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PRINCIPLES OF THE REAC 

A. S. Mengel 

Introduction 

The purpose of this report is to acquaint potential customers 
with the capabilities of the Reeves Electronic Analogue 
Computer t'REAC) now in operation at RAND. 

!he REAC does with electric cir~uits what the mechanical 
differential analyzer does with gears, shafts, and discs, but 
operates roughly at ten times the speed and one-tenth the 
accuracy. A problem of average. complexity requires a few hours 
of REAC preparation and testing, after which individual runs 
can be made in a few minutes. The components of the machine 
have been adjusted to make the error of a single operation 
(addition, integration, multiplication, etc.) less than .1 
percent of full scale. 

The machire wi 11 be particularly useful in the solution of 
nonlinear or implicit equations, or systems of equations 
which are extremely difficult to handle analytically or 
numeric ally· •. 

In an electronic differential analyzer, quantities are re
presented by voltages. The constant of proportionality 
between the voltage at a point in the circuit and the quantity 
it represents is referred to as the scale factor. It is the 
number of volts representing one unit of the quantity. In the 
REAC, variables must lie between ~100 volts, since greater 
values produce erroneous results. ·Lights and bells indicate 
any variable exceeding these limits. The next section will 
present the components which permit summation, integration, 
multiplication, etc., of these variables; the principles of 
the components are given in the appendix. 

cowonent s 

The basic components of the REAC are 2J amplifiers that 
differ only in feedback elements, relay arrangements, the 
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number of inp1:1ts, and the gains of the inputs. The amp
lifiers can be conveniently interconnected by pat.ch cords 
on a· panel re$embling a telephone switchboard. 

-2-

All 23 amplifiers can be,used to give the negative of the 
sum of the input voltages and when used as summing amplifiers 
are drawn in schataatii!: fo.rm as follows: 

SUMMING 
A.Mf'LIFIER ,___:,.. '!""((x+y+z) 

Gains other than unity ( 1_·o,. 4, 1/4, 1/tO) are available on 
some amplifiers and seven of the amplifiers can sum as many 
as seven variables. 

Sixteen of the amplifiers can be connected to give the 
integral (with respect to time) of the swn of the inpute 
plus an initial condition, with a change of sign as in the 
summing amplifiers. Integrators are drawn as follows: 

X I to ( x+y+ z ) d t - I • C. 
INTEGRATOR Y--...;.......:~ 

z -=-~~~ 

I.e. • initial condition 

The initial condition values are set by dials located above 
the amplifier panel. 
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Differentiation is possible with three of the amplifiers, 
and this feature is usually employed to permit integration 
with respect to a variable otbar than the ind.ependent 
variable, time, as illustrated in the following equation: 

j f'(x)dx • Jf'(xl·~ dt 

A ciif.f'erentiator is shown as follows: 

DIFFERENTIA TOR X 

A RA.ND }Dodificat ion of the REAC permits use of 16 ot the 
amplifiers as high-gain amplifiers, which are extremely 
useful in handling implicit or transcendental equations 
and often ease the planning of circuits, especially when 
instabili~y is possible~ As an example of the use of such 
an amplifier, consider solving f(x) • o. The output of the 
high~gain amplifier is specified as x. The variable x is 
operated upon to yield f{x), ·which is fed back into the 
input of the high-gain amplifier. The feedback nature of 
the circuit will drive f(x) towards zero, yielding the value 
of x satisfying f(x) • ~ , where £:. equals x divided by the 
gain of the amplifier (approximately 30,000). and hence is 
zero within the accuracy .of tbe machine. A high-gain 
amplifier is indicated as shown. below: · 

HIGH GAIN 
AMPLIFIER 

_r_(x_l_.,...~· ··-~.-~·-=~J x ___ ~ 

The following table summarizes the characteristics of the 
amplifiers: 

Am:elifiers In:eut Gains In~es;rat!! §ym Di(fertntiate Hie;b Ga;l.n 
1- 7 • 1 , .25, 1 ' 1 ' 1 yes yes not convenient~y yes 
8- 14 10, 4, 4, 1 ' 1 ' . 1 • 1 no yes no no 

15- 20 1 ' 1 yes yes no yes 
21- 23 1 ' 1 , 1 , 1 yes yes yes yes 
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Since the inputs of the amplifiers permit multipl~eation by 
only a few different constants, factor potentiometers are 
necessary to provide arbitrary, fractional multiplication 
constants. The REAC has 24 constant factor potentiometers 
conveniently located on the panel above the amplifier jacks. 
A potentiometer is diagrammed as follows: 

CONSTANT 
FACTOR 
POTENTio
METER 

t 
(1-k) 

. ~\)*""f--~> kx or 

Potentiometers, .similar to the constant facto.:r potentiometers, 
are used for multiplication by a variable. Hpwever, instead 
of bei.ng positioned by hand, the.s·e potentiometers are positioned 
continuQusly by a serv0"'1tlotor driven by a variable 9r the sum 
of variables. Each servo-motor· drives three potentiometers 
and the following is the schematic. nota.tion for such a ~y.-tem: 

SERVo-MULTIPLIER 

~·-·<-~.,_) ___.....;;~' 

(.-y)~ 
(--z .,._) ____,.. 0 1 

~ 

v 

~100 
~ s 

r(x+y+z) 

u(x+y+zl 

~ '»-

--

A slight modification of the above circuit is necessary if 
(x+y+z) changes sign. Sixteen such servo-multipliers are avail
able in the RAND machine. An in~ernal interconnection of three 
servo-multipliers permits vector rea~lition or summation; four 
such groupings are possible in the RAND REAC. 

An arbitrary function of a variable or a sum of variables may 
be introd~ced by having an operator position an input table 
potentiometer according to a curve on a drum rotated by the 
variable, or sum of variables. Keuffel and Esser graph paper 
No. 359-11LG (10" x 15") is convenient for this application. 
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The input-tables are drawn as follows: 

INPUT TABLE 

X 

y 
z 

-5-

v f(w) 

• x+y+z 

RAND has four such input-tables, plus an input-output table, 
an output table, and three Esterline-Angus recorders for plot
ting variables as a function of time. An output table is 
drawn as shown below (both variables may be the sum of as 
many as four variables): · 

OUTPUT TABLE 

y 

It is sometimes necessary to restrict a variable between twe 
values and the R$AC has four limiters to perform this task. 
The schematic representation for a limiter is as follows: 

LIMITER 

X 

I~ 
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Division may be accomplished ieveral ways, and the following 
method was selected for illustration because it demonstrates 
an.; application of a high-gain amplifier. Notice we want 
w .. · • )S. and the high-gain amplifier forces ( wy - x) towards 

y 
zero. If y changes sign a more complicated circuit is necessary 
to prevent instabilit¥. 

CIRCUIT FOR 
DIVISION 

-x +wy ~ H.G. 
w • !. 

------------~--~ y 

.... 100 

w 

,-y 

.wm-pl.e 

As an example .of how the componeimts a.re interconnected fort he 
solution ?f an e~pJation,, a schemliltic diagram is gi v~n below for 
,the solutJ.on of y • - y.y - y.f(y) - Acos{wt). · NotJ.ce we start 
the diagram assuming we have - y available and operate on it until 
we develop the terms on the right side of the equation. The. 
t~i"m 5 • A cos ( wt) is developed by solving 

~o • A, 
. 
~ • o . .5o 

A tabular form. is usually pre.pared, as well as a seheaatic:, to 
aid in t h! plugging of 8.'" pPablem. Ttte me;re advanced t&pies of 
scale factors, circuit stability, and utilization of equip
ment are of utmost importance, but cannot be covered in an 
elementary presentation. . 
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~~--·-·-~ .. ·------------------------, 

-·-----------........-=====. 

+/00 t 

0 11---~4 I 't~ 
J 

I. e..= oo 

+ S.:: A ~s wl 

I 
l.C..:. o 
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APPEIDII 

This appendix will show how the amplifiers accomplish their 
functions. 

·e i 
j_ 

or 

Summing Amplifier 

i ~ 2 

i1 % i2, assuming no grid current 

Since u • 
eo 

--- by qefinition 
ein 

for large u. 

Similarly, 

-~ [1 -1~] il ~1 
R, u R1 ·r, 

e 
(1+!) 

eo 
12 . -~ ·a: r u f 
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From this analysis, it follows that if there are several 
inputs, as shown below t the relationships are: 

1 1 • 12 • s., • 1 r 

~·:;.;;-~ 
i R R 

~~'o .. - ( if el + rl e2 + Jd e,) 

j_ -
integrating Ampl,.ifier 

e2 
o---~-

-9-
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If the feedback resistor is replaced by a condensor the 
amplifier becomes an integrator. In this case, 

1 rot 8 0 • - ( me J s: 
Diffe~jentfiating Amplif~er 

In a dif fer~ntiating amplifier a c·oridensor is u.s.ed as an 
input element. 

c 
e, :-1iJ 

l _1 - -= 

or 

R 

MPLIFIER 
GAIN • ~ 

de 
e0 • - RC -i 

eo 

""" 
j_ 
·-

-1Q-

Sam2le Problem: The following problem will serve to test the reader's 
grasp of the fundamentals of preparing a problem for solution on 
the REAC: 

ft • ay + bx + c ft. 
Sz • ay - bx - c dx 
dt at 
x • v • A at t • 0 


