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FODIFICATIONS OF THE RAND KEAC

“esley 5. Melahn

During its two and one-half years service at RAND the
REAC has proved useful in solving a variety of problems. We have
also encountered numerous problems which could not be conveniently
handled by our installation without making a few changes. (uite
often the changes were of a nature which would permit us to use
fewer components to construct the analogue. Usually we whose job
has been to use the REAC to solve problems for other pecople at
RAND have found it pleasanter and much easier to talk our engineers
into making modifications which made the machine more versatile,
than to talk our customers into eliminating a favorite parameter
which reduced their problem to a convenient size, FHecently, however,
we raised our aim a little. A modification program under the

direction of Mr. William Gunning has just been completed which is
expected to initiate a period of greatly increased usefulness of
our REAC. The recent modification program was insvired by 2 desire
to make possible the adoption of a more efficient techniaue of
operating the REAC, to increase the flexibility of the components,

and to increase the accuracy of some of the comnonents.

The major item of the modification program was the
installation of a removable plugboard of the type used on the

International Business Machines punched card tabulators.

Chopper stabilizing circuits were added to all our
amplifiers; however, provision was made for switching the stabilizers
out of the circuit to permit use of the amplifier in circuits which

require rapid recovery from overload.

"All amplifiers were standardized. Each amplifier now has
six one megohm inputs, a hold relay, and a reset relay. The
feedback impedance is selected by plugging on the vlugboard.

One new *100 volt power supply was built to repvlace the

two +100 volt supplies we had been struggling to keep in balance.
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The new supply was designed to be the most stable and most accurate
part of the modified computer, and capable of maintaining equality
of the magnitude of +100 and -100 even with badly unbalanced loads.
Having a trustworthy reference vonltage supply not only contributes
a great deal to the operator's peace of mind and confidence in the
solution, but also permits many time saving shortcuts when checking

REAC components.

A new digital readout device was added. The new gadget
reads voltages in the range -100 to +100 to four digits and displays
the reading by illuminating the digits on the reading panel,

Critical points of the internal wiring of cowunonents were
brought out to the plugboard to nermit us to alter the circuit of

a component by plugging.

These modifications have made nuite a change in the

external appearance of our KiAC,
(Slide 1 - General view of the IEAC showing operator's console.)

The constant factor potehtiometers, the function switches,
the selector switch - which has been extended to two hundred points -
the plugboard, an output table, the controls; in fact, everything
which an operator will need to adjust during the course of a solution
has been brought down to the desk in front of the REAC, We refer to

the assembly as the "operator's console',

The plugboard, located to the left of the operator as he
sits at the conscle, is tipped slightly backward so that the wiring
is easily seen. The plugboard is similar to the vlugboards of the
International Business Machine 405 tabulating machine. The sub panel
and latching mechanism was purchased from the International Business
Machines Company and used with only a slight modification. The
assembly was split and a section spliced in the center to make it
four panels wide instead of three as on the 405 tabulator. The
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plugboards are made locally. Regular IBM boards of laminated
plastic do not provide quite high enough insulation between contacts
for use on the REAC. The panels in the board we use are drilled
from polystyrene. The use of polystyrene and careful arrangement

of connections on the plugboard solved the problem of leakage on

the removable plugboards.

Wiring to the sub panel also had to be handled with more
than the usual care.

(Slide 2 - View of back of sub panel showing wiring.)

Shielded polyethylene insulated wire was used for all critical wiring

to the sub panel.

Metal tips which were soldered to wires for connection
to the back of the sub panel contacts were covered with a plastic

casting.
(Slide 3 - View of casting equipment.)

This casting in addition to insulating the connection provides a
mechanical support which helps the joint carry the weight of the
wire hanging on it. This technique seems to have vprovided strong
well insulated joints. To date wé hzve exverienced no failures in
this wiring .

Going back a little - you may be wondering why we needed
to add a fourth panel to the LO5 plugboard, why we needed 2720
contacts when the patch bay of our HEAC installation included
scarcely one-half that number of jacks., e have allowed some space
for input output connections to comvonents which we hope to add,
but most of the extra contacts were required in order to bring out
to the plugboard some of the internal wiring of components. Since
it is possible to alter the operation a component performs by |
changing the plugging, we sometimes call this the control wiring.
All control wiring contacts are located in the first or the fourth



pénel; of the plugboard. Connections in these sections are so
arranged that all the wiring reguired for a set of frequently

used operations, which might be called standard operations, can

be accomplished by "bottle" plugs. Much of the control wiring is
the same for all problems, and because it is separate from the innut
output wirings, can be left in the plugboards. The feeduvack
impedance of every amnlifier must be connected on the plugboard.
Either a resistor or a condenser may be connected making the
amplifier a summing amplifier or an integrator. Hold and Reset
relay coils must be connected to the Hold and Reset busses.
Potentiometers must be connected to initial condition inputs of
integrators, The summing junction of all amplifiers is available
to permit the addition of more inputs or input resistors not equal
to one megohm. Extra resistors ranging in value from one tenth to
ten megohms are available on the plugboard.

The summing Jjunction for all servo amplifiers is available
on tthe plugboard too. OUne of our early modifications was the conversion
of all servos to permit the summation of several voltages at the
input. This has been quite useful in reducing the number of summing
amplifiers required wnen setting up a problem for HEAC solution,
This input circuit has the further advantage of loading the follow-
up potentiometer with a one megohm resistor. No loading corrections
are necessary if the multiplying vnotentiometer arms are connected
to unity inputs. 4Lt an early date we also "liberated'" the servos
which Reeves engineers had put behind the panels to work only in
the resolving circuits. 'we provided them with three multiplying
potentiometers and a set of inputs thus elevating them to a2 status
equal to ﬂhe other multinlying servos. The control wiring on the
plugboard includes enough of the input stage of the servo amplifier
to permit wiring an input circuit which does not load the point to

. sy s hence .
which it is connected and/is préferred when a servo is used as a
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voltmeter. Connections to the fallow-up potentiometer are made on
the plugboard. This permits grounding cne end or connection of a
variable to the follow-up votzntiometer. Damping and sensitivity
controls need to be adjusted when the voltage on the follow-up
potentiometer is altered; hence, these contrcls were placed on the
operator’'s console. All input output wiring to major components

is located in the two center panels, This wiring is so arranged
that the most frecuently used connections are easily wired. Outputs
from amplifiers are spread to rows adjacent to servo inputs, to the
servo multiplying potentiometers, and to the constant factor
potentiometers, The arms of potentiometers are located adjacent to
amplifier inputs. +100 volt busses and ground busses are conveniently
located for bottle plugging to potentiometers. We have tried to
eliminate as much congestion as possible and still maintain an
orderly arrangement of components.

The removable plugboards in which all the wiring associated
with a problem can be done, are the key to the greatly improved
utilization we expect to achieve, Now wiring is completed and
checked while another problem is being solved. The removable
plugboard technique eliminates not only the time formerly lost while
actually pushing wires, but a much greater time lost while "head
scratching”. Now, if a problem does not work as planned, the board
is removed, A component which is suspnected to have malfunctioned
can be quickly checked with another board. No problem wiring need
be disturbed. Other errors, programming errors, wiring errors etc.
can be sought while the KEAC works on a different problem. Wwe are
also now in a position tec encourage our customers to accept a few
runs for étudy at the start of the calculation and decide from
these early results how the remainder of the calculations are to
proceed. This permits considerable saving by the elimination of
unnecessary runs which would otherwise have been included to make

sure we covered the region of interest. RHemovable plugboards also
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permit multiple shift operation without the instruction of more
than one operator in the peculiarities of a given problem.

The digital readout device is expected to raise our operating
accuracy,‘as well as save time, by providing a highly accurate
readout which is easy to read correctly. We read four digits. One
of the digits zero to nine is illuminated in each of the four columns
of the reading panel, and a2 red light or white light 2t the too
indicates minus or plus. The reading panel is located directly in
front of the operator on the constant factor potentiometer rack.

The device is essentially a servo which positions a shaft
to correspond to the voltage to be read, couvled to a device which
gives a digital indication of the shaft position. The tough part
of the design is to build a servo which can position the shaft
accurately in a reasonable length of time, Mr, Gunning actually
used two servos, one to slue thg device rapidly to 2 vpoint near the
correct position and one to adjust the final position accurately.
The sluing servo can run full scale in about three seconds. The
fine balance servo requires an additional one tenth to one second
to balance. Accuracy of the fine position servo depends to a great
extent on having a follow-up potentiometer which is sufficiently accurate
to permit readings good to one part in ten thousand which we expect
to achieve. Here Mr. Gunning is using a technicue for getting high
accuracy which can be applied to the multiplying servos of the REAC.
He is using a continuous correction curve to compensate for errors.
The correction curve is mounted on a drum, similar to the drum on
an input table, which is geared to the shaft of the digital readout
device. The correction curve provides a small voltage which when added
to the voltage fed back from the follow-up potentiometer causes the
servo to move to the correct position. The correction curve is
automatically tracked in the same way we track functions on our
input tables. A wire cemented on paper and wrapped around the drum
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makes contact with a linear slide wire mounted on a bar hinged
above the drum. (I believe the Reeves Company is now making a kit
to provide this simple inexpensive device for modifying the hand
tracking tables.)

The correction curve for the digital readout device was
obtained during the calibration of ti.e device. That is, the value
of the correction curve was deétermined which would cause the device
to give the correct reading at each of the calibration points, A
large number of points, the order of one thousand, were used for
calibration.

The digital readout device will be used to set all initial
condition voltages. The selector switch has been expanded to include
the arms of all constant factor potentiometers, and a switch has
been vrovided which puts +100 volts on the high of all the constant
factor potentiometers. These two modifications make it easybenough
to be practical to use the digital read out to set all constant
factor potentiometers loaded by the circuits in which they are used.

This should raise our operating accuracy an order of magnitude.

A pfoposed, but not yet cowmpleted, modificatior is
the extension of the digital readout device to make it punch the
readings in IBM cards. Soon we expect to be able to punch & record
of initial conditions, potentiometer settings, and final values of
sclutions, or to record the entire solution by reading and punching
at regular intervals. iWwhen this has been achieved we will undoubtedly
have much more cormmunication between our REAC and our IBM computing
facilities. Iterative techniques can be used to check or improve
REAC solutions without the laborious Key punching of values read
with cuestionable accuracy from plotted output curves.

In addition to the major changes which I have described,

our recent modification included several little improvements, some
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of which may be worth Mentioning. All the resistors which are used
as inputs or as feedback elements are mounted in a common environment
on the back side of the console where they can be kept at a more
uniform temperature. The resistors are all nounted on polystyrene in
a box kept dry by the addition of & desiccant.

(Slide L - Resistor Panel.)

All condensers - we have added about two hundred microfarads - are

also mounted in a separate cabinet where they can be maintained at

a uniform temperature in a dry atmosvhere. Heavy ground busses

were added to permit the elimination of some troublesome circulating
ground currents. Overload indicators which éignal when grid currents
get too large were added.

When we step back and survey the results of these
modifications, we can see we have added a great deal to our REAC
operator's comfort, we can hope we have made computer more accurate
and better adapted to the problems we have at RAND, and we can
expect to get a much larger output of useful results.





