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transistorized dc operational amplifier . .. the basic building 
block of the TR-48 

DUAL AMPLIFIER MODULE (Type 6.514) 
The heart of the TR-48 is the transistorized DC operational amplifier'

L 
By connecting various input or feedback networks to the operational 
amplifier specific mathematical operations are obtained. 

The TR-48 Computer employs identical, interchangeable, amplifier modules 
each consisting of two transistorized DC amplifiers, terminated on the 
patch panel as high-gain amplifiers. Companion networks, consisting 
of input and feedback resistors matched to 0.01 % accuracy, are con­
veniently terminated in the module for converting each amplifier to 
inverter or summer operation by convenient bottle plugs. 
Superior performance characteristics . . . low temperature drift . 
low offset ... low noise .. . extended usable frequency response. 
Completely transistorized ... for increased reliability ... backed by 
the enviable performance record of thousands of similar units operating 
in the field. 
Chopper stabilized ... each computing amplifier is individually and 
automatically stabilized to reduce offset and drift to a minimum. 
Individual balance adjustment ... provided on every operational am­
plifier. 
Single-ended input and output . .. emitter-follower bridge output cir­
cuit assures linear operation with low output impedance . . . low­
current emitter-follower input stage insures high input impedance 
for excellent drift characteristics . 

. NOTE:-TR-48 Computing Components, con­
sisting of a computing module and a mated 
patching module segment of the pre-patch 
panel, are illustrated above and on the follow­
ing pages, 8 through 11. 

Operational amplifiers in the TR-48 are ter­
minated with companion precision input and 
feedback resistors. Insertion of a 4-prong 
bottleplug into the top four holes of the 
amplifier patching block connects a feedback 
resistor across the amplifier and the common 
connection of the input resistors (Summing 
Junction) to the amplifier base. The ampli­
fier thus functions as a summer with two 
gain-of-l and two gain-of-I(} inputs. Addi­
tional inputs may be connected to the sum­
ming junction termination available on the 
back of the bottle plug. Omission of the 4-
prong bottle plug makes the amplifier avail­
able as a high gain amplifier for connection 
to integrator networks or non-linear com­
ponents. 
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individual component descriptions 

DUAL INTEGRATOR NETWORK (Type 12.764) 
• Consists of two networks, each containing the preCISIOn capacitors 

that enable any high gain amplifier to be connected to perform the 
mathematical operation of integration with respect to time. 

• Simple bottle plug patching connects integrator network to adjacent 
high gain amplifier, thus converting it to an integrator. 

• Contains all relays necessary for switching the integrator to RESET, 
HOLD, OPERAT;E modes of operation. Relay operation is controlled 
by computer mode push-button on control panel. 

• Makes available "IC" termination for introducing non-zero initial 
condition directly into the integrator, if required. The same IC ter­
mination is used both for the "real time" and the "Rep Op" modes, 
thus eliminating need for repatching when operating alternately be­
tween these modes . In that no additional amplifiers need be used for 
IC inputs when in Rep Op, redundant equipment usage is eliminated. 

• Individua.! integrator 10 to 1 time scale change accomplished by bottle 
plug patching in either real time or HSRO operation. 

• Precision ± 0.05 % Polystyrene capacitors used throughout to reduce 
drift and assure high dynamic accuracy. 

• Patching terminations allow separate control of mode of operation 
of integrators for signal tracking and storage. Multi-speed and itera­
tive operation is thus made feasible. 

COEFFICIENT SETTING POTENTIOMETER GROUP 
(Type 2.440) 
• Used for setting problem coefficients, initial and 

boundary conditions, a:;; well as problem inputs. 
• Each group provides five potentiometers mounted 

in the potentiometer area on the right-front of 
the TR-48, as well as suitable patch panel ter­
minations for their connection into problem cir­
cuits. 

• Consists of ten-turn, wire-wound, 5,000 ohm 
potentiometers individually fused and equipped 
with calibrated adjustment knobs. 

• The top and arm of four potentiometers in the 
group are terminated on the patch · panel with 
their bottom ends internally grounded. The fifth 
potentiometer is terminated with top, bottom, 
and arm available at the patch panel. 

• Potentiometer patching area includes plus and 
minus 10 volt reference terminations and con­
venient ground terminations for grounding un­
grounded potentiometers. 

• Potentiometer setting has been made extremely 
simple for the operator. The computer is' placed 
in the "Pot Set" mode and the· pot to be set 
selected on the readout panel. The Coefficient 
Setting then appears on the digital voltmeter 
and the potentiometer is adjusted as desired. 
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MULTIPLIER (Types 7.099 and 7.096) 
A completely solid-state device which makes use of the quarter-square 
technique of multiplication to produce, when used in conjunction with 
a high-gain amplifier, a product of two input variables of either polarity. 
The mathematical operations of division, squaring, and square root may 
also be performed. 
Solid-state reliability . . . silicon diodes and ultra-stable resistors are 
used throughout to minimize drift and insure long, maintenance-free life. 
Wide computing bandwidth ... dynamic performance unsurpassed by 
any other type of continuous multiplication device-bandwidth compatible 
with the wide bandwidth of the amplifier. 
Low noise '. . . and infinite resolution result from the elimination of 
servo potentiometers and time division oscillators. 
Four Quadrant multiplication ... when used in association with a tran­
sistorized DC amplifier the product-XY / 10 is produced from inputs 
+X, -X, + Y and - Y. Output polarity may be easily reversed by inter­
changing + X and - X or + Y and - Y input connections. 
Plug-in design . . . can be plugged into any non-linear or integrator 
network position-permits rapid replacement for servicing and inter­
changing of comp<?nents. 
Simplified patching ... clearly marked patching terminations simplify 
interconnection between other computing components. Bottle-plug con­
nections place the multiplier ' in the "multiply", "divide", "square" or 
"square-root" mode of operation. 

VA:RIABLE DIODE FUNCTION GENERATOR (Type 16.274) 
A fixed breakpoint, variable slope, diode function generator composed 
of completely solid-state components-used with external high-gain, tran­
sistorized operational amplifiers to produce an electrical representation of 
arbitrary functions by straight line segments. 
10/19 Segment Operation . . . VDFG may be used to generate two non­
linear functions with a 10-segment representation, one for positive inputs 
and one for negative inputs, or these may be combined for 19-segment 
function generation, for input s ignals of both polarities. 
DFG Operation utilizes external high gain transistorized operational am­
plifiers . . . two required for each 10-segment function generator or 
for a single 19-segment combination. 
Function Set-up to produce a des ired function is made by screwdriver 
adjustment from the side of the DFG chassis. Ten quick adjustments 
are all that are r equired for setup. 
DFG Chassis is mounted in area over TR-48 Control Panel and is housed 
in slide-out unit for ease of set-up adjustments. 
DFG Patching Module mounts within the computer in a variety of selected 
non-linear positions of the patch panel. 
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I I - 48 individual component descriptions and 

LOG DIODE FUNCTION GENERATOR 
(Types 16.276 and 16.281) 
Log function generators are extremely valuable in a 
general purpose simulation for raising a variable to 
an unusual power (i.e., 1.8, 2.6, etc. ) or a variable · 
power ( i.e., XY ) . They are also useful for multiplica­
tion, division, squaring, square-rooting, etc. as alter­
nates for multipliers or other function generators. 

The Type 16.276 and 16.281 Log Generators have the 
following characteristics: 

• Dual fixed diode function generators composed of 
completely solid-state components. 

• Two types available: 
1. Type 16.276 produces an output of 5 Log ,o 

( lOX ) for an X input. 
2. Type 16.281 produces an output of 2.5 Log , 0 

( lOX ) for an X input. 
• When operated in combination with an external 

high-gain, transistorized operational amplifier, 
each type of LOG DFG is capable of the fol­
lowing operation: 

A. Output of Log ,o for an X input of one polarity. 
B. Output of Log ,o X , and Log ,oX 2 when inputs 

X, and X 2 are unipolar and of opposite sign 
(two amplifiers required ) . 

C. An exponential output when the LOG DFG is 
used in feedback of high-gain amplifier. 

• Utilizes seven (7) straight line segments to approxi­
mate a logarithmic curve for a single sign of input 
voltage. 

• Accepts inputs in the range ± 10 volts DC; pro­
vides outputs in the range of ± 10 volts DC de­
pending upon connections. 

• Mounts in any non-linear or integrator network 
position. 

DUAL X' DIODE FUNCTION GENERATOR 
(Type 16.275) 
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• A dual fixed diode function generator composed of 
completely solid-state components. 

• One dual chassis is capable of the following opera­
tions: 
A. When operated in combination with an opera­

tional amplifier it will yield an X2 output for 
an X input of one polarity. 

B. When operated in combination with two opera­
tional amplifiers it will deliver outputs of (X ,) 2 
and eX 2) 2 when both X , and X 2 are unipolar 
and of opposite sign. 

C. When operating in combination with two opera­
tional amplifiers it will deliver an output of 
X2 with the input X varying both plus and 
minus in s ign. 

D. A square root output may be obtained by using 
the X2 DFG in the feedback of an operational 
amplifier. 

• Accepts inputs to ± 10 volts, provides outputs of 
± 10 volts. 

• Fully electronic to provide wide computing band­
width. 

COMPARATOR (Type 40.404) 
• Compares a variable input voltage to an arbitrary 

bias voltage and causes a switching operation to 
be performed; very useful for "decis ion making" 
operations within the computer program. 

• Consists of a three-stage, transistor amplifier and 
a high-speed, double-pole-throw relay. 

• When the a lgebraic sum of input variable and bias 
voltage is positive, the relay will assume one posi-. 
tion and, when this sum is negative, it will assume 
the other. 

• Two comparators mounted in a single plug-in unit 
. . . can be placed in any non-linear position. 
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FUNCTION SWITCH GROUP (Type 2.462) 
• Provides five independent, single-pole double-throw, 

center-off, function switches for performing man­
ual switching operations. 

• Function switches mounted in lower portion of 
Coefficient Setting Potentiometer panel. 

• Function switch patching area mounts in anyone 
of three lower Integrator Network positions in 
middle column of component modular groupings. 

• Switch contacts are rated at 120 volts, 1.0 amperes 
resistive load. 

TRUNK MODULE (Type 12.762) 
• Used for connection of problem signal voltages be­

tween two TR-48 Computers operated in parallel, 
or for connection of computer to external hardware 
or instrumentation. 

• Provides 15 patch panel terminations for rear con­
nected inter-console trunking cables. 

• Patching area mounts in integrator network posi­
tion in anyone of three lower rows of the middle 
column of component modular groupings. 

READOUT MODULE (Type 12.763) 
• Provides patch panel terminations for accessory 

recording equipment cabled to rear of TR-48 Com­
puter. 

• Terminations provided are: 
A. X and Y inputs for X-Y Recorder, as well as 

"automatic pen lift" control of recorder. 
B. Inputs for two 4-channel time base recorders 

or one 8-channel recorder, or 10 Trunks, as re­
quired. 

C. X and Y inputs for external oscilloscope. 
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• Provides 15 trunks between two TR-48 computers. 
Consists of: 

2 ea. Type 12.762 Trunk Modules 
1 ea. Type 19.262 Cable 

. 
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• Bottle Plugs 
Type 5.173-6-prong "T" for connecting Integrator N et­
work to adjacent high gain amplifier. 
Type 5.172-4-prong for converting high gain amplifier 
to inverter or summer operation. 
Type 5.174-2-prong-horizontal for connecting adjacent 
horizontal terminations. 

• Multiple Block (Type 542.605) 
Provides a 6-hole, off-the-patch-panel tie point for inter­
connecting patch cords or increasing the number of out­
put holes of computing components. 

• Patching Kit (Type 5.171 ) Includes the following: 
20 each patch cords Type 510.043-0, 6" long; Color: 

Black 
30 each patch cords Type 510.043-1, 12" long; Color: 

Brown 
20 each patch cords Type 510.043-2, 18" ' long; Color: 

Orange 
10 each patch cords Type 510.043-3, 30" long, Color: 

Blue 
30 each bottle plugs Type 5.174 
32 each bottle plugs Type 5.172 

8 each bottle plugs Type 5.173 
2 each Multiple Blocks, Type 542.605 

• Service Shelf (Type 51.116) permits convenient main~ 
tenance of computing components under normal operat­
ing conditions. 
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I I <' - 48 can be ordered with the component 
complement to satisfy individual requirements 

BASIC TR-48-0 
The TR-48-0 is a mlnImUm linear computer available 
to the user desiring to acquire his initial computing 
capability at minimum cost. The TR-48-0 has all of 
the precision features of the expanded models and may 
be used in the simulation of small linear systems. It 
may be readily expanded up to the full 48 amplifier 
size-through simple plug-in additions, as desired. 

BASIC TR-48-1 
The TR-48-1 provides for more extended linear simula­
tion than t he TR-48-0, but is still designed for the 
laboratory desiring a reliable and expandable analog 
computer-at a modest initial investment. The TR-48-1 
is capable of solving a variety of linear engineering 
problems, and as your problems become more complex, 
your TR-48-1 may be easily expanded. 

EXPANDED TR-48-2 
The TR-48-2 contains a somewhat larger complement 
of linear equipment, as well as a variety of non-linear 
computing elements. Its expanded total capacity makes 
it ideally suit ed for t he simulation of complex linear 
and non-linear systems. 

EXPANDED TR-48-3 
The TR-48-3 represents the computer in its fully 
expanded form. Highly complex and non-linear simu­
lations may be accomplished on this machine. The 
complement of equipment within the TR-48-3 is ex­
tremely varied and versatile and will satisfy the needs 
of t he typical design engineering activity. 

EXPANDED TR-48-3 plus spare non-linear components 
• Effectively provides several computers in one con­

sole. By purchasing additional interchangeable non­
linear components, beyond the maximum capacity, 
you can achieve unusual computing flexibility. 

• Half the cards accept pittS voltage, the other half mimls voltaze. 

changing the equipment complement 

is easy with the TR-48 

RECOMMENDED COMPUTER SIZES 

TR-48 
Equipment 

-0 -1 -2 -3 

Pre-wire Console 1 1 1 1 
Push-button Readout System 1 1 1 1 
Electronic Digital Voltmeter - 1 1 1 
Reference System 1 1 1 1 
Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1 1 
Overload Indicator Panel 1 1 1 1 
Service Shelf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1 1 
Repetitive Operation Group - 1 1 1 
Operational Amplifiers 10 20 32 48 
Coefficient Setting 

Potentiometers .. ............ .... ...... 10 20 40 60 
Integrator Networks .. .. ... .. . 4 8 12 16 
Multipliers . . . . . . . . . .. ......... ..... - - 3 5 
Variable DFG Cards* . . . . . . . . . . . - - 4 6 
Log X DFG Cards~' .. . . . . . . . . . . . - - - 4 
X2 DFG Cards~' ..... ..... - - - 2 
Comparators .. .... . .. ... . . .... - - 2 4 
Function Switches . .... . . .. ... . .. - - 5 5 
External Trunks .. .... . . . . . . . . . . . . . . . . . . . - - 15 30 
Readout Patching Module .... 1 1 1 1 
Patch Panel . 1 1 1 1 
Patching Kits .......... ...... .... . ....... 1 1 2 2 

OTHER TR-48 EXPANSIONS . . . than those recom­
mended above are readily accomplished by simply 
plugging in the desired number and type of computing 
components . . . power voltages, monitoring and 
control facilities for a fully expanded computer are 
incorporated in the Basic Computer-no additional 
wiring necessary. 

Loosen the pre-patch panel 
r etaining f rame. 

Snap out the patching block 
of the component to be re­
placed and replace it with a 
block for the desired com­
ponent. 



I I <- 4. 8 versatility allows one computer to 
do the work of several . . . . 

Considerable flexibility in selecting the complement of 
computing components is available with the TR-48. 
All components plug into the computer console from 
the front ... the patch bay is automatically formed 
by the terminations on the front of each component. 
This feature, coupled with the ease of changing the 
patch panel layout and the ability to place different 
types of computing components into the same console 
position, provides an unusual degree of flexibility in 
arranging different equipment complements, both 
initially and for later expansion. 

The standard TR-48 console is wired to accept the 
following assignment of computing components : 

COMPONENT 

Type 6.514 Amplifier 
Type 42.283 

Potentiometer 
Type 12.764 

Int. Network 

POSITION No. 

o through 11 

o through 11 
0, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 

Type 7.099 Multiplier 0, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 

Type 16.274 VDFG 
Type 16.276 & 16.281 

LOG DFG 

o through 11 
o through 11 
(with exception 
of #1 Int. Net.) 

Type 16.275 X2 DFG 0 through 11 
(with exception 

of #1 Int. Net. ) 
Type 12.763 Recorder 1 

Type 12.766 
Function Switch 4, 7, 10 

Type 19.261 Trunks 4, 7, 10 

POSITION 
DESCRIPTION 

Amplifier 

Potentiometer 
Int. Network 

Non-Linear 
Int. Network 
Non-Linear 
Non-Linear 
Int. Network 

Non-Linear 
Integrator 

Network 
Integrator 

Network 
Integrator 

Network 
Integrator 

Network 

Note: Special computers may be supplied with different 
assignment of computing components. 

Tighten the pre-patch panel 
retaining frame. 

At the front of the computer 
and with the pre-patch panel 
removed loosen the two re­
taining fasteners which se­
cure the componenj to be 
replaced. 

SLAVING TR-48 COMPUTERS . .. provides a "Multiple 
TR-48" analog computer with sufficient capacity to 
solve highly complex system design problems. With 
the TR-48 SLAVE feature you have complete control 
of your problem solution ... from either computer. 
TR-48 Computers are easily SLAVED ... or discon­
nected to permit the solution of two or more individual 
problems simultaneously. 

PHYSICAL DESCRIPTION 

Width 
Height 
Depth 

48 inches 
............ ... ... ....... . ................ 25 inches 

201 inches 
lbs., approx. (fully expanded) 

115/230 volts, 50-60 cycle 
under 150 watts 
(fully expanded) 

Weight 320 
Power Source 
Power Requirement 

Pull the component out of 
the computer. 

Plug the desired component 
into the empty position. No 
re-wiring is necessary. 
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of general purpose analog computers 
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PACE PC-12 Control Computer PACE YR-10 . . • the fint all-transistorixed Analog Computer 

(Equipment specifications contained herein are subject to change) 
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