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the D/A switches operate at the REP-OP rate. The D/A switches can be operated 
independently of the REP-OP rate by removing the four �p�~�o�n�g� bottle plug and 
patching external logic signals to the OP and IC input (green) patch terminals. 

4.2.3.2 Differentiator. To operate the integrator as a differ­
entiator remove the bottle plug from the C patch terminal. Connect two prong 
bottle plug between a gain-of-one amplifier input and the amplifier output. 
Select the desired capacitor value (see Paragraph 4.2.2, this chapter). Patch 
the signal to be differentiated to the C patch terminal. The resultant differ­
entiated signal appears at the output of the amplifier. 



CHAPTER 5 

QUARTER-SQUARE MULTIPLIERS 

5.1 INTRODUCTION 

This chapter provides information on the operation of the quarter-square multi­
pliers used in the 580 Computer. The multipliers available in the 580 Computer 
include the 0.7.0146 High Accuracy Quarter-Square Multiplier, the 0.7.0148 Quarter­
Square Multiplier, and the 0.7.0150 Quarter-Square Multiplier (Figure 5.1). 
Each of these multipliers are used in conjunction with dc amplifiers to pro-
duce a four quadrant product of two variables, X and Y. In addition to multi­
plication, each of the multipliers is also capable of division. The upper 
multipliers in the 0.7.0146 and 0.7.0148 Trays are provided with extra patching 
terminals to permit patching each squaring circuit separately (Figure 5.2a). 
This provision allows the upper multipliers in these trays to be utilized, 
additionally, for squaring and square root fUnctions. 

5.2 MODEL 0.7.0146 AND 0.7.0148 QUARTER-SQUARE MULTIPLIERS 

Since the patch blocks and patching procedures for the 0.7.0146 and 0.7.0148 
Quarter-Square Multipliers are identical, only the 0.7.0146 is described below. 

Figure 5.2 is a simplified diagram of the multiplier. Note that the multiplier 
is patched to an amplifier in a typical configuration. The inputs are not shown 

'patched to simplify the diagram. The function of each input terminal is given 
in Table 5.1. 

Table 5.1. Multiplier Input Functions 

Patch Terminal Function Destination 

lA +X + squaring card in upper 
lB +y multiplier 

lC -X - squaring card in upper 
lD -Y multiplier 

2C +X + squaring card in lower 
2B +Y multiplier 

2A -X - squaring card in lower 
2D -Y multiplier 

Figures 5.3 through 5.6 show multiplier patching for multiplication, division, 
squaring, and square root functions respectively. Note that each multiplier 
(upper and lower) has only one feedback resistor. For squaring and square roots 
functions (Figures 5.5 and 5.6) the upper squaring cards are patched separately. 
The output amplifiers patched to YJ in the 0.7.0146 Multiplier must have an 
external feedback resistor patched. A feedback resistor (3.55K ohms) is pro­
vided for this purpose in the 0.7.0148 Multiplier. 
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Figure 5.1. Quarter-Square Multiplier Patch Blocks 
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Figure 5.2. Quarter-Square Multiplier, Simplified Diagram 
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5.3 MODEL 0.7.0150 QUARTER-SQUARE MULTIPLIER 

The 0.7.0150 Quarter-Square Multiplier (Figure 5.1c) includes two multiplier 
circuits, patching for two MDFG units and two free diodes for use as required 
by any particular problem. The MDFG readout patch terminals are described in 
Chapter 8. 

Operationally, each of the multipliers in this tray are identical to the lower 
multipliers in the 0.7.0146 and 0.7.0148 Trays (Figure 5.2b). Physically, the 
feedback resistor patch terminal is identified as FJ instead of FB, and the 
patch holes have been relocated. These multipliers are capable of performing 
multiplication and division functions. Patching for these functions is shown in 
Figures 5.7 and 5.8. 
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'CHAPTER '6 

LOG X DIODE FUNCTION GENERATORS 

6.1 INTROPUCTION 

The Log X DFG's operate in conjunction with an operational amplifier to produce 
an output voltage that is proportional to the logarithm of the input voltage • 

. Common and natural logarithms and antilogarithms can be generated. 

The inputs and'outputs for the circuit conf{gurations described in the following 
paragraphs arel given on a u~it-scaled basis. Computer reference is taken as 
basic unit of measurement so that all properly scaled voltages are ~1.0 unit in 
magnitude. A description of unit-scaling and a tabulation of outputs for both 
unit-scaling and voltage-scaling is given in Appendix 4. 

6.2 OPERATING CONSIDERATIONS 

The Log X DFG, Model 0.,~6.0355, consists of four independent logarithmic function 
generators. Two of the generators accept a positive input voltage X and produce 
an output voltage of -1/2 10glO (-IOOX). The other two generators accept a neg­
ative input voltage X and proauce an output voltage of 1/2 10glO C:"lOOX). 

NOTE 

The abbreviation log indicates the logarithm 
to the base 10. The abbreviation In is used 
for natural logarithms (to the base e).' 

A simplified schematic of the 10g.X DFG is shown in Figure 6.1. The four DFG'~ 
are .independent and each has a resistor associated with it. The log X DFG 
patching terminations occupy the left side of the patch block. The right side is 
occupied by two MDFG amplifier patch terminations and two diodes and a 100 ohm 
resistor used as free components. The MDFG amplifier patch terminations are 
described in Chapter 8. 

6.3 OPERATING INSTRUCTIONS 

The patching for the DFG's is illust'rated in Figure 6.2. Note that the input 
voltage is restricted to a range'of 0.01 to 1.0 (reference). Since the DFG has 
a variable input impedance, input voltages should never be obtained from potenti­
omet~rs. Care should be taken not to apply an input voltage of the wrong polarity. 
Although doing so wiil not harm the DFG, it can constitute a severe overload on 
the associated amplifiers in certain circuits. 
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Figure 6.1 . Log X DFG, Simplified Schematic and Patch Block 
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CHAPTER 7· 

THE TRACK-STORE, D/A SWITCH TRAY 

7.1 INTRODUCTION 

The Model 0.42.0341 Potentiometer, Track-Store, D/A Tray (Figure 7.1) has 
patching terminations for three different types of circuits. These include 
patching for five attenuators (-5 through -9), one track-store (TIS) unit and 
two D/A switches. A description of the attenuator operation is included in 
Chapter 3 of this manual, and is not discussed in this chapter. The remaining 
circuits (TIS and D/A) are described in the following paragraphs. 

7.2 THE TRACK-STORE CIRCUIT 

The track-store (TIS) circuit (Figure 7.2) consists of storage capacitors, three 
electronic switches (track, long store, and short store), an IC'network, and a 
control circuitry. 

Figure 7.3 gives typical TIs patching. The resistor junction (RJ) of an ampli­
fier is patched to terminal TJ. The switch junction (SWJ) terminal and terminal 
TF are patched to amplifier terminals AJ and 0 respectively. Terminal T (track) 
is patched to a logic signal which controls the mode of the unit. The lower IC 
terminal (track IC input on Figure 7.2) is patched to a logic signal which places 
the unit in the IC mode. It overrides the T logic control signal. The upper IC 
terminal provides an input for the analog initial condition voltage for the store 
capacitors. 

When the track (T) input is high, the track electronic switch is closed connecting 
the TJ terminal with SWJ, and the store electronic switches are open. A low at 
the T terminal causes the track switch to open and the store switch to close. 
Consequently, the unit is in the track mode when the T input is high and in the 
store mode when the T input goes low. 

A high at the (track) IC terminal energizes a relay which connects the TJ ter­
minal to the D/lO selector switch on the main contro'l panel, permitting a de­
rivative readout. A second set of relay contacts permits charging the store 
capacitors to the IC analog voltage through the IC terminal. 

7.3 THE D/A SWITCH 

The D/A switch and its control input are terminated at the SW, 10, and SWJ 
patching terminals (Figure 704). The SW terminal provides a control input. 
A logic signal at this point turns the switch on or off depending on its volt­
age level. A high (+Sv) causes the switch to conduct while a low (0 volt) 
holds the switch in a non-conducting state. 

The 10 terminal is lOX (10K) times input of the switchw Any analog input to be 
switched is patched at this terminal. 
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Figure 7.1. Track/store, D/ A Switch Patch Block 
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The SWJ (switch junction) terminal is the output of the switch. The input of 
the device (the amplifier in Figure 7.3) recovering the switched analog voltage 
is patched to this terminal. 



CHAPTER 8 

THE MDFG 

8 0 1 INTRODUCTION 

The MDFG allows the generation of arbitrary continuous non-linear functions 
by means of straight-line segment approximation. Both ten and twenty seg­
ment operations are possible. 

8.2 LOCATION AND ADDRESSING 

A fully expanded 580 contains 8 ten-segment DFG's. The DFG's are arranged 
in pairs, and each pair may be used as a twenty-segment DFG or as two ten­
segment DFG's. The DFG's are located in slideout drawers directly below 
the analog patch panel. 

Each pair of DFG's are terminated on a single patch block in the analog 
patching area. To address a DFG for readout, it is necessary to depress 
the F pushbutton and the numerical address on the main control panel. The 
address for each of the MDFG pairs is F46, 47, F56, 57, F66, 67, and F76, 
77. In a ten-segment operation each MDFG is addressed using one of the ad­
dresses given above. In a twenty-segment operation the first DFG in each 
pair (the one ending in -6) uses all twenty segments leaving the output am­
plifier of the second DFG (the one ending in -7) available as an inverter. 
In a standard computer configuration, the first DFG in a pair is the +DFG, 
capable of accepting positive inputs. The second DFG is a -DFG, capable 
of accepting negative inputs. Either type of DFG can produce either posi­
tive or negative outputs. Figure 8.1 shows the MDFG patching terminations 
on a separate tray (8.la) and the patching terminations on a mUlti-purpose 
tray (8 .lb). 

8.3 APPLICATIONS 

The main application for a DFG is function generation; however, the inclu­
sion of an additional input resistor for each DFG allows some alternate 
applications such as the use of the unused output amplifier as an inverter, 
and combined summation and function generation. 

8 0 4 SETUP PROCEDURE 

Since the diode function generator approximates a given curve by'a series 
of straight-line segments, the first step in the setup of any DFG is to de­
termine the location of the breakpoints ("corners") in order to fit the 
curve as smoothly as possible. Usually the desired curve is given in graphi­
cal form, and the programmer must determine, by inspection of the graph, a 
table of values of x and f{x) for setup. Sometimes the function is given 
in tabular form - a table of values of x and f(x). Such a table o'f values 
is usually the result of experimental measurements, although it may repre­
sent the result of a series of calculations. 
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If the function is given in tabular form it is tempting to simply set up 
the DFG to the values of x and f(x) from the table, especially if the num­
ber of data points in the table happens to coincide with the number of seg­
ments available in the DFG. The difficulty with this approach is that the 
distribution of the data points that define the function ~ll probably not 
be the best distribution of breakpoints for straight-line approximation. 
For example, the original data may have been obtained for equally-spaced 
values of the input variable x, whereas it is generally ~ a good idea 
to use equally-spaced breakpoints for segment approximation. It is better 
to plot the data points, pass a smooth curve through them, and determine 
a good breakpoint location from this smooth graph. In any case, it is de­
sirable to know "what the function looks like" before trying to set it up, 
which means it should be plotted before setup. 

Hence, setup procedure in this chapter assumes from the start that the func­
tion is defined graphically. The procedure consists of determining good 
breakpoint locations, tabulating the values of x and f(x) at these points, 
and setting up the function from this table of values. The 580 DFG's have 
a setup panel that permits the direct setup for values of x and f(x), both 
the input x and output f(x) may be read directly on the DVM during setup. 

An alternate procedure, illustrated in Paragraph 8.4.4, skips the table and 
consists of setting up the function of an X~y plotter. The procedure is 
exactly the same, but the operator looks at the plotter, instead of the DVM. 

Even if the function is set up from a table of discrete values read out in 
the DVM, it is a good idea to obtain a continuous plot of f(x) versus x to 
make sure that the function has been set up correctly. Such a plot should 
be a part of the problem documentation, along with the circuit diagram, 
listing of pot-settings, assignment sheets, etc. The ,580 setup panel in­
cludes an' integrator capable of generating a ramp input to the DFG for con­
venient plotting without patching changes. In fact, the DFG can be com­
pletely set up and the resulting curve plotted with the-patch panel off. 

8.4.1 Breakpoint Location 

Although there exist analytical methods for dealing with breakpoint loca­
tion, they generally require too much computation to be of practical use. 
With a bit of experience, a good programmer can come very close to the op­
timum breakpoint location Simply by inspection of the curve. The follow­
ing general rules may serve as a rough guide to the techniques o 

10 Keep in mind the total number of breakpoints available on 
the DFG. Most functions of practical interest may be ade­
quately represented with 10 segments; a few require 20 seg­
ments o Most computers (including the 580) have ten-segment 
DFG's capable of being "paired" to handle the occasional 
twenty-segment function 0 
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2. Start out by locating the areas where the function is 
nearly straight; the individual segments in such areas 
may be relatively long. In between these areas will be 
the areas of rapid slope change; the breakpoints should be 
concentrated here. 

3. As a general rule, it does not pay to locate two break­
points closer together than about 4% of full scale (i.e., 
0 0 04 unit, or 004 volt on a ten-volt computer)o If two 
breakpoints are spaced more closely than this, they tend 
to "blend" into one because of the characteristics of di­
odes, which are not perfect switches. This effect, which 
"rounds off the corners" of the function, gives a smoother 
output and is beneficial, provided it is used to advantage 
in determining breakpoint locations. In case of very sharply 
curved functions, it may be necessary to space breakpoints 
as close as 2% of full scale (0.02 unit). 

As an example, consider Figure 8.2. This curve represents 
an arbitrary function, scaled on a unit basis, so that both 
input x and output f(x) vary from zero to unity. The pro­
cedure starts by noting the two areas where the function 
is almost straight, namely 0 < x < 0.2 and 0.6 < x < 008. 
There would be little point i; putting any breakpoi;t here, 
so the process starts by drawing two fairly long segments 
to appr6ximate the function over these intervals o 

The intervals from 002 to 006 and from 0.8 to 1.0 are the 
intervals where the function curves noticablyo Since this 
is a relatively "mild" function, it may be easily approxi­
mated by ten segments 0 Hence, there are nine breakpoints 
to be determined. (Note that the number of~akpoints is 
one less than the number of segments. For example, a two­
segment function would have one breakpoint - where the two 
segment joined; a three-segment function would have two 
breakpoints, and so on. The endpoints of the interval are 
fixed, and are not counted as breakpoints o) 

We have nine breakpoints to divide between the two intervals of rapid slope­
change 0 Since the first interval is longer, and the slope changes somewhat 
more in this interval, more breakpoints should be put in this interval o 

Based on a 6-3 split, the breakpoint location in Figure 8.2 was determined. 
The above rules and example are intended only as a general guide. 

8.4.2 DFG Setup Theory 

In order to understand the DFG setup procedure, one particular aspect of 
the electrical theory of DFG's should be explained. Mistakes are less 
likely to occur if the operator has some knowledge of why various steps 
are taken, hence, this summary. 
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Each breakpoint, or "corner" in a DFG curve represents a diode that is 
changing state; as the input voltage moves away from. the origin, in either 
the positive or the negative direction, more and more diodes start to con­
duct. Each diode, when it starts to conduct, increases or decreases the 
slope of the curve. The change in slope for a given segment is determined 
by adjusting a potentiometer (the slope pot). The change in slope intro­
duced at a given point has no affect on the value of the function at that 
point, but does affect the value at subsequent points o For example, Fig­
ure 8.3 shows the affect of changing the slope pot for segment 5 on a par­
tially setup function. The incremental slope introduced at x5 does not af­
fect the function value at that point, but does affect the value at the next 
breakpoint x6 • The tangent line represents the output with the SLOPE switch 
OFF. 

The DFG setup procedure is arranged so that the operator does not observe 
slopes, but rather values of x and f(x). Hence, the function value at the 
sixth breakpoint is adjusted by means of the slope pot at the fifth and simi­
larly for the other breakpoints. This fact is the key to understanding the 
setup procedure. 

In practice, the slope pot for a given segment does have an effect on the 
value of the function at that point, due to the fact that the diode is not 
·a perfect switch. The "corner" at x (Figure 8.3) is somewhat rounded,- and 
a slight shift in f(x

5
) will ·occur w~en setting f(x6). In many cases,. this 

shift is negligible, but in a few cases, it neceSSl.tates a later "trinuning" 
adjustment. 

8.4.3 Setting a Ten-Segment Function 

Once the values of x and f(x) are tabulated, the function setup is quite 
straight forward. The 580 variable DFG has potentiometers for adjusting 
slope and breakpoint for each segment. The DFG setup panel allows direct 
setting from a table of values; first adjust the breakpoint x (which may 
be read directly on the DVM), and then set f(x). 

As an example, consider the function in Table 8.1. This is the same func­
tion that was given graphically in Figure 8.2. Note that since 10 segments 
are to be used, the function is tabulated at 11 points, including the £ 
endpoints and 9 breakpoints. A "+" DFG is assumed, and the endpoints are 
fixed at 0 and-I. 

In setting such a function, most computer operators will find it easiest 
to set all breakpoints (x values) first, and then, set the function values 
f(x)o However, it is also possible to set the first .breakpoint x, then set 
the corresponding f(x), and continue alternating in this mannero In either 
case, the procedure for setting a slope or a breakpoint is the same 0 The 
procedure makes use of the DVM and signal selector, and the setup panel 
(Figure 8.4), which is in the right half of the lower DFG drawer. The unit 
is marked TIME BASE AND. MDFG INPUT. 
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Figure 8.3. Effect of Changing Slope Pot 5 on DFG Output 
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8.4.3.1 Computer Mode. Select the SP mode. Although the 
unit may be set up in any mode, the SP mode prevents overloads of other 
components during setup. No patch panel need be inserted; however, if 
there is one on the computer, it does no harm. 

8.4.3.2 Setup Panel Switches. Open the drawer containing the 
setup panel and make sure that all switches are in the OFF position; this 
includes the switches marked SETUP, TB, SVO, ON/OFF, IC/OFF, and RATE. The 
switch marked RESET/OPERATE should be in the RESET position. Close the drawer. 

8.4.3.3 Selecting the DFG. Address the DFG to be set on the 
signal selector. Its output should be near zero, since the computer is in 
the SP mode. Now open the drawer containing the DFG (Figure 8.5), and turn 
on the SETUP switch near the front of the drawer. There is one switch for 
each pair of ten-segment DFG's. When the SETUP switch for any DFG is turned 
on, the "F" button on the signal selector keyboard will light. This button 
is also lit whenever the AMP BAL switch is in the ON position. Hence, after 
setting up DFG's or balancing DFG amplifiers, the operator has a visual warn­
ing reminding him to turn off the setup panel before proceeding with compu­
tation. 

Table 8.1 

x Y = f(x) 

0.00 0.90 

0.20 0.50 

0.30 0.36 

0.38 0.30 

0.44 0.28 

0.50 0.28 

0.58 0.34 

0.80 0.66 

0.88 0.72 

0.94 0.72 

1.00 0.68 

8.4.3.4 Checking other DFG's. The operator should now check 
all other DFG's to make sure that their setup switches and their SEGMENT 
SELECTOR switches are all in the OFF position. Only one DFG can be set up 
at a time, and if several are turned on at once, they will be interconnected 
through the setup panel, making accurate setup impossible. 
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8.4.3.5 Preliminary Steps. Once the DFG SETUP switch is turned 
on, select the proper setting on the rotary switches at the rear of the drawer. 
The "10 SEG/20 SEG/INV" switch should be in the "10 SEG" posi.'t"ion, which sep­
arates the unit into two independent 10-segment DFG's. The switch marked 
''MULT'' determines the maximum slope change per segment; rules for determining 
the best setting are covered in Paragraph 8.4.4. For the function such as 
the one in Figure 8.2, a setting of "lll is adequate. 

8 0 4.3.6 Slope Switches. Turn all slope switches off for the 
.. , DFG being set up. 

8.4.3.7 Setting x and f(x). Now set up the values of x and 
f(x), starting from x = 0 and proceeding out from the origin toward the 
maxim1m x. The breakpoint value is read directly on the DVM; to read the 
corresponding function 'Talue, depress the appropriate switch. Each switch 
is momentary; it must be held down while setting f(x). When the switch is 
released, the breakpoint ~e x is again displayed. 

Table 8.2 gives detailed information on which switch to depress at any given 
time. The table applies to any ten"!'segment function with positive inputs; 
the values of x and f(x) have been left blank, except for the initial and 
final values of x, which must be zero and one. 

Table 8 .. 2 

Segment Set X on Then Hold Down Set Y on This 
Selector X Value This Point this Button Pot and Switch Y Value 

·While Setting Y 

OFF 0 0 0000 None PX PARALLAX 

2 BP2 SLOPE RO SLl1( 

3 BP3 SLOPE RO . 'SL2 

4 BP4 SLOPE RO SL3 

5 BPS SLOPE RO SL4 
I 

6 BP6 SLOPE RO SL5 

7 BP:] SLOPE RO SL6 

8 BP8 SLOPE RO SL7 

9 BP9 SLOPE RO SLB 

10 BPIO SLOPE RO SL9 

OFF 1.0000 None +FINAL SLOPE SLlO 

*Use +CS position, not +SL position o - -
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8.4.3.8 The Pattern of Settings. Notice that except for the 
first and last setting, the value of y at any point is determined by the 
setting on the previous slope pot. The reason for this is explained in 
Paragraph 8.4.2. Note also that BP pot 1 is not set; it is not used in 
ten-segment operation. This means that position 1 on the SEGMENT SELECTOR 
is skipped (see left-hand column in Table 8.2). 

8.4.3.9 Slope Switch Position. The table says to "set y on a 
pot and switch". Each slope pot has a slope switch immediately to its left; 
when setting the function value, the operator first turns on the switch to 
the +SL or -SL position, and then adjusts the pot to obtain the correct 
f(x) value. If the switch is~the OFF (center) position, the pot has nq 
affect. 

To determine whether to use the + or - position, leave the switch off while 
depressing the readout button. This displays the function value with the 
segment turned off. This value will not be equal to the desired value at 
this point. Tu~ng the segment on will increase or decrease this value. 
If the desired function value is more positive than the value with the seg­
mentoff, then the switch should be turned to the +SL position. Conversely, 
if it is desired to decrease the function value (make it more negative), 
then the -SL position should be used. Some computer operators prefer not 
to memorize this rule, but simply turn the switch on in either direction; 
if the output moves in the wrong direction, the switch should be reversed. 
In any case, it is the direction of change that is important; the function 
value should change in the right direction when the switch is turned ono 
If the switch has no effect on the function value, the slope pot is probably 
set to zero; give it a few turns and repeat the ON/OFF process. 

8.4.3.10 Trimming Adjustments. Having set up the entire func­
tion, from the origin outward, the operator. should now go through the table, 
again, checking the funtion values f(x). The breakpoints, once set, should 
remain essentially constant, but the function values may- have changed slight­
ly. This is because the value at a given breakpoint is set by changing 
the slope at the previously set breakpoint, causing a small shift in the 
previously set function value. 

The amount of this shift depends upon the nature of the function and the 
spacing of breakpoints, but it is generally about 0.0010 to 0.0020 unit 
(10 to 20 millivolts), and rarely greater than 0.0050. In many cases, this 
shift is negligible. However, if desired, most of this effect may be re­
moved by a series of trimming adjustments o These adjustments should be made 
in the same order as the original setup - starting at the origin and working 
outward. The trimming process goes much faster than the original setup, 
since the breakpoints do not have to be set again, and only small changes 
in function values are required. After trimming, most function values will 
be correct to within 0.0002 to 0 0 0005 unit; rarely is a second set of trim­
ming adjustments needed. 



8.4.3.11 Plotting. Once the function is set, a continuous plot 
of output versus input should be made, which serves as part of the problem 
documentation. Such a plot may be made on the 580 without repatching. The 
580 DFG setup panel contains a built-in ramp integrator to provide a smooth 
sweep for the input. Slide out the upper DFG drawer, and make the appro­
priate plotter connections at the terminals on the right. Turn on the OFF/ 
ON switch ON, and set the IC and RATE switches appropriately. To sweep 
from -Reference upwards, turn the RATE switch to tf+". To sweep from +Refer­
ence downwards, put. the RATE switch to Il_"; this reverses both the rate and 
the IC. To start the sweep at x = 0, turn the IC switch OFF. 

To make. a plot, put the switch marked RESET/OPERATE to the OPERATE posi­
tion. The rate of the sweep is determined by the RATE pot; a little experi­
menting will produce a setting that does not overdrive the plotter. When 
the plot is completed, put the RESET/OPERATE switch to the RESET position 
and turn the OFF/ON switch OFF. 

8.4.4 Insufficient Slope 

During the above procedure, it may happen that a particular function value 
cannot be obtained. If the slope pot is rotated to the end of its travel 
(ten times) and the function value still has not been reached, the first 
thing to do is to check Table 8.2 and make sure you are setting the right 
pot. Also, make sure the slope polarity switch is in the right position. 
Assuming that no such error has been made, the problem is probably one of 
insufficient slope. 

For each segment there is an upper limit to the amount of slope change that 
it can introduce; this is the amount produced with the slope pot fully 
clockwise. On the 580, a maximum slope change of 1.0 may be obtained with 
one segment, assuming the slope multiplication switch is in the "1" posi­
tion (see Paragraph 8.4.3.5). Other positions of this switch allow for 
slope changes as great as 32. 

The slope multiplication switch works by changing the effective feedback 
resistance on the output amplifier, thus providing greater gain. For every 
steep or sharply curving functions, a position other than "1" may be nec­
essary. There is also a limitation on the initial slape fICO). This limi­
tation is ~.O if the MULT switch is in the "1" position, and it goes up in 
proportion to the setting on this switch, so that the maximum value is 96 
(3 x 32). 

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

A conservative procedure is to set the switch initially at "1", and pro­
ceed to set the function until insufficient slope is encountered, then 
try a setting of 2 and try again. However, this procedure may lead to a 
number of false starts, and some methods of estimating the maximum slope 
requirement prior to setup is desirable. 
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Such an estimate may be easily obtained from a graph of the function once 
the breakpoint locations have been determined. The procedure is as fol­
lows: 

1. Locate visually the points where the slope is steepest (in 
either the positive or negative direction). 

2. Estimate the slope of the curve at these points by drawing 
triangles or counting squares on the graph. 

3. Form the difference between the maximum positive slope and 
the maximum negative slope. This is the total slope change 
required, between the two points where maximum slope occurs. 
Note that in subtracting two slopes of opposite sign, the 
magnitudes are added. If there are several points'of maxl­
mum positive and negative slopes, choose a pair of such 
points near each other where the slope difference is large. 

4. Divide the total slope change between these two points by 
the number of breakpoints in this interval. This gives 
the average slope change per breakpoint in the "worst 
case" region. The slope actually required may be some­
what greater, since not all segments will have the same 
slope change. However, this estimate is a good one to use 
as a starting point. 

8.4.5 Example of Slope Amplification 

As an example of a function requiring slope amplification, see Figure 8.6. 
This curve was initially drawn free-hand on a sheet of graph paper and in­
serted in the X-Y plotter. Breakpoints and function values were set direct­
ly by observing the plotter, not the DVM. Hence there was no need to tabu­
late the function. Thus the curve offers a good example ~f graphical setup 
procedure as well as of slope amplification. 

Breakpoint location was determined by following the rules in Paragraph 8.4.1. 
There are 4 relatively straight portions and 3 relatively "curvy" portions. 
$ince the function appears to curve about the same amount in each curve re­
gion, the nine available breakpoints were equally distributed - three per 
region. Note that the breakpoints have been marked according to the SEG­
MENT SELECTOR position that will be used in setting them. The pattern goes: 
OFF, 2, 3, 4, ••• , 9, 10, OFFo As mentioned previously, position 1 is 
skipped. 

The greatest positive slope occurs at the left side; the greatest negative 
slope occurs just past the first peak; these facts are obvious by inspec­
tion of the graphe 

Graphical determination of the slopes indicates that the positive slope is 
about 5e5, and the negative slope about -6. The difference in slopes is 
11.S. Since there are three breakpoints between these two points, the 
average slope change per segment is 11.5/3 or 3.9. It is somewhat question­
able whether a slope multiplier of 4 will be adequate, since some of these 
breakpoints will require greater slope change than others o However, it may 
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be possible to get by with 4, especially since the slope rating is somewhat 
conservatively specified on most DFG'so Hence a setting of 4 was tried. 

As might be expected, there was difficulty in setting the value at point 50 
The smallest value obtainable was about a quarter-inch above the curve. 
(About 00025 unit.) The slope multiplier switch was set to the next higher 
value (8) and the setup was repeated. Note that when the slope amplifica­
tion is changed, it is necessary to go back to the beginning and reset every 
previously set function value, starting with the PARALLAX setting, since 
doubling the gain will double the entire function up to that pointo How­
ever, the breakpoint settings do not have to be reset; they are unaffected 
by the slope amplification switch. 

With a slope setting of 8~ the setup proceeded smoothly. No difficulty 
was observed in setting function values. A continuous plot made after the 
setup was completed indicated that the plotted function was virtually indis­
tinguishable from the original hand-drawn curve over most of its length, and 
that the maximum deviation was about 0.3%. No trimming adjustments were 
necessary. 

8 0 4 0 6 Eleven-Segmen~ Functions 

At this point, the reader may be wondering what "Breakpoint 1" is for. The 
setup procedure calls for ignoring this breakpoint pot and its corresponding 
position on the segment selector. This breakpoint is usable for twenty-seg­
ment functions (see Paragraph 8.4.6) and, under certain conditions, for eleven­
segment functions 0 

Whenever the function to be generated is initially horizontal (that is, f'(O) = 
0), then the function may be generated with eleven segments instead of ten. 
The additional segment is horizontal. An example of such a curve is given 
in Figure 8 0 7, and a corresponding table of values is given in Table 8 0 3. 

Note that since the first segment is horizontal, the value- at the first break­
point is the value at the or1g1n. In fact, since the value at a given break­
point is set by adjusting the slope at the previous breakpoint, there is no 
control for adjusting the function value at breakpoint number one o 

Table 8.3 

Segment 
x f(x) 

Segment x f(x) Selector Selector 

OFF 0.00 0.33 6 0.46 0.84 

1 0.06 0.33 7 0.52 0.84 

2 0.12 0.36 8 0060 0.82 

3 0.18 0 0 42 9 0.70 0.76 

4 0.34 0.72 10 0.84 0.60 

5 0.40 0.80 OFF 1 0 00 0.32 
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The setup procedure is similar as for any other function, with the two fol­
lowing exceptions: 

1. Position 1 on the SEGMENT SELECTOR is not skipped o It is 
used for setting breakpoint 10 Once the breakpoint has been 
set, the function value can be read out by depressing the 
SLOPE RO button, but there is no way to adjust this value 
without disturbing the rest of the function. The value 
should be equal to the value of x = 0 (previously set by 
the PARAIJ.,AX control), plus or minus a small increment due 
to interaction with the next setting. 

20 The slope switch for BPl is put in the +SL position, rather 
than the ~S position. 

The reason for this feature is that the slope pot for segment 1 is actually 
a CENTER SLOPE pot; it is this pot that sets the slope at x = O. When the 
pot is used in this manner, there is no diode and hence no breakpoint asso­
ciated with it. Electrically, the pot simply provides linear gain from 
the input to the output. If f'(O) = 0, then there is no need for a pot to 
set the initial slope. Hence, by adding one more pot, (breakpoint pot 1) 
an additional segment becomes available. The CENTER SLOPE pot can now be 
used as a slope pot for the extra segment. The setting of this pot deter­
mines the value of the function at the ~ breakpoint. 

8.4.7 Negative Inputs 

The above procedure applies to the +DFG; this type of DFG accepts positive 
inputs only. The output values, however, may be of either polarity. For 
generating functions with negative inputs, the -DFG is used. Most computers 
are equipped with an equal number of either type; however, they may be in­
stalled in any proportions. 

The setup procedure for the -DFG is essentially the same as for the + type; 
starting from zero, work away from the origin toward the final value of 
-1.0000. The value at this last endpoint is ready by depressing the -FINAL 
SLOPE button, rather than +FINAL SLOPE. The rule' given in Paragraph 8.4.3.9 
for determining the polarity of the slope switch should be reversed. 



8.4.8 Twenty-Segment Functions 

Provision is made for operating a pair of ten-segment DFG's as a single 
twenty-segment unit. The unused output amplifier of the second DFG is 
then available for independent use as an inverter. Twenty-segment opera­
tion can serve either of two purposes: increased accuracy through the use 
of more segments, or the generation of functions ~rom an input that ranges 
over both polarities. For the former purpose, two DFG's of the same type 
(both "+" or both "_II) are used together; for the latter, one u+" and one 
It_If are used together. 'In most connnon arrangement, the first DFG in a pair 
is the "+" type and the second is the If_If type. However, either type may 
be put in any position, so that it is possible to obtain (for example) 
twenty bre~kpoints in the interval 0 ~ x ~ 1. 

The PARALlAX controls on two connected DFG's perform the same function, each 
of them is simply a bias adding a constant (positive or negative) voltage to 
the output o In twenty-segment operation, only one of these controls is needed, 
the other should be turned offo 

Similarly, the controls marked CENTER SLOPE (i.e., the ~S position on slope 
switch 1) determine the slope at x ='0. This slope is determined by a pot 
and input resistor; like the PARALLAX controls, one of these is redundant 
in twenty-segment operation. However, unlike the PARALLAX control, the 
CENTER SLOPE control may be used as an ordinary segment w~en not needed for 
central slope. This capability is described in Paragraph 8 0 4.6, IfEleven­
Segment Functions". 

In the case of a DFG with positive and negative inputs, some thought should 
be given to the problem of setting the values in the interval around zero. 
What is desired is a straight-forward method of setting the values of x and 
f(x) at all breakpoints. If there is no breakpoint at x = 0, then the func­
tion values of the two breakpoints nearest zero (one positive, one negative) 
cannot be set directly and independently. Over the interval containing zero, 
no diodes are conducting, and the output is simply a linear function of the 
input. The PARALLAX pot allows setting the y-intercept of this function, 
i.e o, the value when x = O. The CENTRAL SLOPE pot, which is Slope Pot 1 
on either the + or the -DFG, allows setting the slope'of this line. Since 
these two parameters completely characterize the line, they can be set to 
pass the line through any two points; i.e o , they can be set to give the 
correct values at the two breakpoints (one positive, one negative)o 
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However, the relation between these two pot-settings has a relatively large 
interaction; each pot-setting affects both values. This interaction does 
not exist anywhere except at this one Interval. Setting any other function 
value does not disturb previous settings, except for the small secondary 
effect of the "diode curvature" which is easily taken care of by "trinnning" 
if necessary. 

To set the values at the two breakpoints containing zero, first calculate 
and tabulate f(O), even though this is not a breakpoint. The value of f(O) 
should be calculated by linear interpolation between the values at the 
breakpoints on either side of zero, since the curve is straight over this 
interval. Of course, the interpolation can be done graphically simply by 
drawing a line connecting these points. Once the values have been set at 
x = 0 and at one of the two breakpoints, they should automatically be cor­
rected for the other breakpoint. 

Since there is no need for two CENTRAL SLOPE pots in twenty-segment opera­
tion, one of the two pots can be used for a regular breakpoint. This al­
lows 9 breakpoints to be used on one side of zero, and 10 on the other o 

The operator may put this tenth breakpoint on either side, depending upon 
where it is needed most. 

As an example, consider the function in Figure 8.8. This function has three 
regions .where it curves rather sharply, separated by regions where it is 
relatively straight o One. of the curved regions lies in the negative half 
of the graph and another in the positive half. Since the third curved re­
gion lies mostly on the positive side, it appears advisable to put the "ex­
tra" breakpoint on the +DFG. Hence, BPI on the -DFG is used for the CEN­
TRAL SLOPE, and BPI on the +DFG is used as a regular breakpoint. The re­
sulting breakpoint tabulation is given in Table 8.4. Note that the SEGMENT 
SELECTOR positions for each segment are given on the figure, as well as in 
the table. 

In setting the function, first turn all slope switches off for both DFG's 
and put the rotary switch at the rear of the drawer to the "20 SEG" posi­
tion. Address the appropriate output amplifier on the SIGNAL SELECTOR. 
Since both DFG's are connected to the first amplifier, it is this amplifier 
(the one whose address ends in -6) that should be addressed. The other out­
put amplifier (the one ending in -7) disconnected from the DFG, and is avail­
able for use as an inverter. Its slope multiplier switch (the one on the 
r'ight) should be set to 10 A quick calculation based on the techniques of 
Paragraph 8.4.4 indicates that a slope multiplier of unity is probably ade­
quate for this function; hence, the slope multiplier switch on the left 
should also be set to 1. Set all breakpoints (positive and negative), but 
do not set function values at this time 0 

NOTE 

Only one SEGMENT SELECTOR should be on at a 
time 0 When setting either breakpoints or 
function values on one of the DFG's, ensure 
that the SEGMENT SELECTOR on the other one is in 
the "OFF" position o 
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Table 8.4 

x f(x) SEGMENT SELECTOR Position 

-1.00 +0.70 OFF 

-0.74 +0.28 10 

-0.54 0.00 9 

-0.48 -0.06 8 

-0.42 -0.10 7 -DFG 

-0.38 -0.10 6 

-0.32 -0.06 5 

-0.26 +0.02 4 

-0.08 +0.38 3 

-0.04 +0.44 2 

0.00 +0.47 OFF (Both SEGMENT SELECTORS Off) 

+0.08 +0.53 1 

+0.18 +0.56 2 

+0.24 +0.55 3 

+0.28 +0.52 4 

+0.36 +0.46 5 +DFG 

+0.54 +0.16 6 

+0.58 +0.12 7 

+0.62 +0.12 8 

+0.66 +0.14 9 

+0.80 +0.36 10 

+1.00 +0.74 OFF 

Set both SEGMENT SELECTOR switches to the HOFF" position and set f(O). Then 
put the +DFG SEGMENT SELECTOR in position 1, and set the value at the first 
positive breakpoint. Turn this SEGMENT SELECTOR off and put the other SEG­
MENT SELECTOR in position 2 to read the value at the first negative break­
point. (Note the switch positions, as tabulated in Table 8.40) When the 
SLOPE RO button is depressed, the function value at this breakpoint should 
be correct. 

If it is not, then the three tabulated values are not collinear; if this 
happens, determine the correct f(O)o Once proper values have been obtained 
at these breakpoints, set the function values on the -DFG, working outward 
from the origin, and then do the same for the +DFG. Remember to turn off 
the SEGMENT SELECTOR for one DFG when setting either breakpoints or function 
values on the other. 



Trimming adjustments mayor may not be necessary, depending upon the nature 
of the function and the accuracy required. As with a ten-segment unit, 
trimming should be done from the origin outward. Remember there is one 
function value that cannot be trimmed: the PX and CS pots allow the func­
tion to be set properly at x = 0 and at ~ of the two breakpoints nearest 
the origin; the value at the other breakpoint will be close to the desired 
value, but it cannot be changed without disturbing previous settings. 

If it is necessary to trim the function values at the two breakpoints near 
the origin accurately, an iterative procedure may be used. Trim the func­
tion value nearest to zero by means of the PARALLAX pot, trim the other value 
by means of the CENTRAL SLOPE pot, and alternate until both function values 
are correct. The value of f(O) is, of course, no longer equal to the tabu­
lated value, but the values at the two breakpoints are correct. The inter­
action between settings means that after setup, the value of f(O) may no 
longer be exactly collinear with the adjacent values. Now proceed to trim 
the other function values, working from the origin outward, as before. 

After the last function value is set, be sure both SEGMENT SELECTOR switches 
are off, and plot the function using the time-base integrator in the MDFG 
setup drawer. A sweep from -reference to +reference should be used to cover 
the entire range of the function. 

If one of the breakpoints occurs at x = 0, then the procedure is somewhat 
simplified. The zero breakpoint can be set on BPI for either the + or 
the -DFG; the BPI pot on the other DFG is not used, since this segment is 
used for CENTER SLOPE. The value f(O) is set by a PARALLAX pot as usual; 
the value at "breakpoint lit on the DFG being used to give the zero break­
point shou\d agree with the PARALLAX setting. 
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COMPARATORS AND FUNCTION RELAYS 

9.1 INTRODUCTION 

This chapter provides operating information for the comparator and function 
relay portions of the Model -0.42.0340 Potentiometer-Comparator-Function Relay 
Tray (Figure 9.1) used in the 580 Computer. Operating information for the 
potentiometer portion of the tray is included in Chapter 3 of this manual. 

9.2 THE COMPARATOR 

The comparator used in the 580 is a completely self-contained device that alge­
braically compares two analog input voltages and provides a logic signal and its 
complement as an output. If the algebraic sum of the input voltages is positive, 
the comparator output is high. The comparator output is low when the algebraic 
sum of the input voltages is negative. In each case the output complement is 
the inverse of the output. 

The L (latch) patch terminal is used to inhibit the output logic circuits and 
hold the comparator output at a particular state regardless of the inputs. For 
example, if the algebraic sum of the voltages being compared is positive, the 
output of the comparator is high. A high patched to the L terminal holds the 
output high even if the algebraic sum of the input voltages goes negative. The 
L terminal can be used to inhibit the comparator output at a particular point 
in a sequence of events, or after a predetermined number of clock periods 
utilizing th3 digital counters. The L terminal can also be patched to the com­
parator output (or its complement) terminal to inhibit the comparator output 
when the algebraic sum of the input voltages change polarity. Figure 9.2 is a 
typical comparator patching configuration. 

9.3 FUNCTION RELAYS 

The function relays are included on the Model 0.42.0340 POT-COMP-F/R tray 
(Figure -9.1). Each tray contains one 2 Form C relay with the contacts and 
wipers of the relay terminated on the patch panel (Figure 9.1). One relay 
is terminated in each patch panel field, i.e., function relay 0 is located 
in FIELD 0, function relay 1 is located in FIELD 1, etc. 

The patch panel is graphically worked with the relay shown in the set (S) 
position. Utilizing this diagram makes patching the various functions to be 
switched a relatively easy task. 

The FUNCTION RELAY pushbuttons, located on the auxiliary control panel, are 
used to switch the relays. Depressing a numbered pushbutton sets the relay 
in the field that the pushbutton number coincides with. The adjacent blank 
pushbutton causes the relay to be reset. The numbered pushbutton contains a 
lamp circuit which, when lit, indicates the state of the relay. 
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Figure 9.1 . Com parator and Function R elay Patching Area 
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Patch terminals S (set) and R (reset) can also be used to control the relays. 
A high at either of these inputs forces the function relay to the state patched. 
The relay is retained in the selected state until a high is patched to the 
alternate state, at which time it will change states. 

BEING 

CAUTION 

Damage to the relay will result if 
reference voltage is grounded through 
the relay contacts. 

LATCH 
SIGNAL ---+-t:--... 

VOLTAGES I E I 

COMPARED E 2 ---+-pr..-... 

OUTPUT! 

~~~~----OUTPUT 

S 0 R 0 

Figure 9.2. Typical Campara tor Patch in g 
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CHAPTER 10 

CONTROL TRAY 

10.1 INTRODUCTION 

The 0.12.1607 Control Tray (Figure 10.1) provides patch terminals for various 
inputs, outputs and control functions. Since the functions of the patch ter­
minals (or groups of patch terminals) are not related, each is described separ­
ately. 

10.2 DVM PATCH TERMINAL 

The DVM patch terminal provides an input to the DVM when the PP pushbutton on 
the ADDRESS switch is depressed. This provision permits the DVM to readout 
any voltage not capable of being addressed. 

10.3 VM PATCH TERMINAL 

The VM patch terminal is used primarily when the computer is not equipped 
with a DVM. This patch terminal provides an input to the VM when the VM 
FUNCTION switch is placed in the PP position. The RANGE switch selects the 
proper meter rang~ for the input voltage. 

10.4 IC AND OP PATCH TERMINALS 

The IC and OP patch terminals provide inputs to their respective bus bars 
through a series of gates and inverters. To utilize these inputs, it is 
necessary to depress the analog mode PP pushbutton on the main control panel. 
Once this is done, control of the IC and OP bus bars is assumed by these inputs. 
A high in either patch terminal forces the respective bus bars high. A low 
input forces the bus bars low. Table 10.1 defines the computer modes resulting 
from the possible IC and OP inputs. 

Table 10.1. Computer Modes 

Input Mode 
Terminals OP IC HD 

OP 1 0 1 0 

IC 0 1 1 0 

Note from the table that the IC signal overrides the OP signal, i.e., if the 
OP patch terminal is held high, the integrators may be switched between the 
OP and IC modes by switching the IC signal. 
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10.5 SCOPE PATCH TERMINALS 

The six patch terminals enclosed within a solid black line and labeled SCOPE 
are used as inputs to the Rep-Op Display Scope available with the 580 Computer. 
The Z patch terminal is the blanking input to the Rep-Op scope. The sweep 
voltage is patched to the X terminal. Patch terminals Yl , Y2 , Y3 , and Y

4 
con­

nect the patched signals to the respective Y channels. Operating instructions 
for the Rep-Op scope are provided in the manual for the 34.034 and 34.035 
Repetitive Operation Display Scope (EAI Publication Number 00 800.2024-1). 

10 .6 PLOTTER PATCH TERMINALS 

The three patch terminals enclosed within a solid black line and labeled PLOT 
are the inputs to the EAI 1110 Plotting Board available with the 580 Computers. 
The X and Y patch terminals are connected to the X and Y inputs on the plotter. 
The patch terminal labeled DN is used for remote control of the pen lift circuit. 
A high patched to this terminal causes the pen to be lowered to the plotting 
surface. A low causes the pen to return to the up position. 

10. 7 CHT ON PATCH TERMINAL 

The CHT (chart) ON patch terminal is used for remote control of the strip chart 
recorder available fOr use with the 580 Computer. A high patched at this ter­
minal turns on the recorder. A low returns the recorder to the OFF state. 

10.8 RDAC PATCH TERMINAL 

The RDAC terminal is connected to the output of the RDAC. This terminal can be 
utilized to monitor the RDAC output. Using this terminal, the RDAC can also be 
used as a digitally set attenuator. In a hybird configuration this terminal 
becomes the high speed DAC output. 

10.9 A SEL PATCH TERMINAL 

The A SEL patch terminal is used as an output terminal for any addressed amplifier. 
This terminal is used primarily to externally monitor the output of any address­
able amplifier. 

10 .10 TTI1ER PATCH TERMINALS 

The four patch terminals enclosed by a black line and labeled TIMER are used as 
timer output and control functions. The A and A terminals provide the IC (A) 
and OP (A) functions at the patch panel for problem usage. The RUN patch ter­
minal is a control input used to start and stop timer operation and overrides 
the PP mode pushbutton. When this terminal is high the timer starts operation. 
When it is low the timer operation ceases. (This terminal performs the same 
timer function as the. PP pushbutton on the main control panel. If the computer 
is in the PP mode it is not necessary to patch this terminal.) The TB patch 
terminal provides the output of the time base generator. 
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10.11 OVD, ORH, AND OLS PATCH TERMINALS 

The OVD (overload) patch terminal, connected to the output of the overload 
system, provides a logic output voltage indicating the state of the overload 
circuit. A high at OVD terminal indicates that an overload has occurred, 
while a low indicates no overload. 

The O'RH (override hold) patch terminal is an input used to force the inte­
grators into the ~ mode should an overload occur in the system. This 
feature requires patching the OVD terminal to the ORR terminal and is usually 
used to stop the program solution at the instant an overload occurs. 

The OLS (ov.:erload stores) patch terminal is(used to detect and locate short 
term, intermittent overload conditions. During normal operations, the over­
load indicators light as overloads occur and automatically clear themselves 
when the overload is cleared. Patching the OLS terminal to the OVD te~inal 
forces the overload indicator to remain lit even after the overload condition 
is removed. To reset,the patch cord fromOVD to OHS mu&t momentarily be re­
moved. 

10.12 PP PATCH TERMINAL 

The PP patch terminal provides a buffered output of the analog PP mode. When 
the analog PP pushbutton is depressed (computer in PPmode) the PP patch terminal 
goes high. The output from this terminal can be used for control functions as 
required by particular problems. 



APPENDIX 1 

SIMPLE CIRCUITS USING AMPLIFIERS AND POTENTIOMETERS 

CIRCUIT DESCRIPTION 

I. GROUNDED POTENTIOMETER 

2. UNGROUNDED POTENTIOMETER 

3. INVERTER 

4. MULTIPLICATION BY -10 

5. MULTIPLICATION BY - k 

for I ~ k ~ 10 

(for k < I use circuit I feeding 
circuit 3 ) 

6. MULTIPLICATION BY 2 

7. MULTIPLICATION BY ~ 

CIRCUIT 
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APPENDIX 2 

UNIT SCALING 

The process of scaling an analog computer circuit is simplified if the reference voltage of the 

computer is used as a unit for measuring amplifier outputs. On a ten-volt computer, such as 

the 580, this means that one unit is defined to be equal to ten volts; all signals, when mea­

sured in units, will be:s. 1. 0000 in magnitude. 

There are a number of advantages to such an approach. One of the most obvious (but not the 

most important) is the fact that the DVM reads in units (when reference voltage is measured 

on the DVM, the result is +1.0000). This location of the decimal point is determined by the 

fact that the DVM is used for pot-setting as well as amplifier readout, and pot-setting must 

be :s. 1.0000 in magnitude. If reference voltage is used as the unit of measurement, then 

amplifier outputs are also :s. 1. 0000 in magnitude. Hence the decimal point is correctly lo­

cated in all cases. 

The relation between a problem variable and the corresponding computer variable becomes 

somewhat simpler in terms of unit scaling. For example, if a problem variable P has a 

maximum value of 50 Ibs, then the corresponding computer variable is simply [P/50], which 

has a maximum value of one. In unit scaling, every computer variable is Simply the ratio of 

the corresponding problem variable to its maximum value. 

If the scaling is done in volts, then the computer variable is ten times the ratio of the problem 

variable to its maximum value. Thus, if P :s. 50 Ibs, then the computer variable would be 

[P/5]. On a hundred-volt computer, the computer variable would be [2P]. This pOints out 

another advantage of the "unit scaling" technique - it is machine-independent: the scaled 

variable would be [P/50] on either machine. 

Probably the greatest advantage of unit scaling is the way it Simplifies the scaling of non-linear 

circuits. For example, the product of two variables that are :s. 1 in magnitude will also be :s. 1 

in magnitude. If a multiplier has scale inputs X and Y (-l..:s.X:s. 1, "-1:s. Y .:s 1) then the output 

will simply be the product XY (-1 :s. XY .:s 1). If scaled in volts, the output would be XYI10 or 

XY /100, depending on the reference voltage of the machine. Similarly, expressions for square, 

square root, log exponential, and trigonometric functions are generally simpler when expressed 

in terms of units. 
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A more complete description of the unit scaling technique is given in Chapter 3 of the Handbook of 

Analog Computation, available from EAr. 



APPENDIX 3 

TRANSFER FUNCTION SIMULATION 

(1) The following table contains examples of amplifier circuits for simulating transfer func­
tions. A more complete listing may be found in' Jackson, A. S., "Analog Computation", 
McGraw-Hill Book Company, Inc:, New York, 1960. 

NO. BODE PLOT 

o~-

0---------

2 K 

~ 
T K<I 

Ej 

0 

~ 

0 ---------
K 

4 ~TK<I 
T 

TRANSFER 
FUNCTION 

Eo/EI 

A 

1 
1 + Tp 

K 
1 + Tp 

B 

A 

Tp 
1 + Tp 

Kp 
T + Tp 

TIME 
CONSTANTS 

1 
T=X 

1 
T=X 

B 
K=X 

1 
T=X 

1 
T=X 

B 
K=X 

-Eo 

GAINS 

1 
A=B="T 

1 
A="T 

K 
B=T 

1 
A="T 

B=1 

1 
A=rr 

K 
,B=T 
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NO. BODE PLOT 

A 

o 

5. 

TRANSFER TIME 
FUNCTION Eo lEi CONSTANTS 

D 

1 T =-1 A 
1+T3P 1 

(l+T 1 P) (l+T 2P) T 2 = -B--C~D-
1 

T3 = B-C 

GAINS 

(2) The following table contains the short-circuit admittance and component values for some 
useful networks for simulating transfer functions. A more extensive listing may be found in 
Jackson, A. S., "Analog Computation", and Fifer, S. "Analog Computation". (See Bibliography.) 

NO. 

I. 

2. 

3. 

NaTE 

The short-circuit admittance oj a two or three 
terminal network represented by ~ 

is given by the ratio of I (P}/E. (P) from ; ~ ., 
o z E~ .~ ~ 0 

-
SHORT-CKT ADMITTANCE NETWORK PARAMETERS 

1 R 

A ---vvv-- A=R 

R 

-0- A=R 
1 + pT 

A T =RC 

C 

R R 
A = 2R 

1 ~ A (1 + pT) T = RC 
T 2 



NO. SHORT-CKT ADMITTANCE NETWORK 

R2 A = R1 + R2 

1 [1 + pT ] 

~ 
T = R C 

4. A 1 + pOT 2 

0<1 
R1 o -

C R1 + R2 

R, A=R 
1 

1 [1 + pT ] cr- T = (R
1 

+ R
2

) C 
5. 

A 1 + pOT 

0<1 R2 
R2 C 0 

R1 +R2 

R2 
2R1 R2 

1 1+ pOT 

~ 
A= 

A 1 + pT 2R1 + R2 

6. R
1

C 2R1 
0<1 T=-2- 0= 

T 2R1 + R2 

R, R, 
A = 2R1 

1 1+ pOT 

~- T =[R2 + :lJ 7. 
A 1 +pT C 

0<1 2R2 
I C 

0= 
2R2 + R1 

A = 2R 
R R 

1 1 + pOT 

~ 
R 

8. 
A 1 + pT T = 2" (C1 + C2) 

o <1 2C
2 

C2 o = C
1 

+ C
2 

1 [ (1 + pT 1) (1 + pT 3) J R, R, 
A = 2R1 + R12 

A 
R2 

(1 + pT 2) T1 = R1 C1 

9. 
C, C2 ~R1 R2 J 

R2 T2 = R1 + 2R2 
(C

1 
+ C

2
) 

T1 >T2 >T3 
T3 = R1 C2 

~ 
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APPENDIX 4 

REPRESENTATION OF CONSTRAINTS AND NONLINEARITIES 

I. HARD ZERO 
LIMIT 

2. HARD ZERO 
LIMIT 

3. ABSOLUTE 
VALUE 

4. DEAD SPACE 

x 

x 

x 

FOR -lxi, REVERSE THE DIODES 

+REF 

y 

y 

y 

-0 

K=l!L 1+1 0 1 

y 

x 

y 

+0 x 
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APPENDIX 5 

LOGIC PATCHING 
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A5-1 



AS-2 

~I---OUT 

-'-+--OUi 

loTtl .... --HI 

PATe,-" N G 

TIMER MODE. 

PA,CHI NG 

ex 
CoO 

c.o 
-----r--~~PIU:~ ~~T N"f\\-ee ~ 

<.:>(PRE)iT l()AO) 

PRoc..RANM E~~ S "Mao L 

NOfE?: I. "sEL~C.T NUMBER OF C.OU"IT~ V~ING Tl-tlJM6WUEEL 

')WI1C.'4t~ ot.J LOuie. (O~1~OL PAt.J£l. 

2. PATel-( CI I"'PUT l-JICtH. 
3. DEP2.t:SS S PUS~BUTTON A~SOC./ATED WliH 

TI-lt;. COUNtE ~\10 LOAD peE-SET VALUE.. 

LOAOING CAt-.! J~ L50 BE ACCO..,. PLISHED USlijG 

i'-'E ~ PATCH TERMINAL WHICS-l PARALL£LS 

T .... (; "'5 PU~BU noN 

4. COuNTeR COUNTS TO lE~O J\iCLOCK RATf. 
A l:£E'0J c..oUN1Erl OUTPUT lS ,t-"'·HBiTt;;D 

A'JO CAR./t..y OVT (C.O)G.OE~ LOW ANt) Co G.oE":) 

\.1"'-4. 
5. THE CARRY IN (e1) HOJ..E MAY BF PArCHED To 

oTHaR INPu1'5 (PATCH PANEL CLOCK OUTPUTS) 
Af-.lD uSED AS A COUNTeR. 

5 

PROCaRAl\A a.4E"R~ S 'I ~130 t.. 

NOT£S: L OP£~ATIOtJ Of ~I ~c. (QUNTE 12 \ S THE ~AM E. 
AS T .... E C.OUt-.ITER' AW'J EJ EXCEPT FOR 

ANO "'ArE. PATC."'EI) A~ c:.HOW\l, C.OtA"'TE~ 

IS RELOACEb TO iijE P~£~fT VALUE. CAC.U 
TIME C.OUNT 2EALe-4 E~ Z£~. 

t.lNPuT , OF AN D bATE I~ 'USEP AS A 

COt.JTROL INPUT. 
TIMER MODE 

PATC.H I N~ 

<:10 
CI 

~ 

I -_._-_._---

PR06RAMMERS SYMBOL. 

-.-+--Co 

CASCADED COU"'1' ER ~ 

NOTE: W"E~ eTR J R£AC~E) 1E~O co 
~O£$ HICaH 2ElOAb'W-G i<:IRI 4 J.Jl) 
lOI\ 01 N~ C Tft l... Cft'! I Co c..OES 

LOW I ~.I\.\l P.:>l i I N ~ C. T R '2. A F r E It 

ONE C.LOt:l< PEl<'lOD. 



PATCl41 Nt::. 

Dlf.f ,W -.....-1 • nJ 
J~~ 
our 0 "i 

PATCl-tING 

~ '~our ~ TltlJE our 

PROb~AM~r~'~ 5YM&OL 

toJOTl:~: I. pusl-t~UnON \S A SY~CL.jI(ONOlJ~ 
LATC.,", , NG 5W ITe H. 

Z. TR.UG OUTPlJr \-\lGH WI-4EN ACf>!>OCIATfD 

L£nE~(t> PVSH·p.>\JrrON 0 ~ LO~IC ~ 

PA\JE;.l I ~ DE p~Esse D . 

.3. TrtlAE. OUTPur LO W,",E~ A~~C'ATt:.D 
U ~\lE; n~i.~D PUstlaUTTO~ I s DtPf'E~c.;f; 0. 

4. PUS~ING LJNLETTERED PuSH 8fJTTON 

AGAi~ PRODUCES 1)L SEC PULSES FOR 

PROGRAM CI-tEGKoUT. 

DIGITAL pUSHBUTTON PATCHING 

OlFF IN --..... 01 f F I ~. DIFF OUT 
~ t>IF( O\lT 1...-____ --' 

PRO('RAMMeR~ ~YM80L 

DIF"F , .... : 

DI~~ our: J1~_-,n~ _____ _ 

DI FFE.RENTIATO~ PA1CH l I\.,Q 

A5-3 



A5-4 

A(Ic.)OUTP U,. 

Ie 'NPtJT 

CJ.E"A R OUTPuT 

eL.EAc? ,tJ puT 
(P .. n.Al..\'E\.~ PI4 

C! MODE 'pe) 

2030 
oOs~O 

2C~O 

00 
00 

-A (op) our PuT 

OP INPuT 

RU~ OUTPUT 

RUN oUTPlJl 

RUN I t\IPUl 
(PAR~LLEL S D\6 

R MbOE PS) 

PPOVTF'UT 
(HI ,,,,, oi<4 

PP MOO&') 

USED FoR FUTU~E 
H"I&R\D £'tPA .... ~'ON 

MI5CELLAN&OUS PATCHIN<' TERM\NATIO"l~ 



TI'!UNK 0 
(CON~EC.TS iO OTt 

W,",.c.'" PL\J6!:» 
• ...,'TO AT') 

T~UNK I 
(C.~W~~<:"T~ TO 

OT2. 0 N C.owNE;C.tI£ 
PAN£L) 

(Co"hlE(,;1~ TO 
~T~ 0 .... c. O~ "-1 e:c T()~ 

P"'-lEL) 

D'G.ITAl nUN" PATCl41 ~Ca TE~t.A'NAiIO~S 

J 

A5-5 



> en 
I 

en 

ser 
I "'l>UT 

I OUTpUT 

=ftl 
FF 
o 

C. 0 

PIroGRAtofMERs 
<;:.'It.1BOL 

I~ S R DE~ltlpnO'" 

O~ fAN\' NO c.. .. AIoI4E. OF ~TATE 

I I o F r IS SET (I~ IU-O; LO)oN UEU Cll(. 

I o I F F IS RE~ET (l,lD-O=I·U)o .... NnTCU<.. 

I 00 "'0 CJH~Nc;.E 

HOTE:SP.UATIOI./ OF FFI, 'l,t3 IS 

IDElJTICAL TO FFO. 

I 1 I Ff TOG.G.l E~ ON EJ\(.K C.u:. 

HI 

(0..) INDIVIDU.AL FLIP-flOP MODE 

PAT(.HINCa 

CAUY ollT 

....... --CI\R .. y 0141' 

PARALL[l I"'PUT~ 

CI 

NOTE~; l c.oUI.lTEi2 IS Pf.ESi."T' V.~lilJC, ~t~I-:'TE~ PS 01\1 LOCale. C.O~itOL (..i.j!. PB 0 P~£SETS 
FF I; P& I pu~u~ F~ Z,i P81.. P~E'~£T.$ FF4; P83 PllfSET,s FFa). p~ESEr FF 1<:.IWOI(ATED 

WI-IEN LAMP ~"'INI> LE.TtE~EO PB I:'> LIT. Pf NOTU~EDIt-J I>Re~n OPE~AT/OIJJA£E' ~E.SET US//1J4 

THE UNLETIUEI) PI) OW THE RI&I-ITOrTH~ LElTERED PB. 

2. D'OWN c.ou ... " of 'v COUNTS (15 TO 0) IS POSSIBLe, 
3 co. ~OE~ ~I Ot..lLY ,,,/ltE,,,c.oUI\ITER R~AC.I·H~5. O. 

UltMP\.E: PIZ.ESET 'l(p~l:~ET I=F .,,(4), !)TA~TC.LOC(,. (aUNT DEC~EA':>~ 8Y \ &IT PEl( eLI: PIJL~t;;. 
co faEMAIIJ$ Lo. rOR Eo C~IAI\IT:', GoE~ '-'ION 7 c.ouNT (0). 

(c) Dowl.J COIAIJT~R MOpE 

PAIlALlEL INPII'B 

el' 

PATC.HINU 

_+--CAlt.t..V O\IT' 

-+--~ 

NOT£S·· r. COUNTER \-;. pJl.£SEr USI NC. REC.I"'TE~ PS ON LO~IC CONTROL PANEL t.l..~. PB 0 PIZ£!>£T~ 
HI, PBI PRE!>E'n. FFZ, PB2 PREseT.!. FF4, P8~ PR.E'5£TS FFS). PRE.$£T FF Ie:. \NDIu:vteD 

W»E" THE LAMP ~HIIJ.I) LElTERED P8 1':0 LIT. 1'1' NOT'U~ED 11.1 PI2&~OPEAATION,Al£ 

lEsrt U!.I~C. 11-4£ U~LEnno 1'8 ON 't~e 1t1" ... T Of THE Lf1TC12£D PB. 

'2. upc:.ou~l'ronGt COUNTS (0 TO. 15) IS POSSI6LS. 

3. CO c.o£~ HI (CNL.Y WIt'N COl.I.lJTEll. RE'ACHE':. O. 

[MMPle;: FOR. A CoUNT OF9) Pf£SET '1 (16-'7:.q)I)26ET ~F r, 2.(4J. Sf ART (CLK. COUNT '1J(.RlA$£.S BY I Bl'r 

1'£I?CLt: PULSE. co 11£t.1AII.J!> LO l.\NflL 16 COVI./T (0) IS ~(;Ac.HE'P. 

(b) UP cOLum:1t lAODE 

PATC.HII\IG, 

(d) SHIFT i?EG1':.TER MODE 

PA~AI.I.~1. 
oVrlVi 

PROC:.IZAMMER.S SYM801. 

NOTES: I. ~oR. <..1-11 fT R.EGISTer;: (s R)OP£ItAJ'0&I~~1C:N 
~ Hi (+1/). 2E~ET ALL FI.IP FLo'P~. 

Z. EAGlv:.R \":.c..APA&l£ Q~ <"H'fnt.kO~&IT 
't1-\~oU4H 4 ~E:t.:ISTEIl.S. 

3. A BITI.~ LOADED IIIITO TilE 1$£ Qy M~"'IJS 

OF THE PIl.ESl>, P6, 

4.1"" 81T' ISTHE~ 5H,fTli{)TO ElICH 

S'1Il.C£SSIVE 1UJ;1I~1ER A7 THe 1.111'[ OF ONE 
SJlIFT PElf C£I<' PULS~. 

.5.1"E ~2. MAy ~E u~O AS A ~"'" COI.u.ITf'1t.. 
8"i \>Arc+l'uC, THE. I OUTPUT OF FFS 

10 "tNE SI 1'l'flMlNAL. 



APPENDIX 6 

BIBLIOGRAPHY 

The following list of written material is categorized by both general and specific fields of appli­

cations. This is by no means a complete bibliography of material available. It is felt, how­

ever, that these references will in turn indicate other material references of the type desired. 

GENERAL 

Rogers, A. E. and Connolly, T. W.: "Analog Computation in Engineering DeSign", McGraw­

Hill Book Company, Inc., New York, 1960 

Jackson, A.S.: "Analog Computation", McGraw-Hill Book Company, Inc., New York., 1960 

Fifer, S: "Analogue Computation", McGraw-Hill Book Company, Inc., New York, 1961 

Cheng, D. K.: "Analysis of Linear System", Addison-Wesley Publishing Company, Inc., 

Reading, Massachusetts, 1959 

Karplus, W.J.: "Analog Simulation", McGraw-Hill Book Company, Inc., New York, 1958 

Mathews, M. V., and Seif~rt, W. W.: "Transfer Function Synthesis with Computer Amplifiers 

and Passive Networks", Proc. 1955 Western Joint Computer Conf., (published by mE, 

New York), 7-12 (March 1955) 

Heizer, L. E., and S. J. Abraham: "Transfer Function Simulation by Means of Amplifiers and 

Potentiometers", J. Assoc. Compo Mach., 3(3): 186 (July 1956) 

AERODYNAMICS 

"Aircraft Performance Studies on an Electronic Analog Computer", Wadel, L. B., and Wan, 

C. C., Proceeding of the Western Joint Computer Conference, presented at Los Angeles, 

March 1-3, 1955, p. 78 

"Human Pilot Dynamic Response in Flight and Simulator", Seckel, E., Hall, I. A. M., McRuer, 

D. T., and Weir, D.H., Wright Air Development Center, WADC Technical Report 57-520, 

August, 1958; ASTIA No. AD 130.988 

A6-1 



A6-2 

"Rigid Body Equations of Motion for Use in Analog Computer Studies of Symmetrical Spinning 

Missiles", Mangnall, J. N., Electronic Associates, mc., Computation Center at Los 

Angeles, CCLA Report No.3, EI Segundo, Calif., March 18, 1957 

CHEMICAL AND INDUSTRIAL ENGINEERING 

"Analog Computer Simulation of a Chemical Reactor", Batke, T. L., Franks, R. G., and James, 

E. W., mstrument Society of America Journal, Vol. 4, January, 1957, p.14, and mstrument 

Society of America Paper No. 56-7-2 

"Analog Simulation of a Chemical Reactor Temperature Control System", Mayer, F. X., and 

Spencer, E. H., 1960 Proceedings of mstrument Society of America 15th Annual mstru­

ment-Automation Conference and Exhibit, Vol 15, pt. IT, presented at New York, Sept­

ember 26-30, 1960, preprint No. 72-NY60, pp. 72-NY60-1-72-NY60-9 

"Analog Computing in the Chemical and Petroleum mdustries, Past and Present", Williams, 

T. J., mdustrial and Engineering Chemistry, Vol. 50, 1958, p. 1631 

"Application of General Purpose Analog Computer to Unsteady State Distillation Calculations", 

Franks, R. G., and\O'Brien, N. G., American mstitute of Chemical Engineers, Seattle, 

Meeting, June, 1957 

"Analogical Computing Devices in the Petroleum mdustry", Morris, W. L., mstruments and 

Automation, Vol. 22, June, 1949, p. 497 

"Modern Computer Analysis for the Design of Steel Mill Control Systems", Reider, J. E. , 

and Spergel, P., Transactions of the American mstitute of Electrical Engineers, Vol. 

76, No. 31, July, 1957, pp. 105-109; discussion, pp. 109-110 

CONTROL SYSTEMS 

"Analog Computer Applications in Predictor Design", Bates, M. R., Bock, D. H., and Powell, 

F. D., IRE Transactions on Electronic Computers, Vol. EC-6, No.3, September, 1957, 

p. 143 

"Optimization by Random Search on the Analog Computer", Munson, J. K., and Rubin, A. I. , 

IRE Transactions on Electronic Computers, Vol. EC-8, No.2, June, 1959, p. 200 



"Analog Computer Study of Sampled Data Systems", Chestnut, H., Dabul, A., and Leiby, D., 

Proceedings of the Computers in Control Systems Conference, presented at Atlantic City, 

N.J., October 16-18, 1957, p. 71, and General Electric Technical Information Series, 

Report 57GL351, November 15, 1957 

"Analysis of a Non-linear Control System for Stabilizing a Missile", Atran, L., IRE Trans­

actions on Automatic Control, Vol. PGAC-3, November, 1957, p. 8 

"Missile System Linearization", Favreau, R. R., Electronic Associates, Inc., Princeton Com­

putation Center, PCC Report No. 69, Princeton, N.J., November 12, 1956 

"Analog Study of Boiler-Reactor Interaction", Borner, E. F., and Cassidy, B. F., Nucleonics, 

Vol. 15, No. 5, May, 1957, p. 84 

"Modern Computer Analysis for the Design of Steel Mill Control Systems", Reider, J. E., and 

Spergel, P., Transactions of the American Institute of Electrical Engineers, Vol. 76, 

Pt. II, No. 31, July, 1957, pp. 105-109; discussion, pp. 109-110 

"Jet Engine Simulation for Engine Sontrol Development Work", Sherrard, E. S., Proceedings 

of the National Simulation Council, presented at .Washington, D. C., December 10-12, 

1957, p. 15.0 

DATA ANALYSIS AND PROCESSING 

"Simulation of Linear Constant-Coefficient Systems by the Weighting Function Technique", 

Byck, D. M., Electronic AssOCiates, Inc. Computational Center at Los Angeles, PCC Re­

port No. 91, El Segundo, Calif. 

"Direct Measurement of Power Spectra by an Analog Computer", Wonnacott, T. H., National 

Research Council of Canada, Mechanical Engineering Report MK-5, Ottawa, Canada, 

September, 1959; ASTIA No. AD 230 392 

"The Generation of Fourier Transforms and Coefficients on an Analogue Computer", Harbert, 

F. C., Electronic Engineering (London), Vol. 32, No. 390, August 1960, pp. 496-498 

"A Multipurpose Electronic Switch for Analog Computer Simulation and Autocorrelations Appli­

cations", Diamantides, N. D., IRE Transactions on Electronic Computers, Vol. EC -5, 

No.4, December, 1956. p. 197 
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"Analog Computer Applications in Predictor Design", Bates, M. R., BOGk, D. H., and Powell, 

F. D., IRE Transactions on Electronic Computers, Vol EC-6, No.3, September, 1957, 

p. 143 

"Evaluation of Complex Statistical Functions by an Analog Computer", Favreau, R.R., Low, H., 

and Pfeffer, I., 1956 IRE Convention Record, Vol. 4, pt. 4, March 19-22, 1956, p. 31 

"Random Optimization by Analog Techniques", Favreau, R. R., and Franks, R., Proceedings 

of the Second International Analogue Computation Meetings (Brussels), presented at Stras­

bourg, September 1-6, 1958, pp. 437 -443 

"Transport Delay Simulation Circuits", Single, C. H., and Stubbs, G. S., Westinghouse Electric 

Corporation, Atomic Power Division, Report WAPDT-38 

"Analog Computer Mechanization of a Tilt-Wing VTOL Aircraft", Balsink, E. B., and Sovine, 

D. M., Wright Air Development Division, Air Research and Development Command, WADD 

Technical Note 59-344, Project 1365, Wright-Patterson Air Force Base, Ohio, July, 1960; 

ASTIA No. AD 246 530 

"Simulation of Military Vehicle Suspension Systems", Sattinger, I. J., and Therkelson, E. B. , 

National Simulation Conference Proceedings, presented at Dallas, Texas, January 19-21, 

1956, p. 1.1 

"Real-Time Automobile Simulation", Kohr, R.H., Proceedings of the Western Joint Computer 

Conference, presented at San Francisco, May 3-5, 1960, p. 285 

"Operational Analog Simulation of the Vibration of a Beam and a Rectangular Multicellular 

Structure", Clymer, A. B., IRE Transactions on Electronic Computers, Vol. EC-8 

"Dynamic Analysis of an Aircraft Arresting Gear System", Hans, M. W., PACE Application 

Bulletin, No.6, Electronic ASSOCiates, Inc., Long Branch, N. J. 

ELECTRICAL ENGINEERING 

"Determination of Impulse Stresses Within Transformer Windings by Computers", McWhirter, 

J.H., Fahrnkopf, C.D., and Steele, J.R., Transactior..s of the American Institute of Elec­

trical Engineers, Vol. 75, pt. III, 1956, p. 1267 



"The Use of Analogue Computers in Power System Studies", Van Ness, J. E., and Peterson, 

W. C., Transactions of the American Institute of Electrical Engineers, Vol 75, pt. III, 

April, 1956, pp. 238-242 

ELECTRONICS 

"Solutions of Partial Integral-Differential Equations of Electron Dynamics Using Analogue 

Computers with Storage Devices", Wang, C. C., Project Cyclone, Symposium II, April­

May, 1952, p. 163 

"Far Field Antenna Pattern Calculations by Means of a General Purpose Analog Computer", 

Rubin, A. I., and Landauer, J. P., Proceedings of the National Electronics Conference, 

Vol. 15, 1959, pp. 995-1011 

"On the Solution of Sine Microwave Problems by an Analog Computer", Byck, D. M., and 

Norris, A., 1958 IRE WESCON Convention Record, Vo1.2, pt. 1, presented at Los Ange­

les, August 19-22, 1958, pp. 70-85, and Microwave Applications Seminar, Electronic 

Associates, Inc. Computation Center at Los Angeles, October 27 -28, 1960 

FLUID MECHANICS 

"Analog Computer Construction of Conformal Maps in Fluid Dynamics", Tomlinson, N. P., 

Horowitz, M., and Reynolds, C.H. ,Journelof Applied Physics, Vol. 26, 1955, p. 229 

HUMAN FACTORS 

"A Study of the Mechanism of Pressure Wave Distortion by Arterial Walls USing an Electrical 

Analog", Warner, H.R., Circulation Research, Vol. 5, 1957, p 229 

"Analog Computer Aids Heart Ailment Diagnosis", Skinner, R. L., and Gehmlich, D. K. , 

Electronics, Vol. 32, October 2, 1959, pp. 56-59 

MATHEMATICS 

"A Method of Computing Eigenvectors and Eigenvalues on an Analog Computer", Neustadt, 

L., Mathematical Tables and Other Aids to Computation, Vol. 13, No. 67, July, 1959, 

p. 194 
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"A Use of Analog Computer in Antenna Pattern Studies", Brammer, F. E., and Wen-Hsiung Ko, 

Case Institute of Technology, Scientific Report No.6, AFCRC-TN-59-579, Cleveland, OhiO, 

October 27, 1959; ASTIA No. AD 227 253 

"Plotting Results of a Quadratic Regression Analysis", Rubin, A. I., et. al., }~~~CE Applica­

tion Bulletin, No. 10, Electronic Associates, Inc., Long Branch, N. J. 

"The Use of Parameter Influence Coefficients in Computer Analysis of Dynamic Systems", 

Meissinger, H. F., Proceeding of the Western Joint Computer Conference, presented 

at San Francisco, May 3-5, 1960, p. 181 

PHYSICS 

"A Time-Sharing Analog Computer", Reihing, J. V., Jr., Proceedings of the Western Joint 

Computer Conference, presented at San Francisco, March 3-5, 1959, p. 341 

"Analog Representation of Heat Exchange, Application to the Simulation of Heat Exchangers of 

Nuclear Power Plants", Carteron, J. M., and Deloux, G., Proceedings of the Computers 

in Control Systems Conference, presented at Atlantic City, N.J., October 16-18, 1957, 

p. 48 

"Analog Simulation in Real-Time of Xenon Poisoning in a Nuclear Reactor", Goodyear Air­

craft Corp., Report GER-7491, Akron, OhiO, April, 1956 

POWER PLANTS AND PROPULSION SYSTEMS SIMULATION 

"The Derivation of Simulators of Gas Turbine and Other Physical Systems from Experimental 

Data", Wolin, L., National Simulation Conference Proceedings, presented at Dallas, Texas, 

January 19-21, 1956, p. 14.1 
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