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INTRODUCTION

The Heath Electronic Analog Computer is designed to perform electronically several types of
mathematical operations. Operations performed are addition of two or more variables, sign
inversion, multiplication of a variable by a constant, integration of a variable with respect to
time, and, with auxiliary equipment, the generation of functions of a variable. By combining
and repeating several or all of these functions, complex problems can be solved.

The computer solves systems of algebraic or transcendental equations and many forms of dif-
ferential equations, both linear and non-linear. It can also be used as a simulator of systems
by solving the equations describing the system. It is, in fact, in simulation that the computer
finds its widest application. Design parameters can bevaried as the input limits are held con-
stant, enabling arrival at proper component values.

Some typical problems which lend themselves to solution by the computer are mechanicalvibra-
tion and oscillation, dynamic heat transfer problems, automatic control systems, transients
and electrical circuits, automobile suspension systems, aircraft and missile stability and con-
trol, fluid flow, simulation of nuclear reactors, rigid body dynamics, and many types of math-
ematical problems.

The computer consists of D. C. operational amplifiers with suitable power supplies, control cir-
cuits and meter circuits. It is engineered to provide maximum flexibility and accuracy with a
minimum of cost. Maximum efficiency of operationis gained by the functional layout of the panel
with great flexibility obtained by bringing the connections from all components to jacks on the
front panel.

THEORY

In general, computers may be divided into two groups: digital and analog. The familiar desk
calculator is of the digital type as are several of the well-known electronic computers. Essen-
tially they operate in discrete steps. Generally the mathematical operations are performed by
combinations of additions. Thus multiplication is performed by repeated additions and integra-
tion is performed by summation.

Digital computers are in general more accurate than analog computers. They are, however,
more expensive and at the present time not practical in small sizes. They are valuable where
high accuracies are needed and where large-scale computations are required.

Analog computers are typified by slide rules and differential analyzers. Physical quantities are
made to obey mathematical relations comparable tothose in the original problem. Analog com-
puters are grouped according to the type of physical quantity used to represent the mathematical
variable.

The Heath Analog Computer is a D. C. analog computer in which the variables are represented
by D. C. voltages which may vary with time. Thus complicated mathematical problems can be
solved by D.C. amplifiers and potentiometers. Such computers are relatively inexpensive,
easy to operate and maintain, and flexible since they may be interconnected by simple patch
cords.

Personnel with only routine training in engineering or physics canbe rapidlytrained to use elec-

tronic analog computers effectively. The programing of a digital computer can become, and
generally is, a complex operation requiring extensive training and experience.
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To sclve a differential equation on an analog computer the procedure is generally as follows:

1. The computer is set up to solve the given
problem and the voltages are set to the in- Rf
itial conditions given in the problem.

2. The computer is made operative and the vol-
tages are forced to varyin the manner pre-
scribed by the given differential equation. Ri
These voltage variations with time are re-

corded and they form the solution of the A
problem.

3. The machine is stopped and reset to its in- . e
itial conditions andis then ready for another € q °
rvn with changed coefficients, initial con-
ditions, etc. L 1 l

Linear mathematical operations are performed

by using a high gain D. C. amplifier. Consider

the circuit shown in Figure 1. .

Figure 1

The forward gain of the amplifier is -A. Then

€o
=—-A€yg O Pg= = —
€o g g A

If -A approaches infinity, eg approaches zero. Therefore, if we make -A large, ey will be ap-
proximately zero. In practice this condition is realized by using high-gain amplifiers. In the
Heath Analog computer, for example, the open loop gain is from 30,000 to 50,000. Since ey has
a maximum value of 100 volts, eg will be at most two or three millivolts. Thus, considering

or eoz—%el

[ T - -
Rf i

€y = — —
¢=0 Ri

which can be written eqg = — Kg; where K:%fi. .
This amounts to multiplication by a constant co- Re

efficient.

Two voltages may be added as shown in Figure
2. Keeping in mind that eg is essentially at

R
ground potential, g@o= — (g—t- e + % ez ) b

or eoz—(K|81+Kzea) where K.:%’:— -

= BF & MWW\ s
and K2 =7 -

€2
As long as e does not exceed the range of the J t 1
amplifier, any number of inputs may be used '
in which case

Figure 2
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Integration is performed by replacing the feedback impedance Rg with a capacitor C; as shown
in Figure 3.

For this circuit since eg=0 i= d% = %:— but g = CsCo S0 4% _ =cs d& )

dt dt ~— -f dt
ei . d6& ol @i -
Therefore e = Csrge ©or d&= RiCs ei dt and Co = RiCr fe; dt

By combining the above operations in various ways, problems of many kinds may be solved. As
an example, consider a very simple physical problem, the mass-spring-damper shown in Fig-
ure 4.

The mass M is connected to the spring with elastic constant K. The viscous damping constant
is C. Consider only vertical displacement y. The sum of the forces acting on mass M is then

i b d_z'? .d_tt = 1
given by Mg HCoE + Ky f(t) (1)

where f(t) is the applied force. The force f(t) is represented by a voltage supplied by a function
generator or by amplifiers on the computer. This function f(t) isthe forcing function. The prob-
lem is now to set up the computer circuit so as to obtain an output voltage which will be pro-
portional to y for a given input voltage proportional to the force f(t). Equation (1) may be writ-

ten in the form M_‘l;::-—(: _K%+'F(tl (2)

If, in the circuit, there is a voltage equal to M %;1; it can be converted to — g-it by passing it
|

through an integrator with an RC time constant equal to m. This can then be passed through
another integrator with unit time-constant which will then have output equal to y. The voltages

representing }, - -g—;t , and f(t) can then be summed to give -C —% - K‘* +f (+)

which is the right hand side of the equation (2) and therefore equal to _._3‘_ Connecting the
dt?

output of amplifier Ag to the input of amplifier Ay then satisfies the equation. This is shown in
Figure 5.
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CAPACITANCES IN MICROFARADS

Figure 5

To obtain a solution to the problem, the initialdisplacement and velocity must be specified. This
is done by charging the integrating capacitors to the propervoltages. Power supplies supplying
variable voltages are provided for this purpose together with relays for applying the voltages to
the integrating capacitors.

In order to avoid hum, it is necessary that the relay be connected to the input of the amplifier

and the initial condition power supply be connected to the output of the amplifier as shown in
Figure 5.

Many other illustrative problems are given in the general references in the bibliography as well
as in the specific references given in Appendix A.
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PREPARATION OF COMPUTER FOR USE

After the Heath Analog Computer has been assembled it is ready for testing and use. Complete
assembly instructions were supplied with each kit making up the computer. Carefully recheck
the wiring and assembly of the various sub-assemblies. Plug the power cord of the completed
computer into a 105-125 volt, 60 cycle AC outlet. CAUTION: Use of other voltages or frequen-
cies will result in inoperation and damage to the computer.

REPETITIVE
MAIN POWER HIGH VOLTAGE OPERATION
OFF OFF

Figure 7

The front apron of the ES-400 cabinet is shown in Figure 7. The switch on the left is the main
power switch. This should now be turned on. The filaments of all of the tubes should light up.
Allow a few minutes for the tubes to warm up, then turn the high voltage switch on. This is the
center switch. The switch on the right should be in the "off" position.

In use, the computer should be allowed to warm up for at least 30 minutes before solving prob-
lems. This will help to stabilize operation. If, in use, the computer is idle for short periods
of time, only the center high voltage switch should be turned off. The main switch should be
left on as this keeps the filaments on and makes unnecessary the "warming-up' period for the
next operation. Actually, experience shows that for short "down' times the high voltage should
also be left on.

METER CIRCUIT

With the amplifier output switch in the "OFF" position and meter switch in"TAMP. ZERO'" posi-
tion the amplifiers are connected directly to the meter by means of the push button switches at
the top of the panel. With the switch in the output position (2-20-100 volts) the output of any
amplifier may be connected directly to the meter by setting amplifier output switch to the num-
ber of the corresponding amplifier, 1 through 15. With the switches in these positions the out-
put of the same amplifier is also connected to the binding posts above the meter marked "OUT-
PUT". A D.C. oscilloscope or a recorder may be connected to these terminals for read-out.
With the amplifier output switch in the "EXT'" position and the meter switch in one of the "OUT-
PUT" positions (2, 20 or 100 volts) the meteris used for measuring external voltages by use of
the binding post above the meter, labeled "EXTERNAL'". See Figure 8.

The coefficient potentiometers are set with the amplifier switch in any position and the meter
switch in the "POT. SET" position. The actual voltage between the center tap of the potentio-
meter and the ground can be read on the meter by setting the meter switch in the "POT. READ"
position, leaving the amplifier output switch in the "EXT" position.
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At times it may be desirable to null the output of an amplifier. The voltage is applied to the in-
put of an amplifier by the coefficient potentiometer which was previously set by use of the coef-
ficient set switches under the meter. With unity gain on the amplifier the output of the ampli-
fier should then also null against the same setting of the coefficient set switches. Set the meter
switch to the "NULL" position and the amplifier output switch to the number of the amplifier
being nulled. Set the invert toggle switch to the - position. Press the coefficient potentiometer
spring return toggle switch to the left. The meter should read zero. If it does not, adjust the
coefficient potentiometer until the meter does read zero. If it is desired to null the amplifier
when the gain of the amplifier is 10, set the voltage potentiometer toggle switch to 10 V. This
reduces the input to the amplifier by 1/10 sothat the output may be nulled as before. The invert

switch is necessary since the output of an amplifier is 180° out of phase with respect to the in-
put.

OUTPUT EXTERNAL G789

™\ 10

— . ..
4 12
3 13
| 4 2 14
| 15
OFF EXT.

AMPLIFIER OUTPUT

i
2 5 o720 100

2 SeT
“agp- :gln
NULL
/ ?
3 6 METER

AUXILIARY INITIAL CONDITIONS
POTENTIOMETERS 4 5 i B 4 s
+ - 3 6 3 6 3 6
ON ON
INVERT 2 3 2 _
@ 1 8 1 - |
A B o 9 o 9 o s
OPERATE loov @ Iov

VOLTAGE COEFFICIENT SET
POTENTIOMETER

~

Figure 8
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AMPLIFIER POWER SUPPLY ADJUSTMENT

The voltages of the amplifier power supply should be adjusted before adjusting the amplifiers.
Use a VTVM or other good voltmeter. CAUTION: Turn the main power switch off while making
connections to the power supply.

NOTE: It is important that the following adjustments be made in the proper order. Failure to
follow this order will cause improper functioning of the regulator circuit since the -450 volt
supply controls both the -250 and the 250 volt supply.

Remove any one of the D. C. amplifiers from the computer. Connect the negative lead of the
voltmeter to pin 8 of the octal socketon the heat shield. This is the power socket which supplied
the amplifier just removed. Connect the positive lead of the voltmeter to ground. Now turn on
the power switch and adjust the -450 volt control B (see Figure 9) until the meter reads 450
volts.

Leaving the positive lead of the voltmeter connected to ground, move the negative lead from pin
8 to pin 7 of the octal socket. Again turn the power switch on and adjust the -250 volt control A
until the voltmeter reads 250 volts.

To adjust the +250 volt supply connect the positive lead of the voltmeter to pin 5 of the octal
socket and the negative lead to ground. Turn on the power switch and adjust control C until the
meter reads 250 volts. Replace the amplifier which was removed while making these adjust-
ments.

AMPLIFIER ADJUSTMENT

On the front of each amplifier inside the -cabinet is the gain control. Do not confuse this with
the balance control on the top of the amplifier, outside the cabinet. The gain control is set by
the following procedure. An oscilloscope and oscillator are connected to the amplifier as shown
in Figure 10. An oscilloscope with a high gain vertical amplifier with good low frequency re-
sponse is necessary for this adjustment. Adjust the gain control until the center portion of the
trace is horizontal. The frequency of the oscillator should not exceed 60 cps. When the gain
control is in full clockwise position, the open-loopgain of the amplifier is approximately 30,000.
In full counterclockwise position, the gain is approximately 50,000. If an oscilloscope with a
high gain amplifier is not available, it is best to set the gain control in full clockwise position.
This will give enough gain for most problems.

On the panel are 15 pushbutton switches, one under eachamplifier. Pushing one of these switches
disconnects the amplifier immediately above it from the computer and connects it to the meter
through the balancing circuit shown in Figure 11. The meter with associated switches and bind-
ing posts is shown in Figure 8.

IM

AW\ IM

OSCILLATOR

I00K
oMWW\ ——
I00 K

— AW+ :
o VERTICAL

2 HORIZONTAL =
OSCILLOSCOPE

Figure 10 Figure 11
Page 10



On the top of each amplifier is a balance control knob. To balance an amplifier, set the ampli-
fier output switch at "off"" and the meter switch at "amp. zero'". Depress the push button switch
on the panel below the amplifier. Turn the balance control until the meter reads zero. Start-
ing at one end, zero each amplifier until all are balanced. This should be checked from time
to time as amplifiers which are not '""zeroed" will introduce errors in the solution.

REFERENCE POWER SUPPLY

The output of the reference power supplyis brought out to the panel on jacks. Use the following
procedure for setting the output. Set the amplifier output switch to "EXT. "and the meter switch
to ""100". The -100 volt supply must be adjusted first. Connect the negative output jack from
the reference supply to the red binding post above the meter and marked "EXTERNAL" by use
of a patch cord. It is not necessary to make the ground connection with a patch cord, as this is
done internally in the computer. The control on the reference supply chassis nearer the rear
of the cabinet is the negative control. Refer to Figure 8. Set this control for a meter reading
of 100 volts. Leaving one end of the patch cord connected to the meter, change the other end
from the negative jack of the reference supply to the positive jack. Set the positive output to
100 volts by use of the other control on the reference power supply chassis.

SETTING COEFFICIENT POTENTIOMETERS

The coefficient potentiometers are on the front panel, each having a spring-loaded toggle switch
and a control knob. To set a potentiometer set the voltage potentiometer toggle switch to the
100 V position and the invert toggle switch to the + position. Set the amplifier output switch to
any position and the meter switch to "POT. SET". Under the meter are three coefficient set
switches. Set these to the voltage desired. Select the coefficient potentiometer to be used.
Press the toggle switch to the left and while holding it in that position, adjust the control knob
just below until the meter reads zero. Release the switch.

The potentiometer is now set so that the coeffi-
cient set knobs show the voltage between the cen-
ter tap of the coefficient potentiometer and ground Rf
as a fractionof the totalvoltage across the coef-
ficient potentiometer. As an example, let the
knobs read 3, 7 and 5 from left to right. Then
the voltage between center tap andground of the
coefficient potentiometer is 37.5% of the total COEFFICIENT
voltage across the potentiometer. Thus if 100  porenTiomETER
volts is applied to the potentiometer at Vin Fig-
ure 12, the voltage ej will be 37.5 volts. If 50
volts is applied to V, the voltage at ej will be
18.75 volts, 10 volts at V will resultin 3.75volts —
at ej and so on.

Auxiliary potentiometers of the 10-turn precision Figure 12
type are provided for special purposes where

high precision is needed. Connections to these

are brought to jacks on the panel.

INITIAL CONDITION POWER SUPPLIES

The controls for the initial condition power supplies are at the left of the meter. The output
jacks are at the right and left ends of the panel. Patch cords are used to connect the output of
the supplies to the external terminals of the meter. With the amplifier output switch in"EXT"
position and the meter switch in the 100 position the controlis adjusted until the desiredvoltage
is read on the meter. Either positive or negative voltages are available.
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OPERATION

Connections from each amplifier are brought out to the panel as shown in Figure 13.

The spacing between jacks is 3/4", so General Radio double plugs* or their equivalent may be
used. A convenient method of mounting computing resistors is shown in Figure 14. The over-
all accuracy of the computer is dependent in part on the computing elements. For this reason,
good quality resistors should be used, preferably precision resistors.

N

e

Figure 13 Figure 14

For satisfactory operation, capacitors used for integration must be of the highest quality. They
should especially have very low leakage. The only satisfactory ones have polystyrene, polyeth-
elyne, or equivalent dielectric.

The capacitors are generally too large and heavy to mount on the front of the panel. The best
procedure is to solder flexible leads to the capacitor terminals. Banana plugs or GR plugs are
attached to the free ends of the cords. The capacitors are then placed on the tray provided in
the computer and the cords are plugged into the jacks from the underside of the panel. The cords
should be long enough so that the capacitor will remainon the tray whenthe panel is fully opened.

Resistors and capacitors for problem set-up are not provided with the Heath Computer since the
values used will depend on the problems to be solved. It is therefore more economical for the
user to obtain those needed for the specific problems to be solved.

Patch cords for interconnecting amplifiers and for connecting relays and power supplies to the
amplifier are available from the Heath Company.

SETTING UP PROBLEMS ON THE COMPUTER
The general procedure for setting up a simple problem on the computer was described under
Theory. For that purpose, block diagrams were used and exact values were not given. Now
the actual set-up of a specific problem will be described.

*Available from General Radio Company, 275 Massachusetts Ave., Cambridge 39, Mass.
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The first problem is a simple problem from elementary physics, that of a freely falling body.
Disregarding air resistance, the body will fall, due to the force of gravity, with a constant ac-
celeration. The equation describing this motion is as follows:

F = ma = my = mg*
Acceleration 2 is equal to the second derivative of distance y with respect to time or ¥.
¥ = g (a constant)

Integration of this equation once will give y which is velocity, and integration a second time will
give y or displacement. For the computer, the block diagram is as shown in Figure 15.

C C

| ( |

ei Co
Figure 15 l l

If we feed a voltage which is proportional to g and hence ¥ into the first amplifier, the output of
that amplifier will be -y or velocity. That, in turn, will become y or distance at the output of
the second amplifier.

Before the problem can be solved on the computer it is necessaryto determine the time of solu-
tion desirable and the output amplitude of the solution. The time of solution is determined by
the RC constant of the integrating amplifiers. If RC =1, computer time is equal to real time.
The computer time desirable is determined by the method of read-out. When using an oscillo-
scope for read-out, a short solution time is desirable. For a recorder, longer solution time
is better.

Suppose, for example, in the problem of the falling body, the distance the body falls in 2.5 sec-
onds is desired. Using an RC constant of 1 would give a solution time of 2.5 seconds. This
would be acceptable for a recorder but is slow for an oscilloscope. A convenient time of solu-
tion would be 25 milliseconds. Thisis 1/100of the real time soan RC constagt of 0.01 is needed.
This can be done byusing C = 0.1 ufd and R = 100 KQ. Then RC = (0.1 x 10™° farad) (100,000 Q)
= 0.01 seconds.

It is now necessary to choose an input voltage which will not overdrive the amplifiers. The val-
ue of g is known to be approximately 32 ft/sec. 2. A quick check indicates that if we set g = 32
volts, the voltage representing the answer will exceed 100 volts. Since the linear response of
the amplifiers is +100 volts, this is undesirable. An input of 16 volts should permit satisfactory
operation of the amplifiers.

The choice of amplitude-scale factor should be such that the output voltage does not exceed 100
volts. The normal operating range of the amplifiers in the Heath Analog Computer is +100volts.
Beyond this range the amplifiers are subject to overloading. Neon lamps are connected in the
circuit of each amplifier to indicate amplifier overloading. These light up when the output of
the amplifier exceeds +100volts. Lighting of neon bulbs of amplifiers not beingused is normal.

*y means the first derivative of y with respect to time, or % and v the second derivative

2
of y with respect time or %‘{ - This notation is used only for time derivatives.
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INITIAL conpimion 100K
POWER SUPPLY

Maximum output voltages near zero should be avoided. Normally the peakvoltage should be ap-
proximately +50 volts. For best results, the amplifier gain should not exceed 50 with gains of
20 to 30 being preferable. Thus for this particular problem the time-scale factor and the am-
plitude-scale factor have been chosen. The problem now looks like Figure 16.

"
"

FROM

©i=g=16 VOLTS te Co= ¥

Figure 16

The solution of the problem leaves the integrating capacitors charged. It is necessary to re-
move this charge before the problem can be rerun. This is done by connecting relays across
the capacitors. These are open during solution and closed to reset the problem. Relays are
provided for this purpose. Jacks connected to these relays are provided on the panel. The ar-
rows indicate the normally closed position.

The problem is set up on the problem board as shown in Figure 17on Page 15. The output from
amplifier 1 will give y which is the velocity of the object while the output from amplifier 3 will
give y which is the distance through which the object has fallen.

The solution time for this problem was chosenfor solutiondisplayon a cathode ray oscilloscope.

When using the oscilloscope for read-out, it is convenient to use one of the DC amplifiers to
provide the sweep generator for the oscilloscope. This may be done as shown in Figure 18.

OPERATE RELAY

T0
PROBLEM
OUTPUT
C
‘.__| (_4.
VERT. HORIZ.
O ?
R
0 A A AN A y -A >
FROM
INITIAL
CONDITION .
POWER Figure 18

SUPPLY

Ordinarily the value of RC is the same as for the integrating amplifiers. Repetitive operation
is used with the repetitive oscillator reseting the problem and the horizontal sweep simultane-
ously providing a continuous trace of the solution on the oscilloscope. The knob on the front
apron of the computer cabinet controls the rate of repetition. This control is adjusted to give
a satisfactory pattern on the screen. The voltage, e;,, is obtained from one of the initial con-
dition power supplies. Changing the voltage will change the sweep time.

On the front panel are two OPERATE toggle switches A and B. Switch A operates the A relays
and switch B operates the B relays. The A relays will operate independently while the B relays
will operate only if switch A is on.
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Figure 17




To solve the problem, turn operate switch Aon.
The solution should now appear on the oscillo-
scope. If a permanent recordis desireda photo-
graph of the oscilloscope display can be made.
In interpreting the answer, the time-scale and
amplitude-scale factors must be kept in mind.

For a preliminary check of the solution the me-
ter can be used. For this a time-scale factor
of 1 is convenient for this particular problem.
That is, computer time should equal realtime.
For this the input resistor for the integrating
amplifiers should be 1 megohm and the feedback
capacitor should be 1 pufd. The problem set-up
is shown in Figure 19.

A permanent record of the solution can be made
on a pen recorder. The time constant depends
on the response of the recorder and the problem.
For the falling body problem a time constant of
1 is suitable, the same as used for meter read-
out.
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Figure 19
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The solution to this problem of the freelyfalling body is shown in Figure 20. This is reproduced
from an actual recording from a Heath Analog Computer.
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DIODES

Problems are frequently encountered in which non-linear functions must be simulated. This
may be done by means of the function generator which is described in the next section. For
some cases either relays or diodes can be used. For general use diodes are generally superior
to relays since suitable relays must be capable of very high-speed operation and have high sen-
sitivity. There is also the problem of contact wear.

Crystal diodes can be used but are generally unsatisfactory because of finite back resistance.
Fairly satisfactory crystal diodes are available at rather great cost. They have, of course,
the advantages of requiring no filament supply and of having small physical size. In order to
combine economy with satisfactory operation the Heath Analog Computer uses vacuum-tube di-
odes. The filament supply is wired in the computer while the anode and cathode connections
are brought to jacks on the problem board as shown in Figure 21.

Four 6AL5 double diodes are used making available 8 diodes.

Diodes are used as limiters in problems in which a function is defined differently for different
regions of the independent variable. Such a function might be defined as follows:

Co= — K éi < K

€o = €1 —-K.<{e1 { Ka

Co=Ka ei > Ka

where K; and Ky are constants.
Various limiting circuits can be used, one of which is shownin Figure 22. This is a series lim-
iter circuit which is not the bestas it does not provide as sharplimiting as some other circuits.
It is, however, simple and does not require special components. Commonly encountered prob-
lems requiring these or similar techniques include hysteresis, backlash, certain types of fric-

tion and displacement limiting. A detailed discussion of non-linear operation will be found in

the literature. *
+100 V.

¥ MEG.

I
|
7

4 @1 ©

BIAS DIODES
—100 V.
Figure 21 Figure 22 =
*See, for example: Morrill and Baum. Diode Limiters Simulate Mechanical Phenomena,

ELECTRONICS, Vol. 25, No. 11, pp. 122 - 126.
Johnson: Analog Computer Techniques, Chapter 7, p. 107.

Page 17

—Ca



FUNCTION GENERATOR

For general use a function generator is desirable. The Heath Function Gernerator may be used
to generate almost any function. This is done by use of straight line segments which are com-
bined to approximate curves such as are found in trigonometric functions as well as stepped
functions. A total of ten segments is used, five in the plus x direction and five in the minus x
direction. This is done by the use of ten diodes, each diode representing a line segment. Actu-
ally in the Heath Function Generator, five 6ALS5 double diodes are used.

The break voltage and segment slopes are set by the controls on the panel of the generator. A
drawing of the panel is shown in Figure 23.

FUNCTION GENERATOR
MODEL ES-600

=¥ SLOPE
| 3
5 BREAK
VOLTAGE

S S

S

SLOPE

BREAK
VOLTAGE

Figure 23
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Each line segment is generated by a modified bridge circuit. Figure 24 shows a simplified ver-
sion of this circuit.

A ramp function orvoltage is fed into one arm of the bridge while the opposite arm is connected
to a biased diode. The other two arms of the bridge combine to form the output. The voltage
appearing at one of these arms is fed through a sign changing amplifier and then summed with
the voltage appearing at the opposite arm. If the arm of potentiometer P (the slope control) is
set in the center, the bridge will be balanced and the output of the summing amplifier will be
zero. If, on the other hand, potentiometer P is adjusted one way or the other from center, the
bridge will be unbalanced and the summing amplifier output will vary linearly with respect to
the input in either a positive or negative y direction depending upon which side of center poten-
tiometer P is set.

The break voltage, or value of x at which a straight line segment will begin, is set by biasing
the diode to the particular voltage level or value of x desired.

The ramp-function generator has either a positive or negative input which because of the 180°
phase shift in the amplifier, gives a minus or plus x output respectively.

C REPLACE C WITH A | MEGOHM RESISTOR
M FOR FUNCTION SETUP

”- o X OUTPUT
+ — INITIAL CONDITION RAMP—FUNCTION
J«,;; POWER SUPPLY GENERATOR
LT T + 820K _

240K
P INPUT
— M IM
240K
* IM
— +
s ; > Y OUTPUT
—— 820K 56N .CHANGING SUMMING -
- AMPLIFIER AMPLIFIER '\ | VOLTMETER USED
~r* FOR FUNCTION
- SETUP
Figure 24
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The following illustrates the interconnections and operation of the function generator in connec-
tion with the computer.

On the back of the computer cabinet is a strip containing Varicon sockets as shown in Figure 25.

©
VA ve
[+« + ] [+ % =] [0000| HB
* 00+ o0 e 0 .o ¢ 5
2

qoooobqooooegltooee e e m‘ 0000
te e e Py , e l. ® % ¢ FUNCTION  FUNCTION  FUNCTION  FUNCTION n:r:-:ucz RELAY runcnon ruucﬂm FUNCTION mcﬂou EXTERNAL
Is__zl " SUPPLY OPERATE GENERATOR  GENERATOR  MULTIPLIER  MULTIPLIER 3
P —— mmn:n orien WULTIPLER  MULTIFUER  GENERATOR  GENERATO NERATC CONNECTIONS
CONNECTIONS ouTPUTS INPUTS |

s
Figure 25

There are three cables on the back of the function generator. Plug the power cord into a 105-
125 volt, 60 cycle outlet. Plug the 4-prong Varicon connector on the 4-conductor cable into
either one of the Varicon sockets labeled FUNCTION GENERATOR POWER (VG or VJ). The
4_prong Varicon connector on the four shielded cables in the large sleeving is plugged into the
Varicon socket labeled FUNCTION GENERATOR (VF or VK). If VF is used the Function Gen-
erator is now connected to the jacks on the righthand side of the panel. The power to the Func-
tion Generator is on when it is plugged in. When not in use it should be unplugged.

Connections to the function generator are made on the front panel as shown in Figure 26.

© offe

-y

Page 20



+3l e, o S

4

If more output is needed at the Y output a 10 megohm resistor may be used in the feedback of
the summing amplifier instead of the 1 megohm resistor shown.

Connect the Y-output to a DC voltmeter as shown in Figure 24. Turn all of the slope and break
voltage controls to the extreme clockwise position. Replace the feedback capacitor on the Ramp-
Function Generator Amplifier with a 1 megohm resistor. This will apply a fixed DC voltage to
the input of the function generator. For functions in the plus x-direction feed the ramp-function
generator amplifier with a negative DC voltage from an initial condition power supply.

As an example, set up the function shown in Figure 27.

y|—————— e e e, ——————— '

PO P

Xo X1 X2 Xs X4 s Xe *+X —p

Figure 27

Set the initial condition voltage to the value x1. Since this function is in the +x direction use the
break voltage controls marked +x. Turn the break voltage control number 1 counterclockwise
until the reading on the meter connected to the output of the summing amplifier changes abruptly.
This indicates that diode number 1 has started conducting. Now set the input voltage from the
initial condition power supply to the value x9. Turn slope control number 1 immediately above
break-voltage control number 1 until the meter on the output reads the value +y9. Now turn
break-voltage control number 2 counterclockwise until the meter reading changes abruptly. This
indicates that diode number 2 is conducting. Now set the initial condition voltage to a value x3.
Turn slope control number 2 until the output meter reads y2-

In the same manner set break voltage and slope controls 3, 4 and 5. After setting all controls

replace the 1 megohm feedback resistor of the ramp-function generator amplifier with a 1 pfd
capacitor.

When using an oscilloscope for read-out the x-output of the ramp-function generator amplifier
may be used as the horizontal sweep for the oscilloscope. The y-output is fed into the compu-
ter problem set-up where indicated by the nature of the problem.

Provision is made on the computer panel for the use of two function generators.
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The Heath Electronic Analog Computer in use in an Engineering Laboratory. The engineer is
setting up the computer to solve a problem involving bridge beam loading.

This is only one of many types of problems which can be solved on the Heath Computer.

This versatile and practical device is especially adaptable toindustry* as wellas in the College
or University Laboratory.

* Thus freeing your engineers from the routine solving of mathematical equations.
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Eah Pmbunmce AT vV2 THE PRICE YOU EXPECT TO PAY!

MODEL O-11

Vertical Channel:
Sensitivity - ..0.025 volts (RMS) per inch at 1 k.
Frequency Ruynnn Flat within + 1 db from 8 ¢ps, to 2.5 mc.
Flat, + 1.5 to —5db, 3 cps to 5 mc.
Response at 3.58 m¢, —2.2 db.
Horizontal Channel: (All response measurements referred to 1 kc)

Sensitivity. . ...0.6 volts (RMS) per inch at 1 ke.

Frequency Rospuvm ..Flat within £+ 1 db 1 cps to 200 ke.
Flat within + 3 dt 1 cps to 400 kc.

Input Impedance. . .....30 megohms shunted by 31 mmf.

(1 ke impedance, 4.9 megohms)

Attenuator............Low impedance type in cathode follower

Sweep Generator: outpat.

Range................20 cps to 500 kc in five steps: 20 to 100
cps, 100 to 1000 cps, 1 to 10 ke, 10 to 100
ke, 100 to 500 ke.

Synchronizing..........Selector switch permits synchronizing sweep

generator with either positive or negative
signal pulses internally, with external source
through panel terminal or with line frequency.

Easy Cousburction wir

CIRCUIT
BOARDS

Heathkit
Etched-Circuit
VTVM Kit

//\

MODEL V-7A

This multi-purpose VTVM is the world’s largest sell-
ing instrument of its type—and is especially popular
in laboratories, service shops, home workshops and
schools. It employs a large 4%2” panel meter, precision
1% resistors, etched metal circuit boards, and many
other “extras” to insure top quality and top perform-
ance. It’s easy to build, and you may rely on its accu-
racy and dependability.

Push-Pull Amplifiers
Etched-Metal Circuit Boards

Heathkit “‘Extra Duty” 5” Oscilloscope Kit

This fine oscilloscope compares favorably to other
scopes costing twice its price. It contains the extra
performance so necessary for monochrome and
color-TV servicing. Features push-pull horizontal
and vertical output amplifiers, a SUP1 CRT, built-
in peak-to-peak calibration source, a fully com-
pensated three-position step-type input attenuator,
retrace blanking, phasing control, and provision for
Z-axis modulation. Vertical amplifier frequency re-
sponse is within 4-1.5 and —5 db from 3 CPSto §
MC. Response at 3.58 MC down only 2.2 db. Sen-
sitivity is 0.025 volts RMS/inch at 1 KC. Sweep
generator covers 20 CPS to 500 KC in five steps.
Etched-metal circuit boards reduce assembly time
and minimize errors in assembly, and more im-
portantly, permit a level of circuit stability never
before achieved in an oscilloscope of this type.
Shop and compare. You can't beat it!

The V-7A will measure AC (RMS) and DC volt-

%ges in ranges of 0-1.5, 5, 15, 50, 150, 500 and 1500.

It measures peak-to-peak AC voltage in ranges of 0-4,
14, 40, 140, 400, 1400 and 4000. Resistance ranges
provide multiplying factors of X1, X10, X100,
X 1,000, X10K, X100K and X1 megohm. Center-scale
resistance readings are 10, 100, 1,000, 10K, 100K,
1 megohm and 10 megohms. A db scale is also pro-
vided. The precision and quality of this VTVM can-
not be duplicated at this price
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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 pro~dure outlined.

This information is offered primarily for the convenience of novice

kit builders and will be of definite assistance to those lacking thorough
knowledge of good construction practices. Even the advanced elec-
troriies enthusiast may benefit by a briefl 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
s‘n'f‘ialim-(l equipment and only basic tools are required. A good quality
e

ectric 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 of the
solder lugs. A control lock washer should always be used between the
control and the chassis to prevent undesirable rotation in the panel.
To 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
st mounting stud before installing the mounting stud in the panel
'mlc 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.

WIRING

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 marts 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.

t 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 diflicult 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 und 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 VITVM, 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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