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OPERATIONAL MANUAL FOR THE HEATH 
EDUCATIONAL ANALOG COMPUTER

MODEL EC-1

PREFACE

The purpose of this manual is threefold: first, to present, in elementary form, the fundamental 
mathematical theory of analog computers; second, to provide instructions for operation of the 
Heath Educational Analog Computer; and third, to show some illustrative examples of problems 
which can be solved on the Computer.

This manual is not intended to be exhaustive but rather to be a guide in the operation of the 
computer. For this reason frequent references are made to the available literature. Several 
excellent books as well as many articles are available. Some of these are listed in the references 
at the end of the manual. These should be available to and usedby anyone with a serious interest 
in analog computers.
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INTRODUCTION

One of the wonders of the modern Electronic Age is the computer or "Giant Brain", as it is 
sometimes called. Actually, the computer is not a "Brain” at all, since it does not think but 
must be "told" what to do. It is capable of doing mathematical operations at much greater speed 
and with greater accuracy than human beings.

A computer is a machine which perform s physical operations that can be described by mathe
matical operations. In general, computers may be classified as digital or analog. Digital 
computers operate by discrete steps, that is, they actually count. Common examples of digital 
computers are the abacus, desk calculator, punched-card machine, and the modern electronic 
digital computer. The fundamental operations performed by the digital computer are usually 
addition and subtraction. Multiplication, for example, is accomplished by repeated additions.

Analog computers operate continuously, that is, they measure. Examples of analog computers 
are the slide rule (which measures lengths), the mechanical differential analyzer, the electro
mechanical analog computer and the all-electronic analog computer. The last three generally 
measure electrical voltages or shaft rotations. Physical quantities such as weight, temperature 
or area are represented by voltages. Voltage is the electrical analog of the variable being 
analyzed. Arbitrary scale factors are set up to relate the voltages in the computer to the var
iables in the problem being solved. For example, 1 volt equals 5 feet or 10 volts equals 1 pound. 
The name "analog" comes from the fact that the computer solves by analogy by using physical 
quantities to represent numbers.

The fact that the analog computer operates continuously makes it very useful in such operations 
as integration; for this reason computers used this way are sometimes known as Differential 
Analyzers.

One of the most powerful applications of analog computers is simulation in which physical 
properties, not easily varied, are represented by voltages which are easily varied. Thus the 
"knee action" of an automobile front wheel suspension can be simulated on an analog computer 
in which the weight of the automobile, the constant of the spring, the damping of the shock ab
sorber, the nature of the road surface, the tire pressure and other conditions can be repre
sented by voltages. In practice these factors cannot be readily changed, but on the computer 
any one or all of these may be varied at will and the results observed as the changes are made.

Analog computers are especially useful in solving dynamic problems in which the motion can be 
expressed in the form of a differential equation.

All mathematical operations necessary to the solution of ordinary differential equations can be 
built up from addition, multiplication by a constant, and integration. * As will be shown later, 
the analog computer can perform  these operations and thus is a convenient device for the solution 
of differential equations.

The combination of the six basic computer operations will perform  any continuous function. 
Some of the types of problems which can be solved by these methods are radioactive decay, 
chemical reaction, beam oscillation and heat flow. With the addition of crystal diodes and re 
lays, simulation of discontinuous functions is possible. This makes possible solution of prob
lems involving saturation, backlash, hysteresis, friction, limit stops, vacuum tube character
istics, and different modes of operation such as sonic vs. subsonic flow.

* Shannon, C . , JOURNAL MATH. AND PHYSICS, Vol. 20, Pages 337-354, 1941.
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With the addition of special devices such as function generator and function multiplier, addi
tional operations may be performed such as multiplication of variables, computation of trig
onometric, exponentional and logarithmic functions and generation of discontinuous functions. *

THEORY

In order to solve differential equations on an analog computer, it is necessary to have:

1. DC amplifiers (also called operational amplifiers) capable of performing the operation
of

a. Integration
b. Addition (or summation)
c. Multiplication by a constant
d. Multiplication by -l(inversion)

2. A means of setting coefficients in a problem. This may be done by means of

a. Potentiometers
b. Changing the ratio of feedback resistance to input resistance.

3. A control system for starting and stopping solution of the problem, as well as resetting
the initial conditions so as to be ready for running a new solution with the same or new
coefficients and initial conditions.

The general procedure in solving a problem is to:

1. Set the machine variables (voltages) to the correct initial conditions.
2. Make the computing elements operative and force the voltages to vary in the manner 

prescribed by the differential equations.
3. Observe and/or record the voltage variations, with respect to time, which constitute 

the solution of the given problem.
4. Stop the machine and reset for a new run.

The heart of the analog computer is the DC operational amplifier which perform s the basic 
mathematical operations necessary for the solution of problems.

The amplifier used in the analog computer is a high gain direct-coupled amplifier with negative 
feedback and is represented by a triangle with the base at the input end and the apex at the out
put end, as shown in Figure 1.

INPUT O - -O OUTPUT

Figure 1 

AMPLIFIER SYMBOL

* Clarence L. Johnson, ANALOG COMPUTER TECHNIQUES (McGraw-Hill Book Company, 
In c., New York 1956) Chapter 8, Pages 136-164.
Korn and Korn, ELECTRONIC ANALOG COMPUTERS (McGraw-Hill Book Company, In c., 
New York 1956) Second Edition, Chapter 6, Pages 251-344.
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In use, resistors and capacitors are connected as input and feedback elements in such a way as 
to perform various mathematical operations. For use as a multiplier, resistors are used as 
input and feedback elements, as shown in Figure 2.

Rf

AMPLIFIER AS MULTIPLIER AND INVERTER

In this Figure, ei represents the input voltage, eg the grid voltage, e0 the output voltage, Ri 
the input resistor and Rf the feedback resistor.

The gain of an amplifier is given by

On solving for eg, the expression

e = — . is obtained.9 A

From this it can be seen that eg approaches zero as A approaches infinity. In practice, A is 
made large with respect to eQ by using high gain amplifiers so that eg becomes very small, and 
for practical purposes eg can be considered to be at ground potential.

Since the input to the amplifier is the grid of a tube, the current through the amplifier from the 
input can be considered to be zero, with the result that the current if through the resistor Rf is, 
for all practical purposes, equal to the current if through the resistor Rf, with the result that

* l ~  * o  . e-jp --—jj—  since I — (The symbol =  means
' * "approximately equal to")

2s Rfwhich becomes e o — — # s* i

♦For a more rigorous approach, see Korn and Korn, ELECTRONIC ANALOG COMPUTERS 
(McGraw-Hill Book Company, In c., New York, 1956), Second Edition, Page 12.
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The approximation which results from considering e = 0 will be used in the further discussion 
of the DC amplifier but the "approximately equal to*' sign will not be used, that is, î  will be 
considered to be eqqal to if.

In practice, the gain of DC computer amplifiers will vary from approximately 1000 for repeti
tive computers to as high as 10° for a large com m ercial installation. Since the maximum output 
of an amplifier is generally 100 volts, the value of eg will vary from about 0.1 volt to 1 m icro
volt, depending on the gain of the amplifier. Thus the amplifier gain is one factor in the accu
racy of an analog computer.

The equation eo 5 l _ e .

may be written e_ — „ whereo -  K . .  K - —

which is, in effect, multiplication by a constant. Since, in most cases, the output voltage is of 
the opposite sign to the input voltage, the amplifier also acts as an inverter or sign changer.

To change the value of the constant K, it is necessary only to change Rf or Rf. Generally, Rf 
is kept at 1 megohm and Rj is changed. This may be done by using a different value fixed r e 
sistor or by using a potentiometer as shown in Figure 3.

POTENTIOMETER AS INPUT RESISTOR 

Another method of obtaining odd constant values of Rj is shown in Figure 4.

POTENTIOMETER AS INPUT RESISTOR

The input voltage ef appears across a potentiometer (usually 100 Kfl), and a fraction p of it is 
selected. The voltage e0 appearing across the output is then given by the expression
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Suppose, for example, a ratio of 3.7 is desired. If j i  is made equal to 0.37 and Rf/R f = 10 
(Rf = 1 megohm and Rf = 100 Kfi), then eQ = -3.7 ej. Generally this method is to be preferred 
over that shown in Figure 3.

In actual practice, the ratio R f/R f is generally greater than unity, since the amplifiers tend to 
become unstable for values less than unity. Also the ratio Rf/Rf is 100 or less, as values 
greater than 100 introduce inaccuracies in the solution of the problem.

If, instead of the one input resistor shown in Figure 2, two or more resistors are used as shown 
in Figure 5, the operational amplifier becom es an adder.

e°— VW W —  

e ,o - J W M r -  

e , * - JWvW-

-M /W -

e0i
Figure 5 

AMPLIFIER AS ADDER

Again making use of eg = 0, the sum of the currents in the input resistors equals the current 
through the feedback resistor.

Th US i ,  +  '2+ i 3 = ' f

But, since i = _ |r it follows that

—L  . e 2 . e 3 —
D +  R* + R3L1 " 2  " 3  - ' f

Multiplication of both sides of the equation by Rf gives the result

S t + . . * L = -
1R ,  2 R 2 +  ° 3 R 3

which can be written

e 0 — ( K ,  e ,  + K 2 e 2 + k  e ,  )

R f
K2=R-

where
= R j _

[1 2 R2
The operational amplifier can thus be used to add and at the same time multiply any of its in
puts by constants. Any number of inputs can be used as long as the output voltage does not 
exceed the nominal range of the amplifier.

R f
K 3 = R 3
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Since subtraction can be considered to be the addition of negative numbers, subtraction can be 
performed by using negative voltages for those quantitities to be subtracted. The circuit shown 
in Figure 6 would give the result

o--------------------------------------------------------------------------------1

Figure 6

OPERATIONAL AMPLIFIER CIRCUIT USED FOR SUBTRACTION

which may be written

where
- i t and R f

K2 = r7

Division can be performed by multiplying by the reciprocal of the number, but since this som e
times requires a ratio of R f/R i of less than unity, which may cause unstable operation of the 
amplifier, this method is generally undesirable. The circuit shown in Figure 7 shows a more 
desirable method.

DIVISION BY A CONSTANT

The voltage e is given by

It is also given by e =  p e 0
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where \ i is the ratio of the voltage e0 appearing across the potentiometer to the voltage 
across the arm of the potentiometer and ground.

R fThus p e_ =  — - — ei °  R:

and e_ =  — ®

Thus division by \ i has been accomplished if R f/R f is made unity (Rf = Rf = 1 megohm, for 
example).

Since p is less than unity, a scale factor must be introduced when dividing by numbers larger 
than one. Let the desired divisor be 2.5. The value chosen for p. would then be 0.25, since p is 
less than one. The indicated result (answer) will then be greater by a factor of 10 than the true 
value of the answer, so the indicated answer must be divided by the same value as used in re 
ducing the division to a value of less than one (in this case 10). Thus, for this example

®o 0.25 1 10 1 Rj "i

since 2.5 =  0.25 x 10

choosing Rj = r . =  i m e g , this becomes

1 / 1 x
eO - 0.25 *10' e i

which becomes 10 « 0 —~ q 25 *■

If the divisor had been 25, a factor of 100 would have been chosen, yielding

100 ®o o.25 *■

and the indicated result would be divided by 100. If the division is less than unity, no correction 
is necessary.

Again making use of the approximation e „  = o, it is possible to show the operation of the ampli
fier as an integrator. The feedback resistor is replaced by a capacitor, as shown in Figure 8 
on Page 10.
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OPERATIONAL AMPLIFIER AS INTEGRATOR 
e i _  ■_ dQ
Rj d t

Since dQ =  e f d e Q this becomes

Solving this equation for deQ gives the result

de0 =— ei<**Rj cf
Integration of both sides gives

Where eiC is the constant of integration 
(initial condition) and is the voltage 
across the capacitor Cf at time t = o.
Thus the operational amplifier can integrate.

Figure 9

AMPLIFIER AS DIFFERENTIATOR

It is possible to show, by a similar analysis, that the operational amplifier can be used to 
differentiate. The amplifier is used very seldom for this purpose, however, since noise in the 
input tends to be magnified by differentiation, whereas it tends to cancel out in integration. 
Such circuits also tend to be unstable.

In practice, the value of the feedback resistor Rf, when used, is generally 1 megohm and the 
value of the feedback capacitor C f, when used, is generally 1 pfd. The value of the input re 
sistor usually varies from  0.1 megohm to 1.0 megohm, although in certain problems the values 
may be different from these values.
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A combination of simple operations form s a complex operation. In general, an analog computer 
is not used for addition alone or for multiplication by a constant as a single operation. These 
can be better performed by other means. The value of the computer lies in its ability to combine 
these simple operations into a complex operation.

An example of a complex operation is indicated by the circuit shown in Figure 10.
c

ei<>-

e'°— W W V n

-A/WVW

-AAM/V

-A/W W 1 eo
J

Figure 10 

COMPLEX OPERATION

This circuit solves the relationship

— l - r r ^ -RC J L Rl e* ] dt + en (o)

where e0 (o) is the output voltage at time t = o (start of problem solution). Amplifier A is used 
for sign inversion. It can be omitted if a minus result is acceptable.

Another example of a simple type of problem involving complex operation is that of an object 
falling due to the force of gravity. The acceleration which the body experiences is constant near 
the surface of the earth and due to the force exerted on the object by the gravitational field of 
the earth. This may be written as an equation,

d *y  _

dt 2 -

where y is the distance the object falls in time t, and g is the acceleration given the object by 
the earth's gravitational field. By integrating twice, it is possible to obtain an expression for y 
in terms of g and the time t during which the body has fallen. This can easily be set up on the 
computer, using two amplifiers as shown in Figure 11.

AMPLIFIER CONNECTIONS FOR SOLVING "FALLING BODY PROBLEM”

The input voltage e  ̂ is supplied by a suitable power supply and the value of ei is chosen so that 
eQ does not exceed the output capacity of amplifier 2. Instructions for setting up this problem 
are given on Page 21. It is suggested, however, that the actual setup and solution of the prob
lem be withheld until the CIRCUIT DESCRIPTION and OPERATION sections of this manual have 
been thoroughly reviewed and are generally understood.
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Other examples of the application of complex operation to the solution of problems are given in 
the section on OPERATION.

SCALE FACTORS

In the operation of the analog computer two factors must be considered. The first of these is 
the amplitude factor. In general, the output of each amplifier must be kept within the range 
±100 volts, the actual value depending on the amplifier used in the computer. In order to keep 
the output within the specified limits, it is generally necessary to scale down the input voltages. 
It is not always possible to determine before hand the range of the voltages, in which case a 
trial run can be made and after the voltages are observed, the proper amplitude scale factors 
can be chosen. Sometimes it is possible to estimate the range of voltages from the physics of 
the problem.

The other factor is time. If the product RiCf = 1 when Rf is measured in ohms and Cf is meas
ured in farads, the computation is said to be in real time. This is so, for example, when Rf = 
1 megohm and Cf = 1 jufd. (RiCf = 10® ohms x 10_® farad = 1) If the computer is operated such 
that the solution is obtained in less time than is required for the physical solution to occur, the 
operation is said to be faster than real time. This is very useful if the physical occurrence which 
is being simulated requires considerable time. Time is also saved, permitting the solution of 
more problems in the same length of machine time.

Another advantage is that machine error is decreased, especially the error due to the leakage 
resistance of the feedback capacitors. In general, the solution of a problem on the computer 
should not require more than l t o5  minutes. Longer solution times require special precautions.*

REPETITIVE OPERATION

It is desirable, for many problems, to repeat the solution and observe the effect on the solution 
of changing the various parameters of the problem. This is made possible by repetitive oper
ation. Some means is provided for automatically resetting the computer and re-running the 
problem. A cathode ray oscilloscope is convenient for observing the solution in this case. 
Generally, one of the computer amplifiers is used to provide the sweep for the oscilloscope . 
Details of operation will be discussed in the section on OPERATION.

ACCURACY

As was shown previously, the higher the amplifier gain the less will be the error in each com 
puting operation. Thus the accuracy depends in part on the gain of the operational amplifier. 
Accuracy also depends on the precision of the computing components, such as resistors and 
capacitors. Time is also a factor in accuracy. In general, long runs introduce errors  due to 
amplifier drift and capacitor leakage.

* Goode and Machol, SYSTEM ENGINEERING (McGraw-Hill Book Company, In c., New York, 
1957), Pages 278-283.
Clarence L. Johnson, ANALOG COMPUTER TECHNIQUES (McGraw-Hill Book Company, In c., 
New York, 1956), Chapter 3, Pages 20-44.
Korn and Korn, ELECTRONIC ANALOG COMPUTERS (McGraw-Hill Book Company, Inc. , 
New York, 1956), Pages 30-35.
James B. Resnick, "Scale Factors for Analog Computers", Product Engineering, March, 1954.
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Any variations in voltages in any part of the circuit of a direct-coupled amplifier cause vari
ations in the output voltage which in turn introduce errors in the solution. With constant input 
the output will vary, resulting in "drift” , which increases with amplifier gain. This introduces 
a paradox since, as has been shown, error is reduced by increasing amplifier gain but this in 
turn increases drift which increases errors. For this reason, very high gain amplifiers gener
ally use some means of stabilization in order to reduce drift. *

READ-OUT

For arithmetic problems in which a single numerical answer is obtained, the result can be read 
on the meter. In problems having a continuous solution (changing with time) an oscilloscope is 
desirable. It is possible in this case to watch the effect on the solution of varying the various 
problem parameters. This is especially true when repetitive operation is used. In this case 
one of the computer amplifiers is used to provide the sweep. The oscilloscope must be a DC 
scope.

If a permanent record of the solution is desired, a photograph of the oscilloscope trace may be 
made or a recording galvanometer may be used. Examples of both methods are shown in the 
illustrative problems.

NON-LINEAR OPERATION

A discussion of non-linear operation is beyond the scope of this manual. An excellent treatment 
of non-linear operation can be found in ANALOG COMPUTER TECHNIQUES by Clarence L. 
Johnson, Chapter 7, Pages 107-127.

CIRCUIT DESCRIPTION

DC OPERATIONAL AMPLIFIER

The general requirements for a DC amplifier for computer use are high gain, high input imped
ance, low output impedance, good linearity and stability (low drift). The circuit of the amplifier 
used in the Heath Analog Computer is shown in Figure 12.

+ 300 VOLTS

Figure 12

DC OPERATIONAL AMPLIFIER FOR EC-1

* Korn and Korn, ELECTRONIC ANALOG COMPUTERS (McGraw-Hill Book Company, Inc. , 
New York, 1056) Second Edition, Pages 191-196 and 231-239.
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The amplifier is designed around a6U8 tube with which it is possible to achieve a gain of approxi
mately 1000. This is adequate for the use for which this computer is designed. This high gain 
is achieved by operating the pentode section of the 6U8 with a large plate load and with low volt
age on the screen grid. * This gives a gain of approximately 700. The gain is increased to ap
proximately 1000 by adding a small amount of positive feedback. The 2.2 megohm resistor pro
vides this feedback. A high frequency filter consisting of a 1KS7 resistor and a 5600 pjuf capac
itor in series is used to prevent oscillation of the amplifier.

The 3 K£2 control is used for adjusting the output of the amplifier to zero volts when there is no 
input signal. One way of doing this (used in the EC-1) is to use a 1 megohm feedback resistor 
and a 1 megohm resistor between input and ground, as shown in Figure 13.

IM

With the amplifier set up as in Figure 13, the 3 Kf2 zero adjust control is set for zero reading 
on the meter. In the EC-1, this is accomplished by merely operating a switch to its BALANCE 
position, which disconnects the amplifier from the problem board and connects the proper feed
back and input resistors, thus simplifying the balancing operation.

The triode section of the 6U8 is connected as a cathode follower output stage. The two NE-2H 
neon lamps are used as a reference voltage dropping element by which the output signal level 
can be dropped from approximately 112 volts to zero volts without loss in gain, as would occur 
if a purely resistive element were used.

The input and output terminals of the amplifier are on the panel or problem board with two of 
each provided. These are so arranged that plug-in units may be easily and rapidly used to 
change impedance values for various problems.

AMPLIFIER POWER SUPPLY

The +300 volt power supply is a conventional electronically regulated unit which provides the 
+300 volts for operation of the amplifiers. The 250 K£7 control adjusts the output voltage over 
a range of approximately +250 to +350 volts. The circuit is shown in Figure 14. Provision is 
made for using the meter on the panel for setting the voltage to +300 volts. The -150 volts DC 
required by the amplifier is supplied by a half-wave rectifier, the output of which is controlled 
by an OA2 regulator tube.

* George E. Kaufer, "How to Design Starved Am plifiers", Tele-Tech and Electronic Industries, 
Vol. 14, No. 1, January 1955, Page 68.
Walter K. Volkers, "Ultra-High-Gain Direct-Coupled Amplifier Circuits", - paper read before 
1950 IRE National Convention in New York.
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6AQ5A

O U T P U T

+ 3 0 0  VO LT D.C. PO W ER S U P P LY

Figure 14

+300 VOLT DC POWER SUPPLY FOR EC-1

INITIAL CONDITION POWER SUPPLIES

The voltages for the initial conditions or the "given" quantities of the problem are supplied by 
three initial condition power supplies. These use conventional half-wave rectifiers with OB2 
regulator tubes and potentiometers so that any voltage from  0-100 may be obtained. The sup
plies are ungrounded, making them usable for either plus or minus voltages with respect to 
amplifier ground.

CONTROL CIRCUIT

While the amplifiers perform  the actual mathematical operations, it is necessary to provide 
certain control functions. Before solution of the problem can commence, the voltage o f the 
amplifier must be set to the proper value and the amplifiers must be balanced. Provision is 
made for this by means of a meter and a FUNCTION switch on the panel. By use of the FUNC
TION switch and meter, the output of any of the operational amplifiers may also be m easured. 
An OPERATION switch turns the computer on, starting solution of the problem. After the prob
lem is solved, it is necessary to reset the computer to the starting conditions. This is accom 
plished by setting the OPERATION switch to the RESET position, which operates a relay which 
in turn removes residual voltages from the amplifiers and resets initial condition voltages so 
that the computer is ready to again solve the problem.

REPETITIVE OSCILLATOR

Sometimes it is desirable to automatically repeat the solution a number of times. This is 
accomplished in the EC-1 by means of a multivibrator which cycles the relay at an adjustable 
rate of from approximately 0.1 to 15 times per second. In this way the effect on the solution 
of changing any of the problem parameters may be observed. The rate of repetition is changed 
by a control on the panel.
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GENERAL OPERATING INSTRUCTIONS

Electrical power for the computer is controlled by two toggle switches marked FILAMENT and 
HIGH VOLTAGE, with green and clear pilot lamps, respectively. These switches are wired so 
that the filaments may be on with the high voltage off, but the high voltage will not be on unless 
the filament switch is in the ON position. Thus the filaments may be left on when the computer 
is not in actual use, doing away with the warming-up time otherwise necessary. The filaments 
should be turned on several minutes (preferably at least one-half hour) before use and should 
then be left on unless the computer is to be idle for a period of several hours or longer.

To adjust the amplifier power supply output, the METER FUNCTION switch is set to SET B+. 
The OPERATION switch should be in the RESET position. With the HIGH VOLTAGE switch ON, 
turn the control VC on the chassis (near the rear) until the meter pointer rests at the red mark 
labeled SET B+. This sets the output of the amplifier power supply to +300 volts.

Leaving the OPERATION switch in the RESET position, set the METER RANGE switch to 100 V 
and the METER FUNCTION switch to AMPLIFIER BALANCE. Starting with amplifier 1, press 
downward the slide switch immediately below the amplifier terminals on the panel and, using a 
screwdriver, turn the AMPLIFIER BALANCE CONTROL until the meter pointer reads zero. 
Repeat this operation for each of the other eight amplifiers. With the METER RANGE switch 
set at 10 V, repeat the above operation for each amplifier. Once again, repeat the above opera
tion for each amplifier with the METER RANGE switch set at 1 V. The amplifiers should be 
checked for balance before each problem run. It is not necessary to remove computing compo
nents from the problem board when balancing amplifiers as the slide switch on the panel dis
connects the amplifier from the problem board, as shown in Figure 15.

TO  PRO BLEM  BOARD

i  i

Figure 15 
AMPLIFIER BALANCE CIRCUIT

Two binding posts above and to the right of the meter provide for external use of the meter. 
With the METER FUNCTION switch in INPUT position, the meter is disconnected from the 
computer and connected to the two binding posts labeled METER INPUT. The meter may then 
be used to measure voltages of 100 or less applied to the METER INPUT binding posts. The 
METER RANGE switch is used to select the proper range. The meter has a sensitivity of 
10,000 ohms per volt.

The AMPLIFIER OUTPUT binding posts above and to the left of the meter provide for external 
read-out, such as with an oscilloscope or pen recorder. By turning the METER FUNCTION switch 
to any of the positions 1 through 9, the output of the corresponding amplifier may be read on the 
meter or taken off at the terminals marked AMPLIFIER OUTPUT. If desired, the METER 
RANGE switch may be set to OFF, thus disconnecting the meter from the output circuit and 
using only the binding posts. The AMPLIFIER OUTPUT terminals are automatically disconnected

Page 16



from the meter when the METER FUNCTION switch is at SET B+ or INPUT, making it unneces
sary to disconnect the external read-out unit when checking the power supply voltage. Likewise, 
the METER INPUT terminals are disconnected atall positions of the METER FUNCTION switch 
except INPUT.

The outputs of the three initial condition power supplies are connected to binding posts on the 
panel immediately under the controls for the supplies. The outputs are not grounded, making 
it possible to use either the plus (red) or minus (black) terminal for the "hot" terminal. Since 
the supplies are not grounded, it is necessary to ground one of the terminals of each supply in 
use. The output is zero when the control is full counter clockwise; turning the control clockwise 
increases the output up to 105 volts, with a maximum current of 5 ma.

Five coefficient potentiometers are provided on the panel. One end terminal is grounded, with 
the other end terminal and the center terminal connected to binding posts on the panel. The 
center terminal of the control (black binding post) is grounded when the control is in full counter
clockwise position. The ungrounded end terminal (red binding post) will be connected to the IC 
supply voltage of the required potential.

A 4PST relay is used for inserting initial conditions and for removing residual voltages from the 
amplifiers. For convenience, the connections to the relay contacts are brought to binding posts 
on the panel where they may be connected across problem components as required. The relay 
contacts are normally closed. Turning the OPERATION switch to MANUAL will start solution 
of a problem by opening the relay contacts, which will remain open until the switch is returned 
to RESET. Setting the OPERATION switch to REPETITIVE will connect the relay to the repeti
tive oscillator, opening and closing the contacts at a rate determined by the REPETITION RATE 
control on the panel. Turning the control clockwise increases the rate of operation from the 
minimum of approximately 0.1 cps to the maximum of approximately 15 cps.

Computing components are connected to the amplifiers by means of 2-prong plugs inserted 
into sockets on the panel. Suggested methods of mounting components on the plugs are shown in 
Figure 25 in the Construction Manual.

BASIC MATHEMATICAL OPERATIONS

ADDITION

Two quantities can be added by feeding two voltages, proportional to the quantities, into an 
amplifier, as shown in Figure 16.

Figure 16 

AMPLIFIER USED FOR ADDITION
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As an example, consider the simple problem of finding the sum of 36 + 58. Since the sum of 
these numbers is greater than 60, the voltages used cannot be equal to the numbers but must 
be scaled down. In this case, voltages equal to 1/10 of the numbers will be suitable. The prob
lem setup now looks like Figure 17.

I MEG

AMPLIFIER USED FOR ADDITION

Since the input voltages are equal to 1/10 of the quantities being added, the output voltage will 
be 1 /lO of the sum and so must be multiplied by 10 to obtain the answer. Notice that the answer 
is negative with respect to the inputs. If this is undesirable, a second amplifier may be used for 
sign inversion. See Figure 18.

The voltages are obtained from the initial condition power supplies and the answer is read on the 
meter. Turn on the FILAMENT switch, after having plugged 1 megohm 1% precision resistors, 
previously mounted on 2-prong plugs, into the two input sockets and the feedback socket of 
amplifier 1. Plug in a patch cord between the black binding post of initial condition power supply 
1 and the black binding post marked METER INPUT which is above the meter. Connect another 
patch cord from the red binding post of IC-1 (initial condition power supplies will hereafter be 
called IC) and the red binding post marked METER INPUT. Set the METER FUNCTION switch 
at 10 V and the number 1 INITIAL CONDITION control to extreme counterclockwise position. 
Turn on the HIGH VOLTAGE switch and turn the IC-1 control clockwise until the meter reads 
3.6 volts. Now unplug the end of the patch cord at the red METER INPUT binding post and plug 
it into either of the INPUT binding posts of amplifier 1. In the same manner, connect IC-2 to 
the meter (connect the black binding post of IC-2 to the black binding post marked METER INPUT) 
and set the control IC-2 so the meter reads 5.8 volts. Unplug the end of the patch cord at the red 
METER INPUT binding post and plug it into the other INPUT binding post of amplifier 1. Set 
the METER FUNCTION switch to AMPLIFIER OUTPUT 1 and read the voltage on the meter. 
Multiply this reading by 10 to obtain the answer. CAUTION: In general, before using the meter 
for reading an answer, the METER RANGE switch should be on the 100 V range so as not to 
damage the meter if the result exceeds 10 V. In this case, we knew the answer would be less 
than 10 V. Also remember that the output of any amplifier should not exceed ±60 volts.

Since the red binding posts of the IC power supplies are connected to the amplifier inputs, the 
input voltages are positive (+).

The output read on the meter is negative (-) however, due to the action of the amplifier as an 
inverter or sign changer. A plus answer can be obtained by use of a second amplifier with unity 
gain (Ri = Rf, generally 1 megohm in each case). This is shown in Figure 18.
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Figure 18

AMPLIFIERS USED FOR ADDITION AND INVERSION

MULTIPLICATION

Multiplication by a constant is performed by using different values of input resistor and feed
back resistor. As an example, find the product of 10 x 37. See Figure 19. Plug a 100 K, 1% 
precision resistor into either input socket and a 1 megohm resistor into the feedback socket 
of amplifier 1. Set IC-1 to 3.7 volts and then connect this voltage to that input of amplifier 1 
to which the 100 Kf2 resistor was connected. Read the output on the meter and multiply this 
reading by 10 to obtain the answer. (The 37 was divided by 10 in order to keep the result under 
60 v o lts .) Again notice the result is negative with respect to the input, due to the 180 phase 
shift in the amplifier.

I M t o

e0=-Bf- g -  I,OOP,OOP C3 7 VO LTS) = 10X 3.7 VOLTS 
RI ' 100,000
Figure 19

AMPLIFIER USED FOR MULTIPLICATION

INTEGRATION

It was shown on Page 10 that by replacing the feedback resistor of an amplifier with a capacitor, 
the output of the amplifier is proportional to the integral of the input voltage, or more specific
ally,

e =  — —J —  I e : d t + e j c
°  Rjtf J 1 ,c

Plug a 1 megohm precision resistor into either of the input sockets and a 1 pfd mylar capacitor 
into the feedback socket of amplifier 1. When using an amplifier as an integrator, it is neces
sary to remove the charge on the capacitor before using the amplifier again. If this is not done, 
an error will be introduced in the next solution due to this residual change. In the EC-1, this is 
accomplished by connecting a pair of the relay contacts across the feedback capacitor; the con
tacts are closed when the amplifier is not integrating and open when the computer is operating, 
as shown in Figure 20 on Page 20.
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RELAY CONTACTS

Figure 20

INTEGRATING AMPLIFIER WITH RELAY CONTACTS

When the OPERATION switch is in the RESET position, the relay contacts are all closed.

Connect the two binding posts on either end of the feedback socket to the two relay contacts 1, 
as shown in Figure 21. Set IC-1 to 5 volts and connect to the input of amplifier 1, to which the 
1 megohm resistor was connected. Turn the OPERATION switch to MANUAL. The meter read
ing should increase rather uniformly from zero to approximately 100 V, but should be stopped 
at 60 volts by turning the OPERATION switch to RESET. This will stop integration and remove 
the charge from the capacitor, leaving it ready for operation again. Turning the OPERATION 
switch to REPETITIVE will start the computer operating, but now the oscillator will automati
cally reset the initial conditions and start solution again at a rate control by the REPETITION 
RATE control. This operation will continue until the OPERATE switch is returned to RESET.

<§>-

TO RELAY 
CONTACTS J U f d

/ o N

<s>

1--------- -o o
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MEG
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Figure 22 A Figure 22B

(a) As observed on oscilloscope. (b) As recorded by pen recorder.

OUTPUT VOLTAGE eQ VS. TIME t FOR AMPLIFIER USED AS INTEGRATOR

The operations just carried out illustrate the basic operations perform ed by the computer, but 
the real value of the computer lies in combining these elementary operations in such a way as 
to solve problems.

ILLUSTRATIVE PROBLEMS

The operations just described are the basic operations which can be performed by the computer. 
They are given to illustrate the method of setup and operation rather than because they are use
ful in themselves. Only when the basic operations are combined for the solutions of complex 
problems does the computer become a valuable tool for problem solving.

The following problems will illustrate some of the types of problems, the solution o f which can 
readily be obtained on the computer.

Components are furnished for use in solving some of these problems. For other problems, 
additional components are required. These may be standard radio components. Ordinary 5% 
or 10% resistors may be used where accuracy of results is not important, such as when only the 
general nature of the problem solution is needed.

Additional problems will be found in the references at the back of the manual.

FALLING BODY PROBLEM: One of the simplest problems encountered in elementary physics is 
that of a body moving under the influence of a constant force, such as the earth's gravitational 
field near the surface of the earth. The equation for the motion of a body in such a field is

where g is the acceleration which a body experiences when in the earth's gravitational field and 
y is the distance the body falls in time t. To find the value of y, it is necessary to integrate 
twice.
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Figure 23

FALLING BODY PROBLEM CIRCUIT

The value of g is supplied by one of the IC power supplies. Some way must be provided for dis
charging the capacitors at the end of the solution of the problem. This can be accomplished by 
connecting the capacitor to the relay contacts which are open during solution of the problem and 
closed during the "reset" time.

*  NC RELAY CONTACTS *  NC RELAY CONTACTS

The 100 K potentiometer is the IC potentiometer. Connect a patch cord from the red binding 
post of IC-1 to the INPUT binding post of amplifier 1, and another patch cord from the black 
binding post of IC-1 to the black METER INPUT binding post above the meter. Plug a 1 meg
ohm mounted resistor into the input socket of amplifier 1 (the one to which the patch cord is con
nected) and a 1 megohm resistor into either input socket of amplifier 2. Plug mounted 1 pfd 
capacitors into the feedback sockets of amplifiers 1 and 2. Connect a patch cord (short) from the 
output of amplifier 1 to the input of amplifier 2 (the one with the 1 megohm resistor). Connect 
patch cords from the AMPLIFIER INPUT binding post and AMPLIFIER OUTPUT binding posts 
to relay contacts 1 for amplifier 1 and relay contacts 2 for amplifier 2. Set IC-1 control to the 
first or second dot from the extreme counterclockwise direction. Set the METER RANGE switch 
to 100 V and the METER FUNCTION switch to AMPLIFIER OUTPUT 2. Turn the HIGH VOLT
AGE switch to ON (the filament switch should previously have been turned to ON). Turn the 
OPERATION switch to MANUAL. The meter needle should move to the right, slowly at first, 
gaining speed as it moves. When the needle reaches 60-65 volts, turn the OPERATION switch 
to RESET which will discharge the capacitors, making the computer ready to again solve the 
problem. If the meter needle moves too slowly, turn the IC control clockwise; if the needle

°—VWW

* Normally closed. 
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moves too rapdily, turn the control counterclockwise. Turn the OPERATION switch to RE
PETITIVE. The computer will now reset itself and repeat the solution at a rate controlled by 
the REPETITION RATE control knob. This will continue until the OPERATION switch is returned 
to the RESET position. If a permanent record of the solution is desired, a pen recorder may 
be connected to the AMPLIFIER OUTPUT binding posts above the meter.

Figure 25 A Figure 25 B 

SOLUTION OF FALLING-BODY PROBLEM

Figure 25 C

(a)
(b)

(c)

As observed on oscilloscope. Body was given initial horizontal velocity. 
As observed on oscilloscope (no initial horizontal velocity). The dashes 
represent equal time intervals, showing the increased distance traveled 
during each succeeding time interval.
As recorded on pen recorder.

The solution may be viewed on a DC oscilloscope, such as the Heath DC Oscilloscope, by con
necting the vertical input of the oscilloscope to the red AMPLIFIER OUTPUT binding post and 
the ground to the black AMPLIFIER OUTPUT binding post. No sweep is needed to show the falling 
body, but if one wants to show the path when an initial horizontal velocity is given the body, a 
sweep voltage is necessary. To insure synchronization, one of the computer amplifiers should 
be used as the sweep generator for the oscilloscope, as shown in Figure 26.

Figure 26

AMPLIFIER USED AS SWEEP GENERATOR

The ±100 volts is obtained from one of the IC power supplies, using + or -, depending on the 
direction of sweep desired. Set the IC control until the desired rate of sweep is obtained. The 
values of Rj and of Cf should be the same as those used in the problem.

If a faster rate of solution is desired, the 1 megohm resistors should be replaced by 0.1 meg
ohm resistors and the 1 pfd capacitors by 0.1 pfd capacitors, adjusting the REPETITION RATE 
control accordingly.
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The previous problem considered the body to be falling without friction. If there exists a frictional 
force, proportional to the velocity r  dY

d t

the equation of motion becomes
d 2 y  „  d Y , m

m- d R + c d T +  9 =  0 

d 2 y  _  c  d y
d t 2 m d t

The basic computer circuit is shown in Figure 27.

Figure 27

FALLING BODY PROBLEM CIRCUIT. FRICTIONAL FORCE ADDED.

This circuit is set up on the computer as before, with the addition of a feedback resistor across 
the first amplifier. For simplicity, therelayand ground connections are omitted as well as the 
initial condition power supply connections. These are the same as in the previous problem. 
The solution is shown in Figure 28.

Figure 28 A

Figure 28 B

191
SOLUTION OF FALLING BODY PROBLEM WITH FRICTIONAL FORCE

(a) As displayed on oscilloscope. 

SPRING-MASS SYSTEM

(b) As shown on pen recorder.
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The differential equation of the spring-m ass system shown in Figure 29 is

M ^ + s d f + K y = F l , )

with y (o)  =  (o) =  o .
d t

The last expression states that the displacement at time equals zero (the start of the problem 
solution) y (o) and the velocity at time equals zero (o) are both zero.

The differential equation may be written

M s T T = F< » - s 7 r - “ v

The simplified computer diagram is shown in Figure 30.

Figure 30.

SPRING-MASS SYSTEM CIRCUIT

In this diagram all resistor values are megohms and all capacitor values are microfarads. 
Ground connections are omitted for purpose of simplicity. F (t) is supplied by one of the initial 
condition power supplies.

Various solutions are shown in Figure 31.

Figure 31

MASS, SPRING, DAMPER PROBLEM
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SIMULTANEOUS ALGEBRAIC EQUATIONS

A different type of problem is one involving simultaneous algebraic equations. A system of two 
equations in two unknowns may be represented by the equations

a ,  x + b,y  =  C,

ajX + —C

These equations may be rewritten in the form

2L_ | y -  c 2
b2 a2 a 2 b2

The computer circuit for these equations is shown in Figure 32.

— wwv 2L
a ,

Figure 32

CIRCUIT FOR SIMULTANEOUS ALGEBRAIC EQUATIONS

As an example, consider the equations
5 X + 3 y  =  2 1 0

2 X +  5 y  =  1 6 0

These equations become
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The computer circuit for these equations is shown in Figure 33.

im e g .  3L

CIRCUIT FOR SIMULTANEOUS EQUATIONS 

The values of x and y are read on the meter.

Control A is set so that the voltage drop between the center lugs and ground is 1/3 the voltage 
drop across the control. Control B is set so that the voltage drop between the center lug and 
ground is 1/5 the voltage drop across the control. Controls C and D are likewise set for 1/2 
and 1/5 the total voltage respectively.

PROJECTILE PROBLEM

A variation of the falling body problem is to fire a projectile upward at an angle from the hori
zontal and see the path on the oscilloscope. * Air resistance may be introduced also. Thus the 
effects of the initial velocity, gravity and air resistance may be observed.

In the X direction, the equation of motion is

with = V at T =  0  d » 2  M d t  d t  o x i

and the equation in the Y direction is

^ = - , - - ^ 1 1  w l t h 4 ± = V ov at T =  o  d » 2  M M d t  d t  ° V

*The setup of this problem is presented here through the courtesy of Prof. Harry F. Meiners of 
the Department of Physics, Rensselaer Polytechnical Institute, Troy, New York.
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The basic computer setup is shown in Figure 34.

of T = 0

Figure 34

COMPUTER SETUP FOR PROJECTILE PROBLEM

due
The

The components of the initial velocity are controlled by IC-1 and IC-2, while the acceleration 
to gravity, g, is controlled by IC-3. Air resistance is controlled by the controls m /c. 
solution is shown in Figure 35.

Figure 35 A Figure 35 B

SOLUTION OF PROJECTILE PROBLEM 

(a) As recorded on oscilloscope. (b) As recorded on pen recorder

BOUNCING BALL

A problem which is interesting to watch, as well as one which illustrates the more complex type 
of problem that the computer is capable of handling, is the "Bouncing Ball" problem. For solv
ing this problem, a few additional components are required which are readily obtained from 
most any dealer in radio supplies. The following additional components are needed:
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1 20 K£2 (0.02 megohm) resistor
1 200 K£2 (0.2 megohm) resistor
1 500 Kfi (0.5 megohm) resistor
1 2 megohm resistor
1 5 megohm resistor
4 10 megohm resistors

The resistors should preferably be 1% tolerance, but 5% or even 10% resistors will be satis
factory for demonstration purposes. The potentiometers can be of the ordinary radio type. 
Silicon diodes are furnished with the computer. In addition to the above components, it is 
necessary to set up a phase shifter to produce the Lissajous pattern which simulates the ball. 
The parts required for the unit are:

1 6.3 V filament transformer (current rating not 
important but must have center tap)

2 10 Kf2, 1/2 watt resistors
2 25 Kf2 controls
1 0.1 M-fd, 150 volt capacitor
1 1.0 jufd, 150 volt capacitor
2 100 K£2 controls

105-125V 
5 0 - 6 0 "  
C Y C L E -

^  B A L L  S H A P E s ^  

2 5 K  2 5 K

Figure 36

PHASE SHIFTER FOR BOUNCING BALL PROBLEM

These components are standard radio components. The capacitors may be paper or plastic 
tubular. The complete diagram for the problem, including the phase shifter, is shown in Fig
ure 38. Any good DC oscilloscope may be used for observing the motion of the ball. The Heath 
DC Oscilloscope is especially suitable for use with the EC-1. The sweep circuit in the o s c il
loscope is not used, as the sweep voltage is provided by the computer. Solution is shown in 
Figure 37.

I  f y / V w

Figure 37

BOUNCING BALL PROBLEM AS SHOWN ON OSCILLOSCOPE
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SPECIFICATIONS

AMPLIFIERS

Nine DC operational amplifiers, each using a high gain circuit with a pentode driving a cathode 
follower output. Each amplifier has the following characteristics:

GAIN: Open loop gain approximately 1000.

OUTPUT: Any value between -60 and +60 volts with load current up to 0. 7 ma.

HUM AND NOISE LEVEL: Approximately 4 mv referred to input, under normal conditions. 

DRIFT: Short term drift less than ±5 mv referred to input.

FREQUENCY RESPONSE: Down 1 db at 600 cps.

ADJUSTMENTS: Screwdriver adjust balance controls mounted on front panel. Amplifiers 
may be balanced without removing problem setup.

CONNECTIONS: Two input and two output connections for each amplifier. Computing com 
ponents mount on plugs which are inserted in sockets on panel.

METER

A 50-0-50 microampere movement calibrated to read 1-0-1, 10-0-10 and 100-0-100 volts is 
used to read power supply voltage, measure initial condition voltages, monitor output of an 
amplifier, and indicate amplifier balance.

INITIAL CONDITION VOLTAGE SUPPLIES

Three ungrounded supplies, each of which provide 0-100 volts at 5 ma regulated by VR tube. 
May be used as positive or negative voltage source.
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RELAYS

A relay with four sets of contacts provides for applying initial condition voltages and for re 
setting problems.

REPETITIVE OPERATION

A multivibrator provides for automatic operation at from approximately 0.1 to 15 cps.

MAIN POWER SUPPLY

The positive supply is electronically regulated and provides +300 volts at 25 ma. The negative 
supply provides -150 volts at 40 ma and is regulated by a VR tube.

COEFFICIENT POTENTIOMETERS

Five 100 KS2 controls with terminals on panel.

COMPUTING COMPONENTS

Precision resistors, Mylar capacitors and patch cords are provided for setting up and solving 
many of the illustrative problems given in the Operational Manual.

DIMENSIONS

Computer Cabinet:...................................................  19 5 /8 "  wide x 11 1 /2 " high x 15" deep.

Panel:........................................................................... 19" wide x 10 1 /2" high. May be mounted in
standard rack if desired.

WEIGHT

Net Weight:................................................................  37 1/2 lbs.

Shipping Weight:.......................................................  43 lbs.

POWER REQUIREMENTS 

1050125 volts, 50-60 cps, 100 watts.

ASSEMBLY TIME

Average about 25-30 hours. May require more or less time, depending on experience of builder 
and quality of workmanship.

OPERATION

This Operational Manual gives a discussion of Analog Computer theory and operation, instruct
ions for operation of the EC-1 and directions for setting up and solving several illustrative 
problems.

APPLICATIONS

Teaching and demonstration in Engineering, Physics and Mathematics classes.

Laboratory use, especially in classes in analog computer design and use.

Industrial laboratories for preliminary runs of problems.
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GRAPHS

The following graphs show the response of atypical DC amplifier of the EC-1. Individual ampli
fiers will show some variation from these curves.

LOAD RESISTANCE IN OHMS.

FREQUENCY IN CYCLES PER SECOND
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To aid in the identification of parts, drawings of some of the parts are shown opposite the part 
description.

CONSTRUCTION COMPONENT PARTS LIST

PART
No.

PARTS 
Per Kit

DESCRIPTION

Composition Resistors
PEC

84-12
1/2 Watt Resistor

1-10 1 12000 1/2 watt
1-69 10 18 KO 1/2 watt
1-26 2 100 KO 1/2 watt
1-30 1 270 KO 1/2 watt
1-33 1 470 KO 1/2 watt
1-34 9 680 KO 1/2 watt
1-35 1 1 meg 1/2 watt
1-37 10 2.2 meg 1/2 watt
1-40 9 10 meg 1/2 watt
1A-24 1 4.7 KO 1 watt
1A-28 9 100 Kfi 1 watt
IB -9 4 3.3 KO 2 watt
3G-14 1 2 KO 7 watt
3J-8 2 15 KO 10 watt
84-12 9 PEC (10000 in series with 5600 MMf)

Eras'ji:ar

1 Watt Resistor

=  2 Watt Resistor

C

7 Watt 
Wire Wound 
Resistor

10 Watt 
Wire Wound 
Resistor

Precision Resistors
2-145 1 19 Kft 1%
2-54 1 200 Kf2 1%
2-14 2 1 meg 1%
2-55 1 2 meg 1%
2-17 1 10 meg 1%

Controls --Switches
10-91 9 3 Kfi linear, screwdriver adjust
10-12 8 100 K£2 linear
10-14 1 250 Kf2 linear
10-94 1 7.5 meg linear
60-3 9 DPDT slide switch
61-9 2 SPST toggle switch with hardware
63-190 1 3-position rotary switch
63-191 1 4-position rotary switch
63-192 1 12-position, 2-deck rotary switch

Capacitors
23-3 1 0.01 jufd 400 volt plastic tubular
23-59 2 0.05 jufd 200 volt plastic tubular
23-28 1 0.1 jufd 200 volt plastic tubular
23-56 1 0.5 jufd 200 volt plastic tubular
25-30 1 20-20 jufd 350 volt electrolytic
25-41 6 40 jufd 350 volt electrolytic

Precision Resistor

Linear Control
Screwdriver
Adjust

Linear Control

Tubular Electrolytic Capacitor

Plastic Molded Paper Capacitor
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PART
No.

PARTS 
Per Kit

DESCRIPTION

Crystal Socket
Sockets-Terminal Strips-Knobs
434-15 7 7-pin miniature wafer socket
434-16 10 9-pin miniature wafer socket
434-38 27 Crystal socket
422-2 3 Dual silicon diode holder
434-22 1 Pilot lamp assembly, green
434-69 1 Pilot lamp assembly, clear
431-1 8 1-lug terminal strip
431-2 13 2-lug terminal strip
431-3 1 3-lug terminal strip
431-27 1 3-lug terminal strip
431-5 6 4-lug terminal strip
462-13 1 Small black knob
462-52 12 Black knob, indexed

Transformers -Rectifiers
54-76 1 Filament transformer
54-78 1 Plate transformer
57-13 7 50 ma selenium rectifier
57-21 6 M150 silicon rectifier

M eter-Tubes-Lamps
407-58 1 50-0-50 microampere meter 1
411-46 4 OB2 tube
411-59 1 OA2 tube
411-60 1 6AQ5 tube
411-73 1 12BH7 tube
411-80 9 6U8 tube
411-95 1 6BH6 tube
412-1 1 #47 pilot lamp
412-15 18 NE-2H neon lamp
412-3 1 NE-51 neon lamp

Grommets-Bushings-Clamps
73-4 18 3/16" rubber grommet
73-2 4 3 /4 " rubber grommet
75-17 146 Nylon bushing
75-24 1 Plastic strain relief bushing
207-5 2 3/16" plastic cable clamp
207-8 1 Metal cable clamp
207-19 1 5/16" plastic cable clamp

W ire-Cable-Sleeving
340-2 1 Roll #20 bare wire
340-3 1 Roll #16 bare wire
340-1 1 Roll #14 bare wire
344-1 5 Lengths hookup wire, various

2-lug Termina 
Strip

3-lug Terminal Strip 
431-3

3-lug Terminal Strip 
431-27

Line Cord Strain Relief 
Bushing

3/16"

Plastic Cable Clamp
Metal
Cable
Clamp

5/16'
Plastic 
Cable Clamp
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PART PARTS DESCRIPTION 
No. Per Kit

W ire-Cable-S
347-7 1
347-1 1
134-2 1
134-3 1
89-1 1
346-1 1
346-2 1
346-7 1

Hardware
250-63 2
250-49 34
250-34 27
250-9 6
250-89 68
250-18 12
250-126 8
252-1 34
252-2 27
252-3 136
252-4 12
252-7 22
253-f0 22
253-30 2
254-1 91
254-2 12
254-4 22
259-1 92

Length 4 -conductor cable 
Length 8 -conductor cable
8-conductor laced cable assembly
9-conductor laced cable assembly 
Line cord
Length insulating sleeving
Length 3/16" clear plastic sleeving
Length #5 clear plastic sleeving (largest)

round head machine screw 
binding head machine screw 
round head machine screw 
round head machine screw 
binding head machine screw 
round head machine screw 
' truss head machine screw 
' hex nut

Sheet Metal Parts 
200-M201 1
203-M167F245 

1
204-M219 1
204-M220 1
204-M221 1
90-97 1

3-48 x 1/8"
3-48 x 1/4"
4-40 x 1/2"
6-32 x 3 /8 "
6-32 x 3 /8 "
8-32 x 3 /8 "
10-32 x 1/2
3-48 x 3/16
4-40 x 1 /4" hex nut 
6-32 x 1 /4" hex nut 
8-32 x 5/16" hex nut 
3 /8 " hex control nut 
3 /8 " flat control washer 
1 /2" flat switch washer 
#6 lockwasher
#8 lockwasher
3 /8 " control lockwasher
#6 solder lug

Chassis

Panel
Right panel support bracket 
Left panel support bracket 
Rear chassis support 
Cabinet

© ■ » 3-48 BHMS @  3-48 Nut 

| )s»4 -4 0  RHMS (§ ) 4-40 Nut

3 /8 "  Control 
Nut

32 RHMS 6-32 Nut

6-32 BHMS

8-32 RHMS 8-32 Nut

10-32 THMS

3 /8 "  Control 
Washer

Lockwasher

Control
Lockwasher

1/2" Flat 
Switch 

Washer

Lockwasher

#6 Solder Lug

Miscellaneous
69-9 1 Relay
423-1 1 Fuse post assembly
421-2 2 3 amp fuse (1 spare)
427-3 73 Binding post base
100-M16B 28 Black binding post cap
100-M16R 45 Red binding post cap
261-6 4 Rubber feet
595-234 1 Construction manual
595-235 1 Operational manual
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PART
No.

2-11
2-14
27-1
27-2
56-5
438-10
438-13
70-6
341-2

PROBLEM SOLVING COMPONENTS PART LIST

PARTS DESCRIPTION 
Per Kit _______________

9 100 KS2 1% precision resistor
9 1 meg 1% precision resistor
3 0.1 jufd 200 volt 5% mylar capacitor
3 1.0 jufd 200 volt 5% mylar capacitor
2 Silicon diode

27 Plastic double plug
48 Banana plug
48 Red banana plug cap

1 Roll red test lead wire

SILICON
DIODE

PLASTIC 
DOUBLE PLUG
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HELPFUL KIT BUILDING INFORMATION
Before attempting actual kit construction read the construction 
manual through thoroughly to familiarize yourself with the general 
procedure. Note the relative location of pictorials and pictorial inserts 
in respect to the progress of the assembly procedure outlined.

This information is offered primarily for the convenience of novice 
kit builders and will be of definite assistance to those lacking thorough 
knowledge o f good construction practices. Even the advanced elec
tronics enthusiast may benefit by a brief review of this material before 
proceeding with kit construction. In the majority of cases, failure to 
observe basic instruction fundamentals is responsible for inability to 
obtain desired level of performance.

RECOMMENDED TOOLS
The successful construction of Heathkits does not require the use of 
specialized equipment and only basic tools are required. A good quality 
electric soldering iron is essential. The preferred size would be a 100 
watt iron with a small tip. The use of long nose pliers and diagonal or 
side cutting pliers is recommended. A small screw driver will prove 
adequate and several additional assorted screw drivers will be helpful. 
Be sure to obtain a good supply of rosin core type radio solder. Never 
use separate fluxes, paste or acid solder in electronic work.

ASSEMBLY
In the actual mechanical assembly of components to the chassis and 
panel, it is important that the procedure shown in the manual be care
fully followed. Make sure that tube sockets are properly mounted in 
respect to keyway or pin numbering location. The same applies to 
transformer mountings so that the correct transformer color coded 
wires will be available at the proper chassis opening.

Make it a standard practice to use lock washers under all 6-32 and 
8-32 nuts. The only exception being in the use of solder lugs—the 
necessary locking feature is already incorporated in the design o f the 
solder lugs. A control lock washer should always be used between the 
control and the chassis to prevent undesirable rotation in the panel. 
T o improve instrument appearance and to prevent possible panel 
marring use a control flat nickel washer under each control nut.

When installing binding posts that require the use of fiber insulating 
washers, it is good practice to slip the shoulder washer over the binding 
post mounting stud before installing the mounting stud in the panel 
hole provided. Next, install a flat fiber washer and a solder lug under 
the mounting nut. Be sure that the shoulder washer is properly 
centered in the panel to prevent possible shorting of the binding post.

W IRING
When following wiring procedure make the leads as short and direct 
as possible. In filament wiring requiring the use of a twisted pair of 
wires allow sufficient slack in the wiring that will permit the twisted 
pair to be pushed against the chassis as closely as possible thereby 
affording relative isolation from adjacent parts and wiring.

When removing insulation from the end of hookup wire, it is seldom 
necessary to expose more than a quarter inch of the wire. Excessive 
insulation removal may cause a short circuit condition in respect to 
nearby wiring or terminals. In some instances, transformer leads of 
solid copper will have a brown baked enamel coating. After the trans
former leads have been trimmed to a suitable length, it is necessary to 
scrape the enamel coating in order to expose the bright copper wire 
before making a terminal or soldered connection.

In mounting parts such as resistors or condensers, trim off all excess 
lead lengths so that the parts may be installed in a direct point-to- 
point manner. When necessary use spaghetti or insulated sleeving over 
exposed wires that might short to nearby wiring.

It is urgently recommended that the wiring dress and parts layout 
as shown in the construction manual be faithfully followed. In every 
instance, the desirability of this arrangement was carefully determined 
through the construction of a series of laboratory models.

SOLDERING
Much of the performance of the kit instrument, particularly in respect 
to accuracy and stability, depends upon the degree of workmanship 
used in making soldered connections. Proper soldered connections are 
not at all difficult to make but it would be advisable to observe a few 
precautions. First of all before a connection is to be soldered, the 
connection itself should be clean and mechanically strong. Do not 
depend on solder alone to hold a connection together. The tip of the 
soldering iron should be bright, clean and free of excess solder. Use 
enough heat to thoroughly flow the solder smoothly into the joint. 
Avoid excessive use of solder and do not allow a flux flooding condition 
to occur which could conceivably cause a leakage path between 
adjacent terminals on switch assemblies and tube sockets. This is 
particularly important in instruments such as the VTVM, oscillo
scope and generator kits. Excessive heat will also burn or damage the 
insulating material used in the manufacture of switch assemblies. 
Be sure to use only good quality rosin core radio type solder.
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