

A 

A. INDICATE. PAAT. THAT .HOULD BE PUACHA.ED LOCALLY. 2 
B .INDICATE. PAAU THAT .HOULD .IE PURCHAUD FAOM EAI. X DIODE FUNCTION GENERATOR 

DATE 4 I 21 / 66 

MODEL NO. 

16.101 Sh.1 of 1 She 

AIII-35 



ITEM REP. DESIG. DESCRIPTION " EAI NO. ·CAT. 

1 CRl thru 12 Diode 
,. 

00 614.0042-0 B 
-' 

2 P1 Connector, Plug: 22 Contacts; Male 00 542.0488-0 A 
(Ampheno1 133-022-43 or equal) 

3 R1, 2,38,39 Potentiometer 00 642.0448-0 B 

4 R3,4,40,41 Potentiometer 00 642.0444-0 B 

5 R5,42 Potentiometer 00 642.0688-0 B 

6 R6,32 Resistor, Precision 00 638.0609-0 B 

7 R7,33 Resistor, Precision 00 638.0611-0 B 

8 R8,34 Resistor, Precision 00 638.0470-0 B 

9 R9,35 Resistor, Precision 00 638.0610-0 B 

10 R10,36 Resistor, Precision 00 638.0608-0 B 

11 Rll,37 Resistor, Precision - 00 638.0440-0 B 

12 R12,25 Resistor, Precision 00 638.0447-0 B 

13 R13,26 Resistor, Precision 00 638.0450-0 B 

14 R14,27 Resistor, Precision 00 638.0449-0 B 

15 R15,28 Resistor, Precision UU 638.0444-0 B 

16 R16,29' Resistor, Precision 00 638.0441-0 B 

17 Rl 7,30 Resistor, Precision 00 638.D438-0 B 

18 R18,31 Resistor, Precision 00 638.0437-0 B 

19 R19,22 Resistor, Variable, Wirewound: 00 6~2.0571-0 A 
100 ohms ±Sio, lW 
(Int. Resistance Co. Mode 1 iff 100 or equal) 

20 R20,23 Resistor, Precision 00 638.0439-0 B 

21 R21,24 Resistor, Precision 00 638.0376-0 B 

22 Connector Block: Lettered ( LOG X DFG 16.126 ) 00 542.0371-2 B 

IoNOT£.TH£ CATEGORY COLU"'N IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A. INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. LOG X DIODE 
B .INDICATES PARTS THAT SHOULD BE PURCHASED FRO'" £AI. 

FUNCTION GENERATOR 

OA Til. 4 I 21 /66 

MODEL NO. 

16 ~ 126 Sh. 1 of 1 Sh. 

AIII-36 

I 

M4.u 



' .. 

ITEM REF. HSIG • . DESCRIPTION· .' 

1 CRl thru 12 Diode 

2 PI Connector, Plug: 22 Contacts; Male 
(Ampheno1 133-022-43 or equal) 

3 R1,2,38,39 Potentiometer 

4 R3,4,5,40~ Potentiometer 
41,42 

5 R6,32 Resistor, Precision 

6 R7,33 Resistor, Precision 

7 R8,34 Resistor, Precision 

8 R9,35 Resistor, Precision 

9 RIO,36 Resistor, Precision 

10 Rll,37 Resistor, Precision 

11 R12,25 

12 R13,26 

13 R14,27 

14 R15,28 

15 R16,29 

16 R17,30 

17 R18,3l 

18 R19,22 

19 R20,23 

20 R21,24 

Resistor, Precision 

Resistor, Precision 

Resistor, Precision 

Resistor, Precision 

Resistor, Precision 

Resistor, Precision 

Resistor, Precision 

Resistor, Variable, Wirewuund: 
·500 ohms ±20%, 2W 

(Chicago Telephone Supply Type~F 115 
or equal) 

Resistor, Precif~on 
'j 

Resistor, Precision 

-CAT. 

00 614.0042-0 B 

.00 542.0488-0 A 

00 642.0487-0 B 

00 642.0448-0 B 

00 638.0613-0 B 

00 638.0615-0 B 

00 638.0434-0 B 

no 638.0614-0 B 

00 638.0612-0 B 

00 638.0427-0 B 

00 638.0433-0 B 

00 638.0436-0 B 

00 638.0435-0 B 

00 638.0430-0 B 

00 638.0428-0 B 

00 638.0424-0 B 

00 638.0423-0 B 

00 642.0579-0 A 

00 638.0425-0 B 

00 638.0376-0 B 

21 Connector Bloc~: Lettered (1/2L X DFG 16.133) 00 542.0371-3 , B 

°NO'l'EITHE CATEGORVCOLUMN 1 •. DE~,~~,e.;~~ti.IND'CATE AVAILABILtTV ~"~"RTS. 
A • INDICATE. PART.···TMA T IHOULD.1I(£ PURCHAIED LOCA LLY • 
• -INDICA TEl PARTI THAT'.~O~t:D~:;t PURCHAIED ... ROM EAI. 

, 'f . 
--:j: 

DATE 4 I 21 I 66 

UNIT TITLE 

112L<X; X DIODE 
FUNCTION GENERATOR 

MODEL NO. 

16.133 Sh. 1 of 1 Sh. 

AIII-37 
M 



ITEM REF.1)ESJ,G. 
. . """" 

1 CRI 

2 P1 

3 R1 

4 R2 

5 R3 

6 R4 

7 R5 

8 R6,8 

9 R7 

10 R9 

DESCRIPTION 
>', 

'Diode 

Connector, Plug: 22 Contacts; Male 
(Amphenol 133-022-43 or equal) 

Potentiometer 

Resistor, Fixed, Film: 
21.5K ohms ±l%, l/SW 
(Int. Resistance Co. CEA-TO or equal) 

Resistor, Fixed, Film: 
29.4K ohms ±l%, l/BW 
(Int. Resistance CEA-TO or equal) 

. 0 
Thermistor: 3l.7K ohms ±5%, 0.B2W @25 C 

(Keystone Carbon RL-12l5-l7.6K-llB-Sl 
or equal) 

Resistor, Fixed, Film: 
499K ohms +1%, l/BW 
(Int. Resistance Co. CEA-TO or equal) 

Resistor, Precision 

Potentiometer 

ReSistor, Precision 

• 
. ' . Resistor, Variable, Wirewoun d 

• 0 
50K ohms +5%, lW @50 C 

11 RIO, 11 

12 R12 

13 R13 

(Int. Resistance Co. 100 or equal) 

ReSistor, Precision 

Resistor, Fixed, Film: 
249K ohms +1%, 1LBW 
(Int. Resistance Co. CEA-TO or equal) 

IAIMa. 
---.::_ -, __ .~,,,v 

00 614.0007-0 B 

00 542.0488-0 A 

00 642.0452-0 B 

00 634.0491-4 A 

00 634.0491-2 A 

A 

00 634.0491-1 A 

00 63B .0923-0 B 

00 642.0453-0 B 

00 638.0924-0 B 

00 642':;0692-7 A 

00 638.0945-0 B 

00 634.0544-0 A 

14 Connector Block: Lettered (VDFG 16.304-1) 00 542.1225-1 B 

NOTE. THE CATEGORY COLUMN IS DESIGNED TD INDICATE AVAILABILITY DF PARTS. 

A - INDICATES PARTS THAT SHOULD eE PURCHASED LOCALLY. 
e -INDICATES PARTS THAT SHOULD eE PURCHASED "'ROM EAt. 

DATE 8 / 16/ 66 

AIII-38 

UNIT TITLE 

+VARIABLE DIODE FUNCTION 
GENERATOR 

MODEL NO. 

16 .. 304-1 Sh. lof 1 Sh. 



11 
'," 

ITEM REP.DE5IG. : DESCRIPTION " 

~ 
~ 

" 1 Cl Capaci tor; 'Fixed, ;Ceramic: ~OO 
180 pf;f:c!O%-, 60UV 
(Erie Resi'Sl:or 315X5U181K or equal) 

. 
2 C2 Capacitor, Fh;ed, 'Ceramic: 00 

18 p£ :1:10%,' 1000V 
(Cornell Dubilier LAIOQ18-SL or equal) 

3 Pl Connector, Plug: 22 Contacts; Male 00 
(Amphenol 133-022-21 or equal) 

4 PP Connector Block: Lettered (VDFG 16.308) 00 

5 R13,14 Resistor, Precision 00 

6 R15 Resistor, Precision 00 

i:'" 
~ '. ::::.. . 

"'OTE. THE CATEGOFtY COLUMN IS DESlGNE.D TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A -INDICATES PAFtTS THAT SHOULD ,.E. PURCHASED LOCAL.L.Y. 

EA' NO. *CAT. 

515.0040-0 I"'f?,. 

515.0013-0 A 

542.0569-0 A 

542.1225-6 B 

638.0950-0 B 

638.0944-0 B 

B -INDICATES PAFtTS THAT SHOUL.DBIE PUFtCHAUD ... FtOM EAI. "'VARIABLE DIODE FUNCTION 

DATE 4 / 21 I 66 

MODEL NO. 

16.308 

GENERATOR 

Sh. 1 of ISh. 

AIII-39 

, 



ITIM. RIP. DISIG. 

1 CRl,2' 

2 Ml 

3 Rl 

4 R2 

S R3 

6 R4 

7 RS 

8 R6 

9 R7 

10 R8 

11 R9 

12 RlO 

13 Rll 

14 Rl2 

DISCRIPTION 

. . 
Diode 

(I.T.T •. G187 or equal) 

Meter 

Resistor, Fixed, Film: 
198K ohms %1%, 1/2W 
(Int. Resistance Co. Type MEC-T2 or equal) 

Resistor, Fixed, Film: 
S8K ohms %1%, 1/2W 
(Int. Resistance Co. Type MEC-T2 or equal) 

Resistor, Fixed, Film: 
18K ohms ±l%, 1/2W 
(Int. Resis tance Co. Type MEG-T2 or equal) 

Resistor, Fixed, Film: 
4K ohms ±l%, 1/2W 
(Int. Resistance Co. Type MEC-T2 Dr equal) 

Resistor, Fixed, Film: 
598K ohms ±l%, 1/2W -
(Int. Resistance CD. Type MEC-T2 or equal) 

Resistor, Fixed, Film: 
700 ohms ±l%, 1/2W 
(Int. Resistance Co. Type MEC-T2 or equal) 

Resistor, Fixed, Composition: 
lK ohms :tS%, 1/2W 
(Allen-Bradley EB or equal) 

Resistor, Fixed, Composition: 
8.2K ohms :tS'}'o, 1I2W 
(Allen-Bradley EB or equal) 

Re~istor, Fixed, Composition: 
2.2K ohms :tS%, 1 I 2W 
(Allen-Bradley EB or equal) 

Resistor, Variable, Wirewound: 
2K ohms ±3%, SW 
(Helipot Model AR2KL.l or equal) 

Potentiometer 

Resistor, Fixed, Composition: 
100 ohms :tS%, lW 
(Allen-Bradley GB or equal) 

IAIMo. 

00 614.0043-0 

00 590.0032-0 

00 634.0064-0 

00 634.0098-0 

00 634.0097-0 

00 634.0096-0 

00 634.0099-0 

00 634.0339-0 

00 626.010L.-0 

00 626.0822-0 

00 626.0222-0 

00 642.0134-0 

00 642.0289-0 

00 627.0101-0 

10 NOT I£< THE C ... TEGORY COLUMN I. DE.IGNED TO INDlc ... n;;: ... v ... IL .... ILITY OF P ... RT •• UNIT TITLE 
... - INDIC ... TE. P ... RT. TH ... T .HOULD .£ PURCH .... ED LOC ... LLY • 
• -INDIC ... TE. P ... RTS TH ... T sHOULD BE PURCH .... £D FROM E ... I. 

CONTROL PANEL 

MODEL NO. 

*CAT. 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

D ... TE 4 / 19 / 66 20 734 Sh.l of 2 She 

AIIl-40 



, 
ITEM REP. DESIG. DESCRIPTION EAI NO. 

15 Sl Swi tch, Rotary: 2 Sections, 3 Poles per 00 658.0023-0 
Section, 2 to 5 Positions, Non-Shorting 
(Centralab FA-2021 or equal) 

16 S2 Switch 00 658.0156-0 

17 S3 SWitch, Toggle: AC Only, DPDT w/Center Off 00 664.0010-0 
(Cutler Hammer 7563K4 or equal) 

18 S4 SWitch, Toggle: AC Only, SPST 00 664.0009-0 
(Cutler Hrunmer 7501K13 or equal) 

19 S5 Switch, Push (Roc,ker): DPDT w/Center Off 00 656.0075-0 
(Cutler Hrunmer 8l32K20E6V5l or equal) 

ioNOTa.THIE CATEGORY COI..UMN IS DESIGNED TO INDICATE AVAII..ABII..ITY OF PARTS. UNIT TITLE 
A -INDICATIES PARTS THAT SHOUI..O 81E PURCHASED L.OCAI..I..Y • 

·CAT. 

A 

B 

A 

A 

A 

• -tNOICA TIE. PAIns THAT'j;tOUL,O~1E PuttCHAS.O, ~Ro.M~~I,' 

A, t .. : 'CONTROL PANEL' 

DA TB 4 I 19 / :66 
MODEL HO. 

20.734 

AIII-41. 



.... ,"w 

... 

,ITEM REF. DEsIG. , i)I." .tHo. -CAT. " 

1 j.cl 

2 CRl 

Capacitor ,Fixed.' J:1~;ctrolytic! 
0.22 uf .±i-0%,50\7;;' 
(Kemet KR22C50K_'~ equal) 

·,;~1'· 

Silicon Controlled R~tifier 

" 00 516 .• 0369-0 

3 DSl Lamp, Incandescent:, "O.075A, 6.3V, Red Base 
(Tungsol 1;2334 or:':.equal) 

00 448.0006-0 

00 578.0077-0 

4 R1 Resistor, Fixed, Composition: 
2.2K ohms .±5%, l/4W 
(Allen-Bradley CB or equal) 

00 625.0222-0 

IoNOTEITHE CATEGORY COLUMN I. OEIIGNEO TO INOICATE AVAIL .... IL.ITY OF PART •• UNIT TITLE 
A -INDIC ... TE. PART. 'THAT ,HOULO .E PURCH .... ED L.OC ... L.L.Y. 
S -INOIC ... TE. P ... RT. TH ... T .HOUL.O SE PURCH .... a:O FROM E ... I. 

DATE 8 11.6 I 66 

AIII-42 

OVERLOAD INDICATOR 

MODEL NO. 

20 738 Sh.l oh She 

A 

B 

A 

A 



ITEM REF. DESIG. DESCRIPTION EAI NO. ·CAT. 

1 C25,26 Capacitor, Fixed, Ceramic: 00 515.0020-0 A 
220 pf ±10%, 600V 
(Cornell Dubilier l.A6T22-S3 or equal) 

, 
2 Jl Connector Block: Lettered 00 542.1226-1 B 

(ELEC COMP 40.538) 

3 P2 Connector, Plug: 22 Contacts; Male 00 542.0569-0 A 
(Amphenol 133-022-21 or equal) 

4 R22-( 1,2), Resistor, 
R24-(1,2) 

Precision (Matched Pair) 00 040.0093-0 B 

IoNOTEtTHE CATEGO"Y COL.UMN IS OES'GNEO:1'O INDICATE AVAIL.ABIL.ITY OF PARTS. UNIT TITLE 
A,.,INDICATES PARTS THAT SHOUL.DBe: PURC,HASe:O LOCALL.Y" 
B' .INDICA TES PA"TS THA T SHOUL.D' •• PURC14ASe:O FROM lEAl.' 

ELECTRONIC COMPARATOR 

M()DEL NO;" " 

,," DATE 4. I ;n I 66 40 , 518 SIt. 1 of 1 Sh. 



ITIM 

1 

2 

3 

4 

5 

6 

7 

alP. DISlo. 
',.eo 

C2,S,27 

C3,6,28 

C4 

Cll 

C20 

CR 1,2 

CR3,6 thru 
10 

8 CR4 

9 CR5,18 

10 CR12,15 

11 Ll-l,Ll-2 

12 P1 

13 Ql,5 

14 Q2 

15 Q3,4 

16 Q6 

17 Q7 

18 Q8 

. . - -c::- ~: . 
OISCRIPTIOM 

. '. ~ 

. Capacitor 
-- --

Capacitor. Fixed • Ceramic: 
100 pf ::1:10%, 1000V 
(Cornell-Dubi1ier LAIOTI-S3 or equal) 

----
Capacitor, Fixed, Ceramic: 

68 pf ::1:10%, 1000V 
(Cornell Dubilier LAIOQ68-S3 

Capacitor, Fixed, Ceramic: 
470 pf ::1:10%, 600V 

or equal) 

(Aerovox BCD-DI-1-471K or equal) 

Capacitor, Fixed, Ceramic: 
27 pf ±S%, 1000V 
(Sprague 19C420(10TC-Q27) or equal) 

Diode 

Diode 
(I.T.T. Gl87 or equal) 

Diode: Zener; 10V ±1/o, l/4W 
(Dickson - 1/4Z10D5 or equal) 

Diode: Zener; 13V ±2%, 3/4W 
(Dickson - 3/4Z13D2 or equal) 

Diode: Matched Quad 
(General Electric 4-JF4-MQ-2 or equal) 

Inductor: 240 uh ±5%, 1/2WMAX @90OC 
(Miller 9210-94 or equal) 

Connector, Plug: i2 Contacts; Male 
(Ampheno 1 133-022- 23 or equal) 

Transistor: 2N964 

Transistor: 2N3646 

Transistor: 2N1304 

TranSistor 

Transistor: 2N2276 

Transistor 

NOTE. THE C ... TEGORV COL.UMN'S DE.IGNED TO ,'NDICATE ... V ... IL. .... 'L.ITY OF ..... RT •• 

... ·INDIC ... TE. P ... RT. TH ... T .HOUL.D .E .. VR.CR .... ED L.OC ... L.L.V • 
• • INDIC ... TES P ... RTS TH ... T s..iOUL.O·:.1t P\1f'C:~ASEO FROM E ... I. 

, , . "-.Jo. . ' •• ~ 

0'" TE 4 I 21 I 66 

AIII-44 

"'NO. *Cl.T. 

00 516.0267-0 B 

00 515.0019-0 A 

00 515.0018-0 A 

00 515.0272-0 A 

00 515 0 0016-0 A 

00 614 0 0007-0 B 

00 614.0043-0 A 

00 614.0179-0 A 

00 614.0178-0 A 

00 614.0203-0 A 

00 538.0017-0 A 

00 542.0419-0 A 

00 686.0103-0 A 

00 686.0230-0 A 

00 686.0074-0 A 

00 686.0120-0 B 

00 686.0144-0 A 

00 686.0107-0 B 

UNIT TITLE 

ELECTRONIC COMPARATOR CARD 

MODEL NO. 

40.493-1 Sh.l of 3 She 

M446 



ITEM REF. DESIG. DESCRIPTION EAI NO. ·CAT. 

19 Rl Resistor, Fixed, Composition: 00 625.0363-0 A 
36K ohms ::!:S%, l/4W 
(Allen-Bradley CB or equal) 

20 R2 Resistor, Fixed, Composition: 00 625 00622-0 A 
6 02K ohms ::!:5%, l/lM 
(Allen-Bradley CB or equal) 

21 R3, 15, 18, Resistor, Fixed, Composition: 00 625 00102-0 A 
19,20,34 lK ohms ::!:S%, 1/4W 

(Allen-Bradley CB or equal) 

22 R4 Resistor, Fixed, Composition: 00 625.0152-0 A 
1.SK ohms ::!:5%, 1/4W 
(Allen-Bradley CB or equal) 

23 RS,lO Resistor, Fixed, Composition~ 00 625.0274-0 A 
270K ohms 2:5/0, 1/4W 
(Allen-Bradley CB or equal) 

24 R6,12 Resistor, Fixed, Composition: 00 625.0182-0 A 
L8K ohms 2:S%, 1/4W 
(Allen-Bradley CB or equal) 

25 R7,9 Resistor, Fixed, Composition: 00 62S.01S3-0 A 
lSK ohms 2:S%, 1/4W "" 
(Allen-Bradley CB or equal) 

26 Rll Resistor, Fixed, Composition: 00 62S.0222-0 A 
202K ohms 2:5%, 1/4W 
(Allen-Bradley CB or equal) 
-

27 R13 Resistor, Fixed, Composition: 00 625.0223-0 A 
22K ohms 2:5/0, 1/4W 
(Allen-Bradley CB or equal) 

,~8 R14 Resistor, Fixed, Composition: 00 62S.0l03-0 A 
10K ohms :tS%, 1/4W 
(Allen-Bradley CB or equal) 

,~9 R16,3S Resistor, Fixed, Composition: 00 62S.0l04-0 A 
lOOK ohms 2:5/0, 1/4W 
(Allen-Bradley CB or equal) 

30 R17 Resistor, Fixed, Composition: 00 62S.0392-0 A 
3 0 9K ohms :t5%, 1/4W 
(Allen-Bradley CB or equal) 

31 R26 Resistor, Precision 00 638 0 0906-0 B 

~OTE' THe CATEGOFIV COLUMN IS DESIGNED TO INDICA TE A v AI LA BILl TY OF PAFlTS. UNIT TITLE 

..... 

A ·INOICATES,PAFlTS THAT S ... O.UL. 0' BE PUFICHASED L.OCALLV. 
B .INDICA TeS PAFlTS THAT .HOUL.D BE PUFICHASEO -"FlOM lEAl. 

OATe 8 ,16 I 66 

ELECTRONIC CoMPARATOR CARD' 

MOOEL NO. 

40.493 .. 1 st.. 2 of3 Sb:* 



IT 1M Ill'. 01110. 

32 R27 

33 R28,30 

34 R29 

35 R3l 

36 R36 

37 R37 

38 R38 

'~" :'.",' ';: 
Resistor, Variable"," Wirewound: 

50 ohms :1:5% "tw"; 
(Daystrom Typ~;:'?~500 or equal) 

, '~1',. 

Resistor, Fixed, Cokposition: ' 
470 ohms :l:5%,114W 
(Allen-Bradley CB or equal) 

Resistor, Precision 

Resistor, Variable, Wirewound: 
20 ohms :1:5%, lW 
(Daystrom Type 25500 or equal) 

Resistor, Fixed, Composition: 
2K ohms :1:5%, 1/4W 
(Allen-Bradley CB or equal) 

Resistor, Fixed, Composition: 
15 ohms :1:5%, 1/4W 
(Allen-Bradley CB or equal) 

Resistor, Variable, Film: 
50 ohms ±30%, 1/2W @70oC 
(Beckman Helipot #62P-R50 or equal) 

39 XQl,2,5,6,1 Socket, Transistor 

40 XQ3,4,8 Socket, Transistor: 3 Contacts 
(Augat Inc. 8069-1Gl or equal) 

~T.' 

00 642.0591-0 A 

00 625.0471-0 A 

B 

00 642.0592-0 A 

00 625.0202-0 A 

00 625.0150-0 A 

00 642.0756-0 A 

00 650 0 0162-0 B 

00 650.0121-0 A 

!oNOTE' THE CATECiORY COLUMN IS DE81G-NED'tO INDICATE'" V A.ILA. 81LITY OF PARTS. UNIT TITLE 
A -INDICATES PARTS THAT SH9UL:O.E PURCH .... ED LOCALLY. 

8 -INDICATES PARTS THAT .HOU,LDliI(PUR(:H .... ED FI'tOM EAI. ELECTRONIC COMPARATOR CARD 

D ... TE 4 I 21/ 66 

AI!I-46 

MODEL NO. 

40.493-1 Sh.3 of 3 Sh. 



ITEM REP. DESIG. DESCRIPTION EAI NO. ·CAT. 

1 Pl Connector, Plug: 22 Contacts; Male 00 542.0569~0 A 
(Ampheno 1 133-022-21 or equal) 

2 Rl,2 Potentiometer 00 642.0360-0 B 

3 Connector Block: Lettered (ATTEN 42.183) 00 542 0 0366-0 B 

~NOTE. THE C ... TEGORV COLUMN IS OESIGNEO TO INOIC ... TE ... V ... 11.. ... ell..ITV OF P ... RTS. UNIT TITLE 
... -INOIC ... TES P ... RTS TH ... T SHOUI..O BE PURCH ... SED 1..0C ... I..I..V. 

It -INDICATES PARTS "'HAT SHOUI..D .E .. ,-"RCHASED FROM EAI." 

ATTENUATORS 

DATE 4 ILL I 66 

MODEL NO. 

42.183 Sh. 10E 1 Sh. 
A111-41 



. ITEM REP. DESIG.' 
... 

1 P1 

2 PP 

3 R1,2 

4 Sl-( a, b) , 
S2-( a, b) 

Connector,Ph.Jg~.~· .. :21 Contacts; Male 
(Amphenol .133::"((~'4~21 or equal) 

" .. , , -' . 
. -~" .. ':f;'.~ 

Connector Block: L~ttered (AITEN 42.187) 

Potentiometer 

SWitch, Sensitive::c.Sing1e Pole Double Throw 
1 Form C Contact:s 
(Micro-Switch 1SM22-T or equal) 

EAt NO. 

00 542.0569-0 

0.0 542.0366-1 

00 642.0360-0 

00 662.0010-0 

NOTE. THE CATEGORY COI-UMN IS DESIGNED TO INDICATE AVAII-Aell-ITY OF PARTS. UNIT TITLE 
A • INDICATES PARTS THAT SHOUI-D·eli, PURCHASED I-OCAI-LoV. 
e .INDICATES PARTs THAT SHOUI-D aE PURCt;lASED FROM EAI. 

ATTENUATOR:S 

*CAT • 

A 

B 

B 

A 

OA TE 4 I 19 I 66 

MODEL NO. 

42.187 Sh. 1 of 1 Sh. 

AIII-48 



ITEM REP. DESIG. 

l'Pi 

2 

3 

4 

pp 

Rl,2 

Sl-(a,b), 
S2-( a, b) 

. ',' 
..• DE5CRIPTION 

l 

GonnectClr, Plug: 22 Contacts j 'Male 
(Amphenol 133-022-21 or equal) 

I 
Connector Block:. Lettered (ATIEN 42.188) 

Potentiometer 

Switch, Sensitive: Single Pole Double Throw, 
1 Form C Contacts 

(Micro-Switch ISM22-T or equal) 

00 

00 

00 

00 

NOTE. THE C ... TEGORV COL.UMN Is DESIC:;J'{~._'F'.' .. T() .. ~ .•.• fi:H'.'.· .. '· .. DIC ... TE ... V ... 1L. ... elL.1 TV OF P ... RTS. UNIT TITLE 
.... INDIC ... T.ES P ... RTS ;-H ... " S':"OVI..D e~f_uRcH"'SED L.OC ... L.L.V. ' 

,EAINo. ·CAT. 

542.0569-0 . A 

542.0366-2 B 

642.0432-0 B 

662.0010-0 A 

- . B .INDIC ... TES P ... RTS TH ... T sl'IOo& .E!?PURCH .... ED FROM E ... I. o ... .'. ., . ATTENUATORS 

D"'TE 4 I 21 I 66 
MODEL NO. 

42.188 . She 10f 1 She 

AIII-49 



',P-~~--------.-------------------____________________ ~ ______________ ~ __ ~ 
ITIM •• ,. DISIO. 

1 Cl 

2 11 thru 4 

3 NWl 

4 Pl 

5 Ql 

6 Q2 

7 Rl 

8 R2 

9 R3,8 

10 R4,5 

11 R6 

l2 R 7 

13 R9,10 

14 Rll 

15 

DISCRIPTION 
'" 

If replacement of either the Zener Diode (CR1) 
or Padder Resistor (R3) is necessary.!22l!! 
units must be replaced by a 00 012.0852-0 
Network (NWl). 

Capacitor 

Lamp 

Network, Zener Resistor 

Connector, Plug: 22 Contacts; Male 
(Arnphenol 133-022-43 or equal) 

Transistor: 2N242 

Transistor: 2N1218 

Resistor, Variable, Wirewound: 
30 ohms ±10%, 0.25W 
(Bourns 200L-l-SOO or equal) 

Resistor, Precision 

ReSistor, Variable, Composition: 
SOK ohms±30% 
(Chicago Telephone Supply Series 70 
HCJ1860 or equal) 

Resistor, Precision 

Resistor, Precision 

Resistor, Variable, Wirewound: 
250 ohms ±lO%, 0.25W @70OC 
(Bourns 271-l-25L or equal) 

Resistor, Fixed, Composition: 
10K ohms !~.4,. l/2W 
(Allen-Bradley EB or equal) 

~esistor, Fixed, Composition: 
lK ohms :!:.5%,. ~W 

(Allen-Bradley GB or equal) 

Connector Block: Lettered (REF 43.037) 

lAi NO. 

00 516.0198-0 

00 578.0047-0 

00 012.0852-0 

00 542.0488-0 

00 686.0018-0 

00 686.0025-0 

00 642.0074-0 

00 638.03L5-0 

00 642.0351-0 

00 638.0702-0 

00 638.0243-0 

00 642.049l-0 

00 626.0103-0 

00 627.0102-0 

00 542.0368-0 

NOTE. THE CATEGO~Y COLUMN'S DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A. INDICATES PARTS THAT SHOULD BE PU~CHASE:D LOCALI.Y. 
8 .INDICATES PARTs THAT SHOULD 8E PU~CHASED FROM EAI. 

REFERENCE REGULATOR 

·CAT. 

B 

B 

B 

A 

A 

A 

A 

B 

A 

B 

B 

A 

A 

A 

B 

DA TIt 4 I 21 I 66 

MODEL NO. 

43,037 Sh.l of 1 Sh. _ 

AlII-50 



ITIM RI'. DISIO. DISCRIPTION 

1 Rl,2 Resistor'" Fixed, Composition: 

2 

3 

lK ohms ±5%, 1/2W 
(Allen-Bradley EB or equal) 

Transistor: 2N242 

Kit, Transistor Mounting 

EAI NO. 

00 626.0102 .. 0 

00 686.0018-0 

00 650.0104-0 
(-Bendix Aviation Corp. 210-6500 or equal) 

NOTltlTHa CATaeo .. v CO .. UMN la oasleNaO·To·'NolcA.Ta AVAIL.el .. 'TV 0 ... p ... Ta. UNIT TITLE 
.' , 

A -INOICATaa P ... TS THA.T aHOU .. O. 8a PU .. CHAaao LOC ..... V. 
8 -INOICATU PAItTS THAT SHOU"O'8a PU .. CHAaao ...... OM aAI. 

i 

MODEL NO. ." .. , 

·CAT. 

A 

A 

A 

41 21:1 6 • 4S.~&S8/'· , ..... 51.1 of t gil .. , 
. :"'\:" ',,'f" ,: 



APPENDIX IV 

DRAWINGS 

TR- 20 MAINTENANCE MANUAL 

This appendix contains necessary scllematics and wiring diagrams of equipment 
described in this manual. To facilitate locating a particular sheet, an index 
is provided that lists the model number of each unit or component, the type of 
drawings, and the associated drawing number. The drawings are bound into the 
manual in the order listed under the index Drawing Number column. 

EAI drawings are prepared in accordance with standard drafting practices for 
'electro-mechanical and electronic equipment •. All symbols arE'. in accordance with 
current government standards. 

Unit or Component 

2.715 Repetitive Operation 
Group 

2.415 Audio Overload Alarm 
Expansion 

2.645-0 Variable DFG Group 

-
16.304 +Variable DFG 

16.308 Readou t Mock Ie 

16.306 -Variable DFG 

2.713-0 Variable DFG Group 

16.154 -Variah1e OFr. 

16.156 +Varlab1e OFG 

16.310 Readout Module 

INDEX 

Type of Drawing 

Assembly 

Assembly (W/Wiring 
Inf0nnat ion) 

Schemi1tic 

Assembly 

Schematic 

Schematic 

Schematic 

Assembly 

Drawing Number 

C002 715 OA 

B002 415 OA 

B016 304 OS (Sheet 1) 

B016 308 OA 

B016 306 OS (Sheet 1 of 2) 

C016 154 OS (Sheet 1 of 2) 

C016 156 OS (Sheet 1 of 2) 

B016 310 OA 

AIV-l .. 



DRAWINGS (Cont) 

Unit or Component Type of Drawing 

6.143 Signal Comparator Schematic 

6.282 Dual DC Amplifier Schematic 

6.712 Dual DC Amplifier Assembly 

7.045 Quarter-Square Multiplier Schematic 

10.179 Regulated Power Supply Schematic 
Wiring 

12.1115 Rep-Op Integrator Schematic 
Network Wiring 

12.1116 Integrator Network Schematic 
Wiring 

12.987 Readout Module Assembly 

13.017 Audio Overload Alarm Schematic 

16.101 Dual X2 DFG Schematic 
Assembly 

16.126 Dual Log X DFG Schematic 

16.133 Dual 1/2 Log X DFG Schematic 

20.366 Function Switch Panel Wiring 

20.532 Repetitive Operation Schematic 
Control Panel 

20.734 Control Panel Schematic 
Wiring 

20.919 Visual Overload Indica- Schematic 
tor (On Panel 20.738) 

36.082 Timing Unit Schematic 

40.538 Electronic Comparator Schematic 

AIV-2 

Drawing Number 

B006 134 OS 

0006 282 OS 

C006 712 OA 

C007 044 OS (Sheet 1 of 2) 

DOlO 179 OS (Sheet 1) 
DOlO 179 OW (Sheets 1 and 2) 

B012 1115 OS 
B012 1115 OW 

C012 1116 OS 
B012 -1116 OW 

C012-987 OA 

BOD 017 OS 

C016 099 OS 
C016 101 OA 

C016 12.6 OS 

C016 133 OS 

B020 366 OA 

C020 532 OS 

C020 734 OS 
C020 734 OW 

B020 919 OS 

C036 082 OS 

0040 538 OS 



DRAWINGS (Cont) 

Unit or Component Type of Drawing 

42.183 Attenuator Panel 

42.185 Attenuator Panel 

42.187 Attenuator Panel 

42.188 Attenuator Panel 

42.243 Attenuator Unit 

43.037 Reference Regulator 

45.078 TR-20 Computer Console 

592.007 Power Bus Bypass 
·(NW1) 

Relay Bus Driver 

Schematic/Wiring 

Schematic/Wiring 

Schematic/Wiring 

Schematic/Wiring 

Schematic 

Schematic 

Wiring 

Schematic/ldenti~ 
fication 

Schematic 

Drawing Number 

C042 183 OA 

C042 185 OA 

C042 187 OA 

C042 188 OA 

B042 243 OS 

B043 037 OS 

0045 078 OW (Sheets 2 
through 30) 

B592 007 0 

A5115 

AIV-l/4 



HA ... lcAau TIHINAL ruNCTIOII 0 liN 1 N 
DEITINI tON wt.£ DESTINATION WI.£ 

a-va 'OUMna Vire. 
J31-J J5G-2 

Add Following Wire. 
J34-A -lSV J33-A BUS 

II Speaker LS1-l IILU 
C Speaker LSl-2 BLI:: 
D 
E * Grd Ch ... h Grd-3 BLIt 

F 
H 
J 
IC 
L 

H 
N 
P 
R 
S 

T 
U 
V * Grd Cha.lis Grd-4 IILK 
W + lSV J33-W BUS 
X -

Y r- 6V J31-J WIIT/BRN 
J34-Z OVid lnd JSG-2 WIIT/BRN 
J31-J +6V J34-Y WIIT/BRN 
J33-A -lSV J34-A BUS 
J33-W +lSV J34-11 BUS 

LSl-l Speaker J34-B BLU 
LSl-2 Speaker J34-C BLK 
J50-2 OVid lnd J34-Z WIIT/BRN • . ,;; 

1!:!m ." ." . 
1. J-34 Shall be' I1M)W tid 5-' .lot. 'to he right of 

J3S when facingJ;l front of the omputar. with pin '~ down 

2. Mount Speaker (LS in he 1.. prov dad below 
Gontrol Panel. 

3. ~or cOGIputero bele ... rial IS98 u e Rev. 0 Wiring. 

-I- f-

-

- .. 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

ASSEMBLY 
AIDIO OYULOAD !Xl'" TO to U-IO 

(Ii/WinnS lIFO) 

SHT. NO. 

SIZE 

REV. NO. 
PROJECT 
1991 B 002 41S OA 

SHUT 1 OF 1 SHEETS 



77MIN<j UNIT, ITEM 4 OF THIS 
I'lSSEM8LY, PLUqS INTO THiS CONNECToe 
reaM TN£' eEne OF THE C'OMPUTe:e • 

I 

T£-20 COMPUTee 
(<1-S.078) 

ELECTRONIC ASSOCIA rES. INC. 
l.OIta IltANCH, HEW JEItSI't 

ns:u;-"f,aCY 
1!'£~l'll'IVc O;>EMZ~ 

~~~" ~4'S50J1'l' ;,usntlZLATKUI 
··SHT.'. ... I f I -..... 
I~ COO% 71501. 

'. 



6 

lID rID C\ M VV 
R5 

R3 

1 R4 

[ R7 I r:l 
! RI3 I tj 

8 8 ~~ o 1.9 I 

~ 1m IRIOI G a 
KI· 

6.134 Relay Comparator 

A 

z 



PLua-1N IIID Of' CAIID 
A z 

. 6.283 Dual DC Amplifier 



NOTE: 
I.ALL RESISTORS ARE 10'Y. 1/2 W UNLESS OTHERWISE 

SPECIFIED. 

EYELET ON CARD 

-RELAY ¥DLTS U~-------------------------------------------------------------------------------'-1 
KI 

-15V Z~--------------------~~--~----------------~----f-----------------' 

EYELET ON CARD 

CRI 
614 007 0 

CR2 
6140070 

RS 
IIIK 

±GND V~----------~---4---------4--------~ 

R7 
4.7K 

R9 
S.2K 

CR:3 
CTP-462 

+15V W~------------------------~~--------------------~~--------------------------~ 

I 
I 
I 
I 
I 

CONNECTOR 
BLOCK 

:3 

8 
6 

4 

I 
I 
I 

I I 
I I 
L ____ ..J 

O"'I:"S'OH_ ... IN INCMIES 
U".Cn'AMC& t* "'" ....... D 
• "ltrTAHCI: •• 1" OHM. 

'I'OLaa.Nc;::& ON 
PIII.Jt.C1'IOJCe HeINA"-- .lfttu. *.,.. .* .00. I: 

• 'TOL- M .... TQU.L ."" ....... 0 

_.J 

T 

RELAY COM. 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

SCHEMATIC 
RELAY COMPARATOR 

AMPLIFIER 
SHT. NO. 

SIZE 

REV. NO . 
PROJECT 

B 006 434 OS 1830 
SHEET I F I 5HEI!TS-

5 



·~L POT 0.---.-
RI 

L3MEG 

R57 
Z70K 

! 
.; R5~ 
,(1801( 

e21 r% ; 
,---1' I ~ 
\ • 33 I I EyE.LET ON CARD -, i RIO CI 

~ . 4.n 10MFD 

INPUT o----4--""Ar--<f---:ri!-::--<~+_I'_r ' 

CRI 

SlNMING JUNC'f U 

3SV 

RII 
10K 

I 
1 

, 
SR • 
~ 3.3K 

_. ___ . __ ~. 02 

.;jC6B62.f2.0 

.'2 
33K 

stE7ABLE 
.7 

100 f-"v'V"--l ce 

~~o-----~ r.}~;------i -I 
C 686 242 0 i I 

I I 
i ! 

SEE TABU 

Ii:;. 
+------------~I----------

"55 
~---~VVvr-----~------

.'4 
10l 

4.7 MEG 

C7 
4.7MFO L-__________ ~----~---------------+~ _ 
3.V 

l~ 06 

I tn ~y' BE-SE 032 0 

1 

E·· I;::; 
I ~220 1019108 
. - .O~;-D' 8686 032 0 

Q7 • T 
86360320 t-. 

HqG.O® ~ 221 ~I 
~--~-~·-1-~~c'~I----------l-----i---------~----~----~-

R25 
Gal 01 

2-
'--

~:: 

STAB OUTPUT 
)-_________ .,jiN-_~---5-:~0-1e:0---'--t2-~50-l1-

2bv 

6" 
... r 

127 
low 

L~MEG 

&At POT K)---------'VIoAr--------, 

CHOPPER 
DRIVE 

B.3Y iC 

RS8 RS4 R28 :J 270" ,eOK 3.3K SEE 7UU 

F COIL :t5'" _ ~'~ R30 

DI 47 ~t-----'\M IOQ 
H c22 R35 U6 r--~W'lr_----~ 

---;;:-----} I;~~ro--~~~ ~-----i _~~f~~---------~-j_~~+--,Q-\o---------J±v~r~~~~--------------1 /~+-C-t5-0-11------__ ~----__ -, EYELET ON CARD 

INPUT 

t.,.~ ;/~" :::'I'J~S ,e, 8.:.. ~ I:;:"'.." l/'i" UNlE':;:::; O;HE&-'W'S~ :.p(t;I~lftl 
".! At, (·;:)t S 1,) Al (, 1.11 C·,.·-I -::. 
3 Q:.?:.:.".4.~JO.1l612 ARE TeBE SU(':~E[ 1f ... £.A: ~Y~~J'I .. :."\("JI\ 

-0-----.-----------------<0 -,~, 

----. 
l 

.... R9 
, 5G 

I 0- 0 
--------------~~~---·!--~0, '" =~ .. ~t: 

0.05"'" OOT""T 

-----4. .~.~, 

i 

----------0-'" 

___ Oil 
II ~ .. O 

0"5; ~~~~~C6~:~20'/C.6861!~20 +-------U' '-6862420 

CIl CRQ ----4---- i---.---'-'-------+-+---..-.-.----
~g: ~ • ., l ~1\ SUM.,ING JUNeT T 

SEE TABLE 

R38 
10K 

CR. 

to2~ 1-------+, -------- -.. >----< :': •• O_J~ 0 

t--.C .. II--i-i---~--------~-----t------~--·~----~---'---------------+-----------------------+---------- .. - " --
-'=...+&0 I i ~ R56 " '+~~ L-----4 .. 7 ...... E-G--------~~-'-------·-·\\---------------------~-----------------------jf----------+-~~---------.----.. -.. --- .... 

R39 
10K 

IU 
tal ~~: 

I m I., 

47MFO '" Iv 

"3 .- ItSI '- IS2 

l OlO 
L,.Il) QI8 .. 

_032. 

CIS rt ,..- ~J '------a-:-r-, --7---+-------------.......,-tr-t3~·----+--- . :~~6 032 0 \ '" :~~(, 0'2 0 

1142. Z2l no sal 68 K 

HQ GND M >--------V-o--- L _---"2J>2«.J\,-_--+-~v_i~._ _ _________ ..... ___ -+ ________ ._ 

~~ lz~;l 

..... --... --.-4---+.---' 

"'"" 5.0C:;O ~< ___________________ -<~------------------..... ---.--+---.J 
STAB OUTPUT L~-----~v~~.<r----+---+i~----~---------~·------------------_______________ --J 

w~ 25V 

n 

·~0··· 



£3 
@=- GeN ~ M'(J----!---O 
~ YEi. 20 1'M1lJ----+<l 

@j!.. ~£N ~ PHtI ----+---0 

[
c YEi. ~PHtI 

SOi.D£2 ro CONN£CTOe 
PINS SHOWA/ 

/!?£SISTOI.S 
WITH ,fD) JX)T. 

RE/JR.. 0'EW' OF" 

COMA/ECTOR.. Bl.oCI5. 

#OT€-
/. IIL1MPceS TO 8£ #a::> IiD-Bt/S. 

ID£NTIFY (D.7/Z 

ELECTRONIC ASSOCIATES. INC. 
LONG ""NCft. NEW JERSrY 

/YSSeM.8{"Y 
OUIU. D.C. /l;t1PI.IF;IEII! 

SKT. MO. fLL.Ll .... f f f I I IL11 
.... MO. I I 1 I 
~&eT ,e COOt:;; 7/2 OR 



40 . e e 
RI2 , e IE!J 

ee O 845 II§!! 
RII , e e 
O e~ 

QQ 
RIO V Q e I§Q 

O ee 
RI e ICRI21-

ee O 8 II§!] 

RB 8 e 
~ IleR'41 O ~ D OR42 

R7 R43 

~ DR39 

e 9.:, O' (§II ~ 

ee 
II§] 8 05 ee 
,lI§J e 0 e e 'R4 

8 e -
ee 0 8,5 e R3 ee 
~ e 0 ~'-e e R2 ' 

~ ~ 

~"'{] 0 
R'3D mBJ 

" 1.044 (l/4l Multiplier 



-.0\1 AEF. 

L P 
A.3 CA. A25 ••• 300 

.,. 
300 

ts ... • /2w " 
1 

ill'" '/2w 

~ ,0 ••• A2& 

0. 14.8K n. 

y;;; A' ~. 

••• , . 
"0 C'2 R27 .. 2.' ... 

j ,(1 RIO A28 
'8.0K UK 

AS 
•• 

c •• '2O 25K 

" 
1 .n '20 "0 &&.'K 2SK 

•• •• 
C" ••• ... 25 • ... 

~ ,'--1 ... A32 
2'.6K 25' . , 

•• S 2.~K 

'2K C'S m ••• '2K 

t.o ... Y'Z w " ) 
±'.o .... i2W 

.Ci ,f] 1112 A34 £2l (_ ..... 4) 2S. 
V· -W '2 ~ 2.SK 

C.6 .,S .. 2S • 

,0 '2' l .36 
82K 2S, , ., I 

'5K •• 7 C.7 27. 

... 
1 Q R!S-

~~ 
•• 7 'CD 8201< 

,EYELET i.o,," '/2 W 
ON CARD 

• 
T_ 

[!] ~ :'9j 
IOV REF. • NPUT '" .NPUT 2 +.ov REF. 

NOTE' 
I.ALL RECTIFIERS TO If RADIO RECEPTOR -OR-837. 

2.ALL FIXED RESISTORS TO BE !.I". O.IW UNLESS 
OTHEAW.SE SPEC'~D. 

',RESISTORS IN PAIRS R2' &25,27628, 29fl30,31632,!3a3.,35t36. 

fo ~:8Mi,!~~~'~~ ao~+;5R~i~I~~. a 58,&9 860,618 62,63864 

4. ~M\K o0J:R.!:.;J-J~;~'";."o 8£ Dt:"T&"'MlNE'O A'T H.Q.GND u 
M N 

C,. m to.I .., 

1 An A •• A.2 
14.aK 2.' 

"2 •• 
C~9 m 

1 

,0 ••• 1 • •• '8DK 25K 

.11 
•• 

- C:J0 m 

1 .n .. , m 22.4K 

"0 •• CRII ..7 

t.I 25' .., 

1 J~ 
•• 7 '5. 

J 29.6K 2.' 

•• I 2.~ K 

C~12 A.' 
2.K 

) I 
I 

.n '.B '60 
44.'3K 25. 

.8 
2.SK 

C:'13 
A6I 
2 •• 

J:L;49 I .62 
82' 2.K 

f--.- Vv 
.7 

.5K 
CR 14 .63 

27. 

I ~ .5. 
27. .. , 

820K 
'\J..:} 

.!'O"" ./2W 

~ • • 
SlMMIHG INPUT I INPUT 
JUNCTION 

~ 
H.Q.GNO 

E\..£CTRONIC ASSOCIATES. INC. 
t..OMG D:ANCK, NIW JERSEY 

SCHErATIC DIAGRAM 
(V"') MULTIPLIER 

-.11<> I I I I - III I I I I I t 
MY,NO. t t 

~.""_1"1_~" 
~ACt'r_ ... -... 

~~ .. -.. ... 
acT 

C 0070"'4 OS 1830 --~ ........ M.» ......... .tIM _.... . 
.~ __ TSlHAl.,~ 

H 

8 



I ---- I TI 
9684 161 0 

9 I I CRI 

I 
I 

I 
I 10 35VCT 

I I CR2 

I II 

I I I - (;1 
l~UF 

+ l~" 

I I I 
I 

I 
I I 

I I I I 
I I F I 

I CR3 3/4 AMP 3 

1 

PI F51 

1 
35\1CT 2 

4 

1 5 CR4 

I SEE TABLE C2 

1 I 250QIlF 21 + l5V 
I I A I IA 

I SEE 
TA9LE I B 

I 
I F4 

2A 14 CR5 3/4AMP Z I 
I 32 VCT 

2 
15 

1 16 CR6 

I I Cl 

I 
2500 UF 

I + 25\1 

I I 

I I 
I 

I I 
12 

6.3 VAC 

I I 13 2 AMP 

CR7 

I 6 2 

I I 15VAC F, 
7 J/4AMP 

I I 8 
15 VAC 

I 

i"--

C4 -
L_ .2500 UF 

--.J CRB 
25\1 

NOT£ 
I. UNLESS OTHERWISE SPEClfltU ALL DIODES ARE IN 400 2 TYPE. 

r ----------- 1 

2 

I , 
4 

5( 

I 
6( 

I 
7( 

I 
S( 

I 

II( 
I 

12( 

l_ 

RlO 
560 
±5"1. 

R21 _ 
C9 2!>O 

+ 50UF 

RIS 
470 
"5"1. 

SAME AS ABOVE 

SAME AS ABOVE 

REGULATOR 
43.107 

------ ------

2 

F6 
1.5A"P 

11.93. 
• {'SO 

1991 

i7S-0 

!9g1 

PROJECT 
NUMHt'H 

I 
01 

"'-Z= I u~ .. 

-1 

-15V DC 

B 
.75 AMP 

J3 
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1112 AND 1113. AilE 10 IE to· I "'-. O.IS". 
3.ClllCUIl1IY _ ENCLOSED II DOTTED OUTL. IS LOCATED 

III A 0\5 1S1 01'. 

--- I 
I 
I 
I 
I 
I 
l 
I 
T 
I 
I 
I r l 
I I 
~-~ I H.Q.GND 

I 
- I . I I 

I I I 
I I I 

I 
L I-IOV 

R26 I 25K I I 
~ I I I 

p +IOV 

- - - - - --..-I I I 
l!1.J 

ILEC1tIONIC ASSOCIATES. INC. 
\,OIIG IIJMICM. IIEW JEMEY 

SCHEMATIC DIAGRAM 
+ VARIABLE DFG 

002_11' 

A002 ." OP 17'8 ... :::=. ... :.~ 
-...... .... .... _ ... 
~~ ........ . ~~.,.::...~ t= 

""'.ttO. Il'!l I I -c -I r 1 
_.\10. 1,1 1 II 
FiHi C0I6 156 OS 



r------------------------, 
R4-1 I 

PI 
~ 

R2-1 R3-1 ~ I 
+REF .... I 

NOTES: 

I. UNLESS OTHERWISE SPECIFIED; 
a ALL RESISTORS ARE 118 W. 
b. ALL DIODES ARE 614 007 O. 

21,500 29,400 
Ptt +REF :il"- :i:1"- ~ T 

31,700 1 2. CIRCUIT IN DOTTED AREA IDENTICALLY 
REPEATED 10 TIMES EXCEPT THAT 
COMPONENTS REF. SYMBOLS ARE 
-2THRU-10 . 

I ±5% I I , at 25°C 1 
-REF L~ . 82W I RS-I 

I 
I 

I 
I 

I 

499,000 Rt3-1 I 
:1"4 249,000 I 

±I% , 
~EF I 

CCW I 
CW I 

RI-I R6-1 CRH IU-I 1 
25K ""- 50K I 

75,000 R8-I P 

±20",0 I ±20",0 CCW ± 5",0 75,000 I .F"'o CW r-----.J :-
40IN I RI3 RI5 

..A" " 
I 25K CI 

L - - - - - - - - - - - - - I- - - - I-...J ±.I"4 'f~~ 

~~I_~~~R~I~4--~~~~~1 

R9 
100,000 
±.5",o 

~ RII 25K±.rIo ~ 
5OK±57. 

4 ~2 

RI2 
50K 
±.5"4 

18pf . 

:!GRD ~til -REF ~ CW CCW + 
RIO REF 50K L-________________ -J 

:t!>r. ,-=-

• 

16,3042 016 304 2S 0163042P PER SHt 2 i.e00263S0I? 19010 
16.304-1 016304 IS 016 3041P PER SHT.2 iNJo2 645 OP. 190 10 UHL ••• OTHltlltWI ..... l:c.",ltO 

\6.304 B 016 304-0S A0163040P AS SHOWN --'- 119010 
DIMINSlO.' AU .8 uee"" 
C"""ClfANcr IS Ut pt 

UNIT S'Hf:I1AT'( PARTS UST. PARTS UST I PROJECT 
.1II."WCt 1J. ,tt OHMS 

TOLU41Kt: oa 
NUMBER NUMBER NEXT ASSY. DESCRIPTION USED ON NUMSER ... m .... MCI.AU ·AIIaU 

:1: 1/ ... ~ .... ;I; 
TABLE t1F UNIT NUMBEJIS ltfoL. 0' M.a.n.'4l $V"","*" 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

SCHEMATIC 
+ VO.F.G. 

SHT. NO, f2T 
SIZE 181 

REV, NO, s! 
'PROJECT 

BOl6 304 OS 19010 
SHEET I OF "~" SHEns 



PI 

+ REF P f-t-
1 
1 
1 

-REF L~ 

I 
I· 
1 

HQG~ 
1= 

16.306-2 
16.306- I 

16.306 
UNIT 

HUIIIIIEIl 

r------------------------, 
I R4-1 I 
I R2-1 R3-1 C':':\ I 

-REF. 0- I 

1 

21,SOO 29,400 T 1 
:1:1"- ±1"1. 31,700 = I 

RI-I 
25K 

R6-1 

75,000 
±20'. CCW ± 5"1. 

'=E-

RS-I 
499,000 
:l:1"k 

CCW 

' .. 
RB-I 
75,000 

(~"1. 
-IN 

CW 

:!:S% I 
at 25°C I 
.B2W I 

!;!13 -I 

R7-1 
50K 

±20"-

I 
I 
1 

I 
I 
I 
I 
I 
I 

- I 
r-----.J 
I RI3 

I I 2SK CI 
+.1"- I80pf 

NOTES: 

I. UNLESS OTHERWISE SPECIFIED; 
a ALL RESISTORS ARE lIB W. 
b. ALL DIODES ARE 614 007 O. 

2. CIRCUIT IN DOTTED AREA IDENTICALLY 
REPEATED 10 TIMES EXCEPT THAT 
COMPONENTS REF. SYMBOLS ARE 
-2 THRU-IO. 

I... - - - - - - - - - - - - - '- - - - ...J - i"H-
;3 ~1~-~--"R"'14"_ .......... ~.o-s~r' 
~ RII 25K±.I'. ~ 

50Kt20'Jo 

, R9 
100,000 
±.5"lo 

1 
+RE F o-CW CCW _ 

-..,,-
RIO REF 
25K 

± 20"1. 

RI2 
SOK 
t·5"1o 

-I 

C2 
18pf 

3 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

SCHEMATIC 
"':" Y.O.F.G. 

SHT. NO. lz 
lID' li? 

REV. NO • .3 . 
i90ro BOtS 306 OS 

--. AT -, Of' ~ .... .,.. 

016 30625 016306 2P PER SHT. 2 AOO26l180P 19010 
016 306 IS OIS 306 IP PER SHT. 2 ~64!iOP 19014> UNL ••• O'fMt:ftW ... eP&C'''.D 

BOl6306Ds AOl630S0P AS SHOW~ .\9010 - ...... ""'. AU t. lacMft 
CAPACn'''''" • a. -' 

ICHIUIAT'C 

i=~· =~~T ~~t 
..... AflCl ........ ' 

D£SCRIPTION 
TO\.aMIfCI_ ........ - -... .... * 11M *- *-'ABLE tIF UNIT IaIIoIIPtS ........ f _tuw. nPIIIJD. 



z 

JJOTcS~ 
I. RLL WI,e£S fiRe PHV ~2 COLO,e IlS SHOWI./. 

11)£).JTlFY /~. 308 2. RLL JUMPEeS R.eE"#"Z2 SO-BUS Z 

PI 
pp 

®IL---------------________________________ ~~ 

aif 
SECTIOAf R-R 

BEND TR8 TO S£Cu.e£ 
CO/JAI£croe BLOCHf 

RE;;e VIEW 
OF PRTC'h' F'IlAl£t. 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

RSSE"MBLY 
+ VDF"Ci 

SHT. NO. 

srn: 
REV. MO. 
PftOJ&CT 

BOIG 308 OA Il9O/tJ 
SHEET 01' .HE!ET1I 



z 

/IDEiJT/FY '(i; 310 

®IL---------------------------------------~~ 

.. ~ 

aif 
S£CTIOA/ B-R 

I 

~ 

;JOTES' 

/. RLL WI.e£S fiRE PHd ~2 COLCJ.e flS SHOWI./ 
2.RLL JUMP££S 11£'=#"22 SO-BUS 

PI PP 

___ ----ORM ------+--{O\ 

R£fle VIEW 
OF PRTC'H .pI/Ala 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH NEW JERSEY 

fiSS£MBLY 
-r VDF($ 

SHT.NO. 

SIZE 

REV. NO. 
PRO.lECT 

BOIG 310 OA 19098' 
SHEET Of' SHEETa' 

I 



rl 
I @)j-I \ OR --f-t---I~9) 
I I 
I I 
I ~ fRED --++--f'-(2) 

1 ~ \- BRN --+-t-\J..I 

1 I "-51----'1 

I 1 HQ 
(~fBLK/WHT_ 

1''-''1' GRD 

1 
I r------, 

I~\- BLU 

I I 
I ~T GRN ---t-t-~2> 
I ~l-¥EL---+-+<J) 
l.! U l..-.-:-S 2:---1 

WIRUJG VIE:W 

ALL JUMPERS ON 
SWITCHES TO BE 
*22 SO BUS 

'~D/TiFY ZO.366 

, 3 

--;:::-:;--" 
EI.t'''~IC ASSOCIATES. INC . 

• IRANCH. NEW JERSEY 

ASSEMBLY 
FUNCTION SWITCH ES 

SH'r . ., i 
-'" 
-!!l 
1l£Il!i1 

~]8020 366 OA 
OF HE 



RI 
20K 

R5 
2.9K 

fl.O')'. 

R7 
4700 

±IO% 
112 W 

NOTES: 
I.RESISTOR,R7,ANO ALL POTS EXCEPT R6 ARE FOUND ON 

PARTS LIST A 020 534 OP. 

.. " .... ,1»0. "' ... '" I,,"," •• 
_PAC:f1'""".W ..... _ 

~"tU;C"Uf_ 
TOI.,UIA~. " 
~ PM:I."I,.S .--.-* Ilk __ 4; 

.?Ol..OF .. ATfPh.t..l. ......... _ 

ELECTRONIC ASSOCIATES, INC. 
LONG BRANCH, NEW J£RSEY 

SCHEMATIC 
REP. OP ER. CONTROL 

SKT. NO. I ! ! ! I 
St .. 1 ! I I 

Jt.EV. "0. j ! I I 
~.J.(":" 

C020 532 OS 1991 
OM H 



IWl 

"" VAC' Z ~(c.,...IP_' ___ -'2,-,sr;:<;[QiiJ 

115 VAC 
Sw. 

AMP\.. OUT 

STAB OUT 

OPERATE 

I 

I IAMPL. OUT I 

(0 J2 

I 
I 

:: i I 

w .. c 
ffi .. 
0 

:II > .. 8 .. .: .. .. .. 
f< I 

® 

.. 
on 0 .. T .. 

~ 
.. 
f< .. 

POT 
BUS 

PI 

R8 

o 
JI 

8.21<. ±ICW. 
lIZ W 

!! ~ 0 

'" + u + 
U 
C 

! 

® 

@ 

® 

-----~---

.~ ® 
I 53 

[QW 

@ 

,~ 

R7 
IK 

!.IOOV. 
112W 

Q) 

52 

GJ 

NOlE 
UNLESS OTHERWISE SP£CIFIEO. RESISTORS 
ARE! 1% 1/2 W. 

R5 

598,000 

R'I 

198,000 

R2 

~ 
R3 

~----~ 
i...J 18,OCO 

®~ R4\r-___ ~ 
4000 

8'" 
, METER 

II( I ; ~O-O-50 UA 

r 
i 
I 

@; : ,g. I. i Sib 

~!I'~\ 
I \ 

-.---" 

CRI 
614 043 C 

2 Rl1 

<, R 9 
<, 2.2 K 

!IO % 
1/2 W 

l±:iQI""llllil EiQI 

~~~o~~_1'~ __ ' _________ 61_~R_:_4_3_0 ______ ~ __ ~ 
~iJ-

H .. 0 ... z 
It " + 0 

'" 

fIj ....... JO ........ , .. /IIIC"'" 
~"~M:'YA"<:l .. , .. _"" 
• ...-._. til I" 0'''.' 

TO\..QI .. 1Ot<:1i ON 
... ~ Me_A" .. ~ *u... .._ • 

• 'fO~ _ M ... ~.' .. '" "U~D 

.. ... 
f< 
I 

A 

c 
+I~ 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH, 'NEW J£RSE'Y 

, SCHEMATIC ! 
CONTROL PANEL 

Stn. NO. I II I I I I I I 
SIZE I I I I 

IIEV. MO, I I I I I 
i726 C020 734 OS 

H • , or ' ,M 

3 



NOTE: 
I. ALL JUMPERS TO BE #20 SO-BUS 

COVERED WITH EXTRUDED PLASTIC 
TUBING, WHERE NECESSARY. 

GRN PI-R 

BLK PI-A 

'" I 

1:-

PI 

, 
'" '" 

>- oJ Z 

'" W >- '" ,.. 
" '" 

~
:~~-~Y 

54 2 I 

'" '" WHT-GY PI- Z 

., '" , , '" 
, , 

.!! 0 -, on ... ... 
'" iii '" '" '" 

ELECTRONIC ASSOCIATES. ~ 
LOHG .... tte". -NfW JIJtIIY 

WIRING 
CONTROL PANEL 

SHT. JIK). J 1111 .... It I I 11 
UY. NO. I III 

1i726 C 020734 OW 



STAB 
OUT 

STAB 
OUT 

STAB 
OUT 

"10."'-5 

20."<t- 4-

20. "1'1-3 
~.9/.9-..:" 
i?O.9/9-/ 

2t:1. 919 
UNIT 

NUMBER 

'----< 2 + 6 VDC 

CRI-I 
6480060 

REPEAT 4 TIMES 

CI-3 
5 >--=-II-± -

CI-4 
6 )---=-H--±- -

OlO 'II':} SS IF20 fl') S,. LESS-~1-1 (!OMP l/U.s tZl;l8 DO" < 

020 9'1 '1-5 02.0 'I" 41'" 

o~o "II' 35 Ol.O 91') 3P 
02098.:>5 020 9/9 Z~ 

a.<OSI.9 15 aeo 9/91,0 

~9..s0S ~919oP 
PARTS LIST a 

HUMBEI! NEXT ASSY. 

TASl.E OF UNIT 

• '.a .... o •• AU 'N .MCJlU 
CA'ACIT ... MCI II fM pf 
.....,. ... 1rtC11i ,. 011.' 

TOUItAItCI'otI 

L,.sS - 4 COM P /. ot 

As S#oWN " ., 
~E.ss-+'-I (!OMP VS4SL't:,!'6_,., 
Less - -;. C~p 1J " 

/?5 SH'''W~ JJ If 

DESCRIPTION 

NUMBERS 

ELECTRONIC ASSOCIATES, INC. 
LONG BRANCH, NEW JERSEY 

SCHEMATIC 
OVERLOAD IND . 

SIfT. NO. 

SIZE 
P'IAC:ftoM DIClIlAU ."fi,a 

II£V. NO. to .,.. to_ to 
IttoL 0' IlATiIUAL au""'lD 

I'ROJEC'T 

8020 919 OS 9068 
SHUT I 0" , SHe..,.. 



s 

. . Unit 6 063 Ti11lmg 3 • 

z 



NOTES: 
L ALL TRANSISTORS ARE 686 032 0 

UNLESS NOTED. 
2.ALL DIODES ARE 614 043'0 UNLESS NOTED. 
3.ALL RESISTORS ARE ±IO'%. TOLERANCE, 1/2W. 

UNLESS OTHERWISE SPECIFIED. 
-ISY A~~ __ ~RV2~1~ ________ -' ______________ -1~ __________ ~~ ____ ~ ____________ -1~ __ ~~ ________________ ----~ 

100 100c;s.D 
tSY 

E)(T. 
JUMPER 

-tov T 

RI2 
UK 

+15V W 

+ - TI 
16841250 r--------

I 

C2 

RI 

10K 

+ 

R2 

RS 
11K 

R4 
2.2K 

R7 
IK 

RI 
2201( RIO 

4.71< 

PATCH PANEL r-------l 
I .A. "'II" I 
I I 
L_ __.J 

Rig 
PRATE 

IK 

RII 
4.7K 

RIB 
~------------+---------------~--------------~--------------+-~~--~----------{L SWEEP 

R20 
IK 

C4 

RI 
41K 

50MFD 
25V 

RI4 
15K 

RI6 
10K 

CR4 

.......... III'tIoICMU 
_lI\II.CtTA"'" •• a ~ 
~ ................ _00 

.......... Ii&c ................. 

*:--.. .... ::M. ....! ... 

IK 

X OPERATE 

K CONTROL 

ELECTRONIC ASSOCIATES. INC. 
J..ONG RANCH. NEW JERSEY 

SCHEMATIC 
TIMING UNIT 

IIIT. ..... II 1 . .1 - ! II I.Ll LU -...... I II I II JLl 
'i'm' C 036082 OS 

3 



@ 
A 

40.493 Electronic Comparator Card 



VI 

"'0 

YZ 

X2 

"'I 
Y4 

Y3 
A 

P2 

I JI 

A~I 
I 

B~16 
C~Z 

I I 
0~14 

I 
F~13 

~ H 4 

~ J 3 

S~15 
I 

I 
I 
I 
I 
I 
I 
I 
1 

JI-I7 JI-5 
UNLATCH LATCH 

CR3 

R2 
6-ZK 
=5'1. 

RI 
36« 

02 
686 2300 

R4 

RlS-I 
IK 

C6-1 

KXl 

22K 

R14-1 
10K 

C2 

+~ 
100 UF -:- CR4 

J 

614 1790 

RI2 
LBK 

+ev' 

RIO 

2701( 

CRS 
614 1780 

-1SV 

NOTES: 
L VNLESS OTl<ERWISC SPECIFIED: 

"- ALL OIOO€S ARE: 642 043 O. 
II. ALL RES1STORS AI'!: ±10'r.,1/4 W. 
c. ALL CAPt.CllOO$ AI'!: ±10"4. 

r------~-----------l 

I' I 
I ~~T ~n~L I~ ~E= I 
I EXCEPT C~~ REF S't108OLS I 

I I 
I I 
I , 
I I 
I I 
L ____ • __ ,___ T----~ 

I I I I 

I I "LI : I 'I :t~{':~~ 
8, V Oi 

I I .. -II..... -\ .. -I ,. 

I I ______ J , 
.-----If.------. - - - - - - - - - - - - __ J 

ClH 

05-1 RIIH 
686;;.:::;,;1;;,.03=-0-=.-__ -*_-'VVv-_ .... JI-9 ("I>-..... ~r:fj:1_-~----__. 

INI tlNZl ~ .. 

--1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CR7-1 

C4-1 
68 

IK 
R17-1 
3-9K 

lOOk· 

R36-1 
21( 
±5'l1o 

470 :!:5'l1o 
07-1 
6861440 

R29-1 
9000 
%.05". 

+10 

ClRC\.!IT ENCu)SED IN 
DOTTED UNES T'(P\CAL 
12PLACES10a:_jiELA~ 
COILS 

I 
I 
I 
I 
I 
I 
I L _____________________ _ l R31- ' 15 

±5"4 

-- --- - ------ --- - -- --
__ J 

7 

ElECTR<»JIC 
CO!\4PARA TOR 



p = Jb = 

II>GIv'TI"Y '1"./83 

SCHEMATIC OLAGRAM 

® 
® 

@<D 
®® 
@@ 

"'TCHPANEL 
PIN LA"I!JUT 
(~OOKING 
~ IlEAR) 

IU!!.A..2 view OF 
co .... t-Jec.ioe e1..oc.K 

WI!aI\..lG DIt.G2AM 

\.lOTE.&: 
L .... :...i,.. .,jUt.APE125 "TO e.~ '* z.% Pl-tU 
u""'~ss OTH~~W\~E SpecIFIED, 

"LK 

COVEIi2 THIS f:.Ol.,.DE.iii:.'e.D 
CO~\oJE.CT\OI..i, WtlH "~F:"'O\J 
TUe.,tJ~ "/It;, l...~ 
FOIIi!. So'T'R,b..\\ooJ RSLIE.F 

Q.£C'I1IOHIC ASSOCIATES. IIIc. 
L.ONC "JlCN, .... ...., 

ASSEMBLY 
ATTENUATORS 

: "',110. II I I I 
f_ 111111111 
_.110. II I I I I I I I 
'i830 C 042 1830A 



HARNESS 118260 

NOTE: 
I. ALL JUMPERS TO BE 

NO. 
I 
2 
:I 

$ 
8 

til 20 SD- BUS COVERED 
EXTRUDED PLASTIC TUBING. 

COLOR AWG. TYPE LENGTH 

YEL 22 PHU 
YE 22 PHU 
YEL· 22 PHU 
YE 22 PH 

I!! 22 PHU 
U 

22 PHIl 
GRM 22 PHU 

ID£NrlF"Y ~.185 

CW RI CCW 
2o-~VVVV~yl------, 

N.a N.D. 

TYPICAL ATTEN. SCHEMATIC 

ELEClIIONIC ASSOCIATES. INC. 
LOfrIC .... MeH. WlW JERRY 

ASSEMBLY 
ATTENUATOR PANEL 

_.110 . U I! I I. I ... . 1.1. II I I I I , I , 
_.110. I 1'1 I I I I , I I 
iiii C042 1850A 



x 

x 

RI 
SK 

SCHEMATIC DIAGRAM 

112 
SK 

To 
IDEl{rtFY 4£.187 

PI 

@lei) 

@@ 
®@ 

PATCH PANEL 
PIN LAYOUT 
(LOOKING 
FROM REAR) 

NOTE: 
I.ALL oII*PERS TO BE "ZO stHIUS, COVERED wrrH TEFLON 

TUIIING. 

I i~, r U
' 

,-... S2a 

II 

WIRING DIAGRAM 

~ ~:;: 

"'I I 

'" N 
'" II: 

Sla-NC 'fEL; 

S20·NC Oft,. 

R2.-2 GRN 
S2b-NO GRN 
RI-2 BLU I .. ~,....... 
SIb-NO BLII 
Fi:2- 3 BLK 

P.P. 

ELECTRONIC ASSOCI" YES. INC. 
LONG INtAHCH. ftEW .tnsn 

ASSEMBLY 
ATTENUATORS 

IMT. NO. Till .... IIIIIII 
av.lIO. II II 
i99i' C 042 1870A 

3 



E 

PI 

V BLK-WH RI-I 

~(j) 
@@ 
@@ 

PATa4 MNEL 
PIN LAYOUT 
(L.ooKING 
"-IIUII\ 

011 Slb-C 

! P .. "'N I • I 
II: a. .. 

'" .. 0: 

WIRING DIAGRAM 

7 

! ~ $ 

'I' 'I' 'i e 
II: 0: .. 
'" II: OJ 

SIO-NC VEl: 

S2o-NC OR 

P.P. 

~lI!S. file. 
LOIWf .aANCk. ... .IIIIIEY 

ASSEMBLY 
ATTENUATORS 

_ .... Z ., 
_Ie 

lIlY •• , '* -C042 188 OA 



. II 

\ o~ 
\-_---

7 

II 09 

NOTE: 
I. RESISTORS RI THRU R5 ARE A MATCHED SET 

AS PER DWG. 86400060. 

o \ 10 ° \ ___ ....l ____________ J 

IINPUTI JI~----~~-----4----------------+------4----------------~ 

L OUTP~ ---- ~~---------------~ 

RI 
100,000 

t o.O!!"" 

R5 
10,000 

.to.0!!% 

R2 
50,000 
±O.O!!"" 

DIMaNalONI .... , ... IHCHIl. 
C •• ACtTANC& ,. IN ...... D 

• "I"'ANes 11 IN OM". 
~"C:IlOH 

fI1lACTIOtfl oaC;lMA~ AN ..... *".. *.00. • 
• TOt.. 0" M"TlIt'A", IUJOPL..&O 

R3 
12,500 

±O.O!!"" 

R4 
25,000 

:to.05 "" 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

SCHEMATIC 
I ATTENUATOR 

SHT. NO. 

SIZE 

REV. NO • 
PRo.JapT 

B 042243 OS 1991 
Han OP .HI; 



7 

RI R7 

PLUG-IN END OF CARD 

43. 038 Ref. Regulator 



5 

8 8 I R20-3 I 8 8 I R20-2! C9-1 C7-1 ~ 

[[]~ ~86-3 8 rru· rjl86 -
2 8~' ~~ 06-1 G a: r.J R21-3 '" ~ R21-2 ~ R21-1 

u 

ICR6-31 §R6-21 eICR6-11 

8~ 8~ C8-1 ~ 
~ ~ ~ 

85-1 007~7 - C\I - • 
a: cr !b 

a: 

PLUG-IN END OF CARD 

43.107 Power Supply Regulator 



S4 JI8 lOA 

CABLE I 

TO FRONT 

.17 

f1J 
i 

."1.J JlS JI2 

} 
oc aus 
#2 

ICC 

JII- JI9 
(LUS JI1) 

ACCESSORY 
UNIT 

J21 -J30 

J35,J36 

TO FRONT 

DETAIL 'A" 

IIOTE-
L W\fltE ANO JUt¥;PER . 

I( LOCATEO A,.P~O;.i"\~W~~~E!II::AO~ V~~~r<.~l.:!;T 

(0 

~ 
(0 

CD ® €I 
CD CD 10 

~ !~ I~ 
0 ® ® 
@ @ 0 
0 0 0 
JII2 J!l1 JIIO 

aT£ONO CA8L.E TO REAR OF CHAI.'. 
WIRE J3e.J36 

"VIEW AU 

VISUAL OVERLOAO Pll.NEL. ~EAR VIEW 
(WIRING SlOE ) 

TWISTEO P;l.11I 
TO J30 

ELECTRONIC ASSOCIATES INC 
J.,ONG BRANCH. MCW JERSEY • 

WIRING 
TR-20 COMPUTER 

4 



I ': 
"AC" AlID "Q14 551$ GilD .. 

MA."'je".U, TE.MINAL 'UNCnON 

Ae-l 115Y Ioe Co. 
Ae-2 115Y Ae 

Ae·3 Cha .. t. Crd 

t-
Cha .. lo 
Grd-l Cha .. lo Crd 

-2 
-3 
-4 
-5 

I-
-6 
-7 
-8 
-9 
-10 

-11 
-12 I-
-13 
-14 Cha .. 1s Grd 

Chao.is 
Crd-15 Ch ... 1a Grd 

lIDS1-1 I- 6.3V AC 

lIDS1-2 6.3V AC 

l-

I-

l-

I-

IkYns: 
1. Lead. from ehas,sts ground-13 and 14 

.Ult. "b ... 'tnit;al)'id on" opposite ends 
of Bu. t.af. '::~ , 

OUT TlO" 
,,,, 

" 
J35-1 
J35-% 

Grd Lua 

J36-A 
J35-J 
J55-4 

J33-V 

J32-1 
J32-H 
J32-N 
J32-V 
J31-D to H 

J19-T 
J31-C 
• Grd-1 
.Grd-1 

J37-1 

J32-F 

J32-H 

C lUMN I COlU .. 
WIRE DEs:t",.", TlON WIRE 

WIlT 20fP J57-2 WIlT #20 
WIlT -Gl Y 2M'P 

Ill-IUS 18 

ILl( 
ILK-lIlT 
ILK 

ILl( 

ILl( 
IU-WIIT 
ILI(-WH'r 
IU 
Crd Strap 

IILK 
IIU #20 
BU: 18} 
BLK 18 SEE IDl'I 1 

Ill: 18 

BRN 22 TP r 
WH'r -BRN 22 TP 

-

t-

t-

-

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

IoC and Chassis Crdl 

SHT. NO. 

SIZE 

REV. NO. 
·PROJECT 

B 19098 045 078 OW 
SHEET l Of' sHaIn'S 



.1lUd.12 

C .. Ll 'OIUNAL fUlICf_ DaTtNATtC:* .'WI --.- .,. QU'TINATIQIf .'WI 

Jl-l 
-B 
..c 
-D 
-I: 

~ 
_H Pot Bu. 32-11 SIl-B1J!I 
-J 
-I 
-L 

..JoI 
-5 -P +10V Ref +11"11-2 Illl-RED 
_R 
...s 

_T 

-u _v ;tGnd J2_V SD-BUF, 
_Il 

-x 

-y 
Jl-Z 

J2-A 

I~ 
_E 

-
-F 
_R Pot Bu. J1_H SD":BlS J3-H SIl-BIIS 
-J 
_K 
_L 

_M 
_N 

I-P +10V Ref +10V-2 WH_RED 
-R . 
..:S 

., j_r , 
_u 

r' zGnd 31-V SD-BUS J3-V SD_BllS 
_Il 

-X 

-y 
J2-Z 

ELECTRONIC ASSOCIATES. INC. 
LOtiG BRANCH. NEW JERSEY 

(n !lAd 32) 

SHT. NO. 

SIZ£ 

REV. NO 
.,-Ro..J£CT eo;,,, 078 OW 1.9098 

.HEn -r OF SHIiiCTS 



.. 

13 8IId 14 

C .. U T'DM.KAL ftllICT_ DDTitoA_ WI. OIITIHATION WIll! DUTnIlTION W'WIE 

13-4 
-I 
-c 
_0 
-I 

~ 

-H Pot Bu. J'2-H .~D-B\lS J4_H SO-BUS 
_3 
_K 
-L 

~ 
-II :..p ~lOV Hof r+l0V-2 WH-RED 
_R 
oS 

_T 

-U _v !Gnd J2_V SO_B'lS J4-V gD_BllS 
-II 

, _x 
Ly 
JJ-Z 

I 
J4-A 

-B 
-c 
_0 
_E 

-F 
-H Pot Bu. J3-H SD-BUS JS-H SO_BUS 
-J 
-K 
-L 

..)! 

_B 

-P "lOV Hof +lOV-2 WH-RED 
_R 

_S 
-T 
-U 

r..rS-V -V ~ J3-V SO-BW SD-BllS 
-w 

-I -y 
J4-Z 

ELECTRONIC ASSOCIATES. INC, 
LONG BRANCH. NEW JERSEY 

m AND 14) 

SHT.NO. 

SlIt: 

REV. NO. 

I .... C~!:" 
19098 B 045 078 OW 

.>tIlU~ O~ SH 



~aMJ(, 

CAW" " .... IMAL ~ DDTlliAnotI ... _onOll 111 .. DUTINATIOW .... 
. '-.~ 

15-1 I-
-Il 
_c 
-D 
..J: 

-F 
_8 Pot Bus J4-8 SD-BUS Jb.-H SO-BUS 
-J 
_K 
-L 

..M 
-N 
-P -+lOV Ref ..... lOV..2 ;.r!CJIED 
_R 
..s 

-T 
-u 
-V !Gnd J4-V ~D-BUS Jb.-V SD_BUS ! GND-l BIK 1~ 
_Ii 
_x 

-y 
15-Z 

J6-.A 
-8 
_c 
-D 
..E 

-F 
-H Pot Bue J5-H SD_Bl'S J7-H SD-BUS 
_J 
-K 
-L 

-M 
_N 
.:p -+lOV Ref -+-1IW_2 .Ill-RED 
-R 
-S 

_T 
~ 

-u 
-V !Gnd J5-V cD-BUS J7-V SO-Brs 
_'.I 
-X 

-y 
1b.-Z 

l-

I-

ELECTRONIC ASSOCIATES. INC, 
LONG BRANCH, NEW JERSEY 

(.15 aM J(,) 

SlIT. NO, 

sllr 
REV. NO. 
II"ftOJ£'CT 

'B 19098 045 078 OW 

SHEET OP IIH 



n II"" ~ 
~A.U: Ua,UNAL 'UNCTION ORTIHATH)Jf W,.£ OUfINATION .'11£ DtsTtNATlOH WIIt[ 

.T1-A 
-Po 
.C 
-[\ 

-E 

_F 
_R p,,1 B.,. Je_H ~D-B1JS JR-R ~D_Ftr.' 
_J 
_K 
_L 

.i~ 

-N 
-p -HW lef +lOV_~ liP._'lW 
-1\ 
_$ 

-'1' ., 
-V ![rn-: .16-V Sl_B'.h JS-V 'D_BIJS 
_~.I 

-X 
-y 

.. :""_2 

J~-A 
-B 
..c 
-D 
-3 

_F 
-H F(\~ ~'l~ .T'7-P. ' D_3'r~ .!':l_H SD-3US 
_J 
-K 
-L 

-M 
_N 
-P "'1""V Ret' +lOV_2 "r,iH_?£J 

R 
-~ -, 
-U 
-V :!:C, .... d .T'7-V ,,'D-BU" JO_V SD-BtJ~ 
_w 
_x 
-y 

J8_2 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH, NEW JERSEY 

(J7 and n) 

SHT, NO. 

SIZE 

REV. NO. 
,.ROJECT 

B 19')98 045 07~ OW 
$-HEET OF SHI££TS 



... 
. ,';" .' ~ '" MII.no 

CAlLE TI ... trI_L ?UIICT_ jo,n' .. ATIOM ... DDT'"ATtON .t. bUT ... ATION .... 
," . ~ 

.J9-A 
'.' .. / ~ " ' . 

J 
C 
D 
I 

, 
H Ma. J8-R SD-B. Jlo-a SD-Ilaa 
J 
I 
L 

II 

• , +109' a.t +lOV"'l Wb-a.d 
Il 
S 

I 
T 
U , 1Cb! J8-V SD-llua Jl~V SD-Bua 
V 

t I Y 
I9-Z 

Jl()...A 
B 
e 
D 
I 

, 
a Pot 8m J9-H SD-Baa J35-P III 
J 
I -
L 

I( 

• P +lOV .. t +lOV"'l Wh-JIIod 
R 
S 

T 
II 
V .tCb! J9-V SD-Bua. 
V 
r 

y 
JlO-Z 

I 
I 
1 

L 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

(J9 aDd no) 

SHT. NO. 

SIZE 

REV. NO, 
.... o.Nte~ 

B 04, 018 ow 19098 

IIHan If 0" ... 



'. ..",:r;rt 

• IIat .. alA 
,,~ )1,~ . 

c:-. ft8M.tlAL ,'-... " .DUTII4TtoN 'Mr' .S1"'Jr'* .''11 ...... 1\'.'011 ,~ . 
AlooA • C 

D 
I IIU Of Jl2A-& SD-BUS 

P 

• J 
I Ojlltl'&W Jl2A-K IID-lM 

11.543 

I 
L "OV RPr -10t'-2 Wb-J1 

11.543 N IA ellA ~-G"-2 lIlk-IIh 

I 
Ii 

fola.543 p +lOV irt +lOV-2 l/h-llad 

• .,,5ri, Jl2A-1l SD-Bus 
S 

I 

j 

! "~·Co,, Jl2A-T SD-IIII\ 
U 
v ± CIId Jl2A-Y SD-!u5 
V 
r 

I 
m-l 

18.646 .JU-A Bl "64-A BltN 
18.646 • B2 ,J64·B lED 
18.646 0 I,. "64.C OIlN 

D 
I II!P OP .Jl2A.& SD-BtlS J13~ S8-I!IlS 

p 

• : -
I O,,,raw Jl2A~1( ~ JD-I( SD-IlI, 

11.646 L .. or ~f' -10\1-2 IIb-n J64-L ;n!l-Vl<r 18.543 > 

18.543 • IIQooCn4 IlH!hIl-3 ~ • tB.646 p +1'" 1IPf' +lOfoo2 .. -rat J64-P IIHT-RED 

• lese' Jl2A-1l SD-Bus ru~ SD-Bas • 
! Rela;r Colli .Jl2A-T SD-IIus Jl3-'f SD-IIus , 
y .t GrId Jl2A·V IIIl1IIIJ ro-\' ~s 
V f, 
r , 

" J 
112-C 

18.646 "12A-A Bl "63·A BltN 
18.646 B .2 J63·B lED 
18.646 C 111 J63-C OKN 

D 
I ur or .Jll·& SIl.BUS .Jl2·& SD·BUS 
r 
H 
J 
I( Opelrate .Jll-I( SD.BUS J12-I(' SIl-BUS 

18.543 > 18.646 L ·lOV -lOY-2 WIIT-'/IO J63·L WIIT-VIO 
11S.S43 M HQ erd HQ Grd 2 BLK-WIIT 

II 
18.646 P +lOY +IOV·2 WIIT.IlED J63-P WIIT.1l1W 

11 leset .Jll·1l SD.BUS .Jl2-1l SD_BUS 
18.543, 

• T lelay c.. .Jll-T SII-BUS .n2-T SO.BIlE 
u 

JI2A-V .Grd JIl·V SII.BUS .Jlz·v SO-BUS 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY . 

(m • .112 LJl2A) 

SKT. NO. 

$lZE 

REV. NO . 
.. ROJCCT 

B 19098 Qt.; 078 OW 

BKUT .., 01' 8M 



-",-, 

. .JIJ" .04 .. 
CAaI _'IW. ~ -,,- .... -....- •• 1Il DIITItIATIOff Will 

Jl)..A 

• C 
D 
!: REP OP ,l12.c SD-BUS J14-1! SD-8US 

F 
If 
1 
J[ Op .. d" .J12-1 SD-Baa Jl4-1 SD-a. 

11.543 L -lOV IIet -lM-2 lIIt-ft 

11.543 If HQ Oft' ~..; BU .... 

• 18.543 P +lOV Bet +101' lIb-lI.e4 • .... t .J121l ~ .Jl4-1l SD-Bwo 
S 

T IIelq ec. .Jl2Jf SD-Ba. .Jl4-T sn..a.. 
V 
V 1Qad .Jl2-V SD-llu Jl4-V sn-aa. 
w 
X 

¥ 
m-& 
.JJ.4 .... 

8 
C 
D 
E REP OP J13~ SO-BUS J15-1! SD-BUS 

; 
11 
1 
I Clpaftte ru-l SD-Bu Jl5-1 SP-IIu 

18.543 L "')'OV Ret -1"'..2 Vb-Vi 

18.543 M ~...Qnd JIHlIIi-:i BU-tIh 
It 

18.543 
, +101' llat +101'4 Vb~ 
I !leNt Jl)-It SD-ha Jl5-ll SP-IIu 
S 

'f Rala;r CCII1t JU-T SI)..8u Jl5-T SD-Bu 
U 
Y ! Gn! ru .... SD-9M JlS4' SD-Bu • X 

Y 
ll4-o& 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

(113 aM Jl4) 

SHT. NO. 

SIZE 

REV. NO. 
t"ROJECT 

B 045 078 OW 1~98 

SHEET OF .HaCT'S 



as ... .t\6 .. 

CMLI ft_IMAL PUIIC'I'IOII OUTINATtON W.RE DD'TAIATION WIR£ DESTINATIOfiI .'11£ 
.115-1. 

I 
C 
D 
B R!P OP J14..! SD-BUS Jl6..! SD-BUS 

,. 
II 
1 
1 e»p. ..... Jl4-1 SD-Bu .116-1 S-aa. 

111.543 L -lCW a..t -lCW-"! 1Ib-V1 

111.543 M IIHbl 1IHkd- IIlk-1lh 

• 18.543 P +lOV Rat +lCW-"! l/h-lled 
R Ra_' Jl4..ft SD-IIaa Jl6..ft ~ 
S 

!' Relq Co. Jl4Jt SD-Bus 116-, SD-au. 
If ! 
V illll:!. Jl4-V S~ i 11 ... V SD-8ua 1 m:D-I ELl< If. 
W -I 

Y 
.11H 

.116-1 

I 
I 
0 
D 
I REP OP J15-l: SD-BUS J17-!: SD-SU. 

r 
B 
J 
1 Opnat.a JlS-I SD=-Bwo 317-1 SD-au. 

111.543 L -lEW .. t -lOV-:1; Vb-Vi 

18.543 M IIHload ~..; 1Ilk-llh 
If 

18.543 
, iiOf Blot +lfJV~ ~ 
Il Ra •• t .11S-Il SD-Bua .117-1l SD-Bw! 
S 

, Ralq C- Zl.5-! SD-lIu 117-' SD-au. 
If 
y ,tGnd .115-' SD-&a .117-Y SD-Bua 
W 
I 

Y 
Jl6-Z 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

em and 316) 

SHT. NO. 

SIZE 

REV. NO. 
PROJECT 

B 045 078 ~w 1909 
SHEET ..LL 0" · ...... 



~.-,. -
J17 .. J1I11 

HAltfrf,lcAaL£ U UII .. ", •• ,tlAL FUIIC ...... DOTINAT N W, .. or:STINAT, N WI. 

J17-A 
I 
C 
D 
1 Rep Op J16-1 SD-Bus J18A-1 SD-Bua 

P l- t-
B 
J 
& Operate J16-& SO-Bus J18A-& SO-Bus 

11.543·1 L -lOY Ref -lOV-2 WHT-VIO 

11.543.1 M ~ Grd HQ Grd-2 ILK-WIlT 
N r- t-11.543·1 p +lOV Ref +10V-2 WIlT-REO 
R Reset J16-R SO-Bus J18A-R SO-Bus 
5 

T Relay Com J16-T SO-BUS J1SA-T SO-Bus 
U 
V ± Grd J16-V SD-Bus r J18A-V SO-Bus 

lS.543.1 W +15V I-DC lu. '1 (+ ~) OR" 
X 

Y 
18.543·1 Z .15V DC BUll '1 (·15) Via 

18.646 J18A-A Bl J61 .... BilK t-
18.646 B B2 .161·1 llEIl 
111.646 C In . J61·C ORN 

D 
E Rep Op J17.£ SO-Bus J18-E SD-Bus 

F 
H 
J r- - t-

18.543 11.6< ~ 
K Operate J17-K SD-Bus :iCf;f altr~o L -lOY Ref -lOV-2 WIIT.VIO 

18.543 M HQ Grd HQ Grd-2 BLK-WIIT 
N 

18.543 18.6 6 P +lOV Ref +lOV-2 WIIT.1fZD J61·P WIIT·RED 
R &eset I-J17-R SD-Bus t- JIB-R SD-Bus 
5 I , 
T Relay Com Jl7-T SD-Bus JI8-T SD-Bus 
U 
V ± Grd J17-V SD-Bus J18-V SO-Bus 
W 
X 

l- tt-
y 

i z 
! 
i 

l- T 
I 
I 
I' 
I 

! 
i 
I 

l- i'-

i 

i 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

(J17 & J18A) 

5HT. NO. I 
Silt I 

REV. NO. I 
,.~~&98· B 045 078 OW 

SHEET 12 OF SHEETS 



JI8 " J19A 

""""/CAIU "1I.'NAl 'UNCTION 
C UMO COLUllllk 

OESTtfiilATtON Wla[ DtSTINATION WIRE 

18.646 J18-A 11 .162-& ... 
18.646 B 12 J62-1 lID 
18.646 C In J62-C 0&11 

D 
! ~ep Opr JlBA-E SD-BuB I-- Jl9-! SD-Bus 

F 
H 
J 
K Operate Jl8A-K SO-Bus :fU:£ iir~o ... .543 18. 146 L -lOV Ref -lOV-2 WIIT-VIO 

1.&..543 18. 146 M ~Q Grd HQ Grd-2 ILK-WIlT r-
N 

1&.54318. 146 P +lOV Ref +lOV-2 WIlT-REO JU-l' IIR1'-UD 
R Reset JlBA-R SO-Bus J19-R SO-Bus 
5 

T Relay Com JlBA-T SD-Bus J19-T SD-Bus 
U 
V ± Grd JIBA-V SO-Bus I--I J19-V SO-Bus 
LI 

X I I 
I ~ 

Y 
Z I 

r- I -
I 

18.646 J19& -A Yl J56-5 BRN 
I B Xo ([)) J56-19 REO 
t C Y2 J56-l3 REO 

18.646 0 X2 J56-7 BLU 
E Rep Op J1S-E SO-Bus J19-E SO-Bus 

18.646 F 'xl J56-11 GRN 
18.646 H -Y4 J56-15 YEL 
18.646 J fY3 J56-14 ORN 

K . Operate JlS-K SO-Bus Jl9-K ~~Vto 20 18.543 18 646 L - Ref -10V-2 WHT-VIO 20 .156-9 

111.543 18 646 M HQ Grd HQ Grd-2 BLK-WIIT 20 .156-3 BLK-WIIT 20 
18.646 N rsQ GrcI RQ GrcI-2 ILK IIR1' 20 '""- .156 ... 8LK-WIIT 20 
18.543 18 646 P + Ref +10V-2 WIlT-REO 20 .156-6 WRT-lEil 20 

R Rese~ JIB-R SO-Bus 119-R SO-Bus 
18.646 5 Sweep (il) TU-D REO 

T Relay Com JIB-T SD-Bus J19-T SD-Bus 
U 
V ± Grd J1S-V SO-Bus r J19-V SO-Bus 

18.646 V r .. GrcI J56-10 BLK 20 
W 
X 
Y 
Z 

'. 

r 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

(J18 & J19A) 

SHT. NO. I 
SIZE I 

REV. NO. 1 '-
PRQJECT 

19098 B 045 078 OW 

SHEET 13 OF SHEETS 



J19 

" COLUMN lUM. 
MAttN/CA-llE n."'H"l. FUNCTION DESTINArlON WittE OtsTiNUI N .lRE 

J19-A 
B "( 

C " 

D 
E Rep Op J19A·E SD-Bus J35·T nu 
F f-
H 
J 
K Operate J19A·K SD-Bus Q2.1 GRN 

18.543 L - Ref -10V-2 WIlT-VID 

18.543 M HQ Grd HQ Grd-2 BLK-WlIT 
N fBQ Grd HQ Grd-2 BLK-WlIT f-

111.543 p + Ref +lOV-2 WlIT-RED 
R Reset J19A-R SD-Bus Ql.! YIL 
5 

T Rel Grd 319"·T SD-Bus .131-T au: u -20V j ~31-u GRY 
V t Grd 319A.V SD-Bus 
W 'f15V 331-1: ORN 
X 

Y 
Z -15V -15V -1 VIO 

l-

f- I--

-

I--

I-- f-

t-

t--

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

( J19 ) 

SHT. NO. I 
SIZE 1 

REV. NO. 1 
·PROJEct 

B 19098 045078 OW 

SH~~T ." OF SH££T5 



,& ... m ',I>' 

CAau 'nIltIINAL 
_lOll 

~NAT_ W;'E Dm1J~nON '6;" DESTI"J~ION J!,.RE ... ..t5Y -15Y-1 Y1 

• 0IApR 12 86a-.'l IUD 
C 
D +15Y +15Y...l a.-
I iGloS ± Grd...l IWt 

p 6.)9' 1£ ~ so-a.. 
B 6.)9' 1£ J~..s SJ)....8ua 

J +)Of +)oy-l JIItd 
I II&l M 12 .7)6-Y Yel 
L Stab 12 8II~ Qrn 

M ~ ~- Blk-\li 
II IIHW ~- B1k-\li 
P Stab 11 s6b-1 OMI 
R Ba.l. M 11 J)6..Z Ye1 
II +)0'1' +)0'1'-1 RIId 

T 
U 
V 

*~ 
± Gnd-1 Bllc 

W +15V-l 01' 
X 
1 OIltprt 11 56a-1 Bl.u 

.J21-Z -15V -15V-1 Vi 

J22-.t. -lSV -l5V-l Vi 
B OIltput 14 SUa-4 Blu 
C 
D +lSV +15V-1 Or 
E ±~1Il .± CI'IIl-1 Blk 

r 6.), 1£ .12t_f 3D-Bua J2)-f , SD-I!ua 
H 6.3' .IC J2l.-14 SD-Bus 32)-& SD-Bua 
;r +)0'1' .. m-1 Red 
It Sal Pot 14 .7)6-li Ye1 , 
L Stab. 14 561>-4 OrB-

M B:HJnd KHkId- Bllc-\li 
Ii ~ ~~- Blk-;Jh 
P Stab. 13 S6l-3 OM> 
R Jlal Pot 13 .7)6-X lel 
5 +)0'1' + 3OV-l Red 

T 
U 
V .±c..s .± Gnd-l Bl.k 
V + 15V +15V-l Or 
I 

1 OIltput 13 56 -) Blll 
J22-Z - 15V -151'-1 '11 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

(.121 and 3'22) 

SHT. NO. 

Sitt 

REV. NO. 
PROJ£CT 

B 19D~8 04') 078 OW 

SHEET O~ SHEETS 



mal _ 
" 

c..au fU'.'MAL 'UffCTIOfiI Drs~.TlOtf ,~, DRT'I2TI0tt .,~ D[STI1~ 1 tON WA' 
.to-A "'~, " 

. -151',,1 ~"1 ., "' • a.dIpat 16 '86a:.4 UlI 
C 

• +151' +15'-1 Or 
J; j;Qod ,tCnd-1 m , , 6." At; 

m", SD-flwo l21."' SJ>.-Bu. 
H 6." At J22..J1 SD-fbI J24..Jt SD-Bua 
J +)OV + 3OV-1 IWd 
I Bal Pwt 16 l)~ tal 
L 8t&b. 16 s6b-6 Grn 

M JIHIad IIHInd-J Bllc-4'h 
R ~ IIl-Gm-1 Blk-\lh I 
P stab. 15 s6b-~ 0,." 1 l!-

• IIal Pot 15 J)6-V Ye1 

I S + )at' +)0'1-1 Red 

I :: 1 u 
'I j;CIaIl ± cnl-1 Bll 

I \I + 15' +HV-1 ~ I 
I x 
t I ClIrl.put 15 s6 • ..,o; Blu ,I 

!i .l23-Z -15V -151-1 Vi 
11 

.124-A -lS1' -l~V-l Vi II 
I B ~plt 18 sfa -8 B1u II 

! 
c "* 0 + 15'1 +15V-1 Or " i 
E ,;tGu! ,;t<ln1-1 Blk ii 

I 
I, ., 6." AC J23~ SD-.Bua 125 .... SD-Bua II 

I 6.)1' AC J23-B SD-Bua J2S-H ,~ .. t J + )OV +3OY-l Red 
I Bo.l. Pot 18 JJ6-5 Iel 
L Stab. IS S'IHI am 
M IIt-Cbi ~-WI-J 1Wc..o/h 

II 
II ~n1 IIC-GlId- Bllc-Wh 
P Stah. 17 S6b-7 am , a ~1. Pot ,., .136-T Iel II 
:3 +)0'1 +)OV-1 IWd + T I 

iJ II 

I 
, + 0Jd ,i<lD:l-l Bllc Ii 
II .. 15' +15'1-1 Or ii x 

t t Qat.port. 17 56&-7 Blu 
.124-<1 -151' -15V-1 Vi 

t 

ELECTRONIC ASSOCIATES, INC. 
LONG BRANCH, NEW JERSEY 

en; &lid 124) 

SHT. NO. 

SIZE 

fiE\'. NO. 
PftOJac:f 

B 045 078 OW 19098. 
SHEET 01' $'" ETa 



~- .. 
CAllLE TDII'MAL PIIIICT10II ~A'" :, ... 0QT1~"- ~ oa;:-'TIOfI ~~" 

J2S...t .'" -15'-1 \! Vi • Gnpa\ 110 S6a-lOi 818 
c I 
II +U'f +15'1-1 Ie:. 
K ,iGlll ,1Gnd-l 

I~ r 6.)' 1& JU.I' n6-I" SD--aus 
B 6." At; JZ4-H J26...lf ~W~ 
1 +)OV +)oY--l 1W4 
I IIel M 110 J)6-f Y&>1 
L stab. 110 S6b-l0 On 

M ~ HQ-CM- 1Ill<·Uh • IQoCIIIIl lIKnd- Blk04 
P Stab. 19 S6b-9 lIrll 
R Bal "-t 19 J36~ Yel 
S +)OV' +)011-1 be! 

'1 
11 
V +lind .:!!",n!-l !11k 
w +lSY +15V-1 0, 
X 

! Oatpllt 19 s6b--9 B1u 
J25-Z -15'1 -15"'-1 Vi 

J26-A -l5'l -lSV-1 Vi 
B OIRp.,It ru. 
C 

568-12 Blu 

D +15'1 +15V-l Or 
IS :J!D! j;Crd-l Bll< 

F 6." .to J2S-" SD-Bus 327-r SD-8us 
R 6." .&C ~-8 liD-Baa J%T-H SD-Bus 
Z +'OV igOV-l BI1'! 
I Bal Pot 112 J36-M Y"l 
L Stab. IJ.2. 561>-12 On 

M IR-Cn3 IJ<-(lrd-~ IlJ<..Wh • ~d IIC-Cn:I-] IIlJ<-IIb 
P .tab. III 8&-11 Orn 
R lIal ~\ III J36-N Yo;l 
S +3OV +)CJ-l R~.d 

'1 
U , 

*1~ ,!Cn'!-l !Ilk 
W +lSV-l Or 
X 

I ~11\ III 56:.-11 Bla 
~ -1'" -15'1-1 1'1 

ELECTRONIC ASSOCIATES. IHC. 
LONG BRANCH. NEVi JERSEY 

(.125 .m .126) 

SH1. NO. 

SIZE 

REV. NO . 
.-.rOJECT 

B 19'096 645 078 0\1 
• It..., Of' 

__ £Ttl 



J27 ani .128 

CAlLI TEItMINAL JlVNCTION D£ST'~TION ~E DEST,tttTK* WJrJ' D"TI;~TlOM ~~E 

:t21-A .,J,5V. -15V-l Vi 
B Q.Jtpu\ Ill. S6a-14 Blu 
c 
D +15V +l5V-l Or 
E iGtr1 .t<Jrrl-l Blk 

, F 6.3V AC J26-' SD-Bus J2B~ SO-Bus 
H 6.3V AC J26-II SD-Bus J28-l! SD-Bus 

I J +)0'1 +30V-1 Red 
I BDl Pot #l4 .136-1 Ye1 

I L Stab 114 S6b-14 am 
M / 1Il-Grrl lIl-Gnd-1 Blk-'11 
N IIQ-<lnd .s~-Gnd-1 B1k-1/h 
p Stab Ill) 6b-13 Grn 
R Ilal Pot 113 .13b-L Ye1 
5 +)CJ!J +30'1-1 Red 

I 
T I 

: U 
I V + Gnd +Gnd-1 Dlk 
I W +15'1 +15'1-1 Or 

f 
X 

Y Output #13 S6a-13 D1u 
127-1: -lSV -15V-1 Vi 

128-A -15V -15V-1 Vi 
i D Output #16 5600-16 Blu 

C 
0 +l5V +15'1-1 Or 
E .±Gnd ,tGnd-1 Blk 

F 6.3'1 AC J77~ SD-Bus 129-7 SO-Bus 

I H 6.3'1 AC J77...Jl 50-Bus J29-1l SO-Bus 
J +)OV +30V-l Red 

I K Ilal Pot #16 nb-H Yel-

I 
L Stab 116 561>-16 Grn 

M lIl-Gnd HQ-Q,d-1 Bllt-Wh 

I N HQ..QDi HQ-Gnd-1 Blk-Wh 
P Stab #15 561>-15 Qrn 
R Be.1 Pot /115 .136-J Ye1 
S +3OV +3r)V-1 Red 

T 
0 

I 
V .± GId ,±<hd-1 Blk 
W +lSV +15V-1 Or 
X , 
Y Output #15 96&-15 Blu 

128-Z -15'1 -15V-1 Vi 

f-

I 

I 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERS[y 

(32'1 and J28) 

SHT. NO. 

SlIt 

REV. MO. 
f'fIO.JEcr 

B O4S ·078 91< 1~9B 

..... r::1:T O~ SHE 



129 and no 
CAlli TEIIIIMAL ,"UtICTIOfI Dt'1T1~ATlON ;:"E DEmIIJ~ .J~ OUTI-tTION '~.E 

J29-A -151' ~5V-.1. n 
I B Qltput 118 86"18 8lu 

I 
c 
D +151' +15V-l Or 

I 
E ;tOIl! ,iOnd-.1. !Ilk 

I F 6.3V II:. m-:I SD-Bua ~ SD-fU 
I B 6.3v At: J28-B SD-aua J)O-JI SD-Bwo I J +)OV +)OV-1 lied 

)[ BIll I'bt lIS n~ 1.1 
L Stab #IS 56b-lS an. 

M 1Il-<Di ~-l Blk-llh 

• 1Il-Gtd ~~-1 Blk~ 
P f- Stab #17 561>-17 0l"Il 
R Ba1 Pert #17 J)6-F leI 
S +)OV +)(Jf-l a.d 

T 
U 
v .± OM -IGm-1 Blk 
II +15V +15V-l Or 
I 

I Output 117 S6&-17 Blu 
J29-Z -15V -15V-1 Vi 

nO-A -15V -15V-l Vi 
B OIrtput 120 S6a-.20 Blu 
C 
D +15V +151'-1 Or 
It i6Dd ;iG1Il.-l Bl.k , 6.)' .lC m..:t SD-8IJI lJ100W Brsl18 In-a 6." As.: .T29-1! SD-IIaa n1-V lIb-l!rs 8n 
1 ..,cw +)OV-1 lied 
a: Iit.l Pft #20 J)6-.C hl 
1. ftab #20 Sl.l>-2o a-
M IIHIaIl ~nd-1 Bl:lMIh • IIfoGM HQ-Grr:l-l. mk-wh 
p hall. 1'19 S6l1..l.CJ 0l"Il • ~htm JJ6-D let 
S +lM "')OV-l led -
If 
V , '+ CIa! ,iGrd-1 Bn 
V iJ.!IV +1'iV-l Or 
X 

" 

r o.nprt 11. 
Sr-19 mill 

.1)0·1 "!IV - 51'-1 Y1 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

(D9 and J)O) 

SHY. NO. 

SIZE 

REV. NO, 

"RQJECT, 

B 19098 045 078 OW 
... EET IT OF ... 



131 a .. d .132 
., 

CAIILf TlaMINAL PUNCTIOII DUTt':.~TIO. -':~E DUTI:~TIOW !~ •• DEST!~'no. W!"..' 
.131-1 -15V -15V-1 Vi 116 Jl.9-Z Vi J32-A " SD-Bus 

I B -15V C bu~5a!t~ V~ J32-Z Vi 

I 
C +G114 
D ":15V C"", 

I 
::>J.-Busl 

E -15V Crmo 
SD-Bus l. Chasaia om 

Gtd-10 Strap 

I 
1" +151 Com SD-Bus , 
H +15V Com ~~ .r 6V DC J50-2 

I It +151 .132-W Or .Tl9-W Or 
I L +15V .132-D Or .131-M SD-Bus 

M +30 Com .135-C Or .131-L SD-Bus 

" +30 Com +1~V-1 ..Dr #Ie 
p 6V DC Com J50·4 BLI( 
R +30V J35-D Red J32-.r Red 
5 +30V +30V-1 Red#l6 J32-S SD-Baa 

T -Relay Com 
I .137-2 BU: J19·T BLK 

I 
u ...:te1ay .135-E Cy' .Tl9-U Wh~1IrD 2i V 6.3V AC .T3O-H Wh-l3rn ; J32-H ir~ W 6.3V AC .13O-F Bm'18 .132-1" IIrD 120 
X 

I 115V AC Com .T35-Y Wh 1120 
J31-Z 1151 i'£ SW J35-X Wh-Gy ,. 

J32-A -15V .T31-A SO-Bus .133-A SD-Bua 
B Output 
C 
D +15V .T31-L Or .133-41 SD-Bua 
E ;!;Qnd Cbaesis Blk 

ClDd-6 
F 6.3V Jj; .T31-W Brn 120 TPXDS1-l BBlI TP 
H 6.3V At; .T31-V 1Il-11rD 4 ~ 'l'PXIS1- \Ifl'lI-HUI ~ :r +3OV .T31-R &ad 
I Sal Pot 122 .T33- It SD-Bua 
L Stab. 122 56>-22 elm 

M ~-Grd Chassis Blt-Wh 
0!r:l-7 

" IQ-Grd Chassis Blk-Wh 
Grd-8 

P Stab 121 $.b-2l an. 
R Sal Pot 121 J33-R SD-Bus 
5 +3OV .131-S &l-Bus 

T N 

tJ 
V ;!;ClIld Chassia Blk 

Goxl-9 
V +15V J31.1t Or 
X 

Y Output 
J32-Z -15V .T31-B Vi 

.3 

ELECTRONIC ASSOCIATES, INC. 
I.ONG BRANCH. NEW JERSEY 

(m and J32) 

SHT. NO. 

SIZE 

REV. NO. 
PROJ£CT e 1'1098 045 078 OW 

SHEET OF SHEETS 



·"'A . ... 
{ C U ... COLU_N HAfllVcAeU TIHI".L 'UflCTlON O[$TllfATION WIR£ OESTINA 10N WIRE 

J33-A -1SV . J32-A SO-BUS 
B -Ref -IOV-2 . WIt-Vi 116 
C -Ref .' J35-F WIt-Vi 56a-22 Blu 
0 ~. 
E 

.~. 

F , 
H I-

J 
K Bal Pot 122 J32-K SO-Bus 

I L 
! 

H 
N 
P t R Bal Pot 1121 J32-R SO-Bus 
S 

: 
T 
U I 

V :t Gnd Chassis Blk 
Gnd-5 f 

+-W ~15V J32-0 SO-Bus 

r X ~ Ref ~10V-2 Wh-Red 1116 

~ Ref J35-H Wh-Red I 
56.-21 

y 
I BI u 

J33-Z I 

f-

tm Connector) See 
I' 

For J34 Wiring (ADdlo OVerload Al~ I: Expansion Ilvg. 'BOO 415 OA. 

Ii 

-

f-

I 

i-
I 

I 
I 
i 

r 
Ii 

f-

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

(J33 aucl ..134) 

SHT. NO. 

SIZE 

REV. MO. 
PROJECT 

B 19098 045 078 OW 

1 



.135 .. ad J)6 \" 

lIAaoo/CAeLE TE .... AL ,tlilcTtON U If UIf. 
DDT'NATI " WIllE I AT IIIE 

" J3,-A tOrd 
,,' 

:tOrd ~1i8 m~BDri- BLlm -B -1ST I,,: J)6.1I' "". VIO 
-I! -l5V J39-B VIO 
-C +lSV JJl-M CIiIf J39-W OlIN 
-D +'OV JJl-1t RID .. -IIiWr1 V J31-V or 139-' OY .. ....lqy Q200C or -, -Rat J'33-<l IIII'1'-VIO 
-II .... t J)3-Y IIII'1'-RED 
-J ~RIl Cha .. :t.a cmt-2 IILIt-Wft 

11.646 -I[ Operate J56-1 G'l 
11.646 -L -24V J56-2 VIO 

11.646 -M ileset J56-8 BLU 
-If 
-p Pot IIu8 J.!.o-JI m 
-It Stab OUt Sbb-W GD 
-6 Amp OUt S6a-W BLU 

-T R.p. Op. Jl~1 BLU J'39-S Btu 
-V Oparate QW GIIII 337-3 GRN 
-V Operate 339-1 GIIII 
-y Reaet Ql-I YIL J?7-4 YEL 
-v Reaet J)<;-X YEL 

-W 
-1 115V AC SW 331-Z WHT-GY 1120 J57-1 WHT-GY #16 
-Y 115V AC Cce 331-1 IIIIf 1120 1.0-1 lI!I'l' #20 

J3S-Z mV AC ACl-2 VII'1'-GY 1120 

J)6-A ±Grd J'39-1 BLIt 1120 Chaasa 01'6-1 Bi.Jt #20 
-B -15V 335-11 VIO 
-C Bal Pot 1120 3,o-E YIL 
-D lILL Pot ffl9 J3Cl-1t YIL ... Bel Pot illS 329-1[ TEL 

-, Bel Pot #17 329-R YIL 
-II Bel Pot #16 32&-1 YIL 

~ 

-J Bel Pot #l5 32M m. 
-I[ Bel Pot ffl4 J27-K lEt. 
-L Bel Pot ffl3 .J2'7-R lEL 

-I( lILL Pot 1112 J26-l m. ... Bal Pot III J26-R m. 
-P Bal Pot NlO 325-1[ lEt. 
-R lILL Pot #9 J25-R m. 
-a Bal Pot IS .124-1[ Yel 

-'1' Bel Pot 17 .124-R m. 
-V Bel Pot 16 323-1 lEt. 
-y Bel Pot 15 323-a m. 
-V Bal Pot #4 322-l m. 
-x· Bal Pot 13 J22-1l IlL 

-Y Bal Pot (12 321-1 TEL 
J)6-Z Bal Pot Nl 321-a lEt. 

:'7-1 Chd; Grd (Slave) Chaa. cmt-15 BUr: lS R21-1 
.sae SIt. 2 -2 ~ Cam (Slave 331-'1' '3LI: R21-2 ., Operata (Slave) 33S-U GIIIf 

137-4 Rea.t (Slave) J35-V IlL 

FOR WIRING OF J38 111 d 339 SIB SHII'l 26. 

.. 

ELECTR~C ASSOCIATES. INC. 
LONG ANtM. N£W JERSEY 

(135 tkN m) 

$HT. NO. 

SIZE 

tI£Y. NO. 
~.e, 

.l.<J&98 B O4S 078 OW 
8 .. 1I:&T l' OF _ITa 



'.' 
P)6 

eMu: n.!IIW. -- --.,- ... DaTI .... ...- - DDTIIIA'- WI. 

P)6.I. ;tCllld !I2..l mll8 
II ...t,v 11-" 1'1 118 

C BtJ. Pot l:;n JI.2O-,2 Iel 

D 119 Rl9-2 
E 118 RlB...2 

F 117 Rl7.0.2 

11 116 Rl6-2 

J #15 Rl5-2 
I 114 RJJ.-2 
L #13 RlJ-2 

II #12 Rl2-2 
II III Rll-2 

j 

P #10 RlO-2 
R #9 R9-2 
S 118 RB-2 

T #7 ~-2 

U 16 a6-2 

V 115 R5-2 
w 14 R4-2 
I 13 It'-2 

Y 12 R2-2 -
P36-Z BIll Pot 11 Rl-2 Yel 

l-

f-

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

~) 

SHT. NO. ,-- l-
sm: 

lEV. NO • 
.... C>J~ 

B 045 078 OW 19098 
.HnTL~ ., .. ~ 



11. to 120 

CUU: _'NAL PUIIC1'IOII MSTIIIA_ - --- WI. --- .,. 
. Rl-J. iGDd . , . R3-J. .Sn..BtlS ! GDd-J. Blk.1l6 R2-l. ~BUS 
Rl-2 Bal Pot 11 P)6..Z Iel 

Rl-3 -l5V R3-3 SD-BUS P36-B Vi R2-3 SD-BUS 

R2-1 !Gne! R4;..1 SD-BUS Rl-l SD-BUS P)6..A Elk 118 

R2-2 Bel Pot 12 P36-1 leI 

R2-3 -..15V R4-3 SD-BUS Rl-3 SD-BUS 

R3-l !Gnd Rl-l SD-BUS RS-l SD-BUS 

R3-2 Bal Pot 113 P36-1 leI 

R3-J -15V Rl-3 SD-BUS R5-3 SD-BUS 

R4-1 !Gnd R2-1 SD-BUS R6-1 S'l-BUS 

R4-2 Bal Pot #4 P36-w Iel 

R4-3 -15V R2-3 SD-BUS R6-3 SD-BUS 

R5-1 !Gnd R3-1 SD-BUS R7-1 SD-BUS 

RS-2 Bal Pot #5 p36-v Iel 

RS-3 -lSV R3-3 SD-BUS R7-3 SD-BUS 

R6..1 ;tend R4-1 SD-BUS RS-l SD-BUS 

"'R6..2 Bal Pot #6 P36-U Iel 

R6..3 -lSV R4-3 SD-JlUS R8-3 SD-BUS 

R7-1 !Gnd R5-1 SD".BUS R9-1. SD-BUS 

R7~ Bal Pot In P36-T Iel 

R7-3 -15V R5-3 SD-BUS R9-3 SD-BUS 

RB-l !Gne! R6..1 SD-BrS RlO-l SD-BUS 

RS-2 Bal Pot ;;8 P36-S Iel --RB-3 -15V R6..3 SD-BUS Rl0-3 SD-BUS 

R9-1 ;!:Gnd R7-1 SD-BUS Rll-l SD-BUS .. 
R9-2 Ba1 Pot 19 P36-R Iel 

R9-3 -15V R7-3 SD-BUS Rll-3 SD-BUS . 
RlO-l ;tend RS-l $.BUS Rl2-1 SD-BUS 

RlO-2 Ba1 Pot 110 P36..P Iel 

Rl0-3 -15V RB-) SD-BUS R12-3 SD-BUS 

Rll-l !Gnd R9-1 SD-BUS Rl3-1 SD-BUS 

Rll-2 Bel Pot #ll P36..N Iel 

Rll-3 -15V R9-3 sn.BUS Rl3-3 SD-BUS 

Rl2-1 !Goo RlO-I SD-BUS Rl4-1 SD-BUS 

Rl2-2 Bal Pot 112 P36-/oI Ie1 

Rl2-3 -15V RlO-3 SD-BUS Rl4-3 SD-BUS 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

(Al!bn 120} 

SlIT. NO. 

SIZE 

1lI:V. NO. 
_OJECT 

B 1~98 045 078 OW 

.H~ Of' -



'11. to tI20 

eMU: faMIlIAL I'IIIICTIOII DUTIIIA_ Will: _A"- W'. HSTINATK>II Willi: 

JUl-J. .iGD4 .. Rll-l Sl)..U 815-l Sl)..BtlS 
RlJ-.2 BLI. Pot 11.3 P~L Iel 

JIlJ-..3 -15V Rll-.3 Sl)..BUS 815-.3 SD-BtlS 

Rl4-1 iGnd Rl2-l SD-BUS Rl6-1 SD-BUS 

Rl4-2 Bal Pot #lA P36-l Iel 

Rl4-.3 -lSV 812-.3 SD-BUS 816-.3 SD-BUS 

Rl5-1 ±Gnd 81.3.1 SD-B~ 817-1 SD-BUS 

Rl5-2 Bal Pot 1,Il5 P36-.T Ie1 -
Rl5-.3 -lSV 81.3-.3 SO-BllS 817-3 SO-BUS 

816-1 iGnd lU4-1 SD-BUS RlSc-1 SO-BUS 

816-2 Bal Pot #16 P)6-H le1 

816-3 -lSV R14-.3 SO-BUS 818-3 SO-BUS 

Rl7-1 ;!:Gnd Rl5-1 SD-BUS Rl9-1 SO-BUS 

Rl7-2 &>.1 Pot f,17 P36J' le1 

Rl7-3 -lSV Rl5-3 SO-Bm Rl9-3 SD-BUS 

Rl8-1 ;!:Gnd Rl6-1 SD-BUS R20-1 SO-BUS 
Rl8-2 Ba1 Pot #18 P36-E lel 

Rl8-) -lSV 816-3 SO-BUS R20-.3 SO-BUS 

819-l ;!:Gnd Rl7-1 SO-jIUS 

Rl9-2 &>.1 Pot #19 P~D lel 

819-3 -15V Rl7-3 SO-BUS 

R20-l ;!:Gnd Rl8-1 SO-BUS 

R20-2 ~Pot 120 p)6-C Ie1 

R20-.3 -lSV 818-3 SO-BUS 

~~. 
".~ < .. 

ELECTRONIC ASSOCIATES. INC. 
LONG BRANCH. NEW JERSEY 

(n thn R20) 

8KT. tic. 

SIZE 

REV. NO . 
........ .,CT 

B 19(}9B 04.5 0'8 OW _ ET 

O~ .... 



11;:1 
.' 

~_·c 

cuu - - ,_A_ - _An. WI. DDTlNATIOM .,. 
~ CllRpa.t 11 ~ti ~ 

12 -, 13 

~ -4 14 .., IS 

-6 16 ~ .q h 
~ 18 J24~ 
-9 19 J25-1 
-10 110 325-8 

-ll III J26-1 
-12 112 J26-8 
-13 ru f.J27-1 . 
-14 Iv. :r:n~ 

~ /15 .T28-1 

~6 116 .T28~ 
-17 /17 J29-1 
-l8 118 J29-8 
-19 119 ,730-1 

r: ObtJNt 120 J)O-B 

+lIet J)~ 

S&l-22 -llet J)~ BLU 
s6a-¥- Qltpat J)5-S BLU 

S6~1 ,tab 11 0721-P OM ~50-1 BLK 2f1 
..:a H2 .121-L .151-1 BRN I 
-3 #3 .T22-P JS2-1 !!ED : 
-4 fJ4 .T22-L .153-1 ORN 
-5 15 J2)..P JS4·1 YEL 

-6 16 J23-L .155-1 GRN 
-7 H7 .l.J24-P - ~50-3 BLU 
~ Ig J24-lo J51-3 VIO 
-9 ~ 325-P .152-3 G1( 

-10 110 J25-L JS3-3 WHT 

-ll III 326-1' .154-3 WIIT-!!E 
.12 IU 326-L .155-3 BLK 
-13 113 J27-P J50-S BRN 
-14 Ill. 0l27-L :l'Sl·S REtl 
..tS *15 J2S-P .152-5 0lUI 

-1.6 116 m-I. .153-5 YEt. 
-1'P fJ17 ~ .154-5 . GRN 
.lIt /18 J29-L J5S-5 BLU 
-19 #19 330-P .151·71 VIO 
-20 #20 ~ 1--'52-7 G1( 

.. 21 #21 .T32-P J53 .. 7 WIlT 

..:22 Stab 122 3-L .1S4 .. 7 1m-oDiE 
36b-v Stab J)5-R GU 

£LEC'I Jt.U~fC ASIklGU.UI&. ~ 
LONG IIMNCII. ... .-r 

Wff_NO • ... 
IIIY.NO • 

........ lA! 
19 09li B 045 018 ow ....,. 



J38 & J39 

CAlI TDMINAL I'UMCTION DESTINATION WIRE D£"I'~ATlON ~£ ~TI.ATlON .. ~IR£ 

J38-.\ -lSV .n~·-A VI 
B 
C 
0 
E ± Gnd J39-E BLK 20 SO-BUS 

F 
H 
J 
K Control J39-K BRN 
L Sweep J39-L RED 

H 
N 
P I 

R 
5 

T -20V J39-T BLU 
U 
V ± Gnd J39-V BLK 20 SD-BUS 
W +15V J39-W OR 
X Operate J39-X GRN 

Y Reset J39-Y YEL 
J38-Z 

J39-" -15V J38-,\ VI 
B -15V J35-B VI 
C 
0 
E ± Gnd J36-A BLK 20 ·J38-E BLK 20 

F - Relay V J35-E GY 
H -
J 
K Control J38-K BRN 
L Sweep J38-L RED 

H 
N 
P 
R ± Gnd ± Gnd Bus BLK 20 
5 Rep. Op. J35-T BLU 

T -20V J38-T BLU 
U 
V * Gnd J38-V BLK 20 
W +l5V J38-W OR J35-C OR 
X Operate J38-X GRN J35-U GRN 

Y Reset J38-Y YEL J35-V YEL 
J39-Z 
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. 

J50-J55 

"'ARlt/CABlE C lU-IIIN nltMINAL FUNCTION HSTI"AlION WillE 

J50-1 Stab #l S6b-l BL\t 26 

J 

2 6v DC 4 WlIT-BRN 
3 !'I'I'-" " S6b-7 BLU 26 
4 6V Co .. BLK 
5 Stab 113 S6b-13 JI!N 26 

J50-7 
r-

J51-1 Stab 12 S6t.-2 mN 26 

j 
2 6V DC WlIT-BRN 
3 Stab /lR S6b-8 VIC 26 
4 bY eo... BLK 
5 Stab IIll S6t.-ll RED 26 
6 "'"b 119 ~6b-19 VIO 26 

J51-7 

J52-1 Stab 113 S6t.-) RED 26 

J 

2 6V DC Wl\T-BRN 
3 Stab #9 S61>-9 GY 26 
4 bV CoI1lll BLK 
5 Stab 1/1, S6t.-15 0RI/26 
6 Stab #20 S6b-20 CRY 26 

J52-7 

J53-l Stab #4 561>-4 CM 26 

j 
2 6v DC WHT-BRN 
3 Stab #1(1 561>-10 WIlT 26 
4 6Y Comm BLK , 5 Stab 1fl6 561>-16 YEt 26 
6 Stab #21 !-sOb-2l IIIIT 20 

: J53-7 , 
J54-1 Stab #5 561>-5 YBL 26 

I 
2 6Y DC WHT-BRN 
3 Stab #11 S6t.-ll WIlT-RED 26 
4 6Y Comm BLK 
5 Stab #17 ~~61>-17 GlUI 26 
6 Stab 1122 6b-22 1JHT-RED 26 

J54-7 

J55 -1 Stab 1}6 S6t.-6 GRN 26 

J! 
6V DC WlIT-BRN 
Stabil12 S61>-12 

4 
BLK 26 

6Y CoIIUI BLK 
t- Stab 1118 56t.-1'8 BLU 26 

-
.. ," Ql-B Reset 319ft IEL 

Ql-B Re •• t J)5-V DL 

Q2-B r- ~rate 319-1 GRB 
~B ~rate J)5-U GRB 
Q~ ReleT Volts J)5-K GItY 

Bl ;to GRD .J35-A BUI20 
i 

(Se. In. 12) 

i 

t-

NOTE. 
1. All le' <iF. and jumpArB COlIIilIg to J5fl-J55 connector Gre to be 

term1.'lsted int:9JWe connector:.. Item 1IJ5 
2. n located em Bus 11r1""r Assj-VH'11lli-ye"m ".ie1n1v ot m. 

COLUMN I 
DUn"ATI N WIIt[ 

J)W WIIT-IIIJII 

J3l .. ' au: 

t-

t-

:! ., 
~ 

1i 

il 
Ii 
!I 
Ii 
IChao. Crd-3 BLK 

it I 
II 

II 
• 

I' 

I! .' + 
II 
!I 

II 
" T ., 
Ii 
,I 
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J5,~ " ~~7 '~ 

"""fe·Sll 
'IAMINAL .. ', " 

f'UIfCTION' 
C UN UNN 

D[STINATIOH .... .-sTINATI H WittE 

111.646 J56-1 Operate 335"1(. GY 
2 !Pen Lift ( -24V) J35-L VIO 
3 '" 

4 ; U8 t.1 :Hit:'!: ii:l-Wt 18 
5 .. Y1 J19A-A BRN 

6 +10V .Jl9A-P WIlT-RED 20 
7 X2 J19A-D BLU 
8 Reset J35-M BLU 
9 -10V .J19A-L WIlT-VIO 20 
10 Z Grd . .Jl9A-V BLK #20 

11 f-.Xl J19A-F GRN 
12 
13 Y2 J19A-C RED 
14 Y3 J19A-.J OIR 
15 Y4 J19A-" YEL I 
16 

I 17 -t-lMblankll1& TU- .. GRN 
18 

18.646 19 Xo (:J) J19A-B RED I 20 

! 
J57-1 llSV AC SW J3S-X WHT-GY 116 I' i 2 115V AC COM AC-l WIlT 

I 3 Chassis Grd Grd Lug SD-Bus illS 

...L 
'" I 

I 

I 

I 
, , 

- T 
Ii 
I: 

f- t " ....... - I 
I. 
i 
l' . I 
I 

I -t-
., 

I 
I 

l' 
I: i i 

I I 

t I 
I 

I 
I I I 

I 

I 
I 

I, 
II 
" 
, 

'- r 
i 

Ii 

w 
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.162 • .J1I.1 

"AltNfC.AaLI 'fDtII •. u ~ • I 
DUTINATION .... .aTINATION WIItE 

11.646 J62-4 a1 .nl-A IU 
I a at .nl-a tED 

C In .nl-C OIl .. 
D 
I: 

r 
H 
J 
1 
L -UW J11·L IIIT-VIO 

M .Crd ~rd·1 ILl 18 
N 
P ~ +lOY J18·P WIlT-lED 

i I 
S 

i T 
U 
V 
W 

! 
X 

, 

y 
Z 

J61·A 11 J1SA·A liN 
I 12 J18A·1 I&D 
C In :J1SA·C ORM 
D 
E 

, 
H 
J 

I K 

! 
L ·lOY n.8A-L WIIT·VIO 

M .Crd .Crd·l ILl 18 

18.L.6 
II 
P +lOV .nBA·p WIIT-1lEIl 
I 
S 

l-
T 
U 
V 
W 
X 

y 
J61·Z 
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wl.\m; DOT, FOl<. 
O/ZIIiiIJT 4.ilOIJ 

1111 
Cf 

0.1.w' 
tC.l 
10 

t ---i 1----'I/II'v-----, 

'-Z ~Z 

Z~--~~---. 
WIlITE DOT _______ 
(IGEF.) :or. -----0 

UN ...... OTHt:IltWta •• "IECIP"ID 
O'MIlNa,ON ..... IN INCH •• 
c.P.CrTJU .. Ct: •• IN ,,""D 
..... .,.."e. I. IN OM ... 

TOU-ttANC& Oft 
~ P&C,IMA ........ " ..... 

tt'" *.00. t 
• TQL.. Off MATeRIAl,. .UfJPL'lla 

3----~------------_. 

C~ LZ? 
4~1-_~~10~ __ ~ 
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,.. ....... _----, 
'I REP OP TIMING I 
I UNIT 
, I 
L.... ___________ _ 

.--------------, 
I 
I 
I 
I 
I 
I 
I 
I 

-REL ~_VV'_.r 
I 100 
I 
I 
I 
I 
I 
I 

S~ 

, CONTROL PANEL t ____________ ~ 

RESET 

3 
OPER 

I 

: RESET 
4 >!------I 

r RruY- ;;S ;R~R -l 
I TO INTEGRATOR 

r-----T-I --.--+ I RESET RELAYS , 
I 01 i CR 2 

I , 

I ~~ I 
RI 
IK I , 

02 - I 
- REL 

I TO INTEGRATOR I '-----t--........... OPERATE RELAYS 

, CR I _______ .--J 

• J 37 (SLAVE CONNECTOR) 

Relay Bus Driver, Schematic 

A5115 
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