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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 identification of the part when inquiring about replace
ment items as potentiometer assemblies or cups, relays, transformers, 
preciSion resistors, etc. 

2. When inquiring about items as servo multipliers, resolvers, networks, 
cables, potentiometer expansions, etc., please specify the serial num
bers of the major equipment with which the units are to be used, such 
as: Console Type 231R, Amplifier Group Type 40028, serial #000, etc. 
If at all possible, please include the purchase order or the EAr project 
number under which the equipment was originally procured. 

Your cooperation in supplying the required information will facilitate 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 possible to the indi
vidual requirements of the individual customer. This is accomplished, without incurring the prohibitive costs 
of custom design, by substituting new components, modifying standard components, etc., wherever necessary to 
expedite conformance with requirements. As a result, this instruction manual, which has basically been writ
ton to cover standard equipment, may not entirely concur in its content with the equipment supplied. It is felt, . 
however, that a technically qualified person will find the manual a fully adequate guide in understanding, oper
ating, and maintaining 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. A. M226 
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MANUAL REVISION NOTICE * ELECTRONIC ASSOCIATES INC. 
LONG BRANCH NEW JERSEY 

PAGE liTEM/" REVISION 
0ARA 

12 7£0 Described below is an alternate method of ~sing the 51.114 
Service Shelf to test the 60514 Duai, DC Amplifier" 

DATE 10/25/63 

The 51,,114 Service Shelf may be used for testing orserv~c~ng a 
6,,514 Dual, DC Amplifier without having the pre-patch panel in 
place, avoiding the necessity of removing the amplifieris patch 
block fr0m the panel" This is accomplished by removing the ampli
~ier module, and the pot set relay (Kl) from its socket on the 
120730 Resistor Network Card" Refer to Figure 2.1"1,,, The computer 
may be left in the pot set mode (to avoid overloading any of the 
other amplifiers)~ and the amplifier under test installed (on the 
service shelf) in its patch bay position" The amplifier now 
functions as if in the operate mode, allowing the use of standard 
input and feedback patchingo When testing is completed, be sure 
to replace the relay before installing the amplifier .. 

MANUAL TITLE TR-48 ANALOG COMPUI'ER MAINTENANCE 
MANUAL q VOLUME I 

* THIS MANUAL REVISION NOTICE IS ISSUED TO INCORPORATE IMPROVEMENTS OR 
CHANGES OF ROUTINE OR MINOR NATURE IN THE SUBJECT MANUAL. 

REVISION NOTICE 

NO. 63 ... 16 
SHe 1 .OF 1 SHe 

'. 



MANUAL REVISION NOTICE * ELECTRONIC ASSOCIATES INC. 

~TEM PAGE 
. PARA 

.DATE ,10 /14/63 

'.' 

LONG BRANCH NEW JERSEY 

REVISION 

To assure specified performance of the Model 40.404 Comparator, 
the computer +lS volt power supply levels must be adjusted to 
within 0.1 volt of the nominal 1S-vo1t value. This may be 
readily accomplished by connecting the output of the supply to 
be adjusted to the top of an attenuator, setting the attenuator 
dial for a coefficient of 0.667, and monitoring the wiper with 
the DVM. Set the output level control of the supply for a 
reading of 10.00 volts at the wiper. 

MANUAL TITLE . TR-48 MAINTENANCE ,MANUAL REVISION NOTICE 

* THIS MANUAL REVISION NOTICE IS ISSUED TO INCORPORATE IMPROVEMENTS OR 
CHANGES OF ROUTINE OR MINOR NATURE IN THE SUBJECT MANUAL; 

NO. 63-6 
SHe 1 OF 1 SHe 
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PATCH PANEL READOUT MODULE WIRING: 

The information shown below replaces the 
external Scope and Plotter IRecorder i ormation 
shown on Figure 4.4-1 
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NOTICE 

t/ Page v (List of Contents), Section IV, Paragraph 4 
Change title as follows: 

Page 6, Paragraph 5.£. 

PATCH PANEL READOtrr l«>DULE 120763-1 

Change first sentence as follows: 
This connector provides terminations for slaving 
two or more computers together for common mede
control (except for Pot-Set PSmode) fro. one 
computer. 

Page 10, Paragraph 5~., SL (Slave) Section 
Change description as follows: 
.0. on the s laved computer. The s 1avedco~puter 
then res.ponds to the se lected modes (except Pot-
Set which can not be slaved) of the master computer. 

Page 10, Paragraph 5!.., PS (Pot-Set)· Section 
Change ·description as follows: 
(The summing junctions of the integrator networks 
are connected to .!ground by means of. re lay 
contacts.) 

Page 64, Section IV, Paragraph 4 - Change paragraph title to: 

Page 129 Paragraph 7'£0 

PATCH PANEL READOUl' MJDULE 12. 763 .. 1 

Add following information to last sentence of 
second paragraph: 

. ... connected to J65, two Repeti ti ve Operation 
DiSplay unit inputs (Y3 and Y4) and ten trunk ••• 

Change first sentence as .follows: 
oooTR-48 is a Model 510114 ServiceSbelf o 

TR=48 COMPUTER MAINTENANCE MANUAL~ VOLUME I 10/14/63 



NarE 

SLAVING TR-48 COMPUTERS 

1. SLAVING TWO TR-48 COMPUTERS 

When slaving two TR-48 computers connect the 198261 cable between the J61 plug con

nectors on the rear of each computer (Figure 1.5-1). Determine the computer to be 

slaved and depress the· SL Mode Control button.· On the slaved computer reference units 

(behind Attenuato·r Panel) remove the patch cord from the 1NT REF termination and place 

it in the EXT REF termination (patch cord now between EXT REF and REF IN terminations); 

this slaves the two computer reference supplies in addition to the computer modes. 

2.. SLAVE THREE OR MORE. TR ... 48 C.OMPurERS 

The procedure is similar to the above except the slave cables from J61 of each com

puter terminate in the 470040 Junction Box. (See Page 6) As described above, the 

slaved computer SL Mode Control buttons are depressed and the EXT REF to R~F IN 

connection is made in each of the slaved computers. Note, that the master computer 

190261 slave cable must be terminated in the connector labeled MASTER (Position 1) 

on the 47 0040 Junction Box. The slaved computers' 19.261 cables may be connected 

to any of the remaining connectors. 

10/14/63 



NOTICE 

'aa. AI·26 Add Item 21 19 Resistor, Fixed, Composition: 
100 ohms +10~. lW; Allen-Bradley GB 
(EAI 627 101 1) A Category 

D-48 Computer Maintenance Manual, Volume, I 
10/14/63 



NOTICE 

1. Prior to setting up any D.F.G. (including the V.D.F.G.), the computer plus 
and minus reference supplies must be carefully balanced. 

2. The D.C. Error Test Setup waveform for the Quarter-Square multiplier shown 
in Figure 2.3-5b shows the optimum error cu~e after DFG adjustment, Note, 
however, that a maximum allowable error deviation from +80 MV to -80 MV 
still maintains the unit within the allowable accuracy limits. 

3. When following the typical VDFG Setup Procedure described on Page 46, the 
X inputs of +1, +2, +3, etc. should be obtained from the output of an 
amplifier rather than directly from the wipe.r of a potentiometer. The 
amplifier permits the setting of the potentiometer under load in the com
puter Pot Set mode and provides a constant wiper load (the impedance of 
the VDFG changes with input ~gnitude). 

TR 48 Computer (Maintenance Manual) 10/14/63 



Page 14 

Page 17 

ERRATA 

Paragraph la Technical Data, after sub-title Noise and Ripp·le: 
add "(peak-to-peak)" and after sub-title Offse-t Voltage change 
parenthetical notation to read "(amplifier balanced-, Rf = 10K)" 

Zf 
Equation 2.1-2 should be eo = - Zein 

in 

last equation on page should be eo 10K = - lOOK e in = - 0.1 e in 

Page 33 The second sentence of Paragraph (1)(&> should read "This wave
form should not exceed 160 millivolts peak-to-peak." 

Figure 2.4-4 Potentiometer III (X2 DFG Tes·t Setup) should be set for 
0.050 not 0.500 as indicated. 

Page 41 Delete the second, third, and fourth paragraphs under the Para
graph heading ".!. Operation Considerations" and replace with 
the following paragraphs. "Note that the maximum output of the 
16.276 Log X Unit occurs when the absolute value of X is 1.0 volts. 
The output is therefore 5 Log lO 10 10 = 10 volts, plus or minus 
depending on the generator used. The 1/2 Log X Unit~ with an 
output equal to 1/2 of the Log X generator has a maximum absolute 
value output of 5 volts. 

In Figure 2.5 g 2, the upper portion illustrates the patching for 
a plus X input Log DFG and the lower portion shows the patching 
for a minus X. input DFG." 

Figure 2.6-2 Title should read Figure 2.6-2 VDFG "MODEL" 16.274 Components. 

Figure 3.2-1 -8 volt 1.5 Amp fuse on panel face should be "2 AMP" 

Page 49 Paragraph 7b First Paragraph, Third sentence should read "When 
the cQmputer is switched to the Fo-t-Set mode relay voltage is 
applied to Pl-R; if K2 is energized, Kl energi~es and connects 
the four grounded to the +10 volt reference bus. n 

Page 52 Paragraph (.s), Last sentence should read "Typical sWitching time 
for a normal comparator is 3.5 milliseconds." 

Paragraph (.!), Last sentence should read "Typical value of 0.5 
millivolts. II 

Sheet 1 of TR 48 Computer (Maintenance Manual) 10/14/63 



ERRATA cont'd 

Page 56 and 
Figure 3.3-2 Paragraph 3a Change the designation of the cabinet connectors 

for Reference Amplifier and Reference Regulator to J67 and J68 
respectively. Also~ on Figure 3.3-2~ Pin T of J68 (J'69 on 
drawing) is wired to J6l-l for reference slaving. 

Page 62 Paragraph 3a - Change designation of cabinet connector for Rep Op 
Timing Unit to j69. 

Sheet 2 of· TR 48 Computer- (Maintenance Manual) 10/14/63 



NOTICE 

In later models of the TR .. 48 Computer, the Variable DFG's, Models 
16.154 and 16.156, have been moved from the left-hand to the right
hand side of the TR-48 rack. To accommodate this change, the DFG's 
have been inverted to allow access to the variable-resistor screw
driver adjustments. The 16.154-2 and l6.l56~2 variations incorpor~ 
ate this change and are identical with the 16.154-1 and 16.156-1 
variations respectively, except for the use of a new card to permit 
wiring to the rear connector and the use of a different cover and 
connector block. Note that Figure 2.6-1 shows the VDFG's mounted 
on the left-hand side of the TR .. 48 rack. The relative position 
and the numerical sequence of the VDFG's in relation to the pre
patch panel is shown in Figure 1. 

Pre-Patch 
Panel 
Side 

+ 

V 
D 
F 
G 

(1 ) 

-
V 
D 
F 
G 

(2) 

+ - + - + - + -
V V V V V V V V 
D D D D D D D D 
F F F F F F F F 
G G G G G G G G 

(3' (4) (5) (6) (7; (8) (9) (10 ) 

Figure 1. VDFG Location 

TR-48 Maintenance Manual 10/14/63 



SUMMARY OF PATCHING FOR TR-48 INTEGRATORS 

1. NON-REPETITIVE OPERATION 

Time Scale: Normal 
Feedback, Capacitor = 10 MFD 

2. REPETITIVE OPERATION 

Rep Op Time Scale: Normal 
Feedback Capacitor = 0.02 MFD 

- Page 1 -

TR ... 48 Computer, ~del 45.034 

Time Scale: O.l~ 
Feedback Capacitor = 1 MFD 

Rep Op Time Scale: 0.1~ 
Feedback Capacitor = 0.002 MFD 



SUMMARY OF PATCHING FOR TR-48 INTEGRATORS (Cont) 

3. SPEC lAL OPERATION 

!!. Patching for an integrator that stays in the operate mode while other 
integrators are in Repetitive Operation: 

Time Scale: Normal 
Feedback Capacitor = 10 MFD 

Time Scale: 0.1~ 
Feedback Capacitor = 1 HFD 

Patch the reset relay termination to the RS termination on the Readout Panel 
12.763. The integrator is in the operate mode as long as the computer is in 
repetitive operation. The integrator is placed in the reset mode by placing 
the computer in the ~ mode. 

------~--~---~----------~ 

b. Patching for an integrator that is in the reset mode when the com
puter is in the operate mode and when the computer is in~, the integra
tor is in operate: 

TR-48 Computer, MOdel 45.034 

1. Cross patch the OPR-RESET terminations. 

2. All other patching is as shown under NON
REPETITIVE and REPETITIVE OPERATION. 

- Page 2 -



NOTE 

Integrator Patching Block Change 

The Dual Integ"rator Network 12.764 patching block configuration has been modified 

to further simplify the TR-48 Integrator patching. The old time scale area (TS) 

of the patching block ( see below ) has been sub-divided into two a:reas desi-

gnated NORM and SPEC. For normal repetitive operation a two connector bottle 

plug is placed in the SPEC area; the word NORM remains exposed thus indicating 

normal operation. Placing a two connector bottle plug in the NORM area, exposing 

SPEC (indicating special), the integrator is placed in the operate mode when the 

Rep-Op button is depressed and remains in that mode until the computer mode is 

changed. 

10 f3. AREA NOW DESIGNATED 
0.1/3 TO INDICATE INCREASED 
I NTEGRATING RATE OF 
INTEGRATOR WHEN BOTTLE 
PLUG REMOVED. (FAST TIME SCALE) 

TR48 COMPUTER 

J FORMERLY CALLED 
TIME SCALE AREA 



Page 30 

Page 34 

NOTICE 

Restriction (2) for division should read: 
"The divisor must be positive." 

The second sentence of the first footnote (*) should read: 
"As an example---card 1 conducts; if both are negative only 
card 3 conducts." 

Figure 2.3-7 d and e, The connections from the output of the, amplifier 
(connected to the TDVM) to termination B should go 
from the output of the amplifier to termination +U. 

Figure 3.2-1 Regulated Power Supply 10.203. 
Change the -8V Fuse rating shown on the front panel 
to read 3 AMPS. 

Page 56, Paragraph 2. ~. Change the Max Load Current for the -8V dc supply 
to read 3.0 AMPS. 

Page AI-15 Add following description: 
Resistor, Fixed, Wirewound: 1 ohm ~lO%, 2W; International 
Resistance Co. Type BW-2 (EAI 636 127 0). 

Page AI-22 Item 3, delete Ref. Desig. R5 and R42. 
Add new description for R5 and R42 as follows: 
Resistor, Variable, Wirewound: lK ohms ~20%; CTC Type 115 
(EAI A642 569 0). 

Page AI-23 I Item 17, change description of R19, R22- as follows: 
Resistor, Variable, Wirewound: 100 ohms !20%, CTC Type 115 
(EAI A642 577 0). 

Page AI-24 Item 24, Item 3, delete Ref. Desig. R5 and R42. 
Add new description for R5 and R42 as follows: 
Resistor, Variable" Wirewound: 2K ohms +20%; CTC Type 115 
(EAI A642 580 0). -

Page AI-25 Item 17, change description of R19, R22 as £0110\-1s: 
Resistor, Variable, WirewoUnd: 500 ohms !20~; CTC Type 115 
(EAI 642 579 0). 

Page AI-29 Item 5, change description of DSl as follows: 
Lamp, Incandescent: Hudson Lamp Co •. 2307 (EAI AS7S 047 1). 

Page AI-32 Change descriptions of Items 6 and 7 as follows: 
Item 6 Rl. Resistor, Fixed, Wirewound, Precision: 82,000 
ohms ,:!:l%; Resistance Products Co. PB Type (EAI A638 541 0). 

Item 7 R2. Resistor, Fixed, Wirewound, Precision: 100 .. 000 
ohms ~l%; Resistance Products Co, PB Type (EAI A638 483 3). 

TR-48 Computer (Maintenance Manual) 10/14/63 
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INTRODUCTION 

TR-48 Manuals 

Operation, programming instructions, and maintenance data for the TR-48 Analog 
Computer, designed and manufactured by EAI, are contained in two separate publica
tions provided with each computer. This handbook is intended to serve as a main
tenance manual for the instrument, and is arranged in accordance with that use. 
The manual includes technical and physical descriptions of the computer and its plug
in components, circuit theory and analysis of all components, and recommended test 
and adjustment procedures. In addition, this handbook contains parts lists and 
schematic and wiring diagrams for the TR-48. Sufficient operational data and patch
ing instructions are given to permit the maintenance technician to set up and oper
ate the instrument in accordance with the recommended test and adjustment procedures. 
Complete operating, patching, and programming instructions, in addition to fun6a
mental analog ~pplications, are contained in a separate Operator's Manual. (The 
Operator 1 s Manual is also useful"as an introduction to analog computation and sim
ulation.) 

The maintenance handbook is divided into four SECTIONS as follows: 

SECTION I 

SECTION II 

SECTIONS III and IV 

Contains the technical and physical description 
of the computer and plug-in components, des
cribes installation and preliminary check pro
cedures, lists and describes all operational 
controls and indicators, and outlines (in 
general terms) maintenance data, required test 
equipment, and a maintenance program for the 
TR-48. 

Covers all computing components and accessories. 
For each component this section describes oper
ational specifications, patching and setup in
structions, circuit analYSiS, and a test and 
adjustment procedure designed to quickly verify 
component performance. 

Provide generally the same data as above for 
POWER AND REFERENCE circuits, and the CONTROL 
AND MONITORING circuits, respectively_ 

The TR-48 replaceable parts lists are contained in Appendix I bound in the rear of 
this handbook. Electrical drawings are contained in Volume II. 
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SECTION I 

TR-48 ANALOG COMPUTER 

1 • GENERAL DESCRIPTION 

The PACE~TR-48 (Figure 101-1) is a solid-state~ general-purpose, analog computer 
housed in a single cabinet suitable for installation on a laboratory cart or table~ 
top. The cabinet is composed of three sections, and houses all comput~ng components, 
power supplies, and control and monitoring circuits necessary for relatively large
scale problem solving capabilitieso 

The TR-48 contains space for 48 operational amplifiers (24 dual units), 60 manually 
operated, coefficient-setting attenuators, and non-linear components such as diode 
function generators and electronic multipliers~ (See Paragraph 3 of this section 
for a complete component listo) 

Computing components in the TR-48 are housed in the center section of the cabinet. 
(The component front panels form the computer patch bay.) Each TR-48 is factory
wired to accept the full complement of computing componentso Thus expansion to 
a larger system simply involves plugging in additional components into the center 
areao 

The left-hand section of the computer contains the control and monitoring circuits 
of the TR-48o These include a 4-place electronic digital voltmeter, a multi-range 
voltmeter, and push-button selection systems for readout and computer mode control. 

The right-hand panel of the TR-48 contains the coefficient-setting attenuators, and 
function switcheso Behind this panel are mounted the computer reference voltage 
components, and operational power supplies 0 

The component front panels are normally covered by the pre-patch panel, a 1350-
hole board that permits .EKe-patching to be performed away from the computer. The 
patch bay and associated pre-patch board provide a central terminal point to permit 
connecting the TR-48 computing components into any desired configuration. 

The rear.panel of the computer contains connectors for remote control, recorder ter
minations, slaved operation, and AC power inputo 

2. TECHNICAL AND PHYSICAL DATA 

Computer Type 

Number of Components 

System Reference 

Primary Power Requirements 

D-C Analog 

Cabinet contains 60 wired cradles 
(See SECTION I, Paragraph 3) 

±10 volts (internally generated) 

115 or 230 volts, 50 to 60 cycleso Fully expanded 
computer requires 150 watts. 
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Operational Voltage Levels (Internally Generated) 

Computing 
Components Digital Voltmeter 

±15V d-c ±15V d-c 

+30V d-c +30V d-c 

- +2V d-c 

- -8V d-c 

6.3V a-c 6.3V a-c 

- -

Computer Physical Dimensions 

Heightooooo ••••••• ooo~ •••• oo24 inches 

Depth •• ooooo ••• oooo •• o~o •••• 20 inches 

Weight (Fully Expanded).o ••• 320 pounds 

3. EQUIPMENT COMPLEMENT 

Relays 

-
-
-
-
-

20V d-c 
(nominal value) 

As previously indicated, each TR-48 Computer is faotory-wired for a full complement 
of computing components. With this arrangement, expansion to a larger system can 
be accomplished by plugging in additional components. 

Figure 1.3-1 illustrates the computer component cradles and those components that 
eaoh cradle is wired to accept. It should be noted that this illustration shows 
the standard arrangement for the TR-48. In aocordanoe with individual system re
quirements, the oabinet may be wired for other oomponent arrangements. In these 
cases, a supplemental layout wiring diagram is provided with the computer to indi
cate the particular cradle oonfiguration .. 

For a complete list of TR-48 components, refer to Table 1.3-1 and Figure 1.3-1. 
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Component Model No. 

TR-48 COMPUT ING COMPONENT"S 

1 • Dual D-C Amplifier 6.514 
20 Dual Integrator Net'Work 120764 

.30 Qua,rter-6quare MuJ.t iplier (Standard) or 7.099 
Quart,er-8quare Multiplier (High Accuracy) 70096 

40 X2 Diode Function Generat or, 16 0 275 
Log X Diode F'WlCtion Generator, or 16.276 
1/2 Log X Diode Function Generator 16.281 

5. Variable Diode Function Generator 16.274 
6. Readout Patching Module 12.76.3 
7. Trunk Patching ModuJ.e(7A In Trunks) 12.762 
8. Function S-witch Group 12.766 
9. Signal Gomparat or 40.404 

10. Coefficient Sett_illg Attenuator Group 42.28.3 

TR-48 PO"WER AND REFERENCE S UPPLJES 

11$ TDVM Po-wer Supply 10.20.3 
12. Re2'u 11=1+.An Po'WSr Sunnlv 10.200 
1.3. Reference Regulat or 4.3.104 
14. Dual D-C _~li1'ier 6.282 

7R-48 C:ONfROL AND MJNl1'ORING COMPONENTS 

15. Repetitive Operation Group 2.424 
16. Digital Voltmeter (TDVM) 26.18.3 

17. Relay Panel 11.148 
18. Null poteDtiometer* 20.285 

TR-48 OPERATING .AND MAINTENANCE ACCESSORIES 

19. Pre-Patch Panel 5.18.3 
20. Patching Kit (Bottle Plugs, and Patch Cords) 5.171 
21. Service Shelf' 51.114 
22. AoG. Po-wer Cable 510.040 

*Used only 'When computer has no Digital Voltmeter (TR-48-0) 
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40 INSTALLATION AND PRELIMINARY CHECKS 

The TR-48 Computer is completely solid-state; thus, it requires very little pri
mary power and no cooling other than that provided by normal working environments. 
The computer may be operated in any area that is not subjected to excessive dust 
or dirt or temperature extremes~ and is relatively free from vibration. 

After the computer is unpacked from its shipping container, a visual inspection 
should be made to ensure that no damage has occurred during shipmento Check all 
plug-in components for proper seating 0 

The computer is designed for operation from a 50 to 60 cycle a-c supply. The a-c 
circuits are factory~wired for 115 volt £r 230 volt operation as specified in the 
purchase order for the computer 0 (Figure 1.4-1 and Dra~ing C002 476 OA contain 
wiring requirements for operating from the 230 volt power source.) A 3-wire power 
cable is furnished with the TR-48 for connecting a-c power to AC1 (the lowest con
nector on the plug mounting-plate on the rear of the computer). The other end of 
the a-c power cable is terminated in a 3-prong plug for connection to a standard 
grounded and polarized receptacleo If the primary power line to which the computer 
is to be connected is not equipped with a three-terminal receptacle, a three-pole 
adapter must be used 0 In this case two precautions must be observed: (1) The pow
er cable must be connected so that the neutral side of the a-c line is connected to 
the a-c common side of the primary power wiring in the computer; and (2) The ground 
wire on the adaptor must be connected to an earth groundo Failure to connect the 
a-c circuits in this manner will result in a safety hazard if the hot side of the 
computer primary power circuits should ever be inadvertently shorted to the computer 
cabinet 0 Also, the d~c amplifiers will have an excessively high noise level if the 
computer frame is not grounded 0 

After power is connected 1 the computer should be turned on, switched to the pot set 
mode (see SECTION I, Paragraph 6 for description of controls), and allowed to warm 
up for 15 minutes or sOo 

It should be noted that eaeh TR-48 is completely checked and adjusted prior to ship
ment, and the computer should be ready for operation upon receipto However, it is 
suggested that certain initial checks be performed when the computer is received; 
these checks should be performed periodically thereafter (once a week or so, depend
ing on use) as a form of routine maintenanceo 

When the computer is first turned on and warmed UP9 all amplifiers should balance 
with the mode selector in PS (pot set) 0 This balance condition is indicated by the 
fact that no overload lamps are lito The power supply outputs should then be 
checked and levels adj usted if requiredo The computer voltmeter may be use,d for 
this purposeo Next the digital voltmeter should be zero-set (refer to the TDVM man
ual for adjustment procedures for this instrument) 0 At this point the TR-48 is 
ready for normal operation as outlined in the following texto (SECTION I, Paragraph 
60 ) 
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5. EXTERNAL CONNECTIONS 

.§.. General 

All external equipment terminations and wiring required for operation of the TR-48 
is brought into the computer cabinet through a group of connectors mounted on a 
plate on the rear of the cabinet. Included here are connectors for primary a-c 
power, external trunks, slaved operation (for common mode-control between two or 
more computers), and facilities for connecting external monitoring equipment such 
as oscilloscopes, plotters, and recorders to the TR-48. 

Figure 1.5-1 shows the location and function of each connector, and the following 
sub-paragraphs describe the connector wiring and terminations within the computer. 

B. A.C. Connectors (AC1, AC2, AC3) 

AC1 is the primary power input connector for the TR-48. This is a 3-terminal con
nector that mates with EAI Power Cable 510.040-1 to provide one hot lead, one neu
tral lead, and one ground lead. Refer to Paragraph 1-4 for details on connecting 
the computer to a primary power source. 

AC2 and AC3 are convenience outlets for powering maintenance equipment such as an 
oscilloscope or VTVM. Both connectors are protected by F60 (1.5 amperes), the 
primary power fuse. AC2 is unswitched and is thus energized whenever the computer 
is connected to the power line. AC3 is controlled through the primary power switch 
on the computer control panel • 

.£. Slave and Trunk Connector (J61) /f),I'J. ,'. U ,..~ L 1. L c/-1. F:~ ~ ft .11-I:!: {/r a/V-La---t:Y1. '(' ~/~~ T''-' f-J,. "1 1/"e-(°r. 

This connector provides terminations for slaving two or more computers together ~~~~ 
for common mode-control from one computer. Cable 19.261 is provided to connect ~JL 
the computers together for slaved operation. If two computers are to be slaved, 
the 19.261 cable should be installed between the J61 connectors on each TR-48. If ~~(~ 
more than two computers are to be slaved, a Model 47.040 Junction box is supplied . 
and the 19.261 cable from each computer is connected to the junction box, which 
simply parallels the mode control lines of all computers. 

When desiring to operate previously slaved computers separately, the slave oab1e(s) 
must be removed. 

In addition to the slave circuits, the J61 connector carries the ten trunks that 
appear on the 12.763 Patch Panel Readout Module. Refer to Sheet 41 of the computer 
Wiring Diagram (B045 034 OW) for details on specific connections terminated at J61. 

g. Trunk-Function Switch Connectors (J62, J63, and J64) 

This group of connectors is wired to the three component cradles that accept a 
trunk or function switch module. (See Figure 1.3-1.) The wiring is arranged such 
that J62 is wired to modu~e 5, slot 2 (cradle 22), J63 to module 8, slot 2 (cradle 
37)" and J64 to module 11, slot 2 (cradle 52). EAI Cable 19.262 is designed for 

r:1 ~/~ /;"~t:3 ,~"0tf.oJI,O~·:J 
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use with these connectorso 

The function switches are located on the att,enuator panel; the wiring from these 
switches terminates in a plug connector" By mating this plug with J62 or J63 the 
function switches are connected to the associated module slot (J62 connects the 
function switches to module 5, slot, 2 and J63 to module 11 ~ slot 2) 0 The Function 
Switch 12Q766 Unit inserted in either of the two slots provides the patching term
inations at the Pre~Patch Panelo 

Certain leads connected to J6.4 are also routed to the control panel to permit read
out via the selector system" Selector addresses A50 through A64 select these leads .. 
Figure 105,-2, shows the trunk patching block and the corresponding address for each 
trunk in this areao The trunks in this area are normally used as in-trunks; this 
permits the operator to readout a.nd check the incoming signal levels. 

For complete details on the wiring to connectors J62~ J63, and J64, see Sheets 41 
and 42 of B045 034 ow" 

~o Recorder/Plotter Connector (J65) 

This connector is wired to the Readout Module 120763 area (Module 2, slot 2) to 
make the input circuits of an external recorder or plotter accessible at the Pre
Patch Panalo Cable 190323 is provided for connecting the EAI Series 1110 VARIPLOTTER(i) 
to the TR-48 readout module. ~ d'}-. t, t,£ t f7V /? ~ c-..>t ~, 

In addition to the four signal terminations (Xl j X2, Y1., Y2);1 J65 also includes three 
leads for control of the plotter pen~··lift circuit~ This wiring is compatible with 
the control circuits of the 1110 Series of VARIPLOTTERS, and is arranged so that 
the pen circuits are energized only when the ,computer is in the operate mode. All 
connections to J65 are listed on Sheet 43 of B045 034 OW; the pen control circuits 
are shown on Drawing DOI+5 034 as (Sheet ,2) 0 

£0 Oscilloscope Connector (J66) 

This connector provides inputs for an external oscilloscope to be terminated at 
the Patch Panel Readout Moduleo Cable 190322 provides the signal leads between the 
oscilloscope and the computer 0 Sheet 4.3 of B045 034 OW lists the connections to 
J660 

60 OPERATION 

A detailed description of the operating procedures (including problem programming) 
for the TR-48 is given in the Operator~s Handbook a This paragraph therefore, is 
limited to a brief description of the TR-48 operatlng controlso 

All of the computer operating controls are located on the left-hand control panel 
of the insturment (Figure 106-1)0 
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g. POWER Switch 

This switch controls the application of primary power to the TR-48. It is a push
button switch that is depressed to turn the unit on and again depressed to turn the 
unit off. When power is applied to the TR-48 the switch face is illuminated. 

]. Multi-range Voltmeter Controls 

The following is a list of the voltmeter FUNCTION switch positions with a brief des
cription of each. 

Position 

BAL 

PATCH 

RELAY 

-15, -8, 30 
15, and 2 

Description 

The stabilizer output of the amplifier addressed 
by the Selector System is applied to the volt
meter to facilitate checking and/or adjusting the 
amplifier balance. (The meter RANGE switch may 
by at any position except OFF when monitoring 
stabilizer outputs.) 

Connects the meter, via the RANGE switch, to the 
VM Pre-Patch Panel termination (on 12.763 Read
out Patch-Block). 

Connects meter to the relay power supply (nom
inally -20 volts). 

Connects meter to output of corresponding power 
supply; the proper scaling resistor is automat
ically selected. 

The RANGE switch permits the operator to select full-scale deflection range of the 
voltmeter when the FUNCTION switch is in the PATCH position. This switch .1h gener
al has no effect on the meter when the FUNCTION switch is in any position other 
than PATCH. Note, however, the RANGE switch must not be in the OFF position when 
monitoring amplifier stabilizers (BAL). 

The OFF position of the RANGE switch is used to connect the attenuator wipers to 
the null pot (via the meter) for TR-48 computers that are not equipped with a DVM 
(TR-48-0) • 

£. Signal Selectors 

The signal SELECTOR permits the readout of various circuits of the TR-48 Computer. 
A detailed explanation of these circuits is given in Section IV of this manual. 
The following is a list of signals available for readout with a standard selector 
system. 
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Address 

AOO through A47 

M8 and A49 

A50 through A64 

A65 through A99 

POO through P59 

P60 through P99 

Signal Source 

Address·as the outputs of t.he 48 d-c operaticmal 
amplifiers 0 The address corresponds to the Pre
Patch Panel designationQ Also addresses the 
stabilizers of these amplifiers for readout via 
the multl,-range voltmeter when the FUNCTION 
switch is in the BAL positiono 

Addresses the positive and negative reference 
amplifier outpu.ts for readout (A48 positive and 
A49 negative reference amplifier) 0 

Addresses the 15 IN~'TRUNKS~ located in Module 
8, slot 2 (cradle 37) of the Pre, ... Patch Panel, 
for monitoringo (See Figure 1.5-2Q) These 
trunks terminate at J63 on the rear of the TR-48. 
(See Figure 105-10) 

Un.!lss.igned <> 

Addresses the wipers (under load) of the attenu
ators for monitoring and adjustment" The atten
uatora are desi.gnated and labeled poa through 
P59 on the attenuator panel at the right-hand 
side of the computer~ 

Una s signed 0 

To have the addressed signa,ls d.isplayed by the DVM or multi-range voltmeter (VM) a 
patch connection mast be made between the SEL and DVM and/or VM terminations on the 
Pre-Patch Panel 120763 Readout Patch1.ng Blocko The VM FUNCTION switch must be 
placed in the PATCH position to connect this instrument to the VM patching termina
tiono Note, however~ that the multi-range voltmeter should not be used to monitor 
att,enuators because of the re1atively low input impedance of the meter circuit. To 
prevent' this situation a relay disconnects the VM from the selector system when the 
computer is placed in the PS mode" 

g. Mode Control Pushbuttons 

These controls determine the op~rating mode of the computer 0 Following is a list 
of the pushbuttons and a brief description of their functionso 

Mode Pushbutton 

OF (Operate) 

De§.£ription 

When this button is depressed, all integrators 
are simultaneously released (operate bus ener
gized) to respond to input signal voltages. 
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Mode Pushbutton 

HD (Hold) 

RS (Reset) 

PS (Pot Set) 

SL (Slave) 

RO (Rep-Op) 

Description 

The integrator outputs change in potential as 
dictated by the inputs; a time varying behavior 
is produced. This generates the voltage solu
tion of the programmed problem. 

Depressing the HD pushbutton permits the problem 
solution to be stopped and all the voltages held 
at the potential attained up to the instant of 
depressing the button. After making the desired 
observations (or adjustments), the problem may 
be continued from this point by depressing the 
OP button or re-set to the starting point by de
pressing the RS button. 

In the Reset mode, RS, all circuits except the 
integrators function normally. The integrator 
outputs are held at their respective initial 
conditions (IC) as dictated by the IC input 
voltage. (The integrator output is zero if no 
IC voltage is applied.) 

In the Pot Set Mode, PS, relay contacts close, 
connecting the output of all the high-gain ampli
fiers to their inputs. This essentially provides 
the amplifiers with a zero feedback impedance 
~preventing them from overloading) and also holds 
the amplifier summing junction at virtual ground. 
This permits setting the attenuators under load 
conditions. (The summing junctions of the inte
grator networks are physically connected to ± 
ground. ) 

When a TR-48 Computer is to be slaved to another 
TR-48 , this button is depressed on the slaved 
computer. The slaved computer then responds to 

/,;) the, se~ected m9dep 2"f th~asteJ:.. c9mp~t.er. I 
f/{' ~~,~ (;j ~~/ ,O/f-j- .J...e/I r h- ~.~ " 

The RO button places the computer in the repeti
tive operation mode. The computer automatically 
switches between the operate, and reset modes 
at a pre-determined rate. (See Paragraph 7 of 
this se-otion.) 

~. Repetitive-Operation Timing Selector 

This control, actually a dual control, determines the operate duration of the com
puter integrators when the TR-48 is in the Rep-Op mode~ The control consists of 
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a four position outer switch and an inner vernier control that w.ill expand each 
of the four ranges by two and one-half times. 

£0 OVerload Indicators 

The overload indicators provide a visual alarm when an overload occurs in any of 
the operational amplifiers, i .. eo, when the summingJunction error exceeds art,oler
able limit 0 An operational overload may be due to .improper scaling or improper 
patching; in some cases a temporary ove:rload (lamp flashes on and then goes out) 
may not cause appreciable error and the operatorJ aft.er consideration, may choose 
to neglect the indicationQ 

When the computer is initially turned on 
a few seconds, as the amplifiers settle, 
lamp remain lit it generally indicates a 
vide un-used amplifiers with feedback)" 
plifiero 

all the indicator lamps light; however, in 
all the lamps should go out. Shou~d a 
patching error (such as the failure to pro
Prolonged overloads will not damage an am-

g" Patch Panel Engage/Disengage Switch 

This switch controls the operation of the Pre-Patch Panel ·drive motoro For a des
cription of the operation see the Pre-Patch Panel insertion and removal instruc
tions in the Operat,ors Handbook 0 

7.. TR-48 MAINTENANCE 

!.O General Information 

The TR-48 is constructed of the best commercial grade components and hardware and 
is designed for long perlods of trouble-free operationo Before shipment from the 
factory, each instrument, is subjected to ext,enslve quality control checks and ad
justments .. 

In order to maintain the computer in' peak operating condit,ion, a definite plan for 
regular maintenance checks is recommended Q It is not desirable to allow the com
puter to operate continuously until some malfunction occurso If this course is 
followed there is no assurance of accuracy and optimum performance at any given 
time., 

A maintenance program for equipment suc:h as the TR*,48 should be accomplished in 
three phases. First to be conside.red is the operatIonal maintenance which occurs 
during periodic checks of such things as amplifIer balance, power supply and ref
erence levels, and diode function generator settingse Due to the frequency of 
these checks most malfunctions are discovered during this operational maintenance 
phase 0 

The second phase of a maintenance prog~am would involve troubleshooting defective 
units discovered during the operational checks. This is most conveniently accom
plished on the computer by operating the defective component on a test shelf as 
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sho'Wn in Figure 1.7-10 This permits the defective unit to operate in its n.orlIl6~ 
environment, and at the same time exposes all components and 'Wiring to facilitate 
troubleshooting 0 

The third phase of the maintenance program should consist of periooic testing of 
all components in a system" This is generally referred to as preventive maintenance. 
Tests should be designed to detec·t units that, 'While presently useful, may fail in 
the near future, or units 'Whose performance may have gradually deteriorated. This 
type of maintenance is predicated on the availability ~f unit spares. Having unit 
spares on hand is highly recommended to permit using the computer 'While components 
are being periodically checked. Also, a malfunctioning component can be replaced 
immediately if a 'Working spare is on hand" 

To assist TR-48 maintenance personnel, this handbook includes in SECTION II, a com
plete circuit description for each unit in the computer, and a recommended test 
and adjustment procedure for that unito Also included in this manual are replace
able parts lists (APPENDIX I) and Schematic and Wiring Diagrams for the computer 
and all plug-in components (VOLill1E II) 0 f'. .' ~ .,:"),.--_ . '1~/l.~:it.. ~ 

.b,. Maintenance Accessories and EquipJD.el1t h' .,.b~~h ~ & .3 -/, 
(/~ 51..//4-

Included 'With the accessories provided ~ith each TR-48 is a Model ~.11b Service 
Shelf. This unit fits into the component cradles of the computer and mates 'With 
the cradle connectors. The other end is terminated 'With a mating connector for the 
component under test 0 

As sho'Wn in Figure 1 07-1, by removing the component patching block at the same time 
the faulty component is removed from the computer, the service shelf may be inserted 
through the Patch Panel opening into the vacated module slot 0 To facilitate patch
ing into the component on the service shelf the spring contacts on the front of the 
unit must be removedo 1'hese contacts may be readily removed by simply pulling them 
out 'With a pair of long-nose pliers; reasonable care should be exercised to prevent 
dam.aging the contacts" 

'When replacing the spring contacts they should be seated 'With the insertion tool 
provided. Only those component-block holes 'With small dots to their im.m.ediate left 
require contacts.. To assure the contacts are at the proper angle 'When replaced, 
cover this dot 'With the contact projection that rests flush against the component 
front blocko 

It should be noted that the TR-48 itself contains many of the facilities required 
for component maintenance.. The digital voltmeter (if it is not affected by the 
particular malfunction) permits reading d-c voltages to four-place ~ccuracy. The 
control panel voltmeter is also available for monitoring operational and computing 
voltages.. The 10'West voltmeter range permits reading potentials as loVl as 10 ndlli
volts 'With reasonable accuracy 0 The sensitivity of the voltmeter may be increased 
by USing a d-c amplifier as a meter pre-amplifier 0 For this purpose a special feed
back net-work consisting of a 10 megohm (~1%) resistor shunted by a .047 rofd capa
citor should be made up 'With standard banana plugs., By connecting this net-work 
across an amplifier and using a gain .... of-10 input, voltages ·to be observed may be 
multiplied by a factor of 1000 before application to the meter circuit. Thus, by 
USing the 001-volt scale, potentials as 10'W as 10 microvolts can be read 'With suffi-
cient accuracy for maintenance purposes. JO~ 
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In addition to the facilities offered by the TR-48, maintenance personnel should 
have two other items of test equipment available for performing the test and ad~ 
j ustment procedures outlined in this manual: a d-c oscilloscope (Dumont, Model 
403 or equivalent), and a vacuum tube voltmeter, or a high-impedance multimeter 
(Triplett, Model 630-A or equivalent)o 

£0 Applicable Drawings 

The following diagrams are contained in Volume II of this handbook. 

Drawing Number 

B019 261 OA 

B019 262 OA 

B019 322 OA 

B019 323 OA 

B019 330 OA 

C045 034 OA (Sheet 3) 

0045 034 OS 
(Sheets 1 through 3) 

B045 034 OW 
(Sheets 2 through 56) 

A047 040 ON 

~ 

Assembly 

Assembly 

Assembly 

Assembly 

Assembly 

Assembly 

Schematic 

Wiring 
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Description 

Trunk Cable 

Slave Cable 

Scope Cable 

1110 VARIPLOTTER Cable 

1100E VARIPLOTTER Cable 

11.148 Relay Panel Layout 

Schematic diagrams of selector 
syste~relay, panel, meter cir
cuit, Patch Panel motor and 
Mode Control switches. 

Wiring run sheets (plus key 
sreet) of computer rack wiring. 

Slave cable junction box (for 
slaving three or more compu
ters)" 
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SECTION II 

COMPUTING COMPONENTS AND ACCESSORIES 

1. DUAL D.C. AMPLIFIER 60514 

The TR-48 Dual DoCo Amplifier 6.514 consists of two independent high-gain d-c am-~ 
plifiers and two independent resistor networks (Figure 2.1-1). The amplifiers are 
transistorized and designed for optimum stability and frequency response. Chopper 
stabilization virtually eliminates amplifier drift. Inaddition the amplifiers fea
ture high open-loop gain, low noise and offset, and a short-circuit-protected output 
stage. Conservatively rated components ensure long-term reliability. 

Patched as an operational amplifier these units become the basic computing unit in 
an analog computer~ Used with appropriate input and feedback networks each ampli
fier can perform such linear functions as inversion, summation, integration, and 
multiplication by a constant* Accessory components enable the amplifier t~.mu1tiply 
two variables, divide variables, simulate transf~ functions, limit, simulate dead
time, and generate analytic or arbitrary functions. 

~. Technic~l Data 

Output. Voltage Range: 
o to ±10 volts minimum 

Output Current Range: 
at ±10 volts j-c •.•• Q.o~o ••• 20 milliamperes minimum 

Noise and Ripple: 
400 microvolts maximum (200 microvolts typical) 

Offset Voltage (amplifier balanced) 
20 microvolts maximum (5 microvolts typical) 

~. Operating Considerations 

The data in this sub-paragraph is general operating information with which main
tenance personnel should be familiar in order to rapidly isolate amplifier troubles 
and eliminate causes of apparent faults which may be due to improper amplifier 
usage 0 

(1) Amplifier Balancing. The amplifiers should be periodically balanced to 
assure computer accuracyQ The amplifier balance should be checked as a matter of 
routine maintenance, although, under normal operating conditions, balancing is only 
required after a period of seyeral months. An amplifier requiring frequent balan
cing is indicative of eventual failureo 
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NOTE 

Initially, due to component aging, more frequent 
balancing of amplifiers may be required~ Movement 
of the computer to different areas with extreme 
changes in ambient conditions (or extreme changes at 
the same location) may also necessitate amplifier 
balancing .. 

(2) Amplifier Patchingo The input and output terminations of the dual high-
gain amplifiers and the dual resistor networks are terminated at the Pre-Patch Panel 
and arranged for patching easeo The non-linear components are also located in close 
proximity to the amplifiers for ease of patching and short patch cord runso 

Patching, when using an amplifier(s) in conjunction with an integrator network or 
one of the non-linear. components, is covered in the paragraphs covering these units. 
This section is therefore limited to the description of an amplifier used in conjunc
tion with a resistor network 0 

Figure 201-2a illustrates two of the more common amplifier patching arrangementso 
The upper amplifier makes use of the standard 4-connector bottle plug, shown by 
the shaded area j and provides a summing circuit as shown schematically in Figure 
2.1-2be This configuration has two gain-of-one and two gain-of-ten inputs for 
summing, inversion, or multiplicationo 

The lower amplifier of Figure 201-2a provides one gain-of-one and three gain-of-one 
tenth inputs by using two, 2-connector bottle plugs shown by the shaded area. The 
simplified schematic of the configuration is shown in Figure 201-2co 

As previously indicated, these are only two of mapy possible amplifier configura
tions. An important point to note is that all amplifiers whether used (assigned) 
or unused (unassigned) for a particular problem solution, must be provided with 
feedback. Failure to provide a feedback circuit for an amplifier will cause that 
amplifier to overload as soon as the computer is switched to any mode other than 
pot-seto 

The d-c operational amplifiers are rated for normal operational outputs of ±10 volts 
maximum. Thus the amplifier patching arrangements, regardless of the application, 
should be such that the output level does not exceed either plus or minus 10 volts. 
(The amplifiers are capable of slightly higher outputs to allow minor scaling dis
crepancieso) 

(3) Amplifier Overload. The overload system provides a visual indication to 
the operator when an amplifier summing junction error exceeds a tolerable limito 
The overloading of an assi-gned amplifier indicates that an error is induced in t.he 
problem solution at the instant of overlo~do An overload may be due to improper 
scaling or patching; in some cases a momentary overload may not induce appreciable 
error and the operator may choose to neglect the indicationo Prolonged overloads 
will not damage the amplifier unless caused by excessively high voltages other than 
those normally obtainable from the computer itselfo 
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Overload of an unassigned amplifier will. neither damage the amplifier or affect 
the problem solution. The fact that one or more unassigned amplifier overload
lamps are lit, however, may cause the operator to overlook an overload of an as
signed amplifier. This will cause an erroneous problem solution, thus defeating 
the purpose of the overload alarm system. 

When power is initially applied to the computer, all of the overload lamps light; 
after a few seconds all of the lamps should extinguish. The lamps may also momen
tarily flicker when switching from pot-set to some other computer mode. 

Q. Theory of Operation 

When a high-gain d-c amplifier is used in conjunction with input and feedback net
works to perform mathematical operations, the resulting system is generally referred 
to as an operational amplifier. The operational amplifier is the basic and most 
versatile unit in the analog computer. It can be used for inversion, summation, 
multiplication by a constant, integration, and used in conjunction with special net
works for squaring, extracting square root, generating logarithmic functions, etc. 

To understand the basic concept of the operational amplifier, consider the simpli
fied block diagram of Figure 2.1-3 where a high-gain amplifier (gain of -A) has a 
feedback impedance Zf and an input impedance Zino The amplifier is designed so 
that it has three basic and essential characteristics. 

1 • The amplifier output (eo) is related to the summing junction voltage (eb) 
by the gain of the amplifier: 

2. The input stage of the amplifier draws negligible current: 

3. The open loop gain of the amplifier is extremely high: A»1 (on the 
order of 3 x 107 at d-c). 

Using Kirchhoffvs laws, the nodal current equation at the summing junction (Sj) is: 

or 

= 

Since eb = -eo and since ib = 0 from characteristics (1) and (2), respectively 
T 

then ein eo 
Zin + AZf 
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Solving for eo= 

(EQ 2.1...;1) 

In most applications the ratio of Zr to Zin is less than 30 and since 1 approaches 
zero, equation 2.1-1 becomes~ A 

Zf 
(EQ 2.1-2) 

Equation 2.1-2 illustrates one of the most important considerations of the operation
al amplifier: the input-output relationship of the operational amplifier is solely 
dependent on the ratio of the feedback to the input impedance. 

Using equation 2.1-2 as the basis of disc~ssion, the following sub-paragraphs des
cribe the vario~s uses of the operational amplifier~ 

(1) Inversion. When the same value resistor is used for both the feedback 
and the input impedance, the amplifier output voltage has the same amplitude as the 
input voltage but is opposite in polarity~ 

Rf 

In the TR-48 the value of Rf and Rin used for the inverter is normally 100,000 ohms, 
(100K); therefore 

100K 
100K ein = 

Thus a +10 volt input results in a -10 volt output, and the amplifier is said to 
have a gain of minus oneo The accuracy of the output to input 1: 1 ratio depends 
only on the comparative equality of Rin to Rf. 

(2) Multiplication by a Constant. A change in the ratio of the resistors 
results in multiplication by a constant. With Rf equal to 100K and Rin equal to 
10K, for example, the amplifier output is: 

100K - --
10K 

An input of plus one volt results in an output of minus ten volts. This operation
al amplifier has a gain of ten. The multiplying constant can be made smaller than 
one by using a 10K feedback resistor with a 100K input resistoro 

10K e - .--.. 
o - 100K 

17 



An input of minus ten volts produces an output of plus one volt. 

(3) Summation. When multiple input resistors are used with a feedback resis
tor Rf, the basic relationship is extended to: 

+ 

The circuit can be used to algebraically sum an indefinite number of inputs; further
more, each input may be multiplied by an arbritrary constant. 

(4) Integration With Respect to Time. When the feedback element Zf is a capa
citor rather than a resistor, the summing junction current equation is: 

Integrating 
of Vo: 

this 

:.t + 
R1 

equation and 

eo = 

e2 - + . . 
R2 

assuming an 

t ___ 1 
J c 0-

• + 
en 

-Co 
deo 

= dt Rn 

initial charge on the feedback capacitor 

f1 i ~ + + " • + dt + Vo R1 R2 
. 

Alternately, if Zf is a capacitor having an operational impedance 1/pc and Zin is a 
resistor, the basic operational amplifier relationship' (equation 2.5-2) becomes: 

t 
S ein dt 

e _ in., = 
pRe 

1 --RC o 

With this arrangement, the operational amplifier will integrate (with respect to 
time) any input voltage. In addition to integrating, the amplifier also inverts 
the input voltage. An indefinite number of inputs may be applied to produce the 
time-integral of the sum of the input voltages. 

(5) other Mathematical Operations. As previously indicated the operational 
amplifier has uses other than those indicated in sub-paragraph ~ through £. Com
plicated transfer functions can be simulated by using series and parallel RC net
works for the feedback and input impedance. The circuit performance is still gov
erned by the basic relationship of equation 2.5-2. For the general case where 
three-terminal networks are used, the short-circuit transfer impedance of Zf and Zin 
must be used 0 (The short circuit transfer impedance of a network is the ratjo of input 
voltage to short-circuit output current.) The input and feedback elements need 
not be linear; therefore, almost any non-linear characteristics can be approximated. 
The amplifier can also be used in conjunction with diodes and resistors to simulate 
the non-linear operations of limiting, dead-zone generation, absolute value deriva-
tion, X2, Log X, etc. ' 
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A problem encountered in a d-c amplifier that is not prevalent in an a-c amplifier 
is drift or offset. That is, the output does not remain constant with a constant 
input and in particular does not remain at zero with a zero input. This is an un
desirable feature, especially when using a d-c amplifier for integration since drift 
can lead to serious computational errors. To compensate for possible drift and to 
stabilize the d-c amplifier, the TR-48 units contains an 8'-C amplif-ier or stabili
zation circuit. 

Figure 2.1-4 is a simplified block diagram of the TR-48 hi.gh-gain amplifier. A d-c 
signal is changed to a-c by 8 electro-mechanical chopper and amplified by the sta
bilizer amplifier. The stabilizer ou.tput is rect.ified by the same electro-mechan
ical chopper and further amplif led by the d,··c amplifier circuit. Any ao-c component 
on the d-c input by-passes the stabilizer (via the capacitor). Thus a-c components 
are amplified by the d-c section only, while d-c components are amplified by the 
cascaded stabilizer d-c amplifier combination 0 

To visualize the stabilizer circuit operation, assume the operational amplifier of 
Figure 201-4 is provided 'With ,a feedback element from the output of the d-c section 
to the input of the stabilizer section (Figure 2~1-J). Assume also that an input 
is applied via an input resistor and the amplifier output attains a level, as dic
ta ted by the feedback-,input ratio, so tha t the summing junction (d-c input of Figure 
2.1-4) is at virtual .groundo If the amplifier now begins to drift, the drift volt
age (or offset) at the output causes an unbalance between the feedback and input 
currents, or an offset at the amplifier summing junction. The stabilizer tlsees" 
this offset as an input, amplifies it, and applies it in opposite polarity to the 
d-c amplifier wher.e it cancels the original. drift voltage~ The cancellation is not 
complete but the effect is to reau,ce the drift £La f~ctor equal to th~ain of the 
stabilizer circuit. This permits the amplifie!.' to be used for several months be
fore there is a need to balance the amplifier manually to assure that the output is 
zero with a zero input. 

Each 6.514 Amplifier Unit contains ti~'O identical but independent operational ampli
fierse Figure 2.1-5 is t.he schematic dIagram of one of the t'wo amplifiers. (Com
pared to D006 282 as, F'igure 2,,'1-5 is the schematic of the amplifier on the upper 
half of the'drawing; it is, hOw'e:ver, typical of both ~mplifier circuits.) 

Transistors Q6, Q7, and Q8, with associated circuitry, comprise the stabilization 
amplifier. Contacts 2 and 3 of electro-mechanical chopper D1 change the d-c input 
to a-c for amplification by the stabilizer, and contacts 1 and 2 restore the sta
bilizer output to d-cfor application to the d-c amplifier section. 

Transistors Q17, Q1, Q2, Q3, Q4, and Q5 comprise the d-c amplifier portion of the 
unit. The output stage of the d-c amplifier consists of Q4 and Q5, a complementary 
symmetry (or totem pole) circuit which provides the advantages of push-pull opera
tion with single-ended input and output. The cirelli t is similar to a balanced 
bridge. With a zero input, equal current flows through Q4, 11, 12, and Q5 from the 
-15 volt to +15 volt supply; thus, the output. is zero o .An input signal causes one 
stage to conduct more heavily than the other, ioe., the bridge becomes unbalanced 
and current flows to the external circuitQ 
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Incandescent lamps (11 and 12) are connected in series with the emitter of each out
put transistor to stabilize and protect these components. As current through a 
stage increases, the lamp impedance also increases, thus acting as a current limit
ing device. The diode current limiting network (CR1 and CR2) in the input circuit 
permits quick overload recovery. 

Transistor Q17 uses the base-to-emitter voltage of Q1 as its operating potential 
and the base-to-emitter impedance of Q1 as its load; with this configuration, the 
amplifier input impedance becomes relatively high. 

Figure 2.1-6 is a simplified schematic of one of the dual amplifiers and one of the 
dual resistor networks interconnected with a four-connector bottle plug. As shown 
in the figure, the 12.730 Network not only contains the input and feedback resistor 
of the amplifier, but also the balance potentiometer and the pot set relay.. The pot 
set relay is energized when the computer is placed in the pot set mode; the relay 
contacts short the amplifier output to the input. Since the amplifier summing junc
tion is tied to the output, the amplifier gain is zero; thusl, any current flow at 
the output of the amplifier is due to drift in the d-c section. The balance pot 
may then be adjusted for a potential equal in magnitude and opposite in polarity to 
that of the drift. The pot set relay also prevents the amplifiers from overloading 
when the Pre-Patch Panel is removed (thus disconnecting. any patched feedback cir
cuits) to expose the balance controls. When switching from pot-set to any other 
computer mode, the pot-set relay de-energizes, and the amplifier re-gains its patched 
feedback circuit (the 100K resistor of Figure 2.1-6, for example). During the switch
ing time of the relay an amplifier may momentarily go into overload before settling. 

Q. Maintenance and Test Procedures 

As previously indicated the amplifier balance adjustment should be checked at peri
odic intervals to assure computer accuracy. The balance procedure [outlined in Sub
Paragraph b(1)] is also indicative of subsequent amplifier failure if frequent bal
ance is requiredo Inability to balance an amplifier is a positive indication of 
component malfunction. Two tests are given in this sub-paragraph for checking a 
suspected amplifier and for checking repaixed units to assure that a malfunction 
has been adequately rectified. Prior to attempting any maintenance procedure the 
amplifier must be balanced. 

(1) Amplifier Output Current Checke Set up the test circuit shown in Figure 
2$1-7 and select the amplifier under test for readout on the DVM. Apply positive J (.) 0' 
and then negative reference to the amplifier input, observing the output voltage 
level in each caseo A DVM reading of less than 10 volts magnitude in either case ~~ 
indicates the amplifier is not capable of supplying 20 milliamperes of current (the 
minimwm allowable for reliable amplifier operation). ~ ---

(2) Amplifier Dynamic Error Check. Set up the test circuit shown in Figure 
201-8a. Note that the amplifier under test is used as an inverter while the second 
amplifier is used as a summer (gain-of-ten for both inputs). In patching the am
plifier under test it is suggested that two 2-connector bottle plugs are used in
stead of the normal 4-connector plug, since the input and feedback resistors may 
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have to be interchanged. 
2v/~' 

Set the scope horizontal (X) gain for approximately full scale deflection with the 
603V a-c input. Calibrate the vertical gain for 10 millivolts/centimeter. Set R2 
for minimum res istance.' ..... 

Potentiometer R1 is used to trim input resistor R5 to the exact value of R6, thus 
assuring the amplifier under test has an exact gain-of-one. Therefore, any error 
indication will be that of the amplifier tested and not of the input and feedback 
resistor ratio. This tr.Dnming is accomplished by adjusting R1 so that connections 
at C and D may be interchanged (.iQeo.~ C connected to D and en to DU; Figure 2.1-8b) 
without affecting the scope diagonal patterno It may be necessary to interchange 
R5 with R6 (thusR6 will be :in series with R1) should the impedance of R5 be greater 
than that of R6; this may easily be accomplished if two 2-connector bottle plugs 
are used to patch the amplifier under testo 

Potentiometer R2 is used to trim R4 to the exact value of R3, thus assuring amplifi
er 2 has an e.qual factor for both inputso This trimming is accomplished by adjust
ing R2 so that connections .at A and B may be interchanged (i.e~, A connected to B 
and Ag to BY, Figure 201-8c) without affecting the scope pattern. 

With both R1 and R2 adjusted} the scope pattern indicates the amplifier dynamic 
error multiplied by a factor of 10, i.e~, the extent that the line (peak-to-peak) 
deviates from the horizontal is 10 times the amplifier dynamic error at 10 milli
VOlts/centimeter of deflection peak-to-peako A typical amplifier will cause approx
imately 2c5 centimeters 9 or 25 millivolts of vertical deflection; this is actually 
2$5 millivolts erroro The maximum permissible scope deflection is 6 centimeters 
(60 millivolts) 0 ' 

(3) Trouble Ana1.ysis~ The amplifier is used with different types of networks 
depending on the operation it is to perform; thus unsatisfactory performance may 
actually be due to a malfunction in the network rather than the amplifier. The mal
function can usually be isolated to a particular chassis by interconnecting suspec
ted components with those known t.o be good~ Unlike most types of electronic equip
ment, a faulty amplifier usually identifies itself immediately; if a component with
in the amplifier fails, the output voltage of the amplifier characteristically flops 
to its plus or minus limit. (up to ±'lJ volts, depending on the load). 

The most common indication of ansatisfactory amplifier operation is failure to bal
ance properly 0 If an amplifier cannot be balanced, the malfunction can be localized 
to either the d-c or stabilizer secti.on by the following procedure" 

(1) Place the amplifier on service shelf and patch a feedback resistor around 
the amplifier; remove all inputso 

(2) Disable the stabilizer by grounding the stabilizer output line. (This 
line is terminated at Pin P of the rear connector or pin 1 of the chopper for the 
upper amplifier, and pin L of the rear connector or pin 9 of the chopper for the 
lower amplifier; see Drawing D006 282 OSe) 
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(3) Monitor the output voltage of the amplifier with an oscilloscope or volt
meter and slowly rotate 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 de
lay in response is normal~ If the amplifier fails to do this, the malfunction is 
probably in the d-c section of the amplifier. 

(5) Remove the gromrlfrom the BAL terminal 0 Connect an oscilloscope to the 
BAL terminal and observe the stabilizer output as the balance potentiometer is slow
ly rotated. 

(6) The square wave output should change polarity, from negative-going to pos
itive-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. 

The d-c section of the amplifier may be checked by ~gain disabling the stabilizer 
section and proceeding as outlined in the following procedure. 

(1) Remove the feedback resistor and all inputs to the amplifier. 

(2) Observe the output swing of each stage in turn as the balance control is 
rotated between its limits. 

Troubles in the stabilizer section can frequently be isolated to a particular stage 
by the following procedure~ 

(1) Patch the amplifier as shown in Figure 201-9~ The gain-of-ten input 
should cause the amplifier to overload~ 

(2) Circuit wave forms for a properly functioning stabilizer are shown in 
Figure 2.1,-10 0 With an oscilloscope, compare these waveforms with the suspected 
stabilizer. 

The following table lists some of the more common amplifier trouble symptoms and 
some suggested remedies 0 Note that the components listed in the remedy column are 
not always the source of the indicated symptoms 0 The components listed are for 
the upper amplifier only, see Diagram D006 282 OS for the corresponding items in 
the lower amplifiero 

Symptom Suggested Remedy 

Excessive High-Frequency Noise Replace Q1 or Q17 or both 

Excessive Low-Frequency Noise Replace Q6 

Poor Frequency Response Replace Q1f Check interstage 
coupling networks 

Amplifier oscillates with nega- Replace Q4 
tive output, positive output 
satisfactory 
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S~mptom Suggested Remedy 

Amplifier oscillates with positive Replace Q3 or Q5 or both 
output, negative output satis-
factory 

Excessive Offset Replace C1 or C7 or both 

Extremely High Offset Replace Q1 
Negative Output Only Replace 11 

Positive Output Only Rep1ace 12 

(4) Applicable Drawings. The following drawings are contained in Volume II 
of this handbook: 

Drawing Number 

C006 514 OS Schematic 

D006 282 OS Schematic 

B045 034 OW Wiring 

Descr iption 

Schematically shows all com
ponents of the 12.730 network 
and inter-connection to 6.282 
amplifier. Also shows connec
tions to rear connector (P1) 
of the 6.514 module. 

Schematic diagram of d-c ampli
fier card only. 

Contains run sheets listing 
wiring from 6.514 rear matine 
connector to other points in 
computer cabinet. 

(5) Parts Lists~ Appendix I contains the replaceable parts lists for the 
60514 amplifier. See Index of Appendix I. 

2. DUAL INTEGRATOR NETWORK 12~764 

The 12.764 Dual Integrator Network permits the conversion of either or both of the 
high gain amplifiers into integrating amplifiers merely by the insertion of T-shaped 
bottle plugs (Figure 2.2-1). The integrator netMorks are designed to provide max
imum flexibility, and permit the computer to be used for real time, interative, or 
high speed repetitive operation (Rep-Op) problem solutions. 

The design of the networks~and the access to circuits provided at the patching area 
permit the operator to determine the operating mode and time scale of each integra
tor individually 0 
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~. Operating Considerations 

The flexibility of the integrating amplifiers of the TR-48 is indicated by the Pre
Patch Panel terminations available to the operator. There are essentially six sep
arate areas within the integrator network patching block; four of these areas (two 
each) function with respect to the individual integrator sections while the remain
ing two function with respect to both sectionsQ This sub-paragraph describes some 
of the more common patching configurationse 

There are two all-whit,e areas on the integrator patching block of the Pre-Patch 
Panel. Each area is associated with one of the dual networks; they are conveniently 
located for patching to the dual d-c amplifiers, normally located to the immediate 
left, with the T-shaped bottle plugs. The bottle plug completes the following jump
er conne'ctions: B of the amplifier to B of the integrator, SJ of the amplifier to 
SJ of the integrator, and 0 of the amplifier to 0 of the integrator (Figure 2.2-2). 
These three jumper connections must be made in order for the integrator to function. 

The IC termination in the white area is for the insertion of the initial condition J' 
voltage (Vo) " The y:C input should be eQual in magnitude but opposite in polarit~ I 
to the desired Ie, i.e., if an IC of -10 volts is desired (the output of the inte
grator to equal -10 volts at the instant integration starts) then a +10 volt poten
tial must be applied to the Ie terminationo 

The SJu termination is connected to the integrator summing junction when the unit 
is in the reset mode~ If desired, the amplifier may be used to multiply the actual 
input IC voltage by a constant by connecting an input resistor to the SJ' termina
tion of appropriate value. 

Directly below each of t.he two all-;whi te patching areas are a pair of terminations 
(in a cross hatched area) labeled 1~. For normal time scale integrator operation, 
these two terminations must be j umpered together. The removal of the 1 O~ jumper 
changes the integrator time scale by a factor of 10 (faster integration rate). 

The 1 Cf3 jumper also a.ffect,s 'the integration rate when the computer is in repetitive 
operation~ With the 1q1 jumper in place the Rep-Op rate is 500 times faster than 
real time; when the jumper is removed the Rep-Op rate is increased by a factor of 
10, or 5000 times faster than.the normal time rate~ Since each integrator section 
of the dual unit has a 1 q3 j illuper, the time scale of each integrator may be con
trolled independentlyo 

Note that failure to insert the 1q3 jumper when desiring to operate an integrator 
at normal time results in integrator gains of 10 and 100 instead of 1 and 10 re
spectively and will probably cause the amplifier to overload during problem solu
tion. 

For additional flexibility, the operate and reset buses as well as the operate and 
reset relay coils are also terminated at the Pre-Patch Panelo These circuits ter
minate in the cross-hatched area at the bottom of the integrator patching block. 
For normal integrator operation, a four-connector bottle plug is placed in this 
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area (the terminations are therefore jumpered horizontally)" Terminating these cir
cuits at the Pre-Patch Panel permits interchanging leads (such as connecting the 
operate relay to the reset bus and the reset relay to the operate bus); this facili
tates the setup of a form of traok (or sample) and hold" 

The time scale bus (TS) for repetitive operation terminates in the cross hatched 
area just below the upper 1~ area" When desiring to operate in the normal repeti
tive operation mode, a two-connector Jumper is placed between the lower two horizon
tal terminations of this cross hatched area" 

By placing the two-connector jumper between the TS and OPR terminations in the upper 
half of the cross-hatched area (with jumper in lower half removed) the dual integra
tor may be made to operate in real time when the computer is placed in the Rep-Op 
modeo This facilitates the usage of the integrators for iterative computation. 

Bo Theory of Operation 

The integrating network essentially provides the high-gain amplifiers with a capaci
tive feedback element in place of the resistive feedback componento In addition, 
relays are provided for time scaling, permitting the insertion of an Ie voltage, and 
controlllng the integrator operation (Figure 2 .. 2-2). 

Taking the algebraic sum of the input currents, if forced to pass through a feedback 
capacitor rather than a resistor, the current equation at the summing junction be
comes: 

+ + + " D 0 

-,',",]"'. (EQo 2.2-1) 

where c = capacitance in farads 
eo = amplifier output voltage 
e1' e2, e3' etc. = input voltages 
R1, R2, R3, etco = input resistor values i.n ohms 

The relationships in equation 202-1 depend on the fact that when current passes 
through a capacitor, the voltage across the capacitor changes at a rate propor'tion
al to the current., By integrating and assuming an initial condition (Ie) voltage, 
(Vo) across the capacito~, equation 2.2-1 becomes: 

:; + 0 0 .] dt + Vo 

If c has a value of 10 microfarads and all of the input resistors have a value of 
100,000 ohms the Re time constant is one second~ Equation 202-2 therefore reduces 
to: 

t 
eo = ~ S [61 + 62 + e3 + 0 0 • ] dt + V 0 

o 

where t is in secondse 
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If one of the input resistors is changed to some value other than 100K (X ohms), 
then the corresponding input voltage must be multiplied by a factor of 100K/X before 
the summation and integration indicated by equation 202-3~ As an example, assume 
the input resistor for 63 is 10K ohms; equation 2~2-3 becomes: 

[ e 1 + e 2 + 1 Oe 3 + . . · ] (EQ. 2.2-4) 

Similarily, should the capacitance of c change to a value of Y microfarads, then all 
of the inputs must be multiplied by a factor of 10/Y (where Y is in microfarads) 
before summation and integration" As an example" when the TR-48 is placed in repeti
tive operation (with the 10[3 plug in place) the feedback capacitor beomes Oe02 micro
faradso Each input must therefore be multiplied by a factor of 10/0.02 or 500. 
Should c' be changed to 0.02 microfarads and the input resistor changed from 100K to 
10K, that particular input is multiplied by 10/0~02 times 100K/10K or 5000. 

It can be seen, therefore, that the integrator rate-of-integration may be changed 
for individual inputs by changing the value of the input resisto~ or the rate may 
by changed for all of the inputs by changing the value of the feedback capacitor. 

A normal,-time rate integrator of the TR-48 produces an output voltage rate of change 
of 1 vol t-per-second per-volt input via a 100K resistor;! and a output change of 10 
volts·'-per-second per-volt input when the input is applied v ia a 10K resistor (gain
of-one and gain-of~ten inputs of the dual d-c amplifierl9 respectively). With the 
10~ plug removed, the gain-of-one and ten inputs provide a 10 volt-per-second per
volt and a 100' volL-per--second per~-volt rate-of-change respectivelyo 

The integrator, unlike most computational components, produces a varying output with 
a fixed input; therefore, if the integrators are controlled by the computer mode 
switches the overall operation of the computer is actually being controlled. The 
relays;, K1, K2, and K3s> of Figure 20,2-2 control the integrator operation in response 
to the computer mode switches 0 The following sub-paragraphs describe the relay po
sitions for each of the compu'ter modes and the integrator operation in eaGh of these 
modes. 

(1) Eot-Set Mode. In the pot-set mode all three of the relays are de-energized 
and attain the positions shown in F'igure 2'02-20 Relay K2 grounds the resistor sum
ming junction thus permitting the adjustment of any potentiometers connected to the 
integrator input under actual loado 

(2) R§set Mode 0 Relay K3 is energized via the reset bus (contacts 2 and 3 
make) and the capacitors are charged to the potential applied to the IC termination. 
Relays K1 and K2 remain de-energizedo 

(3) Operate Mode. Relay K3 is energized via the operate bus (contacts 1 and 
2 make) 0 Relay K2 is also energized by the operate bus via diode CR1. The inputs 
applied to the resistor network are applied to the amplifier and integrated 0 
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(4) Hold Mode. This mode de-energizes all the relays; thus, integration is 
stopped and the unit is essentially in the pot-set condition9 The main difference 
is that the pot set relay of the dual d-c amplifier is not energized; thus the 
amplifier output remains at the level determined by the charge on the feedback capa
citor. 

(5) Rep-Op Modeo This mode energizes the TS bus which in turn pulls in K1 
and K2 (via CR2) and maintains them in the energized state as long as the computer 
is in repetitive operation~ Relay K3 remains free to respond to the reset and op
erate bus voltages~ 

,2. Maintenance 

Since the high-gain amplifier and integrator-networks are contained in separate mod
ules it is relatively simple to localize malfunctioning units~ Integrator malfunc
tions are not normally due to the integrator network because the network contains 
so few components and these components are conservatively rated. Most integrators 
with unacceptable characteristics probably are caused by a high-gain amplifier that 
has high offset; consequently all tests should be performed with an amplifier of 
known satisfactory characteristics~ 

(1) Test Procedures 

(~) Operational Check. The following simple operational check indicates 
the qualitive performance of the integratoro 

(1) Patch the test circuit shown in Figure 2.2-3. -Place the computer 
in the reset mode. 

(,6) Close S1; the TDVM should read zeroo 

(~) Close S2; the TDVM should read +10 voltso 

(~) Place the computer in hold o The TDVM reading should remain at +10 
voltso 

(2) Place the computer in operate. The integrator-output should change 
linearly from +10 volts at a rate of minus one volt per second. (A 
stop watch will normally be of sufficient accuracy for maintenance 
purposes for this testo If accurate measurement is required a more 
elaborate time-measuring procedure is required.) 

C§) After exactly 20 seconds of operation place the computer in hold; 
the TDVM should read -10 voltso 

(1) Place the computer in reset; the TDVM should read +10 volts. 

(2) Initial Condition Resistor Ratio Check 

(a) Set up the test circuit shown in Figure 202-4. Place the computer in 
the reset modeo 
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(b) Place both function switches in the left (L) position; record the TDVM 
reading. 

(£) Place both function switches in the right (R) position; record the 
TDVM reading. 

(9.) The algebraic .avera~ of the readings in (Q) and (£), divided by 10, 
should be less than 20 mi11ivolts. (The algebraic average is the alge
brai.c sum divided by t.wo~) 

(e) If the results of this test are unsatisfactory, the initial condition 
resistors are probably out of tolerance~ 

(3) Integrator Drift Rate 

(.§) Set up the test circuit shown in Figure 2.2-5~ Place the computer in 
the reset mode~ 

(~) Place the computer in o£erate; after 100 seconds record the TDVM read
ingo 

(£) The meter reading should be less than 0.05 volts; 0.05 volts corres
ponds to a drift rate of 50 microvolts per second. 

g. Trouble Analysis 

A point-to-point resistance check is the quickest way to troubleshoot a malfunction
ing integrator network. Comparison of readings with a properly functioning unit 
will frequently aid in isolating faulty components 0 The following table lists symp
toms and probable causes for some malfunctions; this table assumes the high-gain 
amplifier is functioning properly. The table is not complete for all possible symp
toms and causes; however, it should serve as a guide in troubleshooting .. 

Mode Symptom of Malfunction Probable Cause 

Amplifier output is zero for all ini- 1 • Open Ie input re-
tial condition input.sg sistor. 

20 Reset relay not 
Reset operating. 

3. Shorted feedback 
capacitor. 

Amplifier goes i.nto overload if inputs Operate Relay is en-
are connected. ergized. 
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Mode Symptom of Malfunction Probable Cause 

Amplifier goes into overload when IC Open IC feedback re-
input is applied. The amplifier sistor9 

Reset 
holds the voltage reached while in op-

(cont. ) 
eration with no IC input 

The amplifier output is not equal in Ratio ofIC Resistors 
magnitude to the initial condition is not unity 0 

input. 

Amplifier will not hold voltage reached Reset relay energized. 
during operation but resets to the IC 
inputG 

Hold 
Amplifier will not hold voltage reached Leaky or open feedback 
during operation nor will it hold the capacitor. 
Ie input levelo 

Integrator does not have the proper Check circuit time con-
integration rate. stants. Wrong value 

Operate of input resistor or 
feedback capacitor 
used (check 1 q3 plugsl 

(1) Applicable Drawin.gs. The following drawings are contained in Volume II 
of this handbooke 

Drawing Number 

0012 764 OS Schematic 

B045 034 ow Wiring 

Description 

Schematic Diagram of Dual D.C. 
Integrator Model 12.764. 

Contains sheets listing 
wiring from the 12.764 rear 
mating connector to other points 
within the computer. 

(2) Parts Lists. Appendix I contains the replaceable parts lists for the 
12.764 Integrating Network. See Index of Appendix I. 

3. QUARTER-SQUARE MULTIPLIER 70099 

The Model 7.099 Quarter-Square Multiplier as the input impedance of an external 
high-gain amplifier permits the multiplication of two variables (Figure 203-1). 
This unit utilizes the quarter-square multiplication technique to produce, the pro
duct of two variables (X and Y) as illustrated by equation 2.3-1. 

(EQ. 2.3-1) 
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QUARTER SQUARE 
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MULTIPLIER 7 .044-1 

NOTE 
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IDENTICAL EXCEPT THE 7.044-1 
DOES NOT HAVE A PLUG 
CONNECTOR 

b. PATCHING BLOCK 

FIGURE 2 .3 -1 QUART ER SQjJARE MULTI PLI ER , MODEL 7.0 99 



The TR-48 quarter-square multiplier is basically a biased-diode circuit application 
of this technique. The design and Pre-Patch Panel termination configuration is 
such that the multipliers are also capable of dlvision, squaring~~, and obtaining 
the square root of an input variable. 

~o Operating Considerations 

.As previously indicated, the quarter-square multiplier is capable of performing 
four primary functions'. The patching procedures for the multiplier divides these 
four functions into two separate groups: the mult.iplication-division group and 
the square-square root group~ The two upper cross hatched areas of the patching 
block are marked with a capital MD and a small square and square root sign respec
tively_ A four-connector bottle plug connected in one or the other of these areas 
determines which functions the multiplier can performo 

Placing the four-connector plug in the square-square root area, leaving the MD ex
posed, prepares the multiplier for multiplication or division. Placing the four 
connector plug in the HD area, leaving the small square and square root sign ex
posed, prepares the multiplier for squaring and/or obtaining the square root of an 
input variable. Note in each case that the function to be performed is exposed, 
while the bottle plug covers the other cross hatched area. This feature permits 
the operator to glance at a multiplier and tell whether its being used for multip
lication-division or square-square root operation. 

Figure 2 . .3-~ is a simplified patching diagram of the quarter-square multiplier. 
During multiplication bot.h the positive and negative X and Y 'inputs are required 
even if neither of these inputs change sign during the problem solution. (The X 
and Y inputs are applied as shown in the figure regardless of the actual polarity 
of these variables.) 

The mu1tiplier is used as the input impedance for the operational amplifier when 
multiplying two variablese For divis.ion the mllltiplier is used as a feedback ele
ment for the operational amplifier" See the Operator t s Handbook for the patching 
procedure for division, squaring, or square root operation. 

When using the multiplier for division the following restrictions must be observed: 

(1) The absolute value of the divisor must always be greater than or equal 
to the absolute value of the dividendo 

(2) The divisor must not change sign~ The divisor may be either positive 
or negative but it must not change in sign during a problem run. 

(3) The divisor must never equal zero. 

~_ Theory of Operation 

As previously stated the 7~099 multiplier utilizes the quarter-square multiplica
tion technique illustrated by equation 2.3-1. 

*The unit actually produces the product of X times the absolute value of X; thus, 
the -"X 211 output will change sign with a sign change of Xo 
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The TR-48 quarter-square multipliers employ diode function generators which in one 
case sums the two inpllt variables and squares th~s sum. The output current of this 
DFG is in proportion to the quantity 1/4 (X + Y) • A second DFG takes the differ
ence of the two inputs and squares this difference; the output in this case is 
negative and in proportion to -1/4 (X - y)2. If these two currents are summed by 
an operational amplifier with an appropriate value feedback resistor, equation 
2.3-1 is satisfied as follows: 

1/4 (X + y)2 + [-1/4 (X - y)2] = 1/4 [(X + y)2 _ 2 
(X - y) ] = Xy (EQ. 2.3-2) 

The two DFG outputs are scaled by a factor of one tenth; thus, the summing ampli
fier output is actually 1/10 of the product XY. This permits both inputs, X and Y, 
to reach a magnitude of 10 volts and not overload the amplifier. In addition, the 
amplifier inverts the input polarity; therefore, the amplifier output is actually 
-XY/10. 

Figure 203-3 is a simplified schematic of the (X + y)2 DFG portion of the quarter
square multiplier. Each diode is back-biased at a different negative potential; 
thus, as the sum of X and Y increases, more diodes conduct (or reach their break 
points)~ As each diode conducts, the ratio of the feedback to input impedance bf 
the amplifier changes in a pre-determined manner such that the amplifier output 
approximates the (X + Y) 2 curve o The input resistor and bias potentlal are selec
ted so that the c~rent through the diodes is equivalent to one tenth the square 
of X plus Yo By providing a second DFG to produce an output current equivalent to 
minus one-tenth the square of the difference between X an~ Y and connecting it to 
the input of the amplifier for summation with the (X + Y) current, equation 2.3-2 
is satisfied. 

To permit the multipliers to accept positive and negative values of either or both 
X and Y inputs and to allow both to vary in magnitude such that either may be 
larger, a combination of DFG units is requiredQ 

Figure 2.3-4 is a simplified schematic of a quarter-square multiplier patched for 
multiplication. In the multiplier there are actually four DFG units similar to 
the one shown in Figure 203-3. In Figure 2.3-4, however, each DFG unit is simpli
fied and shown as a composite with one diode, bias resistor, etco At anyone time 
ohly two of the four cards will conduct and produce the product of X and Y at the 
amplifier outputo 

Considering that either or both X and Y can be negative and that either may be the 
larger, there are eight combinations of polarity and magnitude relationships of 
X and Y that may be applied to the multiplier <) All e igh t of these combina tions 
are listed in Table 2.3-1; the DFG card designation (1, 2, 3, or 4) corresponds 
to the notations of Figure 203-40 

Note that on Figure 2.3-4 as well as on the actual Pre-Patch Panel of the TR-48 
the X and Y input terminations are designated as +X, +Y, -X, and -Yo The sign 
designations of these terminations do not necessarily indicate the actual polarity 
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of either X or Yo The X ,3.1D.d Y vat"iables as they are multiplied for the problem 
solution are applied to +X and +Y respectively, regardless of their actual polar it Yo 
The i.nversion of these signals are appli.ed to =oX and =Yo Thus:p even if the problem 
variable X is always negatiV'e!y it l.s still patched to +X and the inverted problem 
variable X is patched to =X 0 

The first column of Table 203=1 gives the eight possible input combinations of X 
and Yo The secofld column indicates the DFG unit considered in the remaining columns 0 

The third column indi1cates the actu.a1 polarity of X and Y applied to the cards 'With 
respect to the conditions of column 1l 0 The fourth column indicates the polarity of 
the resultant sum.ro..ation of X and Y and the fifth column indicates the bias potential 
applied to the card diodes 0 For a card to conduct and provide an. output, columns 
four and fiV'e mU.st be of opposite polarity, other-wise the X and Y s!JJUlI1ation adds to 
the back bias of the diodeso 

The last column (card output) indicates -whether or not a card is conducting and if 
the -current is proportional to the sU .. tn of X and Y or the difference (indicated as 
(X + y)2 and eX = y)2 respectively) 0 These designations do not indicate the polarity 
of the signals and are not intended to indicate that a voltage may be read out at 
the amplifi.er sum.mirlg junction (the amplifier summing junction is nor.ma.lly at vir-= 
tual ground potenti.al) 0 

As an example of the quaxter=square multiplier operation consider the first input 
combination of Table 203=" 0 X is posi~t,i',e, Y is positive and X is al'Ways larger 
than Yo DFG cards 2 and 3 do not condu·ct because in each case the summation of X 
&"ld Y is additive to the :reverse bias of the card diodes (as long as the three con
ditions as stated above hold true) " 

Card 1 ~ill conduct because the sumw~tion of X and Y is positive and 'Will overcome 
the negative reverse bias of the cardo The number of diodes that conduct is depend.., 
ent on the magr..i.tude of this summationo Card 1 'Will produce a current output that 
is proport,ional to one=tentb. of 1/4. (X + Y) 2 thus satisfying half of equation 2",3...,1 <> 

Card 4 'will also conduct beeause the summati.on of X and Y is negative in polarity 
and the diodes are re'verse biased by a positive potential 0 (The inverted polarity 
of the variable X is appli.ed to this card and becau..qe X is larger than y the re.., 
sultant SU.ffilllat.i.on mu.st be ne~at~·~.re 0) Sin(ce X ~nd Y :a-e opposite in ~olarity the. 
result.ant current output sat~s;f1es t,he (X -= Y) portl.on of the equat~ono In add;]. .... 
tion, because X is larger and nega:tive.~ this current is equivalent to minus one
tenth of 1/4 (X => Y) 20 Thus» equ.ation 20}=1 is satisfied as £'01101,.15 ~ 

)[4 (x + ~)2 = 3.14. ~_ =. y;~ = ~ [(x + y)2 - ex <= y)2] _ xy 
10 10 10 10 

The XX product of the quarter.=s.quare multiplier is actually negative, ho'Wever, due 
to the inversion by the arnpl:i.fier 0 
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Note that. the cards supplying the (X +y)2 current and (X - y)2 current of the first 
two and last two input combinations of Table 2 .. 3-1 are opposite to that of the mid
dle four combinations 1 ioeo, (X + y)2i8 due to a positive X and Y summation in one 
case,and due to a negative X and Y summation in the other~ This indicates the mid
dle four combinations will produce a product opposite in polarity to the other 
four combinatIons; this should be the case since, the middle four combinations con
sist of X and Y inputs of opposite signa 

.£> Maintenance and Testp Procedures 

The Quarter-Square Multiplier Is faetory calibrated prior to shipment; re-calibra
tion should not be attempted unless defini tely in":licated after throughly checking 
the unite The multiplier requires the use of external high-gain amplifiers; ascer
tain that these components are functioning properly before attempting to trouble
shoot the multipliero 

(!2) 

(2J 

(g) 

Set up the test circuit shown in Figure 2e3-5e The input/feedback 
resistors of the amplifiers should be matched to ±Oo02% or better. 

Set, the oscillator for a frequency of 5 cycles/second at 20 volts peak
to-peak amplitudev 

Set the oscilloscope Y sensitivity to 10 millivolts/centimeter D.C. 
with zero reference in the center~ Set the X sensitivity for 2 volts/ 
centimeter 0 

With both function switches in the position shown, observe the scope 
trace; Figure 203~6bo This waveform should not exceed 100 millivolts 
peak-to-peako (Thi.s set up checks the two squaring circuits on PC1.) 

Place both function switche3 in the R positlon; observe the scope trace. 
(This setup checks the two squaring circuits on PC2.) 

(2) Phase Shift and Gain Error Check 

(!!) Retain the, t.est setup of Figure 2" 3~5 0 Increase the oscillator frequen
cy to 1 KC at 20 volts peak-,to-peak~ 

(£) With both function swi'tches as shown on Figure 203-5, observe the scope 
trace and compare to Figure 203-60 The distance from A to B represents 
the ghase shift error in millivolts (90 millivolts peak-to-peak maxi
mum or 0026 degrees)e The distance from C to D represents the gain 
error in millivolts (160 millivolts peak-to-peak maximum). (This checks 
PC1o) 

(Q) Repeat step (b) with both function switches in the R position to check 
PC2,o 
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TABLE 2.3-1 Multiplier Input Combination and Card Conduction Sequence* 

X and Y Polarity & ' DFG Card Actual Card Polarity of Card Bias Card*'* 
Magnitude Relationship Designation Input X&Y Polarity Output 

Polarity Summation 

1 X (+), Y (+) (+ ) (-) (X +y) 2 

X positive (+ ) 2 X (+), Y (-) (+ ) (+ ) None 

Y positive (+) 3 X (-), Y (-) (-) (-) None 

x>Y 4 X (-), Y (+ ) (-) (+ ) (x _ y) 2 

1 X (+) , Y (+ ) (+ ) (-) (X + y) 2 

X positive (+ ) 2 X (+), y (-) ( -) (+ ) (X _ y) 2 

Y positive (+ ) 3 X (-), y (-) (-) (- ) None 

X<Y 4 X (-), Y (+ ) (+ ) (+ ) None 

X positive (+ ) 1 X (+), Y (-) (+ ) ( -) (X _ y) 2 

Y negative ( -) 2 X (+), Y (+) (+ ) (+ ) None 

X)Y 3 X (-), Y (+) ( -) (-) None 

4 X (-), y (-) ( -) (+) (X + Y) 2 

X positive (+ ) 1 X (+) , Y (-) (-) (-) None 
Y negative (-) 2 X (+) , Y (+ ) (+) (+ ) None 

X<Y 3 X (-), Y (+) (+ ) (-) (X _ Y) 2 

4 X (-), Y C-) (-) (+ ) (x + y) 2 

1 X (-), Y (+) (-) (-) None 
X negative (-) 2 X (-), y (-) (-) (+ ) (X + y)2 

Y positive (+ ) 3 X (+), Y (-) (+ ) ( -) (x _ y)2 

x>Y 4 X (+) , Y (+ ) (+ ) (+ ) None 

1 X (-), Y (+ ) (+ ) (-) '(X _ y)2 

X negative (-) 2 X (-) , y (-) ( -) (+ ) (X + y) 2 

Y positive (+ ) 3 X (+) , y ( -) (-) (-) None 
X(Y 4 X (+) , y (+ ) (+ ) (+ ) None 

1 X (-), Y ( -) ( -) (-) None 
X negative (-) 2 X (-), Y (+ ) (-) (+ ) (X _ y)2 

Y negative ( -) 3 X (+) , y (+ ) (+ ) (-) (x + y)2 

X>Y 4 X (+), Y (-) (+ ) (+ ) None 

1 X (-), y (-) (-) (-) None 
X negative ( -) 2 X (-), Y (+) (+ ) (+ ) None 
Y negative (-) 3 X (+), y (+) (+) ( -) (x + y) 2 

X<y 4 X {+), y (-) (-) (+ ) (x _ y)2 

* When X = Y in magnitude, either the X + Y or X - Y term equals zero; thus only one card 
will actually conduct. As an example, when X = Y and both are positive in polarity only 
card 1 conducts; if both are negative only card 4 conducts. 

** See Text 
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(3) Diode Break-Point Check and Adj ustment. The following procedure permits 
checking of the multiplier diode break-point settings. Before attempting to change 
any of the break-point potentiometer adjustments, double check the test set-up; be 
certain that the associated amplifiers are functioning properly, and be sure the 
proper potentiometer is being adjusted. 

(~) Patch the multipliers as shown in Figure 2.3-7b. 

(~) Apply the positive inputs listed in Table 2.3-2 (in sequence starting 
at 2.5V) for Figure 2.3-7b. The TDVM should read out the potential 
listed in the output column in each case. (Note that the output may 
be ±0.01 volt.) 

(£) If any output reading indicates adjustment is necessary, adjust the po
tentiometer listed in the potentiometer column. 

(d) Repeat steps (b) and (c) as necessary;interaction of the DFG break-point 
settings necessitates this procedure for optimum accruacy. 

(e) Patch the multiplier as shown in Figure 2.3-7c. (Note the patch con
nection in the lower portion of the MD area; note also that the +Y term
ination at the top of the patching block must. be used.) 

TABLE 2.3-2 Multiplier Adjustment Data; PC1 

Figure 
Reference Input Voltage Potentiometer Output 

+2.51 PC1-R1 -0.64V ±.01 

+.3.9V PC1-R2 -1.54V ±.01 
Figure +5.3V PC1-R3 -2.82V ±.01 
2.3-7b +6.7V PC1-R4 -4.50V +.01 

+8.1V PC1-R5 -6.58V +.01 

+9.5V PC1-R6 -9.04V +.01 

-205V PC1-R7 +0.64V +.01 

-3.9V PC1-R8 +1.54V ±.01 

Figure -5.3V PC1-R9 +2.82V ±.01 
2~3-7c -6.7V PC1'::"R10 +4.50V ±.01 

-8.1V PC1-R11 +6.58V ±.01 

-9.51 PC1-R12 +9004V ±.01 
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(f) Repeat steps (b) through (d) but apply the inputs listed in table 2.3-2 
for Figur·e 20 3-7c. 

(g) Patch the multiplier as shown in Figure 2.3-7d. 

(h) Repeat steps (b) through (d) but apply the inputs listed in table 2.3-3 
for Figure 203-7d. 

(~) Patch the multiplier as shown in Figure 2.3-7e. Note that the +Y input 
toward the bottom of the patching block must be used. 

(1) Repeat steps (b) through (d) but apply the inputs listed in table 2.3-3 
for Figure 2.3-7eo 

TABLE 2.3-3 Multiplier Adjustment Data; PC2 

Figure 
Reference Input Voltage Potentiometer Output 

+2.5V PC2-R1 -0.64V +.01 

+3.9V PC2-R2 -1.54V ±o01 
Figure +5.3V PC2-R3 -2.82V ±.01 
2.3-7d +6.7V PC2-R4 -4.50V ±.01 

+8.1V PC2-R5 -6.58V +.01 

+9.5V PC2-R6 -9.04V +.01 

-2.5V PC2-R7 +0064V +.01 

-3.9V PC2-RS +1.54V ±.01 
Figure -5.3V PC2-R9 +2.82V ±.01 
2.3-7e -6.7V PC2-R10 +4.50V +.01 

-8.1V PC2-R11 +6.58V ±.01 

-9.5V PC2-R12 +9.04V ±.01 

(4) Applicable Drawings. The following diagrams are contained in Appendix II 
of this handbook. 

Drawing Number 

C007 099 OA Assembly 
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Drawing Number 

B007 099 os Schematic 

C007 044 OS Schematic 

B045 034 OW Wiring 

Description 

Schematically shows connections 
between patching block and printed 
circuit card and between the cards 
and the rear module connector. 

Schematic diagram of 7.096 mul
tiplier printed circuit cards. 

Cont.ains run sheets listing 
wiring from the multiplier rear 
mating connectors to other points 
within the computer. 

(5) Parts Lists. Appendix I contains the replaceable parts lists for the 
7.099 quarter-"square multiplier. See Index of Appendix I. 

4. X2 DIODE FUNCTION GENERATOR 16.275 

The X2 Diode Function Generator (Figure 2.4-1) is capable of producing +X2 or _X2 
for limited or bi-polar inputs, as well as extracting the square-root of an input. 
These functions are generated by using the DFG as the input (X2) or feedback ~) 
elements of a high-gain d-c amplifier. 

The output functions are approximated by a series of straight line-segments of var
ious slopes. The slopes of the line segments are attained by a series of paralleled 
resistors each with a diode gate in series. The diode gates are reverse biased 
such that the input magnitude must attain certain levels to cause succeeding diodes 
to conduct. As a diode conducts (or the diode breakpoint is reached) the gain of 
the operational amplifier used in conjunction with the generator changes so the line 
segment slope approximates that of the function curve. The breakpoint of each diode 
gate is selected so that the amplifier output produces a very accurate approximation 
of the X2 function. 

g. Operating Considerations 

The X2 DFG actually consists of two independent X2 DF~YS: one which produces an X2 
output for input of X ~ 0 and one which produces an X output for inputs of X L O. 
These two individual DFG units may be combined to produce X2 for inputs of -10 S 
X ~ +100 

This paragraph only describes the patching procedures required to operate the DFG 
as separate units. This will enable the technician to check out each circuit indi
v idually 0 The patching procedures for operating the DFG in other configurations 
are given in the TR-48 Operator!s Manual (Appendix IV) 0 

Figure 2.4-2 shows the patching configuration for operating the two DFGts of the 
16.275 unit individually; the diagram also gives the input signal limits. 
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~. Theory of Operation 

As previously stated the X2 DFG actually consists of two separate function genera
tors; one accepts only positive inputs, and the other accepts only negative inputs. 
The two units are essentially identical with respect to theory of operation and 
differ mainly in diode orientation and polarity of bias voltage. This description 
will, therefore, cover only the circuit which accepts negative input values of X. 

Drawing C016 275 OS is the schematic diagram of the entire X2 unit; Figure 2e4-3 is 
a simplified schematic of the negative input portion (right-hand portion of C016 
275 OS). (The temperature compensation thermistors ar.d ca;rtain bias resistors, as well 
as some of the gated resistor networks are eliminated for clarity.) 

The diodes, CR8,CR9 .. o.CR13, and CR14 are back biased at different potentials so that 
as the input signal reaches various levels more and more of the diodes conduct. As 
each diode conducts, the slope of the amplifier output is changed and corrects the 
straight line approximation of the X2 curve. 

The X2 DFG can also be used to produce~x by using the unit as a feedback element 
for the amplifier, i.e., the diode-resistor networks replace R3, and R3 becomes a 
fixed input resistor. The patching configuration for this function as well as others, 
are given in the OperatorVs Manual. If the DFGis function properly when patched as 
shown in Figure 2.4-2 the X2 DFG may be assumed to be in proper working order. 
Should the DFG then indicate a fault when patched in another operational mode the 
error is generally external to the DFG (improper patching, faulty external component, 
etc.). 

£. Maintenance and Test Procedures 

The X2 DFG is designated with high-quality, conservatively rated components and will 
provide long-term trouble-free operation. The unit is factory calibrated prior to 
shipment; re-adjustment should only be attempted when definitely indicated by thorough 
checkout. 

(1) X2 DFG Test Procedure 

(~) Set up the test circuit shown in Figure 2.4-4. 

(~) Set potentiometers 1, 2, and 3 for the values indicated on the diagram. 
Potentiometer 5 is to be set so the comparator switches when IN reaches 
-10 volts. 

(£) Set function switch F1 to +10 volts (L) and F2 to the output of Integra
tor 1 (L). 

(g) Place the computer in reset and than in operate. When the comparator 
switches (at -10 volts, thus placing both integrators essentially in 
the hold mode) adjust potentiometer 4 for a -10 volt output from ampli
fier (measure with TDVM). 
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(f) 

(g) 

Place the computer in reset; address amplifier 5 for readout on the 
TDVMo Set the computer in operate and note TDVM variations. The max
reading should not exceed 0.4 volts (0.4% or 40 millivolts into a gain
of-ten amplifier) 0 Typical error is 002% or 002 volts on TDVM. 

The above procedure checks the X2 unit for a negative input. If desired 
t.o obtain an error plot, connect this circuit to the X and Y inputs of 
a VARIPLOTTER as shown by dotted lines on Figure 2.4-4. 

To check the generator for a positive input, place function switches 
F1 and F2 in the R position and repeat step (~. 

(2) X2 DFG Break-Point Adjustment. The following adjustments should only be 
attempted ~hen definitely indicated as necessary. The amplifiers used in conjunction 
with the X DFG during this procedure must be functioning properly. 

(~) Patch the X
2 DFG as shown in Figure 204-5bo 

Cg) Apply the positive inputs listed in Table 2,,4-1 (in sequence starting 
at 2.5V). The TDVM should read out the potential listed in the output 
column in each case" 

(£) If any readout indicates adjustment is necessary, adjust the potentiom
eter listed in the middle colwmn. 

(g) Repeat steps (b) and (c) as necessary; interaction of the DFG break
point settings necessitates this procedure for optimwm accuracyo 

(~) Patch the X2 DFG as shown in Figure 2.4-5c. 

(f) Repeat steps (b) through (d) but use the data listed in Table 2.4-2. 

TABLE 2.4-1 

Input Voltage Potentiometer Output 

+2.5V R1 -0.64V ±.01V 

+3.9V R2 -1054V ±o01V 

+5.3V R3 -2.82V ±.01V 

+6.7V R4 -4.50V +.01V 

+8.1V R5 -6.58V ±.01V 

+9.5V R6 -9.04V ±.01V 
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TABLE 2.4-2 

Input Voltage Potentiometer Output 

-2.5V R7 +O.64V ±o01V 

-J.9v R8 +1.54V ±.01V 

-503V R9 +2.82V ±.01V 

-6.7V R10 +4D50V ±.01V 

-801V R11 +6.58V ±.01V 

-9.5V R12 +9 004V ±.01V 

(~) Applicable DrawingsQ The following drawings are contained in Volume II 
of this handbook. 

Drawing Number 

C016 275 OA Assembly 

C016 275 os Schematic 

B045 034 OW Wiring 

Description 

Shows components mounted on module 
block and wiring from block to 
printed circuit card. 

Schematic diagram of X2 DFG unit. 

Contains run sheets list.ing wiring 
from 16.275 rear mating connectors 
to other points in the computer con
sole. 

(4) Parts Listso Appendix I contains the replaceable parts lists for the 16.275 
amplifier. See Index of Appendix I. 

50 LOG X (16.276) AND 1/2 LOG X (16.281) DIODE FUNCfION GENERATORS 

The 160276 Log X DFG and 160281 1/2 Log X Diode Function Generators (Figure 2.5-1) 
generate a logarithmic function 01' an input variable 0 These units are extre.mely ver
satile since they may be used to perform. multiplication, division, squaring.9 obtain
ing the square-root in addition to the capability of raising an input to an unusual 
or variable powero 

The 16.276 Log X and 160281 1/2 Log X DFG units areessenti8~ly identical in theory 
8J."'ld operation; the main difference lies in the output functiono The output function 
of the Log XIFG is scaled at five times the log to the base 10 or ten times the 
abso~ute value of X . (equation 205-1)0 

The lllinus sign of equation 205-1 indicates the polarity of the DFG out,put (eo) is 
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opposite to that of the input 'Variable I, i060, i.f X is positive, eo is negative<> 

The output function of the 160281 1/2 Log X DFG is, as :lndioated, half of th.at of 
equati.on. 205..,.1 org 

Both the Log X and 1/2 Log X DFG contain four separate log function generators! t'Wo 
cards 'Which accept only positive input.s and two cards 'Which a.ccept only negative in
put~s 0 

~o Operating Consid,erations 

Figure 205-2 i.llustrates the patching procedure for obtaixu.:ng the log of +X aJ:.d -X 
'With the 160276 Log X DFGo The patching for the 160,281 1/2 Log X DFG is si.mJ.la.r; as 
indicated pre'V:tously the difference lies in the output function.o 

Note t.hat the maxim,tUn value of the output of the 160276 unit occurs when X is either 
plus o:r m.inus 10 0 The output is, therefore, =5 log10 101101 ::: :'10 volts. The 1/2 
log X fJ.nit, therefore" 'Wl.th &"'l output eql1a.l to 1/2 of the 160276 uxtit has a m.a:xi
m.um out-put voltage range of :1::5 volts 0 

In Figure 205-2 the lower two DFG input cards are patched as separate log X DFG tUlits 
with limited inputs. The top tlAI0 cards are shown combined permitting an input where 
'" .. 10 < X .s. +10 volts" 

During maintenance checkout procedures, by operating each DFG as a separate limited 
:input unit, a fault may be rapidly isolated to a sma1~1 porti.on of the overall cir
c.u.it.r.yo 

Qo Theory of Operation 

Dra:wings C016 276 as and C016 281 OS are the schematic diagrams of the Log X and 
1/2 Log X DFG printed circuit cards respectivelyo Comparing the t'Wo schem.e:tics re
vea.ls that the t'Wo are similar and actually on.1y differ in resistor values <> The re
sistor values of the 160281 W'.lit are apprQ.~i.mately t'Wice the magnitude of those of 
the 160276 unit with the exception or R1 through R4 (the feedoack resisA~ors bet'Ween 
the Rand B t er.m.inat ions ) 0 It can be seen that the outputs of the 1/2 Log X 'Will 
be one=half the magnitu.de of the Log X DFGo 

Beca.use of this similarity the Log X (16.276) DFG is used as the basis of this des
criptiono Note on Schero.atic C016 276 OS that there are two separate but similar 
circuits 0 The circuit on the left-hand side responds only to negati,re input sig
nals; the circuit on the right-hand side responds only to positive input signals" 
These two circuits differ only in the orientation of the diodes -wit.hrespect to 
the bias voltages and also the polarities of the bias voltages. Again, due to this 
similarity, only the right-hand circuit. (sensitive to positive input s.i.gnals) is 
describedo 
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Figure 205-3 is a simplif.ied schematic of the positive input circu.it of the 16'1276 
Log X DFG o This circuit functions in a manner similar. to aLl of the DFG u...'1its of 
the TR-48; as the input sig!'..al reaches various levels the input"oto---feedback imped
ance ratio is changed., thus changing the galn of th.e ass oei.ated amplifier <' In the 
case of the Log X DFG there are six changes in slope of the amplifier output ~ or 
six straight-line segments are used to approximate the log curve 0 

The main difference in the Log X circu.it operat:ion as compared to .~os·~ ot·her TR-48 
DFG units is that 'With a near ze.ro input all of the diodes are ~~~ and 
conducting 0 Thus, 'When. the input (+IN) of Fi.gu .. ~e 2'15-3 is close to zero, resistors 
R25 through R.31 are all in parallel and the am.plifier has a gain greao'('er than 100 

As the input level increases to'Ward +10 volts the diodes are reverse biased and 
their corresponding resistors 8xe removed f.ro!n the parallel groupo This process 
continues until the gain of the amplifier is some~hat less thfu~ 0025 (2009K input 
resistor~ 5K feedback resistor) 0 

Figure 2'15-4 compares graphically the input.·,-to-ou:t.;pu't \ioltages of the Log X positive 
input circuit 0 Note that du.e to the .inversion of the amplifier J the ou . .fr.put signal 
is negative., or as previously in.dicated, -5 Log10 10 Ixl 0 This cta've illustrates 
the initial steep slope of the output cux\"e (requiring a high amplifier gain) and 
the decrease in slope as X approaches 1 0 volts (:requiring. very smaIl amplifier gain) 0 

~o Maintenance and Test Procedures 

The Log X and 1/2 Log X DFGus are faetory calibrated pri.or to shipment 0 Adjustment 
should not be attempted unless def.:ini tely indicat,ed as necessary by the dynamic 
error check described in the follc~ing sub-paragrapho 

(1) Dynamic k+:Q~ Test h.Q.~Q.yt,~ .4gg" 1 ~o This test can be used to indi
cate if adjustment of the Log DFGu s is required and also to check the DFG output 
af'ter completion o.r the adj ust.merr~ procedure 0 

<.~) Set up the test circUit sho'Jn in Figure 2 .. ;· .... 5aa (The setup 
shovm is for the -Log X cards only .. ) .An oscilloscope or "\Tolt
meter may be substituted for the V.ARIPLOT~.\ERo Set the plotte.r 
Y input to 0.1 volt/inch sensItivity an.d the X input to 1 .. 0 
volt/inch 0 . 

(.b.) Figu..-re 2.5-1)b sho"Ws 8. typica~ error plot.. Note t,hat 'Whell. check
ing a ..,.Log X card t,hatthe resultant plot starts at t,he 1:ight 
and runs t,o the ~ side of the plottero 

C~J If the error plot does not reJl1..r.3,.in 'Within the ±O .. 1 itolt limits 
(0.1% error) refer to the static adjustro.er.xt p.!"ocedure .. 

(d) To check a +lJog X card, substitute the plus for the minus card 
of Figure 20;5-5 and change the Ie .input of the t'wo integl'ators 
to +10 V'olt.s. Change tho +10 input to integratol" ..... 2 to -10 'volts <> 
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The resultant error curve should be similar to Figure 2o?-5co 
Note in this case the plot \li11 run left t a right. 

(2) Dynamic Error Test Procedure 1/2 Log X DIG 

C~) Set up a test circuit similar to that shown in Figure 2.'-5a 
'With this single exception; the output of a.m.plifier-3 should be 
applied to amplifier-4 through a iain-of-twQ input. 

(It) The remainder of the test procedure and the results arethesan;te. 
as listed for steps (b) through (d) of the Log X. cards. 

(3) static Adjus1;ment Procedlll'e; LOi X DFG. The setup temperature should 
be approximately 75 OF • 

(~) Set up the test circuit shown in Figure 2.5-6b. 

(.b.) Apply the inputs as indicated in Table 2.6-1 in the sequence 
listed, to the +IN termination. 

(&J If an adjustment ls me.de, recheck the previous setting before pro
ceeding to the next adjustment (due to interaction between adjust
ments) • 

(,g) Repeat Steps (12,) through (.Q.) as necessary. 

(,~) Set up the test circuit for the second +Log X card. Repeat CbJ 
through (,g) but adjust the potentiometers on the PC2 unit. 

Ct:) Set up the test circuit sho'Wn in Figure 2.5-6c. Apply the inputs 
listed in Table 206-2 to. the -IN terminati.on. 

(g) Repeat steps (c) through C~J but for the -Log cards. (See ad
justment notations indicated in Table 2.6~"2.) 

Table 2.6-1. +Log X Adjustment Data 

Adjustment 
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Table 2.6-2. -Log X Adjustment Data 

-X Input Number 
Adjustment 

Potentiometer TDVM Readout 

-0.32V 1 PC1-R19 +2.15V ±0.05V 
-1.16V 2 PC1-R5 +5.23V ±0.05V 

-2.47V 3 PC1-R4 +6.92V ±O. 05V 

-4.28V 4 PC1-R3 +8.13V ±O.05V 

-6.51V 5 PC1-R2 +9.05V ±0.05V 
-9.13V 6 PC1-'R1 +9.79V ±0.05V 

(4) Static Adjustment Procedures; 1/2 Log X DFG. The 1/2 Log X DFG is adjusted 
in a similar manner to the Log X DFG. Using the test setups as shown on Figure 2.5-6 
proceed as indicated in Paragraph (3) but use the data of Tables 2.6-3 and 2.6-4. 

Table 2.6-3. --+1/2 Log X Adjustment Data 

+X Input 
- Adjustment 

Number Potentiometer TDVM Read out 

+0.32V 1 PC1-R22 -1.08V +0.05V - .-
+ 1 .16V 2 PC1-R42 -2.62V ±O. 05V 
+2.47V 3 PC1-R41 -3.46V ±0.05V 
+4.28V 4 PC1-R40 -4.07V ±0,,05V 
+6.51V 5 PC1-R39 -4.56V ±0 .. 05 V 

+9.13V 6 PC1-R38 -4,. 90V ±Oo 05V 

Table 2.6-4. -1/2 Log X Adjustment Data 

-x Input Number 
Adjustment 

Potentiometer TDVM Readout 

-0~32V 1 PC1-R19 +1.08V ±O. 05 V 

-1.16V 2 PC1-R5 +2.62V +0.05 V 

-2.47V 3 PC1-R4 + 30 46V ±O. 05 V 

-4.28V 4 PC1-R3 +4.07V '+0.05 V 

-6.51V 5 PC1-R2 +4.56V ±O. 05 V 
-9.13V 6 PC1-R1 +4090V ±0.05 V 
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(5) A£plicable Drswingso The following drawings are contained in Volume II 
of this handbook$ 

prawing Number 

C016 276 OA 

C016 276 OS 

C016 281 OA 

C016 281 OS 

Title 

Assembly 

Schematic 

Assembly 

Schematic 

Descr!,Qtion 

Shows components mounted on module 
and wiring from block to printed 
circuit cards" 

Schematic Diagram of 16.276 printed 
c~r.cuit cards .. 

Shows components mounted on module 
and wiring from block to printed 
circui tcard s. 

Schematic diagram of 16.281 printed 
circuit card. 

(6) Parts Lists o Appendix I contains the replaceable parts lists for both 
the 16 .. 276 and 16.281 units Q See Index of Appendix I. 

6. VARIABLE DIODE FUNCTION GENERATOR 160274 

The Variable Diode Function Generator (VDFG) permits the operator to generate a func
tion whose complexity makes it extremely difficult, if not impossible, to obtain by 
other computer components. 

The TR-48 VDFG actually consists of two VDFG's~ a negative VDFG that responds to 
inputs between -10 volts and zero, and a positive VDFG that repsonds to inpu,ts be
tween zero and +10 volts. These VDFGv s may be used individually (split) or combined 
to form a ±VDFG that accepts inputs from -10 to +10 volts. 

The VDFG units mount on slide-out shelves behind t.he control panel (Figure 2.6-1). 
Thus the units a.re readily accessible for curve setup. The various input and out
put leads are cabled from the rear of the VDFG components to specific positions be
hind the Pre-Patch Panel (Figures ,2.6-1 and 10.3-1); by inserting a wired-through 
chassis in the proper module, the input and output terminations are brought to the 
Pre-Patch Panel patching block~ Figure 206-2 shows the various components of the 
'16 .. 271+ VDFG in addition to the slide out chassis shown in Figure 2G 6-"' " 

~. Operating Considerations 

Figure 2.6-3 shows the VDFG patching area and a simplified schematic of the overall 
unit; the plus and minus VDFG portions show only single diode-gated resistor circuits 
for clarity. Figure 2.6-4 shows the patching for the plus and minus VDFGRs separ
ately; this figure also contains a simplified schematic of the plus VDFGo The minus 
VDFG is similar except that the diodes are oriented in the opposite sense and are 
biased by plus referenceo 
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Figure 2.6-5 shows the VDFG patching to combine the plus and minus VDFGts for bi
polar inputs. Note that a four-connector bottle plug covers the 10 SEG area of the 
patching block; one of the +IN terminations is jumpered to a -IN termination to com
bine the input leads. 

Each VDFG unit has eleven adjUstments; one is a parallax control and the other ten 
are slope potentiometers to adjust the output curve slope between unitary incre
mental inputs of X. When used in the ±VDFG combined mode the parallax pots of the 
-VDFG and +VDFG are interdependent. 

The parallax potentiometer permits the operator to set the value of Y (at X = 0) 
within the range of +10 to -10 volts. The +1 slope adjustment permits the operator 
to set the initial line segment slope between 0 and 1 volt so that with 1 volt into 
the DFG, the Y output can be set to a voltage between ±2 volts above or below the 
X = 0 point (i.e., a slope of 2 volts/volt). The remaining slope potentiometers 
(2 to 10) permit the operator the change the slope of each preceding segment by a 
voltage slope of one volt per volt .. 

Figure 2.6-6 is a sample output curve of a plus VDFG. This curve is used as the 
basis for the typical VDFG set-up procedure. 

The following procedure is for the set-up of a +VDFG patched as shown on Figure 
2.6-4. The set-up adjustments of the +VDFG must be started at X = 0 and continued 
in sequence to X = +10. The procedure for the -VDFG is accomplished in a similar 
manner, again starting at X = 0 and in sequence X = -10. 

When setting up a VDFG for combined plus and minus inputs the operator again starts 
at X = O. Once the X = 0 point is set (parallax potentiometer) the operator must 
proceed in sequence to either +10 or -10 on one VDFG, then starting again at zero, 
proceed in sequence to the limit of the remaining VDFG. 

Typical VDFG Set-up Procedure 

(1) Release the quarter-turn locking device and slide the desired +VDFG for
ward exposing the set-up controls. 

(2) Select the Y = f(X) amplifier output (designated 01 on Figure 2.6-4) for 
readout on the DVM (or multi-range voltmeter if the DVM is not available). 

(3) Ground the +IN termination of the VDFG. Using a small-blade screw driver 
set the PARALLAX control for a DVM readout of -2 volts. 

(4) Apply +1 volt to the +IN termination and adjust the +1 control for a DVM 
readout of -1. 

(5) Apply +2 volts to +IN. Adjust the +2 control for -1. 

(6) Continue the procedure applying X = +3, +4, etc., and adjusting the corres~ 
ponding control for the proper DVM readout as listed in the table. 

46 



(7) For optimum. accuracy repeat the set-up procedure" starting 'With step 
(3), and making any necessary touch up adjustments. 

J2.0 Theory of Operation 

Figure 2~6-4 is a simplified schematic of the +VDFG (portions of. the diode net'Works 
are eliminated :tor clarity) 0 The VDFG approximates a a.esired curve "With straight 
line segments in a manner si.milar to the fixed diode function generators'o As the 
input level increases, the diodes conduct (or rea.ch their breakpoint) one by one 
and change the input-to-feedback impedance rat~o and thus the amplifier output 
slope, thus changing the VDFG ftUlction to a desired curve 0 Note, ho"Wever J that the 
breakpoint of each diode is fixed and cannot be changed.. Only the slope of a line 
segment (or gain of the amplifier) is variable 0 

The PARALLAX control (R26, Figure 2 .. 6-4) permits the operator to offset the Xp Y 
point at. X = 0 to ~ point along the Y axis bet'Ween -10 and +10 yolta. Potentiom
eter R6 determines the slope bet'Ween X = 0 and X = +1; this adjustment permits set
ting the slope to a m.a.xi.m.um of 2 volts per volt input either in a positive or nega
tive directiono Potentiometer R7 determines the change in slope bet~een X = +1 and 
X = +2 volts 'With respect to the slope bet'Ween X = 0 and X = +1 volt 0 Each poten
tiometer in turn determines the change in slope of its corresponding line segment 
over the previous line segment slope. 

£,0 Maintenance and o:rest Procedures 

There are no calibration ~dj ustments for the VDFG units since the slope potentiom
eters are set in accordance. 'With the required function. The overall condition of 
the VDFGu s can be determined by the following operational tests.. These tests are 
set up for an oscilloscope display of the VDFG output; an XY plotter may be sub
stituted if desired. 

(1) Operational Test; -VDFG 

C~) Set up the test circuit sho'Wn in Figure 2.,6-7.9.0 Set the scope X 
aJ.1d Y l~ange for ~, volt/centimeter .. 

(Q) Place the computer in Rep-Op at the 20 JDillisecond rate and ad
just the potentiometer input of the integrator for a 0 to -10 
volt ramp output per Rep-Op cycle .. 

<.~) With a zero input to the DFG check the PARALLAX control for a 
full +10 to -10 volt range; set the PARALLAX at Y = o. 

(~) Adjust the 1V control £or a slope of zero from X = o'to X =-1 
volt 0 

C~) Set the 2V, .4V, 6V, EN and 100 controls fully clockwise .. 
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o. OPERATIONAL TEST CIRCUIT 

-10 -9 -8 -7 -6 -5 -4 '-3 -2 -I 0 

b. SCOPE TRACE, FIRST TEST 

-10 -9 -8 -7 -6 -5 -4 -3 -2 -I 0 

c. SCOPE TRACE, SECOND TEST 

FIGURE 2.6-7. -VDFG OPERATIONAL TEST SETUP 
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(r) Set the 3V, SV, 7V, and 9V controls fully counter-clockwisso 

(g) Using the test circuit of Figure 206-7a and placing the computer in 
the Rep-Op mode, check the scope for the trace as shown in Figure 
2.6-7b. 

(11) Apply a fixed -1 volt input to the DFG (PARALLAX control still at 
zero) and check range of the 11 adjustment. The output should swing 
between -2 and +2 volts. Reset the -1 adjustment to zero. 

(i) Set the 2V, 4V, 6V, 8V and 10V controls fully £Qunter-clockvise. 

(jJ Set the 3V, 5V, 7V and 9V controls fully clockwise. 

(~) Using the test circuit of Figure 2.6-7a with the computer in Rep-Op, 
check the scope for the trace as shown in Figure 2.6-rtco 

(2) Operational Test; +VDFG 

(~) Set up the test circuit shown in Figure 206-8ao Set the scope X and 
Y range for 1 volt/centimeter. 

(B) Repeat steps (b) through (k) of the -VDFG procedure substituting pos
itive potential inputs and observing traces band c of Figllre 2 41 6-80 

(3) Applicable Drawings. The following diagrams are contained in Volume II 
of this handbook. 

prawingNumber 

C016 274 OA 

C016 156 OS 

C016 154 OS 

B045 034 OW 

Assembly 

Schematic 

Schematic 

Wiring 

Shows wiring of module behind 
Pre-Patch Panel area q 

Schematic diagram of +VDFG unit 
mounted behind control panelo 

Schematic diagram of , .. VDFG unit 
mounted behind control panel. 

Contains wire run sheets for 
computer wiring including inter
connecting wiring between patch
panel area modules and VDFG con
nectors behind connectors behind 
control panelo 

(4) Parts Lists. Appendu I contains the replaceable parts lists for the 
16.274 VDFG units. See Index of Appendix I. 
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70 COEFFICIENT SEI'TING ATTENUATOR GROUP 20440 

,!o General 

The coefficient setting attenuators in the TR-48 are mounted on the right-hand 
panel of the computer cabinet 0 The pallel can accept a total of 60atltenu.ators, in 
addition.to 5 function .switches .. 

Each 20440 Att.enuator Group consists of five potentiometers and an associated 42 .. 283 
Module that plugs into various cradles behin.d the patch panelQ (See Figure 1,,3-10) 
In addition to providin.g patchlng termination.s for the five pots$' the 42.283 Module 
contains two relays to enable any pot to be selected for setting and readout o 

The potent.iometers are 10-turn$ wire-wound units, equipped w.ith calibrated} front
panel dialso .The resistance element of each pot is protected by 1/32 ampere fuse 
in aeries 'W'ith the wiper elemento The fuse is mounted in a holder on the rear of 
the pot and can be reached by opening th.e attenuatar panel dooro 

Four of the five pots in each group have two terminals (wiper and one end of the 
resistance winding) available at the patch panelo The fiftp pot of the group is 
wired so that the wiper and bot/h ends of the 'W'inding are terminated. at the patch 
pan~lG See Figure 207-1G 

12... Circuit Description 

The circuit configurat,ion of the 4;20283 Module and the associ.ated pots is shown on 
Drawing C042 287 OSo The ungrounded end of each pot is connected to the patch pan
el through normally closed contacts on K1~ the Coefficient relayo When the computer 
is switched to the pot-set mode, K1 5.s energized, and connects the four grounded 
pots to the +10 volt reference buso (Reference must be patched t,O the ungrounded 
poto) Thus, each pot may be set to the required coefficient 0 

A part.icular pot is selected .for setting and readout by depressing appropriate push
buttons on the control panel signal SELECTORo The K2 relays of any consecutive pair 
of five-,pot groups (0-9, 10-11 ~ et.co) are energized by depressing first the f button 
of the SELEDTOR ,hundreds row, and then anyone of t.he top six but;cons (0-5) in the 
tens. I' ow 0 When K2 in each pair of gro ups is energiz'ed, the wipers of all ten pots 
are connected to the ten switches (0-9) in the SELECTOR uni1~ row o From this point 
the wiper of one pot may be connected to the DVM (via the selector line) by depress
ing the appropriate ~ push-button (0-9)0 

'£0 Maintenance 

(1) !£-glicable Drawingso The .following diagrams are contained in Volume II 
of this handbook 0 

Drawing Number 

C042 283 OS Schematic 
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Schematic diagram of attenuator 
module 0 
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SEE 
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-3 

-4 

-5 

SCOPE 

O. OPERATIONAL TEST CIRCUIT 

o + I +2 +3 +4 +5 +6 +7 +S +9 + 10 

b. SCOPE TRACE, FIRST TEST 

o +1 +2 +3 +4 +5 +6 +7 +S +9 +10 

c. SCOPE TRACE, SECOND TEST 

FIGURE 2.6-S. +VOFG OPERATIONAL TEST SETUP 
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b. PATCHING BLOCK 

FIGURE 2 .7-1 COEFFICIENT SETTING ATTENUATOR ,MODEL 42.283 



Drawing Number 

B045 034 ow Wiring 

DescriI2.t ion 

Contains wire run sheets for 
computer wiring from Pot Panel 
to Attenuator module connector 
plugs behind Pre-Patch Panel o 

(2) Parts Lists o Appendix I contains the replaceable parts lists for the 
420283 Attenuator Unitso See Index of Appendix 10 

80 SIGNAL COMPARATOR 400404 

~o General 

The 40 0 404 Compa:rat.or (Figure 2,,8-1) consists of a sensitive switching amplifier 
that drives a double-pole, double-throw relayo This component is generally used 
to perform automatic switching functions when required in a problem setup.. The 
amplifier compares two inputs and controls the associated relay in accordance with 
the relative signal level of each input. 

The 40 0 404 Comparator is a dual unit, containing two amplifiers and two relays; the 
two sections are identical .. 

Qe Comparator Patching 

The patching area for the dual comparator includes two sets of input terminations 
and four sets of relay contact terminations 0 Each set of IN) and TII2 terminations 
provides inputs for the potentials to be comparedo Usually one of these inputs is 
a bias voltage against which a particular problem voltage is to be compared o 

Each amplifier is arranged such that when the sum of the t·wo input voltages is zero 
or less (negative), the associated relay is energized and the contacts transfer to 
the normally open sid e n If the input sum is posi tiv's the relay is de-energized .. 

To set up a comparator for an accurate switching level, !J.se the following procedureo 
Connect reference of the appropriate polarity to a coefficlent setting attenuator, 
and connect the attenuator wiper to the input of a gain-ofs-one amplifiero Patch 
the amplifier output to the TII1 termination, and set the pot for the desired switch
ing levele Patch the output of the amplifier to the m1 input.. Connect reference 
voltage (same polarity as above) across anotner attenuator; connect the wiper to 
the IN2 termination, and then adj ust the second attenuator until the really operates" 
Finally, remove the setup amplifier from the IN1 terminal, and connect this point 
to the control voltage source in the problem setupo 

With the arrangement described, the normally-closed relay contacts will make when 
the input sum is positive, and the relay will transfer to the normally open side 
when the input sum is negativeo 
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£0 Circuit Description 

The comparator amplifier' and relay circuitry is shown on Drawings B006 134 OS, and 
B040 404 OSo Each input termination is connected through a summing resistor to the 
base of Q10 As long as the sum of the inputs is positive, Q1 is eat off; Q6 is al
so cut off and the relay is de-energizedo 

The conditions in the amplifier at this time are as follows: Q1 is cut off as 
mentioned above; Q3 is conducting because the base is returned to the ·-15 volt 

. supply through R3, and the emitter is connected to the +1.5 volt supply through R90 
(Q4 is not conducting, as explained belowo) Q5 is cut orf by the bias developed a
cross R80 No current flows in the emitter circuit through R10, and Q6 is reverse
biased to cut off through R110 

Any drift due to temperature is reduced through the use of Q2 and Q4. Note that an 
increase in temperature will increase Ico in the input transistor Q1 and a similar 
increase will occur in Q2. These changes are applied to 'the base and emitter of Q3 
respectively, thus causing the two increases to cancel. 

When the sum of the inputs at the base of Q1 is zero or negative, the transistor 
conducts due to the slight forward bias applied to the emitter through R50 Collec
tor current in R3 biases QJ to cutoff and, as a result, Q5 is driven into conductiono 
Since Q5 is connected as an emitter-follower, Q6 also conducts due to the forward 
bias developed across R110 Relay K1 in the collector circuit is energized and the 
relay transfers to the - contactso 

When Q1 conducts, the emitter current through R6 develops cut .... off bias for the 
emitter of Q2. As Q2 is turned off, Q4 conducts, drawing current through R9 which 
applies reverse bias to the emitter of Q3. Thus the emitter rece.ives a negative 
signal at the same time the positive signal is applied to the base. 

Diodes CR1 and CR2 protect the input transistor by limiting the amount of voltage 
which can be applied across the base-emitter junction. In the output circuit of 
Q6, diode CR) protects the· transistor against momentary application of a high-for
ward bias to the collector caused by the collasping field around the relay coil 
when the circuit is broken ... 

£. Maintenance and Test Procedures 

(1) Comparator Checko The most important charar.teristics of the signal 
pomparator are the switching sensitivity and the switching time 0 These may be 
checked readily by using_~n oscilloscope and the test circuit as shown in Figure 
208-2. The comparator is driven alternately by positive and negative-going ramp 
voltages (generated by the integrator). With the arrangement shown, the scope will 
display a triangular waveform from which the switching time and switching sensitivity 
may be determined. To perform these checks, proceed as follows: 

(a) Patch the circuit show~ in Figure 2.8-2; set the scope controls for an 
internal sweep rate of 2 milliseconds/centimeter and for a sensitivity 
of 0 0 1 volts/centimeter~ 
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(~) Set the function switches as shown; switch the computer first to the 
reset and then to the operate mode" Adj ust the attenuator foro. a read
ing of zero volts on the voltmeter (meter sensitivity should be 0 0 1 
volt. ) 

(£) The distance between the top and bottom peaks of the triangular wave 
form represents twice the switch time (1 centimeter equals two milli
seconds)o Typical switching time for a normal comparator is 7 milli
seconds o 

(£) Move function switch S2 to ground the 100 ohm resistoro Set the scope 
sweep for 50 milliseconds/centimeter, and the sensitivity to 005 milli
volts/centimeter" 

(e) The peak-to-peak voltage of the displayed waveform represents the switch
ing sensitivityo Typical values are 2 to 3 millivolts. 

(£) The second set of contacts may be checked for switching time by setting 
S1 to the lower positiono 

(2) Applicable Drawingso The following drawings are contained in Volume II 
of this handbooko 

Drawing Number 

C040 404 OA Assembly 

B040 404 os Schematic 

B006 134 OS Schematic 

Description 

Shows printed circuit card lo
cation on module and wiring to 
patching block and rear connec
tor of module. 

Schematic diagram of relay con
tact connection for TR-48 com
pa.rator .' 

Schema tlc diagram of 60134 Ampli,
fier used in 400404 Comparator 
Module .. 

(3) Parts Listso Appendix I contains the replaceable parts lists for the 
40.,404 eomparator Module" See Index of Appendix 10 

90 FUNCTION SWITCH GROUP 20462 

A typical TR-48 Computer includes five function switches that are generally used 
to perform manual switching operations in problem setupso 

Each function switch is a double-pole, triple-throw (center off) unito Associated 
contacts are jumpered together to increase the current-handling ability; the switch 
is thus wired as a single-pole, triple-throw anita 
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The 20462 Group consists of the group of five switches, and a 120766 patch panel 
module for terminating the switch contacts at the pre-patch panelo 

The 120766 Module may be used in module 5, slot 2, or module 8, slot 20 (See 
Figure 103-10) Since these cradles are 'Wired to rear .... panel connectors J62 and J63, 
respectively, the plug that terminates the function s'Witch "Wiring m.ust be connected 
to the rear .... panel connector that is 'Wired to the cradle into 'Which the 120766 module 
is mountedo These cradles are all 'Wired in the same fashion" 

The replaceable parts for the 20462 Function S'Witch Group is contained in Append,ix 
10 See the Index of Appendix 10 The follo-wing is a list of Applicable Dra\l1ings 
contained in Volume II of this handbooko 

DraWing Number 

C012 766 OA Assembly 

B045 034 OlN VJiring 
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Sho'Ws the 'Wiring of the func
tion s'Witch patching module 
from the patching block to 
the module rear connectoro 

Contains 'Wire lists giving 
the 'Wiring fr om the function 
switches on the Pot Panel to 
the connector at the rear 
of the Patching Moduleo 



SECTION III 

POWER AND REFERENCE CIRCUITS 

1 0 REGULATED POWER SUPPLY 10 0 200 

!... General 

Thd.s unit supplies all operational voltages required for the TR-48 componentso The 
power supply is constructed on a small U-shaped chassis (see Figure )01-1) that 
~ounts in a cradle behind the attenuator panel in the right-hand bay of the TR-48 
cabinet 0 The mating cabinet connector is designated PS10 

The power supply chassis contains all components except the regulator transistors. 
These are fastened on a heavy metal heat sink that is mounted behind the component 
cradleso (See Figure 101-20) 

The 10 0 200 Power Supply operates directly from commeroial 50 to 60 cycle power 
sources; the transformer primary ~indings are wired for 115 or 230 volts a-c by 
jumpers on the PS1 connector in the cabineto The outputs provided by this unit 
are listed in the following tableo 

VOLTAGE MAX LOAD 
CURRmT 

+30V d-c* 005 amp 

+15V d-c* 105 amps 

-15V d-c* 2,,0 amps 

-20V d-c 2 0 0 amps 

-6V d-c 1.0 amp 

6 .. 3V a-c 205 amps 

*E1ectronically regulated to 100% of the rated levelo 

Bo Circuit Description 

The circuit configuration of the 100200 is shown on Drawing C010 200 OSo As this 
drawing indicates, the unit actually consists of three regulated 15-volt supplies~ 
a 20-volt filtered supply, an unfiltered 6-vo1t supply, and a 603 volt a-c source o 

The three 15-volt supplies are all similar in circuit configuration; each consists 
of a full-wave rectifier, a filter capacitor, a series regulator (externally mounted) 
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and a regulator amplifier in the form of ~ plug-in printed circuit card" Each two
stage regulator controls the output level of its associated rectifier-,filter by am
pliffying any deviation from the rated 15-volt. le'9'el" and applying the amplified dif
ference 'Voltage to the base of the associated series regulator 0 Thus,9 by controlling 
the emi tter,~t,o,·~C'o11ector impedance of' t.he regulating transistor j the output is sta
bilized at the 15'~volt level as long as the current-handling capability of the reg
ulating transistor is not exceededo 

The three 15-volt supplies are connected to +15 voltj -15 volt" and +30 volt buses 
to facilitate distributIon of thls power to all componentso The uppe-r supply on 
the diagram (C~1·-CR2) provides the -15 volt power since its negative terminal is con;';" 
nect,ed to the -15 'Volt bus and .its posit.ive terminal (P1-3 j 4) is groundedo. The sec·
ond 15·=volt supply (CR), CR4)provides the +15 volt power since the negativetermlnal 
is grounded and the positlve term.i,nal is connected to the +15 volt buso The +30 
volt po'W'er is provided by ·the second and third 15-volt supplies (CRJ-4, and CR5-6, 
respect.ively) 0 Th.i.s is accomplished by connect?ing the negat.ive side.ofthe third 
supply (P1-9, 10) to the +15 volt bus and. the positive side (P1-'1.1, 12) to the +30 
volt buso r:(lhis arrangement connects these two sources in series to provide the 
+.30-volt potentialo 

,Qo Routine Maintenance and Adjustments 

Level adjustments for each of the 15-volt regulated sources are provd.ded in the form 
of panel mounted screw driver set potentiometerso The voltage levels should be 
checked occasionallYj using the front panel voltmetero If the supplies require ad
justment, the +15 volt level should be set before adjusting the 30-volt outputo This 
is necessary since the 30-volt supply is comprised of two series-connected 15·-volt 
supplies 0 

Preventive maintenance of the 100200 should consist of an occasional check of the 
ability of each source to mainta.in regulation under maximum load conditions" This 
can be accomplished by connecting appropriate values of load resistances across 
each supply to determine that the- supply maintains regulation up to the maximum 
load current indicated in the table in sub-paragraph !!o 

It ehould be noted that regulated supplies of this type are relatively insensitive 
to any gradual deterioration that may occur in component characteristics, and will 
often continue to operate satisfactorily if such deterioration occurSo Usually a 
power supply malfunction results in complete loss 'of regulation; this is evidenced 
by overload indications in all amplifierso In nearly all cases of regulation fail
ure;> the trouble can be cured by transistor replacement 0 

20 TDVM POWER SUPPLY 10 0 203 

!!o General 

The 100203 Power Supply (Figure 302-1) provides d-c operating potentials of -8 volts 
and +2 volt,s for the TR=48 Digital Voltmeter 0 , This power supply plugs into a cradle 
behind the attenuator panel .in t,he right-hand bay of the computero Themat1ng cab
inet connec!tor is designated PS20 
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The 100203 supply operates directly from commercial 50 to 60 cycle power sources; 
the transfbrmer prlmary windings are wired for 115 or 230 volts a-c by jumpers on 
the PS2 conne~tor in the cabinet. The outputs provided by this unit are listed in 
the ~ollowing table. 

VOLTAGE 
MAX LOAD 

CURRENT 

-8V d-c 3~amps 

+ I. ~ +2V d-c* 0 0 5 amps 

603V a~ 100 amp 

*Electronically Regulated 

£0 Circuit Description 

The circuitry of the 10.203 Power Supply is shown on Drawing B010 203 OSo This 
simple unit consists of two full-wave rectifier and filter circuits supplying the 
8-volt and +2 volt d-c potentislso Transistor Q1 functions as a series regulator 
to regulate the +2 volt output 0 'Zener diode CR5 stabilizes the base pf Q1. 

The transformer includes an additional 6.3 volt winding to supply a-e power to the 
oven heater of the comparator in the digital voltmeter. 

30 REFERENCE REGULATOR 43" 1 04 

!!Q General 

The TR-48 uses a system reference level of ±10 volts for computational purposes. 
These potentials $re generated by the 430104 Reference Regulator, (Figure 3.3-1) 
and a 60282 Dual DoC" Amplifier; both of these components are located in cradles 
behind the attenuator panel in the right-hand bay of the TR-48 cabinet. The mating 
cabinet connectors for the amplifier and regulator are designated p68 and p69 re
spectivelyo 

The reference regulator includes a temperature-stabilized zener diode which func
tions as an internal reference standard" Under normal operating conditions, the 
regulator-amplifier combination generates ±10 volt potentials that are maintained 
to within 0002% of 10 volts, and that are stable up to the maximum output of 250 
milliamperes for each reference sourceo 

Provision is made for using an external 10-volt reference sourceo The external ref
erence line is terminated at Pin T of J69; by connecting the external reference source 
to this point and changing one patch cord (see sub-paragraph .:Q), the computer ref
erence circuits can be slaved to an external voltage standard o 
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Bo Reference Patching 

To connect the TR-4B reference circuits for internal reference, a patch cord is 
required between the REF IN and INT REF terminations on the reference regulator 
front panel 0 If an external 10-volt standard is to be used, the REF IN termination 
should be patched to EXT REF 0 To connect the amplifier to the regulator, each of 
the S terminations on the regulator must be patched to a corresponding S termination 
on'the 60282 Dual D .. C" Amplifier 0 

£~ Circuit Descrlption 

The configuration of the TR-4B reference circuits is shown in Figure 303-20 (For 
detailed circuitry of the amplifier and regulator see Drawings D006 282 OS and C043 
104 as respectively,,) 

The ±10 volt reference potentials are generated by using a zener diode as a voltage 
standard, and applying the zener-stabilized potential to a pair of cascaded d-c 
amplifiers with sufficient gain to develop the required reference levelso As shown 
in Figure 303-2, CR1 (the zener diode) and R10 are connected across the -15 volt 
supply to provide a stable source of approximately -6 volts. Resistors R7, RB, and 
R9 form the amplifier input resistor;, R5 is connected as a 10,000 ohm feedback 
resistor across the amplifier~ The input resistance value is selected and set at 
the time of manufacture so that the amplifier output is exactly 10 voltso To permit 
the reference source to deliver more load current than the a.mplifier itself is capa~ 
ble of delivering, an emitter-follower power stage (transistor Q4, mounted on the 
heat sink bracket), is driven by the amplifier. With this arrangement, the maximum 
load current capability of the source is increased to about 250 milliampereso 

The negative reference source consists of a similar arrangement 0 In this case the 
closed-loop gain of the amplifier is unity, thus multiplying the +10 volt level by 
a factor of -1 to develop the -10 volt potentialo Potentiometer R1 permits a small 
gain adjustment (BAt ADJ) so that the plus and minus 10 volt levels may be precisely 
balanced with respect to each othero 

To protect the reference circuits from overload damage, a bank of incandescent lamps 
is connected into th~ emitter circuit of each po~er amplifiero These lamps permit 
the amplifiers to function normally when delivering load currents of up to about 250 
milliamperes~ If a reference source is loaded beyond this point, the circuit loses 
regulation, the output level drops accordingly, and no damage can occur to the refer
ence supply components. 

Qo Routine Maintenance and Adjustment 

Prior to shipment, each reference regulator is adjusted to yield +10 volts ±0~02%; 
the negative source is balanced against this standard 0 These reference levels may 
be checked and re-adjusted at any time, if' sufficiently accurate equipment is avail
able. If not, EAI recommends that the regulator be returned to the factory should 
component replacement or adjustment become necessaryo 
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When required, the balance control (BAt ADJ) on the referenoe regulator may be ad~ 
justed to within 0.01% by using measuring circuits provided by the TR-48 itself. 
To set this control, use two gain-of-10 summing amplifier inputs; patch plue refer
enoe to one input and minus reference to the other. Observe the amplifier output ~ 
with the control panel voltmeter on the 0.1 volt scale. Set the BAL ADJ oontrol 
for a zero reading. Reverse the input polarities and again observe the amplifier 
output. If a voltage is indioated, set the BAL ADJ control for the mean of the dif
ferenoe. Continue this process until the same voltage (in both polarities) is ob
tained when switching the referenoe inputs. 

Each amplifier in the 6.282 should be ohecked oocasionally for balanoe. This is 
readily aooomplished by setting the oontrol panel VOLTMETER FUNCTION switoh to the 
BAL position, and seleoting the desired amplifier with the control panel SELECTOR. 
(The plus referenoe amplifier is No. 48, and the minus is No. 49.) The associated 
AMP BAL control should be set for a zero reading. 

4. DUAL D.C. AMPLIFIER 6.282 

.!. Genera~ 

As previously indioated this unit oontains the two operational amplifiers used with 
the 43.104 Referenoe Regulator to generate the plus and minus 10 volt referenoe po
tentials. 

PATe H 

Tbe 6.282 amplifier cirouitry is identical with that of the 6.514 Dual D.C. Amplifier 
described in S~TION 2-1 of this manual. Refer to that seotion for all details re
garding circuit description and maintenanoe teohniques for the 6.282 Amplifier. 
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SECTION IV 

CONTROL AND MONITORING CIRCUITS 

Ja"o General 

The control and monitoring facilities for the TR-48 are consolidated at the 20.790 
Control Panel, 'Which forms the left side of the computer front panel. The monitor ... 
ing circuits of the TR-48 include a .multi-range volt.lll.eter "With associated RANGE and 
FUNCTION selector s'Witches, an electronic digita..l. voltmeter*, a push-btrtton select 
readout system, and a set of amplifier overload lamps. 

The control facilities on this panel include po~er on/off, pre-patch panel engage 
and disengage, and a push-button s'Witch for controlling the computer mode of opera
tion • 

.b.. Monitoring Circuitry 

The TR-48 monitoring circuits are sho'Wn in block diagram form in Figure 4.1-1. The 
four m.ain components of this system are the 3-level push-button sign.al SELECTOR sys
tem, the selector relays (mounted on the 11.148 Relay Unit), the digital "Tolt.rn.eter, 
and the multi-range volt.m.eter 'With associated RANGE and FUNCT ION selectors () 

In the standard TR-48, the readout system is 'Wired to scan 175 poixrts in the com
puter. (The maximum capacity of the system is 2.30 points; thus, soro.e computers 
may be VJired to read out additional points.) These 175 circl.lit.s :Lo.I:!lude 50 ampli
fier output ter.mi.nals, 50 amplifier stabilizer outputs (for balancing purposes), 
the 'Wiper of each of the 60 coefficient setting attenuator.s, .and fifteen of the 
leads connected to J64 (IN TRUNK cormector on the rear of the TR-48 cabJ.net). 

As the block diagram sho\-Js, the amplifier outputs, the sta.bilizer lines a .. nd'the J64 
leads are connected to contacts of the selector relays. (See Sheet 2 of Dra'Wing 
D045 034 OSo) The coils of these relays are controlled by the hYDAreds (in posi
tion A) and ~ push-butt ons of the signal SELECTOR (sho-wn in the center of Fig
ure 4.1-1). 

The s\-Jitching action of the relays connects selected groups of the monitored points 
to contacts on the npits push-buttons. By depressing one of these buttons, the 

*Computers not equipped 'With a digital voltmeter have a 10-turn potentiometer and 
associated reference voltage selector s'Witch for measuring computing voltage levels 0 

These components are mounted on the 20.790 Control Panel in place of the digital 
voltmeter readout unit. 
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selected point i.s connected to the selector' line, which is ter.m.i.nated at Pin 5 of 
switch S8ce (See Sheet 3 of. D045 034 OSo) 

The coefficient setting attenuators are selected for readout by a similar processo 
Operating the ..e push~button (hundreds row) and then one of the ~ buttons "Will 
energize the output relay of each Attenuator Group :1.n a pair of grollps (see Sheet 
1 of D045 034 os and C042 283 as) 0 This s'Witching action connects the wipers of 
the ten selected e:ttenuators to the contacts of the units level of the signal 
SELECTOR; thus~ one of these ten at.tenuators ID8.y be selected by operating the 
appropriate push=button. in the "y,n;i:ts level., 

As previoUtsly indicated, the output of the signal SELECTOR is connected to pin 5 
of switch S800 This control is the PS (pot set) push---button of the computer MODE 
control 0 (See Paragraph 5 of. SECTION I, and sub""'paragraph .£ below for details of 
computer operational jD,odes 0) 'With the computer s1Nitched to any mode other than pot 
set, the selector output line is connected to the SEL terminations of the patch 
panel readout module 0 Terminations for the inputs to the DVM and the multi-range 
voltme'ter are adjacent to the SEL terminations, so that bottle plugs may be used 
to connect either or both of these :instruments to the selector line 0 It should be 
noted, ho"Wever, that the voltmeter circuit is a relatively heavy load and should 
never be used to monitor circuits that cannot tolerate loading; for this reason 
the selector line is routed through the PS switch" 'Thus, 'When the computer is in 
the PS mode, the selector line is connected directly to the DVM input and "Will not 
be affected by volt.meter loading even if the SEL and VM terminations are patched 
together., 

Amplifiers are selected for balance monitoring in the same fashion as for output 
monitoring 0 The only difference is that the stabilizer of the selected amplifier 
is connected to the balance monitoriDi line, rather than the selector lineo The 
balance mOnitoring line is connected to' the meter through the VOLTMETER RANGE and 
FUNCTION switches" 

£'0 Computer Mode Control 

The operational modes of the TR-48 are controlled by a 6-position push-button 
MODE s1tJitch on the .200790 Control Panelo Operating these button.s performs various 
s'Witching functions dependill.€! on the mode selected., The main function is to drive 
switching transistors 'Which energize or de-energize certain control buses; actual 
component s'Witching is accomplished by relays 'Which are connected to these buses (> 

(The s'Witching transistors are Q1, Q2, and Q3, mounted on the heat sink: bra.cket on 
the back of. the computero) 

Detailed operation.al descriptions of mode control appear in the TR-~48 Operator U s 
Manual 0 This paragraph is intended only as an electrical description of the mode 
circuits to sho'W how the control buses are energizedo 

'Ine mode control circuits are shown on Sheet 2 of Dra-wing D045 034 OSo Sa is the 
NODE selector; this s-witchis constructed so that only one button can be do'Wn at 
aIlY timeo A lamp i.nside each button indicates the selected mode" 

The s'Witching functions performed in each mode are sumJnarized in the folloVJing table., 
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cmCUIT 

MODE SW. REL BUS 
OPERATE BUS RESEr BUS TIME SCALE BUS (AMPL. P.S. RE .... DVM INPUf LINE SIGNAL SELECTOR 

LAYS) LINE 

HOLD (HD) De-energized De-energized De-energized De-energized Connected to Connected to 
Patch Panel. Patch 'Panelo 
(DVM Terminal (SEL Terminal 
on Readout on Readout 
Module.) Module.) 

par. SET (PS~ De-energized De-energized De-energized Energized Connected di-- Oonnected to 
(-20 VOlts) rectly to se- DVM Input. 

lector line. (Disconnected 
(Disconnected from. Patcl:). 
from. Patch Panel.) 
Panel.) 

-

RESET (RS) De-energized Energized De-energized De-energized Same as HOLD Same as HOLD 
(-20 volts) 

OPERATE Energized De~nergized De-energized De-energized Same as HOLD Same as HOLD 
(Op) (-20 volts) 

SLAVE (S1) Disconnected from Mode Con- De-energized De-energized Same as HOLD Same as HOLD 
trol. Controlled frOID. ex-
ternal source (roaster TR-48) 
througn slave table. 

REPETITIVE CDnnected to and contr-olled Energized De-energized Same as HOLD Same as HOLD 
OPERe (RO) by Rep Op Timing Unit (-20 volts) 



2~ DIGITAL VOLTMETER 26 .. 183 

The 26 .. 183 DVM proyides accurate and rapid measurements of d-c voltageso 'When 
m.ounted in the TR-48, the DVM main chassis is housed in a cradle behind the con
trol panel, a.'1d the four-place display unit is mounted on the front of the control 
panel.. The main chassis connector designated DV-P1 mates 'With DV-J1 in the DVM 
cradle; DV-J2, and DV-J3 serve to connect the DVM display unit to the main chassiso 

3. REPET rr IVE OPERAT ION 

~o General 

Repetitive operation of an analog computer consists of forcing the computer to speed 
up the time of problem solution, and to continually repeat the problem solution. 
The rate at 'which this occurs is usually high enough to perm.it displaying computing 
voltages on a conventional oscilloscope .. 

In the TR-48 the repetitive operation feature is provided by a Model 36.082 Timing 
Unit (Figure 403-1) and a REP OP Control Module on the 20 .. 790 Control Panel" (See 
Figure 106-1 .. ) These circuits permit the computer to be s'Witched rapidly (at a 
selectable rate) bet~een the operate and ~eAe1 modes of operation .. 

The timing unit is mounted in a cradle behind the attenuator panel and mates 'With 
J67 in the cabinet.. The control module connects to CP .... J11 .. 

Q.. Repetitive Operation Mode 

The computer is prepared for repetitive operation by depressing the RO button of 
the NUDE control.. This s'Witching action connects operating potentials (::15 volts 
and -20 volts) to the timing unit circuits, connects t.he reset and ~rate buses 
to t.he reset and operate control lines in the timing unit, and also energizes the 

. time scale bus 0 Under these conditions, the com.puter time sca.le is changed to per
mit high-speed runs (in faster than real time) 3 and s~itching bet~een the reset 
and operate modes is controlled automatically by the timing unit. 

Refer to the TR-48 OperatorRs Manual for operation of the Rep Op system. 0 

£... T imi..ng Unit and Rep Op Control Module 

These components are sho'Wn· schematically on Dra~ings C036 082 as and B002 435 as .. 
The function of the timing unit is to provide control voltages to energize the ~
set and ~erate buses, and to supply s'Weep voltages for the display oscilloscope. 
The control module consists of a 4-position COMPUl'E TIME s-witch and a VERNIER poten
tiometer.. These components permit selection of the repetitive operation rate by 
controlling the operation of the Q1-T1 blocking oscillator in. t.he timing unit 0 (See 
Drawing co36 082 OSo) The blocking oscillator driYes Q2, 'which supplies the oscil
loscope s~eep voltageo (Pin L of the timing unit connector is ~ired to the terminal 
adjacent to the pulse symbol on the Patch Panel Readout Moduleo) 
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The blocking osoillator also triggers a monostable multivibrator (Q3, Q4) ~hioh oon
trols the repetitive operation reset timing 0 The multivibrator output is taken from 
Q5 (an. isolating stage) and drives the 4-stage sVJitoning amplifier oonsisting of 
Q8, Q9, Q10, and '1.110 The oirouitry is arranged such that the sharp negative-going 
pulse appearing at pin 4 of T1 triggerl3 the multivibrator. The resultant s'Witohing 
aotion drives the reset bus (conneoted to pin Y) to -20 volts VJhile the multivibra
tor is oycling. when the multivibrator s'Witching cycle is completed, the reset bu.s 
potential drops back to zero and the operate bus is energized. (-20 volts). This 
action continues at the rate selected by the COMPUXE TIME control. Adjustment of 
the multivibrator rate is provided by R9 in the base circuit of' Q4. 

The isolated output of the multivibrator is also brought OlIC to the front panel of 
the timing unit to provide an oscilloscope sync signal for adjusting the repetitive 
operation timing circuits. Refer to sub-paragraph ~ belo'W for compJete details • 

.s1o Repetitive Operation Timing Adjustments 

Five scre'Wdriver adjust potentiometers are inc~uded in the timing circuits to per
mit calibration of' repetitive operation timing. These oontrols consist of' R1, R2, 
R3, and R4, mounted on the rear of' the REP OP COMPUlE TIME s'Witch, and R9 on the 
timing unit card. The COMPUl'E TIME pots control operatta timing, and the timing unit 
pot permits adjustment of' reset time. To check and adjust. these controls proceed 
as f' ollo'Ws : 

(1) Prepare the computer for operation; remove the timing unit f'rom its 
cradle and m.ount it on the test shelf" 

(2) Patch a real time integrator and connect it to the repe'titive operation 
display scope as sho'Wn in Figure 4.3-2. 

(3) Set the COMPUIE TIME s'Witch to the 20 .millisecond position; rotate the 
VERNIER control fully counter-clockVJise. 

(4) Set the oscilloscope controls for a 5 millisecond/centimeter sVJeep, and 
for external sync (adjust as necessary). 

(5) S-witch the computer to the repetitive operation m.ode.. Set the integra
tor input volt-age as high as possible 'Without amplif'ier overload, then adj u.st the 
vertical sensitivity of the scope for sufficient deflection to observe the 'Waveform 
sho'Wn in Figure 4.3-20 

(6) If' the displayed 'Wavef'orm is not as sho'Wn, adjust R9 on the timing 
unit until the reset time is 10 ~lliseeonds (:5%). 

( 7) To set the operate time, adj ust R 1 on the COMPUfE TIME s'Wi tch assembly 
(behind the attenuator panel) for an operate time of 20 milliseconds .. 
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(8) Repeat step (7) for each of 'the reroa~~ng ranges; re-adjust the scope 
controls accordingly 0 In each case adjust the appropriate potentiometer for the 
operate time (:5%) as selected by the SVJitch ... 

40 P.ATCH PANEL READOur MODULE ~2.~7J-3 £vt~ / J< - ") fr 'J 
The '12.762 Module provides a consolidated patch panel area in 'Which all TR-48 mon
itoring circuits (including external equipment cabled to the computer) are t.ermin
f:l"[,ed" The readout module is normally positioned in module 2, slot 2 (J7) of the 
computer cabi.net, as sho'Wn in Figure 1 • .3-1 0 

Internal monitoring facilities terminated at the readout module include the signal 
selector output line and the digital voltmeter and multi-range voltmeter input 
terminals 0 External circuits terminated at the readout module include X and Y inputs 
to an oscilloscope connected to J66 on the rear of the TR-48 cabinet, t'Wo sets (X 
and Y) of plotter/recorder i.nputs connected to J65, and ten trunk: lines that enter 
the TR·"48 at J610 (See Figure 1 0.3-1 and Paragraph 1-5 for details on the external 
connector moduleo) 

Fi.gure 404-1 is a schematic diagram. sho'Wing the fQuction and origin of all termin
ations brought out to the readout module" 
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APPENDIX I 

REPLACEABLE PARTS LIS! 

This appendix lists all replaceable parts in the TR-48 Analog Computer, Model 45.034. 
In each case a brief description of the part and a manufacturer1s number are listed. 
VJhere applicable, a reference symbol (schematic designation) is included. To enable 
a particular sheet to be readily located, an index precedes the individual spare 
parts lists. 

The category colwnn in t he parts list indicates the availability of each listed part 
so that a replacement part can be obtained as quickly as possible. The components 
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 ordered from EAr. 

The components in category B are items that can be obtained from EAr or any of the 
listed .manufacturers. However, in most cases EAI is in a position to offer the 
most rapid service on items in this category. 

The parts in category C are custom-made components and proprietary items that are 
available only from EAr. rJhen ordering items of this type, please spe,Qify the type 
number and serial number of the basic unit in which the part is located, as 'Well as 
the part identification. 

'Where possible, sufficient information is given for category C items to permit an 
electrically-s1milar replacement part to be obtained locally. Thus, if desired, a 
temporary repair may be .made 'While the exact replacement is being obtained from EAI. 
Note, hQ'weyer, that EAIdoes not iuarantee that the affected unit will gperate Jelith:in 
specifications Wen the speg1tied category C part is not used. 

1 • 
2" 

Model 
Nwnber 

4500.34 
20424 

PLEASE NarE THAT EAI RESERVES THE RIGHT TO MAKE PART 
SUBSl'ITIJrIONS VJHEN REQUIRED. IN ALL CASES, EAr GUAR-
ANTEES THAT THESE SUBS~eI'I\IJrIONS ARE ELECTRICALLY AND 
PHYSICALLY COMPATIBLE \-JITH THE ORIGINAL COMPONENTS. 

PART S LIST INDEX 

TR-48 .ANALOG COMPIJrER, MODEL 45.034 

Component 

TR-48 Computer (Including frame components) •••• 0. 

Repetitive Operation Module .0.'00 ••• 0.0.0 •••• 0 ••• 

AI-1 

~ 

AI-3 



20 

30 
40 

50 

6 0 

7. 
80 
90 

100 

140 
150 
160 
170 
t80 
190 
200 

Model 
Number 

20424 . 
J.,o 20 0 534 
.Qo .360082 
60282 
60;14 
~o 60282 
.b.o 120730 
70099 
cio 70044 
110 70044-1 

10.200 
.10 430107 
100203 
120764 
160274 
.10 160154-1 
.Qo 160156-1 

16.275 
cio 16,,099 
160276 
Ao 160127 
.Q,., 160127-1 

160281 
~o 160134 
.Qo 16., 134-=1 

200790 
~o 200753 
.b,o 20 0 791 
200825 
260183* 
26., 195 
400404 
420283 
420287 
430104 

PARTS LIST INDEX (C ont) 

Component 

Repetitive Operation Module (Continued) 
Repetitive Operation Switch Unit 000000 ••••• o"." 

Timing Uni. to" 0 0 0 " 0 .. 0 0 0 " 0 0 .(i • 0 0 0 • " 0 • 0 " 0 • 0 0 • 0 0 0 0 •• 
Dual DC Amplifier 00000000000000000000000000000000 
Dual DC Amplifier 000000.000.0 •••• 00.00000000000 •• 

Dual DC Amplifier Card 0000000".000.0000000.0000 
Resistor Network Card 00000000000 .. 000.000 ••• 000. 

(1/4)2 Multiplier 00 •• 0.00000000 •• 000.000000000000 
(1/4)2 Multiplier Card 0000000.0000000.00 •• 00000 
(1/4)2 Multiplier (Parts and symbols identical 

with 70044) 000 ••• 00.0000 
Regulated Po~er Supply 0000 •• 00.00 •••••• 0 •• 0 •• 0.00 

Po'Wer Supply Regulator Card 00.0 •••• 0 ••• 0 •• 000 •• 
Power Supply ••••••••• 0 0 0 •••••••••.• 0 .0.0 •• 0 0 ••••• 0-

Integrator Network .00 •••• 0 •••• 0 ••• 0 ••••••••• 0.000 
Variable Diode Function Generator 0.0 •••••• 0 ••••• 0 

+Var iable DFG (Parts and symbols identical 
'With 160159-1) .000.00000 

X 2 DFG 0 0 •• 0 0 0 • 0 0 0 • • • • •• 0 0 • 0 0 0 • • • • • 0 0 • 0 0 0 0 ••• 0 • 0 0 • 
X 2 DFG Card o. 0 .... 0 0 0 0 0 0 • 0 0 • 0 0 0·0 0 0 0 0 • 0 •• 0 0 • 0 0 0 0 • 

Log X DFG Q 0 .0 0 • 0, 0 (> 0 .. 0 • 0 0 •• $ ... '. 0 0 0 0 0 $I •••••• 0 .... 0 •• 0 

Log X' DFG Card 0000000000000000000000000.000.000 
Log X DFG (Parts and symbols identical 

'With 160127)000000000000000000 
1/2 Log X DFG 00000000000000000.000000000 ••••• 000. 

1/2 Log X DFG Card 000000 •• 000000000000000000000 
1/2 Log X DFG (Parts and symbols identical 

'With 160134) 000000000000000 
Control Panel 00000000000000000000000.000000000000 

Overload Indicator 00000000000000000000000000000 
Overload Indicator OOOOOOOOOOOOOOOGOOOOOOooooooo 

Null Control Panel 000000000.0.00000000000000000.0 
TR~48 TDVM OOOOOOOOOOOOGoo.o.e.~oo.oOOOOOS.OOOCOGO 
Display Unit ooooeoooooo.oooooo •• "OOOOOOOOOOOOOOOO 
Comparator 00"00000000000000000000000.000000000.00 
Attenuator ooooooooooo.ooooooo."ooo.oo.ooo~o.ooooo 
Attenuators/Function S-witch Panel 0 0 000 0 00" 0 0 0 0 0 0 0 
Reference RegUlator 0000000000000000000.0.00000.00 

AI-4 
AI-5 
AI-7 

AI-7 
AI-10 
AI-11 
AI-11 

AI-1.3 
AI-14 
AI-15 
AI-16 
AI-17 
Al-18 

AI-20 
AI-20 
AI-22 
AI-22 

AI-24 
AI-24 

AI-26 
AI-28 
AI-29 
AI-3D 

AI-J1 
AI-32 
AI-33 
AI..,34 
AI-35 

~he components marked 'With an .asterisk (*) are listed for reference onlyo The 
parts lists for these components appear in a separate manual for the respective 
components 0 



ITEM REF. DESIG. 

1 C1,2,3 

2 C5,6,7 

3 

4 

5 

F60 

K2,3,5,6,8 
9,11,12,14 
18,20-24, 
26-30,50,5 

K10 

DESCRIPTION 

Capacitor, Fix~d, Paper (Triple): .01UF +20% 
-10%, 600V; Sangamo Electric Co. CP54BEF-
104V 

Capacitor, Fixed, Electrolytic: 3000UF +100% 
-10%, 3V; International Electronic Indus
tries APS Type 

Fuse, Cartridge, Slow Acting Type: 1-1/2 amp 
l25V; Bussman Type MDL 

Relay: l8V DC Coil, 6 Form A Contacts; 
Allied Control Co. T-154-6A-520 

Relay: l8V DC Coil, 4Forrn C Contacts; 
Allied Control Co. T-154-4C-520 

6 Ql,2,3,6,7 Transistor, Germanium: PNP; Delco 2N277 
8 

7 Q4 Transistor, Germanium: PNP; Tung-Sol 2N242 

8 Q5 Transistor, Germanium: NPN; Sylvania 2N12l8 

9 Rl,2,3 

10 R4,5,6 

11 

12 

Resistor, Fixed, Composition: 10 ohms ~10% 
lW; Allen-Bradley GB 

Resistor, Fixed, Composition: lK ohms ~10% 
l/2W; Allen-Bradley EB 

Motor ,Reversible Gearmotor: 115V 60CPS; 
New England Gear Works HD-PSC 

Switch,Sensitive:Momentary Contact,SPST; 
Micro Switch 11SMI 

/1,' " /j{ ,'//'1\(. if !.;~" . ~ 

·NOTE:THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

EAI NO. 

520 016 0 

516 247 0 

570 033 0 

618 172 0 

618 171 0 

686 003 0 

686 018 0 

686 025 0 

627 100 1 

626 102 1 

594 056 0 

662 009 0 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICA TES PARTS THAT SHOULD BE PURCHASED FROM EAI. TR 48 Computer 
THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM

PLETE DESCRIPTION \S GIVEN To PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, 

EAI WILL NOT BE RESPONSIBLE IF UNIT Is NOT WITHIN SPECIFICATIONS UNDER 

THESE CONDITIONS. DA TE' 6 I 19 I 62 

AI-3 

MODEL NO. 
45.034 1 She of 

·CAT. 

A 

C 

A 

B 

B 

B 

A 

B 

A 

A 

C 

B 

1 She 



ITEM REF. DESIG. DESCRIPTION EAI NO. ·CAT. 

1 Rl Resistor, Variable, Composition: 20K ohms 642 471 0 B 
2:20% , .2W; Bourns Laboratories 276-1-203 

2 R2 Resistor, Variable, Composition: 50K ohms 642 472 0 B 
2:20%, . 2W; Bourns Laboratories 276-1-503 

3 R3 Resistor, Variable, Composition: lOOK ohms 642 482 0 B 
.:t2O%, .2W; Bourns Laboratories 276-1-104 

4 R4 Resistor, Variable, Composition: 200K ohms 642 490 0 B 
2:20%, . 2W; Bourns Laboratories 276-1-204 

5 R5 Resistor, Fixed, Wirewound, Precision: 2900 A638 439 0 C 
ohms 2:1%, .005% Stability; National Resis-
tor Corp. EU-2 Type 

6 R6 Resistor, Variable, Composition: 7.5K ohms A642 486 0 C 
2:20% , lW; Reon Resistor Corp. RA7522lR2X 

7 R7 Resistor, Fixed, Composition: 4.7K ohms .:tlO% 627 472 1 A 
lW; Allen-Bradley GB 

8 S6 Switch, Rotary: 2 Sections, 6 Positions; B658 180 0 C 
Centralab PA037-085 

·NOTE:THE CATEGORY COL.UMN IS DESIGNED TO INDICATE AVAIL.ABIL.ITY OF PARTS. UNIT TITLE 
A - INDICA TES PAR TS THA T SHOUL.D BE PURCHASED L.OCA L.L. Y. 

B - INDICATES PARTs THAT CAN BE PURCHASED L.OCAL.L.Y OR FROM EAI. 

C - INDICATES PARTS THAT SHOUL.D BE PURCHASED FROM EAI. 

REPETITIVE OPERATION 
SWITCHING UNIT 

THE PROPER EAI PART SHOUL.D BE INSTAL.L.ED FOR CATEGORY C ITEMS. A COM

P L.ETE DESCRIpTION IS GI VEN TO PROVIDE FOR TEMPORA RY REPAIRS, HOWEVER. 

EAI WIL.L. NOT BE RESPONSIBL.E If UNIT Is NOT WITHIN SPECIFICATIONS UNDER 

THESE CONDITIONS. ,. DATE 6 I 1 I ,62 

AI-4 

MODEL NO. 
20.534 1 

She of 
1 

Sh. 

, 



-f-

ITEM REF. DESIG. DESCRIPTION 

1 C1 Capacitor, Fixed, Plastic: 10 U0' +0%-5%, 

2 C2 

3 C3 

4 C4 

5 C5 

6 CR1-6 

7 CR7,S 

E Q1-7 

9 Q8,10 

10 Q9,11 

11 R1,2 

12 R3 

13 R.4 

14 R5, 13, 16 

15 R6,14 

16 R7, 18,19, 
20 

17 R8 

50V 

Capacitor, Fixed, Ceramic: 1,000 PF GNP; 
600V; Cornell-Dublier BYA6D1 

Capacitor, Fixed, Paper: .05 UF i20%, 200V; 
Aerovox P8292ZN9 

Capacitor, Fixed, Electrolytic: 50 UF 
+100%-10%, 25V; Callins Industries 
PSS Type 

Capacitor, Fixed, Electrolytic: 100 U? 
+150%-10;6, 25V; P.H. Hallory Pet-A Type 

Diode, Germanium: Clevite CTP462 Type 

Rectifier, Silicon: Pacific Semiconductors 
PSC05 Type 

Transistor, Germanium: PNP; Industro 

Transistor, Germanium: PNP; General Electric 
2N321 Type 

Transistor, Germanium: PNP; Tung-Sol 
2N242 Type 

Resistor, Fixed, Composition: 47K Ohms 
:t10%, 1/z.!; Allen-Bradley EB 

Resistor, Fixed, Composition: 18K Ohms 
:t.1 O(~, 1/2W; Allen-Bradley EB 

Resistor, Fixed, Composition: 2.2K Ohms 
:t10%, 1/2..1; Allen-Bradley EB 

Resistor, Fixed, Composition: rOK Ohms 
~10%, 1/2N; Allen-Bradley EB 

Resistor, Fixed, Composition: 15K Ohms 
1:.1 Ofo, 1/2l"i; Allen-Bradley EB 

Resistor, Fixed, Composition: 1K Ohms 
±10%, 1/2~; Allen-Bradley EB 

Hesistor, Fixed, Composition: 220K Ohms 
.:t10%, 1/2-1; Allen-Bradley EB 

EAI NO. 

B 521 077 0 

515 005 0 

520 210 0 

A516 198 0 

A516 191 0 

614 043 0 

614 035 0 

B6B6 032 0 

686 004 0 

686 018 0 

626 473 ,1 

626 183 1 

626 222 1 

626 103 1 

626 153 1 

626 102 1 

626 22.4 1 

·NOTE:THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

B - INDICATES PARTs THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAI. 

THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER. 

EAI WILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFICATIONS UNDER 
MODEL NO. 

*CAT. 

C 

C 

C 

B 

B 

C 

A 

A 

A 

A 

A 

A 

A 

.. \ 

..\ 

THESE CONDITIONS. 6/1/62 36.082 Sht. 1 of 2 

Al-5 



-

ITEM REF. DESIG. 

18"' R9' 

19 R1 0,11 

20 R12 

21 R15,17 

;'22 T1 

,I' Res'istor, VarIable, Composition: 30CK Ohms 
.:±JO,%, • Zv-l; Chicago Telephone: Supply 
UPE~70 Type . . 

Resistor, Fixed, Composition: 4.7K Ohms 
.::,...10:t, 1/2#; Allen-Bradley EB 

,Resistor,Fixed, Composition: 22K Ohms 
±10'%, 1/Zv'I; Allen-Bradley EB 

Resi,stor, Fixed, Composition: 560 Ohms 
:t10:~, 1/2tl; A~len':"Bradley EB 

Transformer, Pulse: 2:1 TUHNS Ratio; 
Sprague Electric Co. 42212} Style 1 

EAI NO. 

A642 476 0 

626223 1 

627 561 1', 

B684 125 0 

·NOT'E:'THE CATEGORY C01.UMN IS D'ES:1G'NED TO I.NDICATE"AVAI1.A811.LTY,OF PARTS. UNIT TITLE " 
A -INDICA TES PARTSTHAT,SJ:;I,O!J,r,...P;"H;PUR~H.<\,SE'O,L;'OCAI;.~y.' ' 
8- INDIC'ATts P'A'RTS 'ni~Ai':CA'NBEPt):~CHAS:'ED' L'6)'C>A'.~i:. Y'OR,FROM EAr. .. 

C - INDICA TES PARTS THA T·,'SH·i)lj1.~'B~~PURCHASEb FRqM E,!I ... , 

T E PROPER EAI PART SHouLD BE INSTA1.1.ED FQR CATEGpFfy 'C,ITEMS.A COM~ 

P ETEDESCRIPTI'ON IS'G! V:ENTO PROVIDE FOR ,.r:EMPORA-Ry 'RE~A'IR'S; HOWEVER, 

TUlinG UN!T 
'., 

. 'MODEL NO. 

*CAT. 

C 

B 

E I W. ',I 1.1. NO T 8E R.ESPpl'(si81.E 'I,F, ,.lI,Ni +,:I~.,:N,:.O .. ,,,: :Vi,. I,THINS. 'P~~Ir.I;Ch'T.ro, NS UN'bER·. " 
T E5,E C<?NDITIONS. " ".,,,:::..,,'~ " .t),11IQ2, .. , 

, 36.082 
,.~ Sht. 2 -of 2 

".,,' ,:,. • ..... ' .r·, ):' , ':':'': " 

.. "iI~·' 



ITEM REF. DESIG. DESCRIPTION 

1 Cl,lO Capacitor, Fixed, Electrolytic: 10 ~F ~20%; 
50V; Sprague Elect. Co., 109DI06X0050C2 

2 C2,9,11,18 Capacitor, Fixed, Electrolytic: 1,250 ~F; 
3V; Callins Industries PSS Type 

3 C3,12 Capacitor, Fixed, Ceramic: 100 PF ~10%; 

4 C4,13 

5 C5,14 

6 C6,15 

7 C7, 16 

8 C8,17 

9 C19,20 

10 C21,22 

11 C23,24 

12 C25,26 

13 CRI-4 

14 Dl 

15 11-4 

16 Ql-3,9-l1 

17 Q4,12 

1,000V; Cornell Dubilier LI0Tl 

Capacitor, Fixed, Ceramic: .015 ~F ~20% 
500V; Sprague 33C30A 

Capacitor, Fixed, Ceramic: 47 PF ~10%; 1000V; 
Cornell Dubilier LlOQ47 

Capacitor, Fixed, Ceramic: 1,000 PF ~20%; 
75V; Glenco Min-Z-lOOO-M 

Capacitor, Fixed, Electrolytic: 5~F ~20%-15%; 

Sprague Elect. Co., 109D505C2050C2 

Capacitor, Fixed, Electrolytic: 5~F +100%-10% 
25V; Ca11ins Industries PSS Type 

Capacitor, Fixed, Ceramic: .01 ~F +60%-40%; 
l50V; Centralab DDM-I03 

Capacitor, Fixed, Ceramic: l2PF ~5%; 1000V; 
Corne1l-Dubilier C10Q12C 

Capacitor, Fixed, Ceramic: .05 ~F +100%-20%; 
30V; Centralab DA-503 

Capacitor, Fixed, Ceramic: 4700 PF +10%, 500V 
Erie Resistor Corp., 87l-000-Z5TO:472K 

Rectifier, Silicon: Hughes Semi-Conductors 
HRl02l2 

Chopper: 6.3V 60 cps Coil, DPDT BBM; James 
Electronics C2335 

Lamp, Incandescent: Chicago Miniature Lamp 
Works 1705 I?L"Y t:V{-, oc? ~ ~ 

~ransistor, Germanium: PNP; General Trans
istor Corp., GT1236 

~ransistor, Germanium: PNP; General Trans
istor Corp., GT1361 

EAI NO. 

516 206 0 

A516 184 0 

515 019 0 

515 140 0 

515 017 0 

515 075 0 

516 186 0 

B516 056 0 

515 151 0 

515 091 0 

515 183 0 

515 218 0 

614 034 0 

530 042 0 

578 037 0 

B686 028 0 

686 029 0 

·NOTE:THE CATEGORY COL.UMN IS DESIGNED TO INDICATE AVAIL.ABII...ITY OF PARTs. UNIT TITLE 
A - INDICATES PARTS THAT SHOUL.D BE PURCHASED 1...0CAI...I...Y. 

B - INDICATES PARTS THAT CAN BE PURCHASED 1...0CAL.I...Y OR FROM EAI. 

C -INDICATES PARTS THAT SHOUL.D BE PURCHASED FROM EAI. 
DUAL DC AMPLIFIER 

*CAT. 

A 

C 

A 

B 

A 

B 

A 

C 

A 

A 

A 

B 

B 

C 

B 

B 

B 

THE PROPER EAI PART SHOUI...D BE INSTAI...L.ED FOR CATEGORY C ITEMS. A COM

PI...ETE DESCRipTION Is GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, 

EAI WII...I... NO T BE RESPONSI BI... ElF UNI T Is NOT WI THIN SPECI FICA TIONS UNDER 

THESE CONDITIONS. DATE h / 19 / 62 

MODEL NO. 

6.282 Sh.l of 3 She 

AI-7 



ITEM REF. DESIG. DESCRIPTION EAI NO. 

18 Q5,13 Transistor, Germanium: NPN; General Trans- B686 039 0 
istor Corp., GT1442 

19 Q6-8,14-l6 Transistor, Germanium: PNP; Industro 

20 Q17 , 18 Transistor, Germanium: NPN; General Electric 
2N169A 

21 Rl,27 Resistor, Fixed, Composition: 1 Megohm .±10%; 
1/2W; Allen-Bradley EB 

22 R2,28 Resistor, Fixed, Composition: 3.3K ohms ,:tlO% ; 
1/2W; Allen-Bradley EB 

, 

23 R3,35 Resistor, Fixed, Composition: 1.8K ohms ,:tlO% ; 
1/2W; Allen-Bradley EB 

24 R4,18,36,50 Resistor, Fixed, Composition: 2.2K ohms ,:tlO%; 
1/2W; Allen-Bradley EB 

25 R5,29 Resistor, Fixed, Composition: 1.6K ohms ,:t5%; 
1/2W; Allen-Bradley EB 

26 R6,37 Resistor, Fixed, Composition: 7.5K ohms ,:t5%; 
112W; Allen-Bradley EB 

27 R7,30 Resistor, Fixed, Composition: 100 ohms .:!:10%; 
112W; Allen-Bradley EB 

28 R8,31 Resistor, Fixed, Composition: 5.lK ohms ,:t5%; 
l12W; Allen-Bradley EB 

29 R9,32 Resistor, Fixed, Composition: 56 ohms ±10%; 
1/2W; Allen-Bradley EB 

30 RIO, 33 Resistor, Fixed, Composition: 4.7K ohms ±10%; 
1/2W; Allen-Bradley EB 

31 Rll,14-l7, Resistor, Fixed, Composition: 10K ohms .±10% ; 
34,38,39,46 1/2W; Allen-Bradley EB 
48 

32 R12,40 Resistor, Fixed, Composition: 33K ohms ±10%; 
l/2W; Allen-Bradley EB 

33 Rl3,4l Resistor, Fixed, Composition: 6.2K ohms .:!:5%; 
1/2W; Allen-Bradley EB 

34 Rl9,20,47, Resistor, Fixed, Composition: 220 ohms ,:tlO%; 
49 l/2W; Allen-Bradley EB 

• NOTE: THE CATEGORV COL.UMN IS DESIGNED TO INDICA TE AVAIL.A BIL.ITV OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOUL.D BE PURCHASED L.OCAL.L.V. 

B686 032 0 

686 036 0 

626 105 1 

626 332 1 

626 182 1 

626 222 1 

626 162 0 

626 752 0 

626 101 1 

626 512 0 

626 560 1 

626 472 1 

626 103 1 

626 333 1 

626 622 0 

626 221 1 

B - INDICATES PARTS THAT CAN BE PURCHASED L.OCAL.L.V OR FROM EAI. 

C - INDICATES PARTS THAT SHOUL.D BE PURCHASED FROM EAI. DUAL DC AMPLIFIER 
THE PROPER EAI PART SHOUL.D BE INSTAL.L.ED FOR CATEGORY C ITEMS. A COM-

P L.ETE DESCRIPTION Is GI VEN TO PROVIDE FOR TEMPORA RV REPAIRS; HOWEVER. 

EAI WIL.L. NOT BE RESPONSIBL.E IF UNIT IS NOT WITHIN SPECIFICATIONS UNDER 

·CAT. 

B 

C 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

THESE CONDITIONS. DATE 6 I 19 I 62 

MODEL NO. 

6.282 She 2 of 3 She 

AI-8 



ITEM REF. DESIG. DESCRIPTION EAI NO. ·CAT. 

35 R21,22,42, Resistor, Fixed, Composition: 22K ohms ,:!:10%; 626 223 I A 
43 l/2W; Allen-Bradley EB 

36 R23,45 Resistor, Fixed, Composition: l20K ohms ,:!:10%; 626 124 1 A 
l/2W; Allen-Bradley EB 

37 R24,44 Resistor, Fixed, Composition: 10 ohms .±10% ; 626 100 1 A 
l/2W; Allen-Bradley EB 

38 R25,26,5l- Resistor, Fixed, Composition: 68K ohms .±10%; 626 683 1 A 
54 l/2W; Allen-Bradley EB 

39 R55,56 Resistor, Fixed, Composition: 4.7 Megohms 626 475 1 A 
,:!:10%; l/2W; Allen-Bradley EB 

40 R57,58 Resistor, Fixed, Composition: 330 ohms .±10% ; 626 331 1 A 
l/2W; Allen-Bradley EB 

41 Diode, Germanium: Clevite CTP462 614 043 0 B 

·NOTE: THE CATEGORY COI-UMN IS DESIGNED TO INDICATE AVAII-ABII-ITY OF PARTS. UNIT TITLE 
A - INDICATES PARTs THAT SHOUI-D BE PURCHASED I-OCAI-I-Y. 

B - INDICATES PARTS THAT CAN BE PURCHASED L..OCAI-I-Y OR FROM EAI. 

C - INDICATES PARTS THAT SHOUI-D BE PURCHASED FROM EAI. 
DUAL DC AMPLIFIER 

THE PROPER EAI PART SHOUI-D BE INSTAI-I-ED FOR CATEGORY C ITEMS. A COM

PI-ETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, 

EAI WIl-l- NOT BE RESPONSIBI-E IF UNIT Is NOT WITHIN SPECIFICATIONS UNDER 

THESE CONDITIONS. DA TE 6 / 19 / 62 

AI-9 

MODEL NO. 

6.282 Sh.3 of 3 She 



-

ITEM REF. DESIG. 

1 CRl 

2 Kl 

3 R6 

DESCRIPTION 

Diode, Germanium: Clevite CTP462 

Relay: l8V DC Coil, 2 Form C Contacts, Alliec 
Control Co., T-l54-2C-520 

ReSistor, Variable, Composition: 50K ohms 
+30%; .2W; Chicago Telephone Supply 
Model 70 

EAI NO. 

614 043 0 

618 173 0 

A642 524 0 

4 ReSistor, Fixed, Wirewound, Precision, 
(Matched Set): 3 ea, 100,000 ohms, 2 ea. 
10,000 ohms matched to +.01%; Julie 
Research Labs R34 Type -

B640 012 0 

• NOTE: THE CA TEGORY COI..UMN IS DESIGNED TO INDICA TE AV AI I.. A BIL.l TY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOUI..D BE PURCHASED 1..0CAI..I..Y. 

B - INDICATES PARTS THAT CAN BE PURCHASED 1..0CAI..I..Y OR FROM EAI. 

C • INDICA TES PARTS THAT SHOUI..D BE PURCHASED FROM EAI. 
RESISTOR NETWORK 

THE PROPER EAI PA RT SHOUI..D BE INSTA I.. I.. ED FOR CA TEGORY C ITEMS. A COM-

P I..ETE DESCRIF'TION IS GI VEN TO PROVIDE FOR TEMPORA RY REPAIRS; HOWEVER, 

EAI WII..1.. NO T BE RESPONSI BI..E I F UNIT Is NOT WI THIN SPECI FICA TIONS UNDER 

THESE CONDITIONS. ,6/19/62 

AI-10 

MODEL NO. 

12.730 SH 1 OF 1 SH 

*CAT. 

B 

B 

C 

C 



ITEM REF. OESIG. 

1 eR1,2 

2 R1-4 

1 ffi 1-14 

2 B.1,7 

3 R2,3,8,9 

4 R4,5,6,10, 
11,12 

5 R13,39 

6 R14,40 

7 11.15,41 

8 R16,42 

9 R17,43 

10 11.18,44 

11 R19,45 

-'-

12 R20,46 

OESCRI PTION 

Diode, Silicon: Hughes Semiconductors 1N459 

Resistor, Fixed, \-iire'Wound, Precision: 3550 
Uhms ±.05%, .005% stability 

Diode, Silicon: General Instrument DR837 

Resistor, Variable, Composition: 15K Ohms 
~30%, Chicago Telephone Supply UPE-70 
Type 

Resistor, Variable, Composition: 2.5K uhms 
~30%; Chicago rr'elephone Supply UPE-70 
rr'ype 

Resistor, Variable, Composition: 1K Ohms 
~30%; Chicago Telephone Supply UPE-70 
Type 

Resistor, Fixed, Composition: 300 Ohms 
::*:5%, 1/2\01; Allen-Bradley EB 

Thermistor: 88 Ohms ::*:5% at 37.8°C; 
Keystone Carbon Co. 13006-88-77-S11 

Resistor, Fixed, Composition: 12K Ohms 
1/2w; Allen-Bradley EB 

Thermistor: 550 Ohms =5% at 37.8°C; 
Keystone Carbon Co. L2006-550-92-S10 

Resistor, Fixed, Composition: 820K Ohms 
::*:10%, 1/2w; Allen-Bradley EB 

Resistor, Fixed, "Wire'WoWld, Precision: 
14,800 uhms ::*:1%, .01% Stability; 
Resistance Products Co PB Type 

Resistor, Fixed, wire'Wound, Precision: 
18,000 Ohms ::*:1%, .01% stability; 
Resistance Products Co PB Type 

Resistor, Fixed, Wire'Wound, Precision: 
22,400 Ohms ::*:1%, .01% Stabiiity; 
Resistance Products Co FB Type 

EAI NO. 

B614 007 0 

B638 764 0 

A614 042 0 

A642 457 0 

A642 445 0 

;.642 444 0 

626 301 0 

A646 004 0 

626 123 1 

A646 003 0 

626 824 1 

A638 282 0 

A638 283 0 

A638 284 0 

-NOTE: THE CATEGORY C01..UMN IS DESIGNED TO INDICATE AVAI1..A BI1..ITY OF PARTS. UNIT TITLE 
A - INDICATES PARTs THAT SHOU1..D BE PURCHASED 1..0CA1..1..Y. 

B - INDICATES PARTs THAT CAN BE PURCHASED 1..0CA1..1..Y OR FROM EAI. 

C - INDICA TES PARTs THAT SHOU1..D BE PURCHASED FROM EAI. 
(1/4)2 HULTIPLIER 

*CAT. 

B 

C 

B 

c 

C 

C 

A 

A 

B 

A 

C 

c 

c 

THE PROPER EAI PART SHOU1..D BE INSTA1..1..ED FOR CATEGORY C ITEMS. A COM

P 1..ETE DESCRIPTION Is GI VEN TO PROVIDE FOR TEMPORA RY REPAIRS; HOWEVER. 

EAI WI1..1.. NOT BE RESPONSIB1..E IF UNIT IS NOT WITHIN SP'7C;If')CATIONS UNDER 

THESE CONDITIONS. 6/1 b2 
MODEL NO. 

7.099 Sh 1 of 2 

AI-11 



ITEM REF. DESIG. DESCRIPTION EAI NO. 

13 H,21,47 Resistor, Fixed, wire'Wound, Precision: 11.638 285 0 
29,600 Ohms :t1%, .01% Stability; 
Resistance Products Co PB Type 

14 R22,48 Resistor, Fixed, ~ire'Wound, Precision: A638 525 0 
43,300 Ohms ±1%, .01% Stability; 
Resistance Products Co FE Type 

15 R23,49 .tiesistor, Fixed, v~ire'Wound, Precision: A638 541 0 
82,000 Ohms :t1%, .01% Stability; 
Resistance Products Co PB Type 

16 R24,50 Thermistor: 300K Ohms :J:5% at 37.8oC; A646 002 0 
Keystone Carbon Co. L1215-300K-152-S12 

17 11.25-36, Resistor, Fixed, \~ire'WoWld, Precision: A638 305 0 
51-62 25,000 Ohms :J:1%, .01% StabiJ.ity; 

Resistance Products Co PE Type 

18 R37,38,63, Hesistor, Fixed, ~ .. ire'Wound, Precision: A638 306 0 
64 27,000 Uhms :t:1%, .01% StabiJ..ity; 

Hesistance Products Co PE ~I.'ype 

-~ 

• NOTE: THE CA TEGORV COI..UMN IS DESIGNED ,TO INDICA TE AV AI I.. A BIL.l TY OF PAR TS. UNIT TITLE 
A - INDICATES PAR Ts THA T SHOUI..D BE PURCHASED 1..0CA I.. I.. Y. 

B -INDICATES PARTs THAT CAN BE PURCHASED 1..0CAI..I..Y OR FROM EAI. 

C - INDICATES PARTS THAT SHOUI..D BE PURCHASED FROM EAI. 
( 1/4) 2 HULT IP LIER 

THE PROPER EAI PART SHOUI..D BE INSTAI..I..ED FOR CATEGORY C ITEMS. A COM

P I..ETE DESCRIPTION IS GI VEN TO PROVIDE FOR TEMPORA RV REPAIRS: HOWEVER, 

EAI WII..1.. NOT BE RESPONSIBI..E IF UNIT Is NOT WITHIN SPECIF61<jAT)'pNS UNDER 

THESE CONDITIONS. /1/b2 

AI-12 

MODEL NO. 

'7.099 

·CAT. 

C 

c 

C 

B 

c 

C 

Sh 2 of 2 



ITEM REF. DESIG. DESCRIPTION EAI NO. *CAT. 

1 Cl,2,4 Capacitor, Fixed, E~ectrolytic: 2500 UF, 25V; 516 052 0 B 
P .R. Hal.Lory 20-20979 

2 C.3 Capacitor, Fixed, Electrolytic: 4500 UF, 2511; 516 245 0 C 
P.R. Ma~ory sPu-2o-6312 

.3 CR1-4 Rectifier, Silicon: General E~ectric 1N1.342A 614 124 0 B 

4 Cft5-12 Rectifier, Silicon: Sol1tron Devices, Inc. 614 110 0 B 
CE11-680 

5 F1,4 ]'use, Cartridge, Fast Acting, Visual Indicatir fg 570 1.38 0 A 
'I' ype: 2 Amps, 125V; Bussman GMW 2 

6 F2 Fuse, Cartridge, Fast Acting, Visu.a..L Indicatil 
~['ype: 1-1/2 Amps, 12511; Bussman GM'lj 1-1/2 

g 570 137 0 A 

7 ]'.3 Fuse, Cartridge, Fast Acting, Visual Indicatir g 570 135 0 A 
Type: 1/2 Amp, 125V; Bussman GHw 1/2 

8 '111 Transformer,Power:2ea l05/ll5/l25V 50160 CPS C684 173 0 C 
Primaries, lea 33VCT 3ea 32VCT and lea 
6.3V Secondaries; James Electronics A727l 

-

·NOTE:THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

B - INDICATES PARTS THAT .CAN BE PURCHASED LOCALLY OR FROM EAI. REGUT t,t')1ED p .. ' I il,:ER"- S'UPPLv 
C - INDICA TES PARTS THAT SHOULD BE PURCHASED FROM EAI. J.I.t1.J. VV'i !.L 

THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM-

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, MODEL NO. 
EAI wILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPEClrl~,A TIONS UNDER 

THESE CONDITIONS. 6,1,62 10.200 

AI-13 



ITEM REF. DESIG. DESCRIPTION EAI NO. 

1 C7 CapacitO!', Fixed, Electrolytic: 20 UF 12V; A516 199 0 
Callina Industries 

2 C8,9 Capacitor, Fixed, Electrolytic: ;0 UF, 2SVj A516 198 0 
Callina Industries 

3 CR3 Diode, Silicon: Zener; Texas Instruments 614 046 0 
1N754 Type 

4 CR6 Diode, GermaJilum: Clevite CTP 462 614 043 0 

5 Q5 Transistor, Germanium: PNP; Texas Instrument 686 079 0 
2N1377 

6 Q6 Transistor, Germanium: PNP;Gen. Trans. Gt1236 :8686 028 0 

7 R15 Resistor, Fixed, Composition: 10K Ohms 626 103 1 
~10%, 1/2W; Allen-Bradley EB 

8 R16,17 Resistor, Fixed, Composition: 4.7K Ohms 626 472 1 
~10%, 1/2W; Allen-Bradley EB 

9 R18,20 Resistor, Fixed, Composition: 560 Ohms 626 561 1 
±10%, 1/2W; Allen-Bradley EB 

10 R19 Resistor, Fixed, Composition: 1K Ohm 626 102 1 
±10%, 1/2W; Allen-Bradley EB 

11 R21 Resistor, Variable, Composition: 250 Ohms 642 443 0 
±10%, .2W; Chicago Telephone Supply 
Model UPE-70 HA9083 

12 R24 Resistor, Fixed, Composition: 56 Ohms 626 560 1 
±10%, 1/2W; Allen-Bradley EB 

-~ 

~ NOTEI THE CA TEGO RY COL.UMN IS DESIGNED TO INDICA TE A V AI L.A BI L.I TV OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOUL.D BE PURCHASED L.OCAL.L.Y. 

·CAT. 

C 

C 

B 

D 

B 

C 

A 

A 

A 

A 

I B 

I 
A 

B - INDICATES PARTS THAT CAN BE PURCHASED L.OCAL.L.Y OR FROM EAI. 

C -INDICATES PARTS THAT SHOUL.D BE PURCHASED FROM EAI. POWER SUPPLY REGULATOR 
THE PROPER EAI PART SHOUL.D BE INSTAL.L.ED FOR CATEGORY C ITEMS. A COM-

PL.ETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER. 

EAI WIL.L. NOT BE RESPONSIBL.E IF UNlT IS NOT WITHIN SPECIFIC"TIONS,UNDER 

THESE CONDITIONS. 6/1/62 

AI-14 

MODEL NO. 

43.107 



ITEM REF. DESIG. 

1 Cl,2 

2 Fl 

3 F2 

4 CRl,2 

5 CR3-6 

6 CR7 

7 Ql 

8 Rl 

9 Tl 

I 

DESCRIPTION 

Capacitor, Fixed, Electrolytic: 4000UF, l5V; 
Sprague Co. TVL-1173 

Fuse, Cartridge, Fast Acting, Visual Indicat-
ing: 1/2 amp, l25V; Bussman Mfg. Corp. 
GMWl/2 

Fuse, Cartridge, Fast Acting, Visual Indicat
ing: 1-1/2 amp, l25V; Bussman Mfg. Corp. 
GMWl-1/2 

Rectifier, Silicon: General Electric IN1342A 

Rectifier, Silicon: Solitron Devices, Inc. 
CER-680 

Diode, Silicon: Zener; Pacific Semi-Conductor 
PS6880 

Transistor, Germanium: NPN; Sylvania 2N12l8 

Resistor, Fixed, Composition: 1.2K ohms +10% 
1/2W; Allen-Bradley EB 

I )~1 
Transformer, Power: 2 ea 105/~125V 50/60 

cps Primaries, 1 ea 6.3V, 13V & 4V Second
aries; Freed 35018 

L.I {,..v , 

-NOTE: THE CATEGORY COLUMN IS DESiGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

EAI NO. 

516 044 0 

570 135 0 

570 137 0 

614 124 0 

614 110 0 

A6l4 079 0 

686 025 0 

626 122 1 

C684 177 0 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICA TES PARTS THAT SHOULD BE PURCHASED FROM EAI. 
POWER S UPPL Y 

THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM-

PLETE DESCRIpTION \S GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, 

EAI WILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFICl'TIONS UNDER 

THESE CONDITIONS. DA TE b / 1 / 62 

AI-15 

MODEL NO. 

100203 She 1 of 

·CAT. 

A 

A 

A 

B 

B 

C 

B 

A 

C 

She 1 



ITEM REF. DESIG. DESCRIPTION 

--

1 C1 Capacitor, Fixed, PLastic: 1 UF ~.05%, 25V 

2 C2 Capacitor, Fixed (Adjustable), Piastic: .002 
UF ±.1% Adjustable Range 

3 C3 Capacitor, ]lixed, Piastic: 9 OF ~.05%, 25V 

4 C4 Capacitor, Fixed (Adjustable), PLastic: .018 
UF ±.1% Adjustable Range 

5 CR1,2,3 Diode, Germanium.: Clevite CTP462 

6 K1 Rel~: 18V DC Coil, 4 Form C Contacts; 
ALLied Controis T-154-4C-520 

7 K2 Relay: 12.6v DC Coll, 2 Form C Contacts; 
C.P. Clare RP7641-G40 

8 K3 Relay: 940 Ohms CT Coil, 2 Form A Contacts; 
James Electronic Corp C2213 

9 R1,2 Resistor, Fixed, Wirewound, Precision: 
10,000 Ohms ±.1%; Resistance Products Co 
PB Type 

EAI NO. 

521.137 

524.011 

521.138 

524.012 

614 043 0 

618 171 0 

618 097 0 

c618 149 0 

A638 245 0 

·NOTE: THE CATEGORY COLUMN IS D.ESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICA TES PARTS THAT SHOULD BE PURCHASED FROM EAI. 

THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS: HOWEVER, 

EAI WILL NOT BE RESPONSI BLE I F UNIT IS NOT WI THIN6sr.Er) FICA TIONS UNDER 

THESE CONDITIONS. /1/b2 

Al-16 

INJ:EGRATOR NETwORK 

MODEL NO. 

12.764 

*CAT. 

C 

C 

C 

C 

B 

B 

B 

c 

c 



ITEM REF. DESIG. 

1 Rl,2 

2 R3 

DESCRIPTION 

Resistor, Fixed, Wirewound, Precision: 3,550 
ohms ~05%, .005% Stability; Julie Research 
Labs R34 Type 

Resistor, Fixed, Wirewound, Precision: 10,00C 
ohms +.05%, .005% Stability; Julie Researcb 
Labs R34 Type 

-NOTE: THE CATEGORY COL.UMN IS DESIGNED TO INDICA TE AV AI L.A BIL.l TY OF PARTS. UNIT TITLE 

EAI NO. 

B638 764 0 

B638 763 0 

A - INDICATES PARTS THAT SHOUL.D BE PURCHASED L.OCAL.L.Y. 

B - INDICATES PARTS THAT CAN BE PURCHASED L.OCAL.L.Y OR FROM EAI. 

C - INDICA TES PARTS THAT SHOUL.D BE PURCHASED FROM EAI. 

VARIABLE DIODE 
FUNCTION GENERATOR 

THE PROPER EAI PART SHOUL.D BE'-INSTAL.L.ED FOR CATEGORY C ITEMS. A COM

P L.ETE DESCRIPTION is GI VEN To PROVIDE FOR TEMPORA RY REPAIRS; HOWEVER, 

EAI WIL.L. NOT BE RESPONSI BL.E I F UNIT IS NOT WI THIN SPECI FICA TIONS UNDER 

THESE CONDITIONS. DATE 6 / 1 / 62 

AI-17 
\., 

MODEL NO. 

16.274 She 1 of 

·CAT. 

c 

c 

She 1 



ITEM REF. DESIG. DESCRIPTION 

1 CR1-9 Rectifier, Silicon~eneral Instrument DR587 

2 

3 

4 

5 

6 

7 

8 

R1-4,6-11, Resistor, Variable, Composition: 25K Ohms 
26 :30%, .2\t~; Chicago Telephone Supply Co. 

uPE-70 Type 

R14,16, 
18,20,22, 
24,27,29, 
31 

R15 

R17 

R19 

R21 

R23 

Resistor, Fixed, wire'Wound, Precision: 9,000 
Ohms :.5%, .01% stabi.Lity; Resistance 
Pr oducts Co PB ~rype 

Resistor, Fixed, wire~ound, Precision: 11,000 
Ohms :.5%, .01% Stability; Resistance 
Products Co PB 'l'ype 

Resistor, Fixed, wire'Wound, Precision: 12,547 
Ohms :.5%, .01% stabi~ity; Resistance 
Products Co PB Type 

Resistor, Fixed, Wire'Wound, Precision: 14,347 
Ohms ~.5%, .01% Stability; Resistance 
Products Co PB Type 

Resistor, Fixed, wire'Wound, Precision: 16,945 
Ohms :.5%, .01% StabiLity; Resistance 
Products Co PB Type 

Resistor, Fixed, wire'Wound, Precision: 20,670 
Ohms :.5%, .01% &~abi~ity; hesistance 
Products Co PB Type 

EAI NO. 

A614 042 0 

A642 452 0 

A638 565 0 

A638 556 0 

A638 561 0 

.A638 557 0 

A638 562 0 

A638 558 0 

9 R25 Resistor, Fixed, wire'Wound, Precision: 26,493 
Ohms :.5%, .01% Stabi~ity; Resistance 
Products Co PB Type 

A638 563 0 

10 R28 

11 R30 

12 R32 

--

ReSistor, Fixed, wire'Wound, Precision: 36,882 
Ohms ±.5%, .01% stabi.Lity; Resistance 
Products Co PB Type 

Resistor, ]"'ixed, ~'Vire'Wound, Precision: 60,677 
Ohms :.5%, .01% stabi~ity; Resistance 
Products Co PB Type 

ReSistor, Fixed, wire'Wound, Precisiun: 171,00C 
Ohms :.5%, .01% stabi~ity; Resistance 
Products Co PB Type 

·NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

A638 559 0 

A638 564 0 

A638 560 0 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAI. -v ARIJU3LE DFG 
THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM-

MODEL NO. 

·CAT. 

c 

c 

c 

c 

C 

C 

c 

C 

c 

C 

c 

c 

PLETE DESCRIPTION IS GIVEN TO PROVIDE; FOR TEMPORARY REPAIRS; HOWEVER, 

EAI wILL NOT BE RESPONSIBLE IF UNITISNOT WITHIN SPECIFI7A~!ONS UNDER 

THESE CONDITIONS. 6/1/62 16.154 -1 Sh 1 uf 2 

Al-18 



ITEM REF. DESIG. DESCRIPTION EAI NO. 

13 R33 Resistor, Fixed, ~ire~ound, Pre~ision: 5,000 A6.38 476 0 
uhms =*=.5%, .01% Stabi~ity; Resistance 
Products Co PE Type 

14 R34 ReSistor, Fixed, \'Iire'WoWld, Precision: 10,000 A638 477 0 
Ohms =*:.5%, .01% StabiLity; Resistance 
Products Co FE Type 

eNOTE:THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAI. 
-v ARI1J3,LE DFG 

*CAT. 

c 

C 

THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS: HOWEVER. 

EAI WILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFIClTj,ONS UNDER 

THESE CONDITIONS. 6,1,62 
MODEL hlO. 

10.154-1 Sh 2 of 2 

AI-19 



ITEM 

1 

2 

1 

2 

3 

4 

REF. DESIG. DESCRIPTION 

CR1,2 Diode, Silicon: Hughes Semiconductors 1N459 

R1-4 Resistor, Fixed, wire~ound, Precision: 3550 
Ohms ±.05%, .005% stability 

16.099 X2 DF(i 

CR1-14 Diode, Silicon: General Instrument DR837 

R1,7 Resistor, Variable, Compsition: 5K Ohms 
±30%, Chicago Telephone Supply UPE-70 
~lype 

R2,3,8,9 Resistor, Variable, Composition: 2.5K Ohms 
±30%; Chicago Telephone Supply UPE-70 Type 

R4,5,6,10 l Resistor, Variable, Composition: 1K uhms 
11,12 ±30%; Chicago 'I'elephone Supply UP]£-70 

~rype 

5 R13,32 Resistor, Fixed, Composition: 300 Ohms 
±5%, 1/2v.1; Allen-Bradley EB 

6 R14,33 

7 R15,34 

8 R16,35 

9 R17,36 

10 R18,37 

11 R19,38 ... 

-~ 12 R20,39 

'I'b,ermister, 88 uhms ±5% at 37 .80 C; 
Keystone Carbon Co. L3006-88-77-S11 

Resistor, Fixed, Composition: 12K Ohms ,!10%, 
1/2w; Allen-Bradley EB 

Thermistor: 550 Ohms ±5% at 37.80c; 
Keystone Carbon Co. L2006-550-92-810 

Resistor, Fixed, Composition: 820K Ohms 
± 10%, 1/ 2\-,r; Allen"':Sr adley EB 

Resistor, Fixed, vJire~ound, Precision: 
14,800 Ohms ±1%, .Zw; Resistance Products 
Co PB Type 

Resistor, Fixed, vJire~ound, Precision: 
18,000 Ohms ±1%, .2~; Resistance Products 
Co PB Type 

Resistor, Fixed, \~ireVlound, Precision: 
22,400 Ohms ±1%, .2w; Resistance Products 
Co PB Type 

.NOTE:THE CATEGORY COL.UMN Is DESIGNED TO INDICATE AVAIL.ABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICA TES PARTS THAT SHOUL.D BE PURCHASED FROM EAI. 

EAI NO. 

B614 007 0 

B638 764 0 

A614 042 0 

B642 ~6 0 

A642 445 0 

A642 444 0 

626 301 0 

A646 004 0 

626 123 1 

A646 003 0 

626 824 1 

A638 282 0 

A638 283 0 

A638 284 0 

x2 DFG 

*CAT. 

I-

jJ 

C 

B 

C 

c 

C 

B 

A 

B 

A 

c 

C 

C 

THE PROPER EAI PART SHOUL.D BE INSTAL.L.ED FOR CATEGORY C ITEMS. A COM

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS: HOWEVER, 

EAI WIL.L. NOT BE RESPONSIBL.E IF UNIT Is NOT WITHI!) Sh E,F2 FICA TIONS UNDER 

THESE CONDITIONS. 0/1/02 

MODEL NO. 
16.275 Sh 1 of 2 

AI-20 



ITEM REF. DESIG. DESCRIPTION EAI NO. 

13 R21,40 Resistor, Fixed, wire~ound, Precision: A638 285 0 
29,600 Uhms %1%, .2\J; Resistance Products 
Co FB Type 

14 R22,41 Resistor, Fixed, ,\-.ire'Wound, Precision: A638 525 0 
43,.300 Uhms :1%, .2W; Resistance Products 
Co FB 'l'ype 

15 R23,42 Resistor, Fixed, wirewound, Precision: A6~ 287 0 
85,500 Ohms :*:1%, .2\tJ; Resistance Products 
Co PB ~'ype 

16 R24,43 T her.mist or : 300K Ohms %5% at 37.8oC; A646 002 0 
Keystone Carbon Co. 11215-300K-152-S12 

17 R25-3Q, Resistor, Fixed, \ .. irewound, Precision: Ab38 280 0 
44-49 12,500 Ohms :1%, .2w; Resistance Products 

Co PB Type 

18 R31,50 Resistor, Fixed, '\-drewound, Precision: A638 281 0 
13,500 Ohms :*:1%, .3t; Resistance Products 
Co PB Type 

-I-

·NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTs. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAI. 

THE PROPER EAt PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS: HOWEVER, 

EAI WILL NOT BE RESPONSIBLE IF UNIT Is NOT WITHIN SPECIFICATIONS UNDER 

THESE CONDITIONS. 611L62 
AI-21 

x2 DFG 

MODEL NO. 

16.275 

·CAT. 

C 

C 

C 

B 

C 

C 

Sh 2 of 2. 



ITEM REF. DESIG. 

1 Rl-4 

1. CRl-12 

DESCRIPTION 

Resistor, Fixed, Wirewound, Precision: 5000 
ohms ~.05%, .005% stability; Julie Researcl 
Labs R45 

16.127 Log X DFG 

Diode, Si1icon~ General Instrument DR837 

2 R1,2,38,39 Resistor, Variable, Composition: 2K ohms 
~30%; .3W; Chicago Telephone Supply UPE-70 
Model (Modified) 

I 

1/ 
3 R3,4,5,40, 

41,4241" , 
.s.C. C II (1 

4 R6,32 

5 R7,33 

6 R8,34 

7 R9,35 

8 RlO,36 

9 R11,37 

10 R12,25 

_ 11 R13,26 

Resistor, Variable, Composition: 1K ohms 
~30%; .3W; Chicago Telephone Supply UPE-70 
Model (Modified) 

Resistor, Fixed, Wirewound, Precision: 9,800 
ohms ~l%; .005% stability; National Resis
tance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 
19,600 ohms ~l%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 
21,200 ohms ~l%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wi rewound , Precision: 
15,500 ohms ~l%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wi rewound , Precision: 5,000 
ohms ~l%; .005% stability; National Resis
tance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 4,280 
ohms ~l%; .005% stability; National Resis
tance Corp., EU-2 Type 

Resistor, Fixed, Wi rewound , Precision: 
20,900 ohms ~l%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wi rewound , Precision: 
49,200 ohms ~l%; .005% stability; National 
Resistance Corp., EU-2 Type 

EAI NO. 

B638 765 0 

A6l4 042 0 

A642 448 0 

B642 444 0 

A638 609 0 

A638 611 0 

A638 470 0 

A638 610 0 

A638 608 0 

A638 440 0 

A638 447 0 

A638 450 0 

-NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICA TES PAR TS THA T SHOULD BE PURCH ASED FROM EA I. 

THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM-

PLETE DESCRIPTIoN IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, 

EAI WILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFICATIONS UNDER 

THESE CONDITIONS. 6/19/62 

AI-22 

LOG X DFG 

MODEL NO. 

16.276 SH 1 OF 2 SH 

*CAT. 

C 

B 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 



r----r------~-------------.-
ITEM REF. DESIG. 

12 R14,27 

13 Rl5,28 

14 Rl6,29 

15 R17,30 

16 R18,31 

17 R19,22 

18 R20,23 

DESCRIPTION 

Resistor, Fixed, Wirewound, Precision: 
27,700 ohms ~l%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor~ Fixed, Wirewound, Precision: 13,000 
ohms ~1%; .005% stability; National Resis
tance Corp., Eu-2 Type 

Resistor, Fixed, Wirewound, Precision: 4,440 
ohms ~l%; .005% stability; National Resis
tance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 694 
ohms ~1%; .005% stability; National Resis
tance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 317 
ohms ~l%; .005% stability; National Resis
tance Corp EU-2 Type 

Jf) 0 
Resistor, Variable, Composition: ~. ohms 
~%; .3W; Chicago Telephone Supply UPE-70 
Model (Modified) 

Resistor, Fixed, Wi rewound , Precision: 2,900 
ohms ~.l%; .005% stability; National Resis 

tance Corp., EU-2 Type 

EAI NO. 

A638 449 0 

A638 444 0 

A638 441 0 

A638 438 0 

A638 437 0 

~1i49 0 
"1)1)1- Ie ~ 

A638 439 0 

-NOTE: THE CATEGORY COI..UMN IS DESiGNED TO INDICA TE AV AI I.. A BIL.l TY OF PARTS. UNIT TITLE 
A • INDICATES PARTS THAT SHOUI..D BE PURCHASED 1..0CAI..I..Y. 

B· INDICATES PARTS THAT CAN BE PURCHASED 1..0CAI..I..Y OR FROM EAI. 

C • INDICA TES PARTs THAT SHOUI..D BE PURCHASED FROM EAI. 

THE PROPER EAI PART SHOUI..D BE INSTAI..I..ED FOR CATEGORY C ITEMS. A COM. 

PI..ETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER. 

EAI WII..1.. NOT BE RESPONSIBI..E IF UNIT Is NOT WITHIN SPECIFICA TIONS UNDER 

THESE CONDITIONS. 6/19/62 

AI-23 

LOG X DFG 

MODEL NO. 

16.276 SH 2 OF 2 SH 

*CAT. 

c 

c 

c 

c 

C 

C 

c 



ITEM REF. DESIG. DESCRIPTION 

1 Rl-4 Resistor, Fixed, Wirewound, Precision: 5000 

1 CRl-12 

ohms +.05%; .005% stability; Julie Research 
Labs R45 

16.134 1/2 Log X DFG 

Diode, Silicon: General Instrument DR837 

2 Rl,2,38,39 Resistor, Variable, Composition: 4K ohms 
~30%; .3W; Chicago Telephone Supply UPE-70 
Model (Modified) 

3 R3,4,5,40, 
41,42'i.r'"' 

4 R6,32 

5 R7,33 

6 R8,34 

7 R9,35 

8 RIO,36 

9 R11,37 

10 R12,25 

11 R13,26 

Resistor, Variable, Composit1on: 2K ohms 
~%; .3W; Chicago Telephone Supply UPE-70 
Model (Modified) 

Resistor, Fixed, Wirewound, Precision: 
19,900 ohms .±1%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 
39,600 ohms .±l%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 
41,100 ohms .±1%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 
30,700 ohms .±1%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 
11,000 ohms .±1%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 
8,450 ohms .±1%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wi rewound , Precision: 
41,800 ohms .±l%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 
101,600 ohms .±1%; 0005% stability; National 
Resistance Corp., EU-2 Type 

EAI NO. 

B638 765 0 

A614 042 0 

A642 487 0 

B642 448 0 

A638 613 0 

A638 615 0 

A638 434 0 

A638 614 0 

A638 612 0 

A638 427 0 

A638 433 0 

A638 436 0 

·NOTE:THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY. 

B - INDICATES PARTs THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 1/2 LOG X DFG 
C - INDICA TES PARTS THAT SHOULD BE PURCHASED FROM EAI. 

THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM-

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, 

EAI WILL NOT BE RESPONSIBLE IF UNIT Is NOT WITHIN SPECIFICATIONS UNDER 

*CAT. 

C 

B 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

THESE CONDITIONS. 'DA TE 6 / 19 / 62 
MODEL NO. 

16.281 She 1 of 2 She 

AI-24 



ITEM 

12 

13 

14 

15 

16 

17 

18 

REF. DESIG. 

R14,27 

R1S,28 

R16,29 

R17,30 

R18,31 

V 
R19, 22 

R20,23 

DESCRIPTION 

Resistor, Fixed, Wirewound, Precision: 
55,400 ohms ~i%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 
26,000 ohms ~l%; .005% stability; National 
Resistance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 8,870 
ohms !l%; .005% stability; National Resis
tance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 1,480 
ohms !l%; .005% stability; National Resis
tance Corp., EU-2 Type 

Resistor, Fixed, Wirewound, Precision: 605 
ohms ~l%; .005% stability; National Resis
tance Corp., EU-2 Type 

Resistor, Variable, Composition: 500 ohms 
~%; .3W; Chicago Telephone Supply UPE-70 
Model (Modified) 

Resistor, Fixed, Wirewound, Precision: 5,800 
ohms ~.l%; .005% stability; National Resis
tance Corp., EU-2 Type 

EAI NO. 

A638 435 0 

A638 430 0 

A638 428 0 

A638 424 0 

A638 423 0 

A642 450 0 

A638 425 0 

• NOTE: THE CA TEGORY C01..UMN IS DESIGNED TO INDICA TE AV AI 1..A BIL.l TY OF PARTs. UNIT TITLE 
A - INDICATES PARTs THAT SHOU1..D BE PURCHASED 1..OCA1..1..Y. 

B - INDICATES PARTS THAT CAN BE PURCHASED 1..OCA1..1..Y OR FROM EAI. 

C - INDICA TES PARTs THAT SHOU1..D BE PURCHASED FROM EAI. 

THE PROPER EAt PART SHOU1..D BE lNSTA1..1..ED FOR CATEGORY C ITEMS. A COM

P1..ETE DESCRIpTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, 

EAI WI!,..1.. NOT BE RESPONSIB1..E IF UNIT Is NOT WITHIN SPECIFICATIONS UNDER 

1/2 LOG X DFG 

·CAT. 

C 

C 

C 

C 

c 

c 

c 

THESE CONDITIONS. DATE 6 / 19 / 62 
MODEL NO. 

16.281 Sh.2 of 2 She 

AI-2; 



ITEM REF. DESIG. 

1 CR1,2 

2 DSl-8 

3 Ml 

4 Rl 

5 R2 

6 R3 

7 R4 

8 R5 

9 R6 

10 R7 

11 R8 

12 Sl 

13 S2 

14 S3 

15 S4 

16 S5 

17 S6 

DESCRI PTION 

Diode, Germanium: C1evite CTP462 

Lamp, Incandescent: General Electric 328 

Meter, DC Microammeter~ 50-0-50 Microamp 
Movement with Scale per EAI Dwg A2l4 027 0; 
Assembly Products, Inc. 561 Model 

Resistor, Fixed, Composition: 8.2K ohms +10% 
l/2W; Allen-Bradley EB 

Resistor, Fixed, Film: 4000 ohms ~l%, l/2W; 
Weston 9852B 

Resistor, Fixed, Film: 18,000 ohms ~l%, l/2W; 
Weston 9852B 

Resistor, Fixed, Film: 58,000 ohms ~l%, l/2W; 
Weston 9852B 

Resistor, Fixed, Film: 198,000 ohms ~l%, l/2W 
Weston 9852B 

Resistor, Fixed, Film: 598,000 ohms ~l%, l/2W 
Weston 9852B 

Resistor, Variable, Wirewound: 500 ohms ~10% 
.25W; Bourns Laboratories 273-1-501 

Resistor, Fixed, Film: 700 ohms ~1%, 1/2W; 
Weston 9852B 

Switch, Rotary: 3 Sections, 1 Pole Per Sec
tion, 2-12 Postions; Centralab PA-2009 

Switch, Rotary: 1 Section, 2 Poles, 2-12 
Positions; Centra1ab PA-2000 Series 

SWitch, Push: 2 ea 2 Form A Contacts; Capitol 
Machine Co. SP-202 Model 

Switch, Push: 10 ea 2 Form A Contacts; Capiml 
Machine Co. SP-2l0 Model 

Switch, Push: 10 ea 2 Form A Contacts; Capirol 
Machine Co. SP-2l0 Model 

SWitch, Push, Rocker: DPDT; Cutler-Hammer 
8L38Kl-BK~09 

-NOTE:THE CATEGORY COL.UMN IS DESIGNED TO INDICATE AVAIL.ABIL.ITY OF PARTs. 

A - INDICATES PARTS THAT SHOUL.D BE PURCHASED L.OCAL.L.Y. 

B - INDICATES PARTS THAT CAN BE PURCHASED L.OCAL.L.Y OR FROM EAI. 

C - INDICATES PARTS THAT SHOUL.D BE PURCHASED FROM EAI. 

EAI NO. 

614 043 0 

578 010 0 

590 032 0 

626 822 1 

634 096 0 

634 097 0 

634 098 0 

634 064 0 

634 099 0 

B642 289 0 

634 339 0 

658 011 0 

B658 197 0 

B656 077 0 

C656 078 0 

C656 078 1 

656 080 0 

THE PROPER EAI PART SHOUL.D BE INSTAL.L.ED FOR CATEGORY C ITEMS. A COM

P L.ETE DESCRIpTION IS GI VEN TO PROVIDE FOR TEMPORA RY REPAIRS; HOWEVER. 

EAI WIL.L. NOT BE RESPONSIBL.E IF UNIT Is NOT WITHIN SPECIFICA TIONS UNDER 

THESE CONDITIONS. DATE 5 1 221 62 

MODEL NO. 
20.790 Sh. l of 

AI-26 

·CAT. 

B 

A 

C 

A 

B 

B 

B 

B 

B 

B 

B 

A 

C 

C 

C 

C 

B 

Sh. 2 



ITEM REF. DESIG. 

18 S7 

19 S8 

20 XDS7,8 

-10-

DESCRIPTION 

Switch, Sensitive: Momentary Contact, DPDT; 
Micro Switch 2D26 

SWitch, Push: 4 ea 2 Form C 1 Form A, 1 ea 
2 Form C 2 Form A and 1 ea 3 Form C 1 Form 
A Contacts; Capitol Machine Co. SP-IA-306 

Display Unit: Short Barrier Type, 2 Sockets; 
Micro Switch 2Cl 

( REP-OP Compute Time Switch and 
associated components listed seperate
see REPETITIVE OPERATION SWITCH UNIT 
20.534. ) 

• NOTE: THE CATEGORY COL.UMN IS DESIGNED TO INDICATE AVAIL.A BIL.ITY OF PARTS. UN,IT TITLE 
A - INDICATES PARTS THAT SHOUL.D BE PURCHASED L.OCAL.L.Y. 

B - INDICATES PARTS THAT CAN BE PURCHASED L.OCAL.L.Y OR FROM EAI. 

C - INDICA TES PARTS THAT SHOUL.D BE PURCHASED FROM EAI. 

THE PROPER EAI PART SHOUL.D BE INSTAL.L.ED FOR CATEGORY C ITEMS. A COM-

PL.ETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER. 

EAI WIL.L. NOT BE RESPONSIBL.E IF UNIT IS NOT WITHIN SPECIFIC~Y'2~'~~DER 
THESE CONDITIONS. 

AI-27 

MODEL NO. 
20.790 

EAI NO. *CAT. 

662 014 0 B 

C656 079 0 C 

554 013 0 B 

CONTROL PANEL 

Sh 2 of Sh 2 



ITEM REF. DESIG. 

1 Cl 

2 C2 

3 CRl,2,4 

4 CR3 

5 DSI 

6 Rl 

DESCRIPTION 

\ 

t 
Capacitor, Fixed, Ceramic: .2UF +80%-10%, lOY 

Centralab UKIO-204 

Capacitor, Fixed, Ceramic: .1UF GMV, 3V; 
Centralab UK-I04 

Diode, Germanium: Clevite CTP462 

Switch, Silicon Controlled: Solid State 
Products, Inc. 3BI080 

Lamp, Incandescent: Chicago Miniture Lamp 
Works 1730 h V ~ 'Of-~jJl 

Resistor, Fixed, Composition: 9.1K ohms +5% 
1/2W; Allen-Bradley EB 

-NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICA TES PAR TS THA T SHOULD B·E PURCHASED LOCA L L Y. 

EAI NO. ·CAT. 

515 208 0 t. 

515 207 0 A 

614 043 0 B 

B648 001 0 C 

578 044 0 B 

626 912 0 A 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICATES PA~TS THAT SHOULD BE PURCHASED FROM EAI. 
OVERLOAD INDICATOR 

THE PROPER EAI PART SHOULD !3E INSTALLED FOR CA·TEGORY C ITEMS. A COM

PLETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER. 

EAI wILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFICATIONS UNDER 

THESE CONDITIONS. DATE 6 I 11 I 62 

AI-28 

MODEL NO. 
20.753 1 

Sh. of 
1 She 



ITEM REF. DESIG. 

2 C2 

3 CRl,2,4 

4 CR3 

5 DSl 

6 Rl 

7 R2 

DESCRIPTION 

Capacitor, Fixed. Ceramic: . 2UF +80%-10%, lOY 
Centralab UK10-~04 

Capacitor, Fixed, Ceramic: .lUF GMV, 3V; 
Centralab UK-104 

n'i'Qde, Germanium: Clevite CTP462 
'" "~\""'" 

SWitch~,Silicon Controlled: 
Produc s, Inc. 3B1080 

Solid State 

Lamp, ent: CMe-ergo I"fillit:ure ~ 
W~t730 

~t~ '!!/~ 0'~p~!::? 
Resistor, Fixed, Co osition: /Y-IK ohms .2:5% 

1/2W; Allen-Bradle EB ,,,,if 
,/1 

/,/" 

Resistor, Fixed, Wirewou • 
International Resis~~ce 

/'i/" ,,' 

1/2W 

EAI NO . 

B648 001 0 

578 044 0 :> 

AS:" 8: 0 St i- I 
626 912 0 

636 092 0 

-NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE 
A - INDICA TES PA R TS THA T SHOULD BE PURCHASED LOCA L L Y. 

·CAT. 

A 

A 

B 

C 

B 

A 

A 

B - INDICATES PARTS THAT CAN BE PURCHASED LOCALLY OR FROM EAI. 

C - INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAI. 
OVERLOAD INDICATOR 

THE PROPER EAI PART SHOULD BE INSTALLED FOR CATEGORY C ITEMS. A COM

PLETE DESCRIPTION \5 GIVEN TO PROVIDE FOR TEMPORARY REP1IRS; HOWEVER, 

EAI WILL NOT BE RESPONSIBLE IF UNIT IS NOT WITHIN SPECIFICATIONS UNDER 

THESE CONDITIONS. DATE 6 I 11 I 62 

AI-29 

MODEL NO. 
20.791 1 

Sh. of 
1 

Sh. 



-

ITEM REF. DESIG. 

1 R1 

2 S1 

DESCRIPTION 

Resistor, Fixed, Wirewound: 2K Ohms :3%, 
5W; Helipot AR2KL.1 

Switch, 'l'oggle: DPIJI'; Cutler-Hammer 7563K4 

·NOTE:THE CATEGORY COL.UMN IS DESIGNED TO INDICATE AVAIL.ABIL.ITY OF PARTS. UNIT TITLE 
A - INDICATES PARTS THAT SHOUL.D BE PURCHASED L.OCAL.L.Y. 

EAI NO. 

642 134 0 

664 010 0 

B - INDICATES PARTS THAT CAN BE PURCHASED L.OCAL.L.Y OR FROM EAI. 

C - INDICATES PARTS THAT SHOUL.D BE PURCHASED FROM EAI. 
NULL CONrROL PANEL 

THE PROPER EAI PART SHOUL.D BE INSTAL.L.ED FOR CATEGORY C ITEMS. A COM

PL.ETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, 

EAI WI L.L. NOT BE RESPONSI BL. ElF UNIT IS NOT WI THIN SPECI FICA TIONS UNDER 

THESE CONDITIONS. 6/1/62 

AI-30 

MODEL NO. 
20.825 

·CAT. 

C 

A 



ITEM REF. DESIG. DESCRIPTION 

1 DS1, 2,3 Indicator, In Line Display Unit: Characters 
0 thru 9 and Decimal Point; Industrial 
Electronic Engineers, Inc. 10984-47 

2 DS4 Indicator, In Line Display Unit: Characters 
1,0, Plus and Minus Signs; Industrial 
Electronic Engineers, Inc. 10B06-47 

3 Rl Resistor, Variable, Composition: 10K ohms 
,:1:10%, 2W; Allen-Bradley JAIN056P103UA 

4 Lamp, Incandescent: Dialco 47 

·NOTE:THE CATEGORY COI...UMN IS DESIGNED TO INDICATE AVAII...ABII...ITY OF PARTS. UNIT TITLE 
A - INDICATES PARTs THAT SHOUI...D BE PURCHASED I...OCAI...I...Y. 

B - INDICATES PARTS THAT CAN BE PURCHASED I...OCAI...I...Y OR FROM EAI. 

EAI NO. 

B554 016 0 

B554 022 0 

642 527 0 

578 003 0 

C - INDICA TES PARTS THAT SHOUI...D BE PURCHASED FROM EAI. DISPLAY UNIT 
THE PROPER EAI PART SHOUI...D BE INSTAl...l.ED FOR CATEGORY C ITEMS. A COM

P I...ETE DESCRIPTION Is GI VEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER, 

EAI Wll...l. NOT BE RESPONSIBI...E IF UNIT IS NOT WITHIN SPECiFICATIONS UNDER 

THESE CONDI TIONS. DA TE 6 / 1 / 62 

AI-31 

MODEL NO. 
26.195 Sh. 1 of 

*CAT. 

C 

C 

A 

A 

1 Sh. 



-

ITEM REF. DESIG. 

1 CR1,2 

2 eR3 

3 K1 

4 ~1-5 

5 

6 R1 

7 R2 "..-
~ 

~J?'~ 'Y) uf'l C 4t., 

8 H3,4 

9 

10 ft6 

11 h7 

12 h8,11 

13 rl9 

14 R10 

15 h12 

DESCRIPTION 

rlectifier, Silicon: hughes Semi-Conductors 
HR10212 

Diode, Germanium: Clevite Gl'P462 Type 

H.elay: 430 Ohms D.C. Coil, 2 Form C Contacts 
General E~ectric 332791G210-A-29 

Transistor, Germanium: PN.P; Industro 

'Transistor, Germa.niwll: PNP; Genera.l Electric 
2N321 'l'ype 

Resistor, Fixed, Wire wound , Precision: 
P,2.(J~'OOG, Ohms :t 1%, .2W; Resistance Products 

Co FE Type 

hesistor, ~'i.xed, 'v,ire"Wound, Precision: 
1£,000 Ohms ±1%, .2~/; Resistance Products 
Co PE Type /() () Qr) i) '"'-

~ 

Hesistor, Fixed, Composition: 27K Ohms ±10%, 
1/2W; Allen-Bradley EB 

ReSistor, Fixed, Composition: 121( Ohms :.t10%, 
1/2W; Allen-Bradley EB 

ReSistor, Fixed, Composition: 330 lihms ::1:10%, 
1/2\{; Allen-Bradley BB 

Resistor, Fixed, Composition: 4.7K Ohms :;1:10%, 
1/2w; Allen-Bradley EB 

Resistor, Fixed, Composition: 15K Ohms :1::10%, 
1/2\q Al.Len-Bradley EB 

Resistor, Fixed, Compsition: 8.2K uhms :1::10%, 
1/2W; Allen-Bradley EB 

Hesistor, Fixed, Composition: 2.2K Ohms ±10%, 
1/2~; Allen-Bradley EB 

Resistor, Fixed, Composition: 100 Ohms ±10%, 
1/2\-J; Allen-Bradley EB 

EAI NO. 

614 034 0 

614 043 0 

618 126 0 

B686 032 0 

686 004 0 

Ji638 288 0 

A638 28<) 0 

626 273 1 

626 123 1 

626 331 1 

626 472 1 

626 153 1 

626 822 1 

626 222 1 

626 101 1 

-NOTE: THE CATEGORY C01.UMN IS DESIGNED TO INDICATE AVAI1.ABI1.IT); OF PARTs. UNIT TITLE 
A - INDICATES PARTS THAT SHOU1.D BE PURCHASED 1.0CA1.1.Y. 

B - INDICATES PARTs THAT CAN BE PURCHASED 1.0CA1.1.Y OR FROM EAI. 

C - INDICATES PARTS THAT SHOU1.D BE PURCHASED FROM EAI. 

THE PROPER EAI PART SHOU1.D BE INSTA1.1.ED FOR CATEGORY C ITEMS. A COM-

P1.ETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER. 

EAI wl1.1. NOT BE RESPONSIB1.E IF UNIT Is NOT WITHIN SP

7
ECIFICATIONS UNDER 

THESE CONDITIONS. 6 1/62 

AI-.32 

CUi·IF ARJd'uR 

MODEL NO. 

40.404 

*CAT. 

B 

B 

b 

c 

A 

c 

C 

A 



ITEM REF. DESIG. 

1 CR1,2 

2 Kl 

3 K2 

DESCRIPTION 

Diode, Germanium: Clevite CTP462 

Relay: l8V DC Coil, 4 Form C Contacts; 
Allied Controls Co. T-1S4-4C-S20 

Relay: l8V DC Coil, 6 Form A Contacts; 
Allied Controls Co. T-1S4-6A-520 

(Potentiometer listed on POTENTIOMETERS/ 
FUNCTION SWITCH PANEL 42.287.) 

-NOTE:THE CATEGORY COI...UMN IS DESIGNED TO INDICATE= AVAII...ABII...ITY OF PARTS. UNIT TITLE 
A - INDICATES PARTs THAT SHOUI...D BE PURCHASED I...OCAI...I...Y. 

EAI NO. 

614 043 0 

618 171 0 

618 172 0 

B - INDICATES PARTs THAT CAN BE PURCHASED I...OCAI...I...Y OR FROM EAI. 

C - INDICATES PARTS THAT SHOUI...D BE PURCHASED FROM EAI. 
ATTENUATOR 

THE PROPER EAI PART SHOUI...D BE INSTAI...I...ED FOR CATEGORY C ITEMS. A COM

PI...ETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER. 

EAI WIl...l... NOT BE RESPONSIBI...E IF UNIT IS NOT WITHIN SPECIFIC~ TIONS UNDER 

THESE CONDITIONS. DATE b / 1 / 62 

AI-33 

MODEL NO. 

42.283 Sh.l of 

·CAT. 

B 

B 

B 

Sh.l 



ITEM REF. DESIG. DESCRIPTION 

1 FOI-F59 Fuse, ca~t1J2lg-y, Pluo j~JJlActing: 
1/~V; Zt{{elfuse 272000 Type 

2 POI-P59 

3 Sl-5 

/ 

Resistor, Variable, Wirewound: 5K ohms ~5%; 
Clarostat D-2-02-435 

Switch, Lever: Three Locking Positions, 
Contacts 1 Form F at sections Cl & C3; 
General Control Co. MCTI-TI-F-O~F-O 

.L/'h-i/t- tP~5. I~ 

~ / S e'fi-c4. 

EAI NO. 

A642 538 0 

654 009 0 

• NOTE: THE CA TEGORY COI..UMN IS DESIGNED TO INDICA TE AV AI I.. A BIL.l TY OF PARTs. 

A - INDICATES PARTs THAT SHOUI..D BE PURCHASED 1..0CAI..I..Y. 

UNIT TITl.E 
ATTENUATORS/FUNCTION 

B - INDICATES PARTS THAT CAN BE PURCHASED 1..0CAI..I..Y OR FROM EAI. 

C - INDICA TES PARTS THA T SHOUI..D BE PURCHASED FROM EAI. 

THE PROPER EAI PART SHOUI..D BE INSTAI..I..ED FOR CATEGORY C ITEMS. A COM

P I..ETE DESCRIPTION IS GI VEN TO PROVIDE FOR TEMPORA RY REPAIRS; HOWEVER, 

EAI WII..L. NOT BE RESPONSIBI..E IF UNIT Is NOT WITHIN SPECIFICATIONS UNDER 

THESE CONDITIONS. DATE 6 I 1 162 

AI-34 

SWITCH PANEL 

MODEL NO. 

42.287 She 1 of 

·CAT. 

B 

C 

B 

She 1 



ITEM REF. DESIG. DESCRIPTION 

1 C1 Capacitor,. Fixed, Electrolytic: 50 UF, 25V; 
International Electronic Industries 

;:. eli 1 Diode, Silicon: Zener; Pacific Semi-Conductor 
1N752 

3 DS1-14 Lamp, Incandescent: General Electric 1705 

4 R1 Resistor, Variable ,~~ire'Wound: 50 Uhms :t10%, 
.25\·~; Bourns Laboratories 200L-1-500 

5 B.2,.3 Resistor, Fixed, 'Vdre'Wound, Precision: 20,000 
Uhms ::t.1%, .005% stability; Resistance 
Products Co PH Type 

6 R4,6 hesistor, Fixed, Composition: 10K Uhms :t10%, 
1/2w; Allen-Bradley EB 

7 h5, 12 R.esistor , Fixed, V.ire'Wound, Precision: 10,000 

8 B.7 

9 R8 

10 R9 

11 R10 

12 R11 

13 R13,14 

Uhms :t.1%, .005% stability; Resistance 
Products Co PH Type 

Resistor, It'ixed, \dre'Wound, Precision: Value 
determined at time of manufacture. 

Resistor, Fixed, 'Wire'Wound, Precision: 5,000 
Uhms =*:1%, .01% stability; Resistance 
Products Co PB type 

Resistor, Variable, wlre'Wound: 250 Ohms =10%, 
.25w; Bourns Laboratories 271-1-251 

Resistor, Fixed, Composition: 1K Ohms :t10%, 
1/2w; Allen-Bradley EB 

Resistor, Variable, wire'Wound: 20 Ohms =10%, 
.25w; Bourns Laboratories 2001-1-200 

Resistor, Variable, Composition: 50K Ohms 
±30%, .2v-,,; Chicago'l)elephone Supply 
HH1860 

EAI NO. 

A516 122 0 

614 078 0 

578 037 0 

642 074 0 

A638 702 0 

626 103 1 

A638 743 0 

A638 315 0 

642 491 0 

626 102 1 

642 073 0 

642 351 0 

·NOTE:THE CATEGORY COL.UMN IS DESIGNED TO INDICATE AVAIL.ABIL.ITY OF PARTS. UNIT TITLE 
A - INDICATES PARTs THAT SHOUL.D BE PURCHASED L.OCAL.L.Y. 

B - INDICATES PARTs THAT CAN BE PURCHASED L.OCAL.L.Y OR FROM EAI. 

C - INDICATES PARTs THAT SHOUL.D BE PURCHASED FROM EAI. 

THE PROPER EAI PART SHOUL.D BE INSTAL.L.ED FOR CATEGORY C ITEMS. A COM

PL.ETE DESCRIPTION IS GIVEN TO PROVIDE FOR TEMPORARY REPAIRS; HOWEVER. 

EAI WIL.L. NOT BE RESPONSIBL.E IF UNIT IS NOT WITHIN Sj,~)~FICATIONS UNDER 

THESE CONDITIONS. 6/1/62 

Al-35 

REFERENCE REGULATOR 

MODEL NO. 

43.104 

·CAT. 

c 

13 

A 

B 

c 

A 

c 

c 

B 

A 

B 

B 
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