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This invention pertains to electronic computers and
more particularly to a highly compact digital differential
analyzer especrally suitable for functioning as a control
" device.

A method for performin_g digital differential analysis
h_as heretofore been proposed which integrates differen-
tial equations directly as do the analogue differential
analyzers. Using this method, integration is accomplished
by operating on pairs of numbers by an additive transfer
process which can be explained as follows: A first register
means “n” digits in length, containing a number “y,”
has its contents added-into a second register means of
equal length upon each occurrence of an input unit
“dx.”  All carries from the second register means are
denoted as incremental output units “dz.” The number

(et}

y” in the first register means can be increased or de- -

creased by an input unit “dy.” The designations “dx”
and “dy” for the inputs, and “dz” for the cutput, are
differential notations for their respective variables. The

result of the above arrangement is that the variables are:

related by the.equation

dx
dz=y§;
where B is the base of the number system used.

In the present invention information pertaining to
the status of an integration process as above described
is simulated by recording a pair of numbers representing
the contents of the. first and second register means, to-
gether with appropriate coded instructions, onto-a por-
tion of the periphery of a revolving magnetic drum func-
tioninig as a memory. Such recording shall be hereinafter
designated as an “integrator setup.” = A plurality of such
integrator setups, as required to solve a particular prob-
lem; are recorded in a serial fashion on this drum which
is adapted to cooperate with a single computer unit.
The information from the drum is serially passed through
the computer unit which' operates thereon to advance
each integrator setup a given step. - The information rep-
resenting the altered integrator setup, obtained as a result
of each computation, is redeposited back onto the re-
volving -drum where it is stored until it is ‘again serially
. passed through the computer unit during the next revo-
lution,

By this arrangement the single - ‘computer unit is used

over and over again to compute in turn on each of
several integrator setups provided on the magnetic drum.
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vides a highly flexible magnetic drum digital differential
analyzer suitable for use on a wide variety of computa-
tion, test, and control problems. Not only will it solve.
linear and non-linear ordinary differential equations, but
also means have been provided so that it is particularly
adapted for receiving inputs, for example, from sensory
instruments; performing computations on these inputs;
and emitting outputs useful for controlling actuating de-
vices such as motors, switches, or visual output in-:
dicators, U

The essence of a computer of this nature lies in the
arrangement of the information for the integrator setups
which constitute the words recorded on the meémory drum. -
This arrangement determines the means required in the
computer umit and its mode’ of operation. In addition
to storing numbers in each word section of the drum,
coded information is stored therein- which sets up the
computer unit so as to’ properly receive the inputs, op-
erate on the numbers, and emit the outputs.

Thus another feature of this invention provides a novel
arrangement of the integrator setup pattern on the
memory drum which eénables it to contain the code need-
ed for communication with external devices and which
enables the computer unit associated therewith to per-
form the process of dlgltal integration in a highly effi-
cient manmner.

Still another feature of the computer of the present.
invention is that it enables the computer unit, while the
machine is 'operating, to receive external inputs from a
wide variety: of instrumients or other computers without

~ the necessity of special additional synchronization: equlp—'

ment for each such external device. In addition, the in-
puts may be coded to supply certain arbitrary informa-
tion to any of the integrator‘s' in the machine. 1t should
be further appreciated. in connection herewith that a.
“system” - for
performing a plurahty of mtegranon processes and dc-
cordingly the term “system,” as used in the present speci-
fication, refers to a set of circuits which are all operable
with reference to the same timing source.  Thus this:
feature of thé present invention provides for mtroducing’i‘

“into the: system, during the course of a cor‘npUtatidn,

signals which are generated by outside sources inl a ran-
dom or arbitrary timed fashlon relatlve to. the timing”
of the system. o

There is; provided as still’ another feature of the dev1ce :
a control unit which enables the operator’ to. perform
all operations such’ as’ starting, “filling; reading out, and
stopping without going near the computer unit proper.
In other words the present invention provides for all
controls and answer indicating equipment to be logated
remotely from thé computer itself and connected there-
to by cables.  Such an arrangement is highly desuable
particularly for military and  mobile applications. For’

.example, the control uUnit may be. used to initially fill |

the computer in-a mobile installation and then be- dis--
connected. - Also, ‘when used for pure computational’
work and englneermg, this feature prov1des that the bulk
of the machine need not be on the desk or even. in the
engineering office. Furthermore; this system “may. be

. adapted to be used with more than oné remote control

As a result of-each integrator computation, a function -

output, the “dz” output, is fed into:a general register
‘provrded on the drum.
in this general register in accordance with a code. asso-

By inspecting the information '

65

ciated with each integrator setup, the “dz” outputs. gen-.

erated as a'result of the prev1ous computatlons are selec-

tively fed at the proper time as inputs into the computer- ;

unit. These inputs are the ones used to alter the in-
tegrator setup information as it is being operated upon.
One feature of the present invention is that it pro-

70

“and readout unit.

. Operation on each mtegrator setup as herem described
can be’ broadly dividad info two steps. During the first
step, the computer unit picks up the “dz” outputs from

the "general register, and .during the second step it .op-

erates ‘on’ the numbers representing’ the status of the
‘integrator’ setup in accordance with the inputs... Since.
these two steps are performed in order, the means em-
ployed in the computer uiiit for picking. up the-“dz” out-

“puts operates only during ‘the first half of an integrator

setllp time, and the means’ employed for operating on



-~

the ‘numbers operates only during the second half of an
integrator setup time.

In order to provide an efficient computer unit and to
speed up the number of integration processes which can
be- performéd in-a given time, the present invention pre-
sents'a unique method and arrangement for performing
integration whereby the means employed for picking up
the “dz” outputs and the means for altering the numbers
can “operate simultaneously. ‘This is essentially arrived
at by always picking up the “dz” outputs required for
altering. the numbers in the following integrator setup
during the same time that the numbers of the present
integrator setup are being processed. What this ‘amounts
to is an overlapping of information, or a paralleling of
operations, which results in a highly .efficient use of the
computer unit means, and the added feature that less time
is required to perform’ a ‘series of integrations. In the
present invention, the paralléling of the pickup ‘code in-
formation to be used during later integration’ processes

with the number information descriptive of the present

integration process is refeired to as a “word.” KEach
“word” is comprised of a block of information repre-
senting a fixed number of channels_crosswise and a fixed
number of pulse positions léngthwise. Information in
the same pulse position of each of the channels is siful-
taneously observed by the computer unit as the “word”
is scanned lengthwise. Thus a “word” represents the
basic pattern of information to which the computer unit
is designed to respond. -Stated another way, the serial
cyclical operation of the computer unit is coextensive
with the information in 4 “word.” "~ .

In the present invention, in order to provide a highly
flexible computer, it is desirable to be able to feed into
any integrator the outputs of any other integrator. To
do this it is.necessary to scan the outputs of all the other
integration, processes during a’ single ¢ycle of the com-
puter unit, i.e. one word period, :

On the other hand, in’order to provide a machine of
large capacity and one which utilizes its equipment in a
highly efficient manner, it is desirable that the number of
integration processes provided for exceed the number of
pulse periods in the basic cycle of the computer unit.
Specifically, in the present embodiment, the nurnber of
integrators provided for is equal to twice the length of the
basic cycle, Co ’ ' o

Thus another feature of the invention providés a novel

arrangement of the general register for the integrator
outputs comprising‘two relatively short parallel channels
associated with the magnetic drum. These ‘channels are
arranged so that. they operate over a delay of approxi-
mately two word periods.. As each word is scanned the
information in the last half of the two short parallel chan-
nels is also scanned.. On each successive word, the -in-
formation in each of the short channels precesses, ie.
steps ‘with Tespect to its previous corresponding position
in the word. These two short channels are arranged such.
that each precesses the .information stored therein in a
direction opposite to the ‘other. ‘By .this means, while
each integrator setup is being operated upon,. the circuits
are arranged so as to scan all the other integrator setup
outputs in a single cycle: of the ¢omputer unit, i.e. in a
number of pulse periods eqial to one-half the number of
integration processes provided. - DR
Still another feature of this invention provides novel
means for visuaily reading out information in a given
word channel of the memory. drum. . Since the signal
representing .a unit bit of information is only available
while it is being scanned (approximately 10 .microsec-
onds),. it is necessary to provide means for storing. this
. information for ‘a long ‘emough period so that _'visual
means, such as meon’ bulbs, ‘energized thereby, can be
observed by the operator.”. ... T -
“In order to overcome the need of providing a storage
for every digit to be read in a word channel, the present
invention provides novel circuitry which effectively.stores

72,024,881 - [ S A
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and feeds out only three binary digits at a time to the
readout unit. Due to the speed of this operation, how-
ever, and the persistence of vision of the operator, he
effectively sees all the digits in a word channel at one
time.

Briefly the present invention is comprised of a rotating
magnetic drum on whose periphery information is stored
in a novel binary fashion. 'This information represents
coded numerical and instructional data required for a
plurality of digital integrator setups. A single highly
flexible computer unit is provided for cooperating with
this dynamic storage. The information for each inte-
grator setup is serially picked up from the drum by the
computer unit and operated thereon to accomplish the
computations required to advance the integration one
step.

The information required for a particular integrator
setup is provided in a plurality of successive word times.
That is, each integration process is divided into a plurality
of steps or stages. The word structure is so arranged,
however, and the computer unit is so devised that during
any single word period information corresponding to all
stages of an integration may be processed, but the infor-
mation associated with each. stage is for a different inte-
grator setup. - - :

In general, the computer unit is composed of a plurality
of bistable state circuits, such as flip-flop circuits, repre-
senting logical propositions required to” accomplish ma-
nipulations on binary information, such: as: counting,
shifting, arithmetic processes such as addition and sub-
traction, and various commands. .. .

The flip-flop circuits are intérconnected by sets of
diode networks which operate according to logical equa-
tions. ~ Each of the equations defines when and how 2
computer flip-flop will change its state.  The outputs.of
the flip-flops, together with' information picked up from
the magnetic drum storage, represent the terms of the
equations which are combined by “logical and” and
“logical or” operations which subsequently are referred
to as “logical multiplication” and “logical addition” aper-
ations, respectively. (As will be noted later, these latter
designations for logical operations are preferable since
they are descriptive of the notation employed in the equa-
tions.) - These operations are physically performed by
the diode networks which interconnect the lines carrying
the two valued voltages representative of the terms.

Clock' pulses, continuously generated by a recording
placed on a separate channel of the magnetic drum, pro-
vide the timing of the computer. These- clock . pulses
which define each pulse position:synchronize the opera-
tion of the computer unit with the memory drum. and
also provide the signals for effectively beating the inputs
to the flip-flop circuits so as to: advance the, state of the
computer-unit through its basic cycle. - -~ .. ...~ . .

More specifically, the correspondence between-the in-
formation on the memory drum‘and -the operation of
the computer unit is obtained by -counting circuits, trig-
gered by the clock pulses, which continually recycle to
generate timing signals defining word periods “and pulse
positions .within the word periods. . These timing signals
help. set up the conditions in the computer unit so- that
it properly responds to the information being picked up
from the word channels of the memory drum?

Associated with the computer unit are ‘circuit means
for feeding arbitrary input rate information into -cértain
integration processes, and - circuit meanis “for feeding

output- rate “information from chosen integration pro-

cesses.© These input and output rates are tied in' with
the, proper integrator setups by coded information

-recorded as initial conditions in patticular word times of
-the memory drum. I

The . present invention will, ibe,‘mad'e' more_fully ap-

‘parent by reference fo the following detailed description

of a preferred arrangement ‘of -the invention wherein
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reference will be made to the accompanymg drawings
in which:

Figure 1 is a block diagram of a circuit mtroducmg
the additive transfer principle for performing the mathe-
matical process of digital integration. ' -

Figure 2 is a graph illustrating generally the method
by which the circuit of Figure 1 performs the integration
of the area under a curve.

Figure 3 is a perspective view of the magnetic: drum’

memory showing broadly how the information is ar-
ranged thereon and how this informetion is routed
through the computer unit.

Figure 4 is a detailed illustration showing how the
binary information is arranged in each word time of the
memory.

Figure 5 is an illustration showing the time-wise rela-
tion of information in a word to the Z: general memory
channels,

Figure 6 is a block diagram which broadly shows the
external input and output circuits associated with the
computer.

Figure 7 shows the electrical circuits provided for

serially picking up information from the drum and trans-

ferring it to the memory flip-flops.

Figure 8 is a circuit diagram showing how t}'e clock
pulses are gemerated by signals picked from the clock
channel on the memory drum.

Figure 9 is a circuit diagram showing how the in-
formation picked up from the memory drum is synchro-
nized with the clock pulses before being utilized 'in the
computer unit.

Figure 10 is a block diagram showing how the E
counter controls the neon readout circuitry.

Figure 11 is a time chart showing how the T proposi-
tion is used for controlling the neon readout circuitry.

Figure 12 is a diagram showing how the pickup. and
record. heads are arranged on the Y channel of the
memory drum.

Figures 13 and 14 are diagrams showing how the pick-
up and record heads are arranged on.the Z-1 and Z-2
general memory channels, respectively.

Figure 15 is an overall block functional diagram of
the computer showing, generally, how the information is
handled therein.

Figure 16 is a timing chart showing how and when the
information required for a particular integration process
is made available to the computer unit.

Figure 17 is a table showing the states of the AI-AS
flip-flops for indicating the P counts which divide up. the
word ' period.

Figure 18 is a block diagram of the A1-AS flip-fiops
together with the symbolic logic equations which  de-
fine how the outputs of the flip-flops are connected. to
the inputs in order to count in accordance with the table
shown in Figure 17.

Figure 19 is a schematic circuit diagram showing how
the Al flip-flop is connected so as to operate as the first
stage of the P counter.

“Figure 20 is a set of waveforms presented for explain-
ing the operation of the circuit in Figure 19.

Figure 21 is a logical network for solving the triggering
equations associated with the Al1-AS flip-flops. .

Figure 22 is a diode matrix for solving the P timing
propositions shown by the logical equations in Fig-
ure 17.

Figure 23 is a table showing the states of the A7-—A10
flip-flops for defining the radix 10 counting stage of the
W counter.

Figure 24 is a table showing the states:of the A11—A13
flip-flops for defining a radix 5 counting stage of the
W counter.

Figure 25 is a block diagram of the A7-A1¢ ﬁlp-ﬂops
together with the symbolic logic equations defining how
they change states.

Figure 26 is. a block diagram of the A11-Al3 flip-.
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6
flops together with the symbolic: Iogm equations defining
how they change states.

Figure 27 is a logical network for solving the equa-
tions, associated with the A7-A13 flip-flops.

Figure 28 is a circuit diagram of the W; selector switch
used for manually selecting a word period in the com-
puter. ’

Figure 29 is a circuit diagram showing the inter-
connections between the W; selector switch and the
W counter flip-flops.

Figure 30 is a simplified block diagram showing how
the random input information is picked up by the Zdy
counter,

Figure 31 is a block diagram of the Ul and VI fip-
flops used for initially storing the random inputs, to-
gether with the symbolic logic equations defining when
the flip-flops are to be reset.

Figure 32 is a logical network for solving the reset
equations associated with the Ui and Vi flip-fiops.

Figure 32q is a logical network for feeding out a
vy number from an integration setup onto am external
line, together with the logical equation defining the same.

Figure 33 is a block diagram of the Va flip-flop used
for picking up the negative random inputs, together with
the symbolic logic equation for its grids.

Figure 34 is a block diagram of the Ua flip-flop used
for picking up the positive random inputs, together with
the symboli¢ logic equations: for its grids.

Figure 35 is a logical network for solving the grid
viggering equations associated with the positive and nega-
tive random input flip-flops.

Figure 36 is a table showing the binary number sys-
tem in which the Zdy counter operates.

Figure 37 is a table showing the binary number sys-
tem used for representing the y number system.

Figure 38 is a block diagram of the =dy counter flip-
flops together with the symbolic logic equations defining
pow these flip-flops are interconnected to perform count-
ing.

Figure 39 is a diagram of the logical network for gen-
erating the equations defining how the =dy counter flip-
flops operate.

Figure 40 is a diagram of the logical network used
for decoding the arbitrary input information so as to
determine how to reset the =dy counter.

Figure 41 is a diagram of the logical network used
for decoding the Z—-1 and Z-2 general memory channels
to determine the dy inputs.

Figure 42 is a block diagram of the B¢-B18 flip-
flops constituting the =dy register, together with the
symbolic logic equations defining -how these flip-flops
change state.

Figure 43.is a logical network showing how. the logical
equations presented in Figure 42 are physically solved.

Figure 44 is a block diagram of the start flip-flop,
together with the logical equations defining its grid inputs.

Figure 45 is a logical network showing how the input
equations for the start flip-flop are physically solved.

Figure 46 is a block -diagram of the halt flip-flop, to-
gether with the logical equations defining its grid inputs.

Figure 47 is a logical network showing how the input
equations for the halt flip-flop are physically solved.

Figure 48 is a truth table for revealing how the logical
equations are obtained for summing the old y number
obtained from the memory drum with the =dy count ob-
tained from the =dy register.

Figure 49 is a block diagram of the K1 carry flip-flop,
together with the logical equations defining its grid inputs.

Figure 50 is a truth table for revealing how the logical
equations. are obtained for summing the new.y number
with the 7 number obtained from the drum.

Figure 51 is a block diagram of the X2 carry ﬁlp-ﬁop )
together with the logical equauons defining its grid: in-
puts.
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Figure 52-is a-logical-network for solving the equations
for the K1 carry flip-flop and the-new y number.

Figure 53 is a logical network for solving the equations
associated with the X2 carry flip-flop.

Figure 54 is a logical network for solving the equations
representing the new r number.

Figure 55 is a block diagram of the Bx flip-flop which
picks up the dx pulse from the Z-1 or Z-2 line,; to-
gether with the logical equations for its grids.

Figure 56 is a logical network for solving the equa-
tions associated with the Bx flip-flop.

Figure 57 is a block diagram of the Ax flip-flop f01
storing the dx pulse after it has been picked up, together
with the logical' equations defining its grid" inputs.

Figure 58 is a logical network for solving the equa-
tions associated with the Ax flip-flop.

Figure 59 shows, by way of example, the method by
which the (y--2dy) adder operates.

Figure 60 shows the method of operatlon of the
(r4ys) adder when the dx input is positive in sign.

Figure 61 shows the method of operation of the (r+y;)
adder when the effective dz output is zero.

Figure 62 shows the method of operation of the (r+y,)
adder when the dx input is negative in sign. .

Figure 63 is a.chart illustrating the operation of the
Z-1 general memory channel.

Figure 64 is a chart illustrating the operatlon of the
Z-2 general MeRIory channel.

Figure 65 is a circular slide rule used for determmmg
the positions of the dy and dx pickup codes in an integra-
tor setup.

Figure 65z is a logical network for feeding out the
dz function from an integrator setup while the computer
is operating, together with the symbolic logical equations
defining the same.

Figure 66 is a block diagram of the G1, G2 and G3
flip-flops which are used for remotely initiating the com-
puting operation, together with the logical equations de-
fining their grid inputs.

Figure 67 is a set of graphs for explaining the opera-
tion of the G1, G2 and G3 flip-flops.

Figure 68 is a logical network for generating the equa-
tions associated with the G flip-flops.

Figure 69 is a diagram of the circuit assocmted with
the Y channel recording head.

Figure 70 is a logical network for generating the Y
channel record proposition together with the loglcal equa-
tions defining this network.

Figure 71 is a logical network for generating the R
channel record proposition together with the logical equa-
tions defining this network.

Figure 72 is a logical network for generating the D-X
channel record proposition together with the logical equa-
tions defining the network.

Figure 73 is a logical network for generating the D-1
and D-2 channe! record propositions together with the
logical equations defining the network.

Figure 74 is a logical network for generating the Z-1
and Z-2 channel record propositions together with the
logical equations defining this network.

Figure 75 is a binary table showing the states of the
E flip-flops for representing the P, input code, the Py
output code, and straight binary counting.

Figure 76 shows a block diagram of the E flip-flops to-
gether with the symbolic logic equations of its grid in-
puts.

Figure 77 is a logical network for generating the sym-
bolic logic equations associated with the E flip-flops.

Figure 78 is a diode matrix for generating the E
counts on separate lines.

Figure 79 is a block diagram of the F1 flip-flop for
indicating the Y overflow, together with the equations
defining the grid inputs.

Figure 80 is a logical network for solving the F1 flip-
flop triggering equations.
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-Figure 81 is a partially -block diagram showing, gen-
erally, how the B6-B10 flip-flops are used for reading
out coded octal digits associated with a word time.

Figure 82 is a schematic diagram of the read -switch
used for selecting a channel on-the memory drum.

Figure 83 is a logical net for generating the T prop-
osition which triggers the ‘B counter so as to select
the proper neon lights in which to transfer the coded
octal digit currently picked up.

Figure 84 is a chart showing the logical equations
defining the coded octal digit inputs and the order in
which the digits are read out.

Figure 85 is a block diagram of the fill digit flip-flop
X1, together with the equations and diode nets for
controlling its state.

Figure 86 is a block diagram of the De flip-flop used
for preventing an' oscillation of the dz output when it
is effectively zero.

Figure 87 is a logical network for solving the equa-
tions associated with the De flip-flop.

Figure 88 is a wiring diagram of the push button
switches used for filling information into the computer.

Figure 89 is an overall view of a preferred embodi-
ment of the present computer.

‘Figure 90 is a schematic wiring diagram of the com-
puter main function switch.

Figure 91 is a perspective view of the control panel.

Figure 92 is a work sheet showing how information
for a particular integrator is set up by the coder prior
to placing this information into the computer.

General theory

In order to fully understand the improvements on the
digital differential analyzer herein disclosed, the additive
transfer principle of performing integration will first be
introduced by describing the basic digital integrating cir-
cuit shown in Figure 1. This circuit is composed of a
first counter functioning as an integrand storage 100; a
second counter functioning as a remainder accumulator
101; and, a transfer network 102 interconnecting the two
counters. A first and second input lead 103. and 164 are
connected to the integrand storage 100 and transfer net-
work. 102; respectively, and a single output lead 105 feeds
out from the reminder accumulator 10%.

Each pulse, designated dy, received on the input lead
103 to the integrand storage 100 represents a small unit
increase of the mtegrand y and causes the content of in-
tegrand storage 100 fo increase by “one.” The nature of
the transfer network 102 is such that as a result of each
input pulse, representing the variable of integration dx,
received on input lead 104, a value, equivalent to the
number y existing at that particular time in the integrand
storage 100, is transferred in an additive manmer to the
number in the remainder accumulator 101. It should be
noted that the y number in storage 100 is not altered
as a result of this transfer.

The remainder accumulator 101 has a given capacity
which is equal to that of the integrand storage 108. As
the y number is successwely added into the remainder
accumulator 101, in accordance with the dx inputs, the
accumulator 101 soon reaches its capacity. The output
lead 105 then emits an output pulse dz, and accumulator
101 starts to count from a remainder again..

1t is to be noted that the integrand storage 109 does
not provide for an overflow output. Rather, its capacity
limits the maximum value which y may attain during
a computation, and extra precautions must be taken to
ensure that this value is not exceeded.

In order to further understand how the dxgltal mtegran-
ing circuit performs the integrating process, digital in-
tegration will next be described as a limiting process of
finding the area under a curve y=f(x) Whlch is identi-
tified only as a set of numerical values of the ordinate
corresponding to a set of successive values of the
abscissa. As ‘shown in Figure 2, this is accomplished
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by subdividing the area under the curve into_a succession
of  adjacent incrémental sub-areas such as the cross
hatched area A, The height of each rectangular sub-
area Ay varies in steps equivalent to one or more fixed
increments dy so that, for instance, its left ordinate y,
at. all’ times tends to intersect the curve y==f(x). The

width of each of the sub-areas A, is the same and is: de-.

termined by the value fixed for the increment dx. The
total ‘area,  which. is the sum of the sub-areas, corre-
sponds to the approximated integral. It is seen that this
method of defining integration can be approximated to
any degree of accuracy desired by decreasing the value
of the increment assigned to each dx and, of course, each
dy-which is of the same order.

In Figure 2 it is noted that since the incremental dx,
in.determining each incremental sub-area A, defined as
ydx, is fixed throughout an integration, dx. can be .as-
sumed, to_be dropped out of the notation by being as-
signed the value “one.”: This in no way affects the pro-
portionality of an ordinate y to its corresponding sub-
area. Thus, each time a dx pulse is received on inmput
lead 104 to the integrator circuit of Figure 1, a digit
“one’ 'may:be considered to be received.

Again referring to Figure 2, it is noted that the change
in height ‘'of a sub-area A,, i.e. the change in magnitude
of the successive ordinates y, is to be made in very
small fixed steps denoted as dy. Each of these dy in-
crements. is -represented by a pulse received on the input
lead :103 which algebraically alters the number content
of: the integrand storage 100 by one unit. Thus each dy
pulse, similarly to the dx input pulse, can be.considered
asa digit “one” input to the integrator circuit.

The digit integrator circuit of Figure 1 can thus be
considered to have two “one™ inputs. One of these in-
puts, dy, is proportional to the incremental change in
height of a sub-area A,, and the other input dx, is the
instruction to additively transfer.

As the sub-areas of Figure 2 corresponding to the.y
ordinates’ are. successively accumulated in the remainder
accumulator 101 of Figure 1, every time the capacity of
the accumulator 101 is reached, a carry out pulse dz is
emitted. on output lead 105. This carry out pulse dz,
which is likewise to be considered as a digit “one” in the
logic of the digital integrator, will be due to a pulse ac-
cumulation corresponding to a number N where N is
at least one greater than the largest number which either
the accumulator 101 or the storage 100 will hold.. As-
suming a binary number counter is used, then N=27, and
(27—1) is the number in the binary accumulator 161
when all of the stages contain the digit one. Any time
acarry out pulse dz is emitted as a “one” digit on output
lead 105, a remainder term désignated as r/N, which is
always less than such a “one” carry out pulse dz, is left
in the accumulator 101, Note the number 7 is the con-
tents. of the accumulator 101 at this time. The next
transfer of a y number from the storage 100 thus adds
to the remainder »/N in the accumulator 101, and may
or may not, depending on the combined value, cause a
single carry out pulse dz on output lead 105.

Looking at this principle of digital integration from
another ‘angle, the basic circuit just described may be
considered to be 4 means for combining two input rates

dy

dt
and

dx

dt
to obtain a desired output rate

dz

de.
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As one instance of its versatility, the
daz
dt
output rate of such a device can be coupled back to form
its. own:
dy
dt
input rate to produce an exponential function.

Thus, these. digital integrators may be considered
broadly as a set of devices which communicates between
themselves .by means. of unitary pulses representing
“ones” and which operate upon the inter-communications
by means- of counters storing numbers expressed in any
numbering system convenient. Numbers may be looked
upon here. as. a means. for establishing and accurately
generating streams of “ones.” These “ones,” in turn, are
counted; merging to form other numbers, or are used
for instructions.

Broadly, the stored numbers act upon a received rate
of “ones™ by deleting units from it. In other words, the
effect of an.integrator is to transmit an effective unitary
rate dz which is equal to or less than the dx input rate,
never greater. If the value of a function, Z, is to be:.
found by counting the dz output rate, then, for example,
between 10¢ and. 105 units or pulses must be counted in
order-to express Z as a five place decimal number. If
the rate reduction of an-integrator is nominal, this may,
ordinarily, be accomplished by the admission of no more
than 10% dx inputs. If the rate reduction of the integra-
tor is excessive, the number of dx inputs required to
achieve the same accuracy of expression for Z must be
greater. Since the time required to perform an addition
cycle in the integrator will usually be fixed, the accuracy
achievable in a limited time and with a limited amount of
equipment will, therefore, depend, among other things,
upon the extent of rate reduction in the integrators.

The explanation of the basic method for performing
digital integration, so far as given, is mecessarily sim-
plified and general in nature. The description of the
preferred embodiment of the present invention will fur-
ther reveal how the signs of the variables are taken
into account and how a plurality of such basic integrating
circuits can be interconnected to generate particular solu-
tions to relatively complex differential equations.

General description

Referring next to Figure 3, a schematic drawing shows
a magnetic memory drum 106 and a computer unit 107.
The magnetic drum 166 which may be, for example, eight
inches in diameter, is shown vertically mounted on bear-
ings. 109 in a. housing 108, and rotatably driven in a clock-
wise direction. by a motor 110 at substantially, but not
necessarily, a constant speed. On the periphery of drum
186 is a coating 111 of ferric oxide which provides the
medium for magnetically storing bits of information.
Around the periphery of magnetic drum 106, eight cir-
cumferential channels are provided as designated by the
notations R, Y, D-1, D-2, D-X, Z-1, Z-2 and C. The
width. of the magnetic track for each of these channels is
about %o of an inch. Of these magnetically recorded
channels C, is-a permanently recorded “clock”™ channel;
and R, Y, D-1, D-2 and D-X may be considered to func-
tion as relatively long re-circulating channels; while Z—1
and Z-2 function as relatively short recirculating chan-
nels.

In the present embodiment of the invention, the perma-
nent clock channel C on the memory contains 1440 clock
pulses serially arranged circumferentially about the pe-
riphery of drum 106 in a closed loop. A clock period
defines the smallest time division of the computer and
spacially- Tepresents an incremental arc on the drum
periphery in which a bit of magnetic information, rep-
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resenting ‘a “zero” or a “one,”
recorded. C

As will be pointed out more clearly later, the basic
cycle of computer unit 107 is 27 clock pulses in length,
i.e., every time 27 consecutive clock pulses are generated,
the computer unit 107 repeats its operation. Further-
more, the machine is set up to pass through 50 such basic
cycles for approxunately each revolution of the drum
106. The passing of the machine through 50 basic cycles
is known as a major cycle. The basic cycle of 27 clock

pulses corresponds fo the arcuate length of the drumi on’

which a “word” is recorded.  Thus a “word” is a fixed
pattern of information in the R, Y, D-1, D-2 and D-X
channels around which the operation of the computer
unit 107 is designed. That is to say, the computer unit
107 interprets the information sensed in each pulse posi-
tion of each of the channels according to a predetermined
arrangement build into the computer unit circuits.

Referring to the perspective view of the magnetic drum
in Figure 3, the arcuate space occupied by a word is
denoted by the capital letter W with the numerical sub-
scripts 0-49. These designations are for convenience of
reference, placed on- sectors of the drum as shown.
These words are located serially around the periphery of
drum 106 in a counterclockwise order. It should be
noted that the space required for these words does not
extend over the entire length of the circumference of
the channels provided on the magnetic drum 106. Rather
there is a “dead™ zone on the circumferénce whose sec-
tor 129 is shown shaded in Figure 3. )

The manner in which the information is picked up
from the memory drum 106, fed into the computer unit
107, and redeposited back onto the memory will now
be generally described.

Associated with each memory channel R Y; D-1,
D-2, D-X, Z-1, Z-2 and C is a pickup head 112, 113
114, 115, 116, 117, 118 and 119 respectively. These
heads are schematically shown as being stationarily posi-
tioned in the drum housing 108 in ciose relationship with
their respective channels on the drum 106.

As the drum 186 rotates in a clockwise direction, the
information recorded thereon is picked up by these
channel pickup heads and fed into the. computer umt 107
via input lines 121.

The clock pulses are generated at approxxmately a 100
K.C. rate. This represents the speed at which -successive
bits of information are fed into the computer unit 107.
In the computer unit 187, these clock pulses are counted
to provide signals for letting the computer unit know
the “word,” and “pulse position” in the word, which is at
the moment being scanned. Each bit of information in
the R, Y, D-1, D-2 and D-X channels, on being sensed
by the computer unit 167, is utilized therein to logically
generate output information which is deposited back
onto the magnetic drum 106 via output lines 122 and
record heads 124, 125, 126, 127 and 128, respectively.
It should be noted that this information is recorded ahead
of the point from which information was picked up,
equivalent to the arcuate length of dead zone 120. What
this amounts to is that each bit of information is re-
deposited onto the revolving magnetic -drum at such-a
point with respect to the pickup heads that it is delayed
approximately 50 word times, thus permitting the rest
of the information on the drum to be operated upon
before the information in question is again pxcked up
and fed into the computer unit 107.

The information picked up by heads 117 and 118,
associated with the Z-1 and Z-2 channels, is of a dlffer-
ent nature than the information represented by the
“words.” The Z-1 and Z-2 channels operate as a
general storage for the dz information representing the
outputs of the integration proceésses.

After being sensed by the computer unit 107, each
bit of Z-1 and Z-2 channel information is routed via
return lines 129 and record heads 130- and 121, respec-

may -be magnetically
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tively, to a point on the drum periphery approximately
two. word lengths behind the point from which it was
picked up. Note that this may be considered to be the
opposite direction from which thé word channel informa- -
tion, picked up at the same ‘time, is deposited.

The portion of the housing 108 between, for example,
pickup head 112 and -the record head 124, is used for
holdmg the memory erasing heads 132, one of which’
is associated with each of the channels except the clock-
channel C. Note that the erasing heads 132 are always
positioned within the arc associated with the dead zone
of the drum 106. These erasing heads effectively re-
move all the old information from the drum 106 by
magnetizing each of the channels, in the direction corre-
sponding to the “zero” of the binary information code.

It should be noted that the record of the information
on the recirculating channels of the drum 106 is actually
of a dynamic nature in that each bit of information
changes its posmon, with respect to the drum, once each
revolution, on passing through the computer umt 107 )

Word structure

The arrangement of the information in- each- of the:
words of the drum 106 will next be illustrated in Figure 4.
Each word is 27 clock pulses long, the .positions being
indicated by notations Py through Py The Y. and R
channels contain in binary position P, through Py a
representation of a binary number indicating the cop-
tents of the integrand storage 100 and remainder accumu-.
lator 101, respectively. These are the numbers associated
with each digital integrating process, as explained in con-
nection with Figure 1. Because of the scaling problem
in the computer, the first binary stage, 29, of the y number
may be located in pulse position Py or any pulse position
thereafter. A code pulse, indicated as a start pulse, sig-
nals the computer unit to let it know when this fisrt digit
of the y number is to be picked up. Hence, this start
pulse is located in the pulse position just prior to the
one used by the 29 stage of the y number.

In the particular illustration shown, the start pulse
is located in position P;, which is its first possible loca-
tion, and- the 20 stage of. the y number is shown to be
located in the P, position. The most significant y num—_
ber digit is always located in the Py position. -

The P25 position of the Y word channel is reserved
for the sign of the y number. A pulse in this posxtlon,
ie. a binary one notation therein, indicates the sign of
the y number associated therewith is posmve, while a.
lack of a pulse, or a binary zero notation indicates the
y-number sign is negative.

Referring to ‘the R channel, corresponding stages of
the r number are located in the same positions of the
word as those reserved for the y number stages. The
Pys; position of the R channel is considered to hold the
carry out digit of the » number corresponding to the dz
output. As will be shown later, by example, the sign
of the y number in the Py; position of the y number can
be treated as an additional y stage and combined with
the carry out of the r number like an ordinary binary
digit.

The P, position of the R channel is reserved for a
signal which, if present, indicates to the computer unit
that it should inspect the output of the adder circuits
generating the new y number to note if the y magnitude
is exceeding its maximum value. This feature is advan-
tageous during certain computations where the coder
may not be able to precisely know how to scale a prob-
lem so as to keep the dependent variables within the
ranges required by the machine. When a pulse is placed
in this P; position of the R channel, a checking circuit
is introduced into the computer which will stop the
machine if the y number overﬂows beyond the capacny
provided for.

The st position of the R channel of a word is reserved
for a sign reversal pulse. When feeding the dz outputs
of an integrator into the inputs of other integrators, it is
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often. necessary;; as dictated-by the differential. equation:

~ to' be solved, to reverse the sign- of the dz output. - A
binary. “one” signal in. this: position causes the computer
unit 107 to accomplish this:function.

The. D-1 and D=2 .channels-of a:word contain in pre-
determined ‘pulse positions; which may be anyof the posi-
tions Py through Py, the dy pickup code. information.
The computer is designed to permit an integrator to re-
ceive as many as 15 dy pulses. - Stated another way, as
many as-15 dz outputs found in-the general storage may
be fed as dy inputs into.the-computer unit 107 during a
single word time to modify the y number contained there-
in, . The reason for providing two dy pickup channels,
D-1 and D-2, is because two.dz storage’ channels, Z~-1
. and Z-2, comprise the general storage.. As will be more
clearly shown in:the ensuing:description, it:is because of
this arrangement that it is possible: for an.integrator to
pick up-these 15 dy outputs from :any -of the 50 integrators
in the computer during a lapse of. only:25 clock pulse
periods, namely P; through Pgs.:

The D-X channel.is provided for picking up the dx code
pulse from the Z-1 or Z-2 general storage.channels. ‘Only
one dx pulse is picked up from the general storage during
a word time. -This dx code pulse may be located in any
of the pulse positions P; through Py of the' D-X channel.
As with the dy-pickup code, in order to be able to pick up
a dz output pulse from:any of the 50. integrators, it is
necessary. to inspect both the Z-1 and Z-2 general storage’
channels.  The decision as:to which general storage chan-
nel will be inspected is determined, as far as the computer
unit'is concerned, by the content of the Py position of: the
D-X channel. - A binary “one” signal in. this position
causes the dx code pulse in the following P, through Pas
position to inspect the Z~1 general storage channel, while
a “zero” in this position results in the Z~2 general storage
channel being inspected. -~ g

As. previously mentioned;: one feature of the: present
computer is that information external to the machine may
be fed into’ certain: integrators -according: to' coded in-
structions associated: with' the word.  Another feature of
the present computer provides for feeding information out
of certain integrators according to code associated with
the word. .

Before describing the arrangement: of this: code in a
word, the: external input and. output circuits associated
with the computer, for accomplishing this:transfer of in-
formation, will be: broadly described- and. illustrated in
Figure 6. Here it is'shown that ten sets of input lines 216
are provided for feeding information: into:the computer.
The positive input line of each set.is designated by the
letter. “u” and the: négative input line by the letter “v.”
Numerical subscripts 1 through 10 distinguish. the various
sets. .. These lines carry into the computer; electrical sig-
nals corresponding to dy unit increments. These inputs

are fed in from instruments;.for: example, while the com--

puter:is operating, ;

Ten sets of ouiput lines: 217 are shown for feeding dz
outputs from the computer.: These outputs are designated
by the capital letter Q with numerical subscripts 1 through
10 distinguishing the various:sets.. The dz outputs are,
likewise, fed out while the machine is computing. -

In: addition ‘to feeding out: dz outputs,” another set of
outputs 218 is provided in the computer for feeding out in-
formation ‘while the computer is operating: These output
lines:218 are employed for:serially feeding out a different
y. number, stage by stage, on’ each of ten lines designated
S; through S;5. - This readout circuit-makes it possible to
serially transfer-a y number from'a particular word time
into an external register, for example.

“The neon readout 361, shown-in. Figure 6, provides a
means ‘for visually indicating: one of the word- channels.
This readout circuit is operative while the machine is
- idling and-will be-discussed later since it is not controlled
- by coded instruction. i
Referring back to Figure 4, it will now be shown how
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the coded instructions located in a “word” of the memory,
provide the signals for operatively connecting particular
integration processes in the computer. with these external
input and output lines, while the computer is generating a.
problem.

The P, positions of the R, Y, D-1 and:D-2 channels;
contain the Py code which in effect “connects” a particular
integrator to one of the ten sets, u;—vy, Ug—Vy, €tc., of ex-
ternal rate input lines 216. This is accomplished by as-
signing a binary number ranging from 0001 to 1010 to.
each set of the external input lines 216. These binary
numbers are assigned according to the decimal equivalent.
of the subscripts used for designating the lines. Referring,
to the table in Figure 75, these binary code numbers are-
shown. They are symbolically noted as EL; E? . . . E0

Any time a particular word time contains one of these:
binary numbers in. its Py code positions, circuit means
come into. play such that the information on the. cor-
responding set of input lines 216 is transferred into the
computer unit 167, This Py code is located in a particular
word with the least significant of its four binary digits
appearing in the R channel, and ‘the succeeding digits in
the Y, D=1 and D-2 channels respectively. Any time the
code is in-binary form 0000, which is actually a lack of
code, nothing is picked up from the external input by the
computer.

As will be explained more thoroughly in the ensuing
description, because of delays in transferring the external
inputs into a computer; this arbitrary input information is
not used for computations until two word times later,
Because of this, the Py code is also available to be used for
selecting one of the ten output lines Sg through S;5 to pass
an electrical indication of the y number immediately fol-
lowing, i.e., of the same word time, out of the computer.

As shownrin the table of Figure 75, the binary P, code
numbers -for this. latter operation ranges from 0110 to
1111, designated ES through E!5, The y output lines 218
are each assigned one of these codes in accordance. with
the decimal equivalent of its numerical subscript as shown
in Figure 6. - )

Tt will be noticed in the table of Figure 75 that five code
numbers, 0110 to 1010 (ES through E), are used for
both of the coding operations so far described, but since
the y number is fed out during the word time in question,
and: the external input is used two word times later, it is
possible for the coder to utilize both operations by ar-
ranging the integrator setups in the required order on the
drum. Thus all twenty operations can be performed with
the fifteen code numbers.

An output four place’ code number, known as the
Pyg code, is provided in the Pyq positions of the Y, D-1,
D-2 and D-X channels of each word time. The least
significant digit of this binary code number appears in
the D~X channel and the following significant digits ap-
pear in the Y, D-1 and D-2 channels respectively.

This Py code provides a signal for feeding the dz out-
puts currently being generated, while the machine is
computing, on to one of the ten sets, Q; through Qyq, of
external output lines 217, shown in Figure 6. As with
the P, code for the external inpats 216, the binary num-
bers 0001 and 1010 are assigned to each of the sets of
external output lines 217 -and a similar number in the
P,; code of one of the words effectively “connects” the
dz output currently being generated to the corresponding
output line. :

Pickup circuits

Referring -to Figure 7, the pickup circuits for sensing

the information on edch of the channels of the magnetic

drum will next be described.

The information recorded on each channel of the drum
periphery is in the nature of magnetic flux generated in
either one direction or the other. When the flux is in
one direction in a given pulse position, it represents. a
binary digit “one,” and when it is in the other direction
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it represents a binary digit “zero.” Since the non-return-

to-zero method of storing information on the drum ‘is-

employed the recorded -flux pattern only changes on suc-
cessive pulse positions when the binary digit in a number
changes from a 0 to a 1, or vice versa.

‘The magnetic pickup head, such as the Y pickup head

113, essentially differentiates the recorded flux pattern on .

the drum 106. Assume the flux pattern M, shown in
Figure 7, is recorded on the magnetic drum.” This pat-

tern when scanned by the Y pickup head 113 produces a-

positive and a negative pulse y+ and y—, as shown by
waveform 134, - These pulses are fed through a two
stage amplifier, comprised of tubes 135 and 136, which
emits pulses of the same polarity as the input. These
latter pulses are then coupled into a phase inverter cir-
cuit comprised of tubes 137 and 138 whose cathodes are
joined at point 139 to a common resistance 146 connected
to a negative source of 130 volts. Each of -the plates of
phase inverter tubes 137 and 138 are held by clamping
diodes 141 and 142 respectlvely, between 45 volts and 90
volts.

Referring to the operation of thése circuits, the tubes
137 and 138 of the phase inverter are normally both
conducting such that their plates are being held at 45
volts by the clamping diodes. The output from the plate
of amplifier tube 136 is applied onto the control grid of
phase inverter tube 137. The posmve pulse -yt when
impressed on the grid of tube 137 increases the current
flow therethrough. This would ordinarily lower the plate
voltage of tube 137, but the plate voltage does not
change in the present circuit because of the clamping
diode 141 which holds it at 445 volts. Thus, the posi-
tive pulse y* has no effect on the output of tube 137.
But the second tube 138 in the phase inverter generates
a positive pulse pattern whenever the y+ pulse is applied
onto tube 137. This is due to the momentarily increased
current flow of tube 137, which, upon flowing through
common resistor 140, raises the potential of the cathode
of second tube 138 causing thls tube to momentarily
reduce its current flow.

When negative pulse y— is impressed on the grid of
tube 137, the current through this tube is decreased, and
the clamped plate output line’ 143 of tube 137 gives a
pulse output inverted with respect to this input.-” This
cutting off of tube 137 lowers the potential of point 139
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but does not change the output of tube 138 since it is .

clamped at 45 -volts.

Thus, referring to the output lines 143 and 144 con-
nected to inverter tubés 137 and 138 respectively, the
positive pulse on output line 144 represents the timing of
the leading edge, and the positive pulse on output line
143 represents the timing of the trailing edge of the mag—
netic flux pattern M.

These clamped outputs, 143 and 144, are. D C. coupled
through a: resistor 145 and a capacitor 146, in parallel,

50

such as shown for output line 143, to the control grids °

of tubes 147 and 148 which serve to invert the pulses
applied thereto. - The outputs' of tubes 147 and 148 are
clamped between 45 volts and 90 volts, similarly to the
outputs of tubes 137 and 138. As a result of these clamp-
mg operations, the pulses have an abrupt rise and fall,
ie. the pulses are squared. These inverted pulses are
then applied onto a Ym ﬂxp-ﬁop circuit comprised. of
tubes Vy and V,. The manner in which these tubes are
coupled together for providing a two stable state circuit
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of the Eccles-Jordan type will be fully described later,

along with its associated circuits, in Figure 19. It should
be understood, however, that these flip-flop circuits should
not be limited to“this type since other flip-flop circuits
can be readily adapted to operate in the. manner here-
after to be described.

In the present description, it is assumed that the Ym
flip-flop 'is functlomng with tube Vy'in an operative state
and tube V; in an inoperative state prior to their response
to the 51gnals generated by the magunetic pattern M.
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Thus, the negative square waveform representing the
leading edge of the flux pattern M ‘as obtained from the
plate of tube 147-is differentiated in' differentiating circuit
150 and the posmve portion of the resulting wave-form
is attenuated in the back-resistance of diode 151, while
the négative- portion is applied “onto'the control grld of
the Tight tube’ Vg -of ‘the flip-flop Y, resulting in this
tube becomiing’ inoperative and tubeVl flipping to an
operative condition.

~As.a result of triggering the right tube V; into an in-

© operative condmon, the right output line 154 connected

to its plate is swung to'a relatlvely high potential and
the left output line 155, connected to the plate of tube
Vh, is swung to a relatively low potential. These-high
and low potentials correspond to the clamping limits, 90
volts and 45 colts, maintained on the output lines by
clamping diodes 156 as shown on the right output 154.

After a time duration corresponding to the number
of clock periods represerited by the width of the flux pat-
tern ‘M, 'the square waveform r1epresenting the trailing
edge of this flux pattern M, as obtained. from:tube 148,
is applied onto the input circuit connected to the grid of
left tube V; of the flip-flop Ym where it-is differentiated
and limited by differentiating circuit 150« and diode 151a.
The steep negative pulse: obtained, triggers the Ym. flip-
flop back into its original state. - As a result of this latter
triggering of flip-flop Ym, the right output 154 is now.
swung to the relatively low potential of 45 volts, and the
left output 155, which corresponds to the inverse of the
flux pattern-M, is swung to a relanvely high potent1a1 90
volts,

Thus the’ potentlal of Ym, the nght output 154 of flip-
flop Ym, is seen at-all times to follow the magnetic pat-
tern M, as sensed on the Y channel of the drum.
The-'circuits for transferring -information” from the
magnetic - drum memory to. the memory: flip-flops . are
similar for the R, D-1, D-2, D-X, Z-1 and. Z-2 chan-
nels. ‘Thus, the respective. mémory flip-fiops: Rm, Dlm,
D2m, DXm, Zim and Z2m are made to follow the mag-
netic pattern on. their respective channels.

The pickup circuitry for the clock channel C, as shown
in Figure 8, will next be described. ‘The magnetic wave
pattern 157, as picked up by the. clock pickup head 119
sensing the clock channel, is a sine wave. As with the

; previously described pickup circuits, the head 119 feeds

its output into ‘a two-stage amphﬁer 158. The output
of amplifier 158, after being clipped by diode 1594, is
coupled - into: a famllxar Schmidt triggering type circuit
159 on whose output a square wave 160 ‘is- generated.
This square wave 160 is applied onto both grids of a pair
of driver tubes 161a, 1615 connected in parallel. The
common-plate output 164 from. the driver tubes 1614,
1615 is clamped by upper and lower diodes 162 and 163
respectively, to 90 volts and 45 volts.- The: clock pulses
C wused for timing and synchronizing :the computer are

‘thus~obtained from:the:common - plate output 164.

The reason for having two driver tubes is because a

considerable amount. of current is required for driving
the gate circuits controlling the inputs to the flip-flop cir-
cuits.:. Furthermore thé clock pulse’ source must be of
relatively low impedance in -order to generate the desu‘ed
waveforms. in these gate circuits. ;
' Havmg ‘described the ‘manner in ‘which the informa-
tion is picked up from-the.channel of memory drum 106
and fed “into the channel memory flip-flops, the method
by which this information is synchronized or put in step
with the clock pulses will next be-described. - Because
this information:is being transferred from an electronic
medium to-a ‘mechanical' medium -and -then, after a given
time - delay, back intothe electronic’ medium, the infor-
mation .is likely to get out of step with the electronic cir-
cuits:.which ‘arecall ‘designed to operate -in synchronism
with ‘the clock pulses. - This nonéon‘forr‘nity may come
about due .to vibration or “jitter’” in the operation of the
magnetic drum, for example. e o
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Referring to Figure 9, the Ym ﬂlp-ﬂop is schemaucal—
Iy shown. The right output line 154 is marked Yy, and
the left output line 155 is marked Yy,'. The right and
left grid inputs to the Ym flip-flop are simply denoted
by lines marked yy, and oy, respectively.

The Ym flip-flop operates, as previously shown and

described in Figure 7, to follow the magnetic pattern M-

on the drum.

The Y1 flip-flop is the circuit by ‘which the computer
unit 187 senses the information in the Y channel. This
Y1 flip-flop, which is identical to the Ym flip-flop, is
. 'comprised of right and left outputs designated Y; and

Yy', and right and left grid inputs designated y; and oy1,

respectively,

Each of the grid inputs to the Y1 flip-flop has a cir-
cuit associated therewith, such as left gate 165, which is
coupled to input 4y, by differentiating circuit 166 and
diode 167. -

Fach of the gates is comprised of a pair of input crys-
tal diodes such as diodes 168 and 169, as shown for the
left gate 165." The anods-ends of these diodes are joined
to a common junction 170 which is connected to a rela-
tively high potential source, 265 volts.” The operation
of left gate 165 is such that any time the input to the
cathode-end of either diode 168 or 169, or both of them,
is relatively low in potential the common junction 170 is
relatively low. However, when inputs'to diodes 168 and
162 are both relatively high in potential, the outpuf of
gate 165 is relatively high.

In the circuit shown in Figure 9, the right output Yy,
is connected to one input of the right gate 1654 and the
left output Y’ of the Ym flip-flop is connected to ‘one
input of the left gate 165. The clock pulse source C is
connected to each of the other inputs of these gates.-

Assume, for example, that a unit pulse 171, as shown,
is impressed on the left output Yy’ of the Ym flip-flop.
As this pulse is applied on the left gate 165, the clock
pulse C generated by clock pickup head 119 is so timed,
by the positioning of the C p1ckup head 119 on the drum
106, that the clock pulse C is straddled by the unit pulse
171 as shown by the waveforms in Figure 9. = Corre-
sponding to the time when both inputs to the left gate
165 are high in potential, which represents the duration
of the clock pulse C, the output of gate 165 is high.
Thus, a gate output pulse 171a similar to the clock pulse
C is applied onto differentiating circuit 166 and diode
167 which permits only the negative differential pulse,
corresponding to the trailing edge of the clock pulse, to
pass to the left grid of the Y1 flip-flop, thus swinging the
left output Y, to a high potential.

When the Ym flip-flop changes state such that the Y’
potential drops and the Yy, output rises, this latter rise,
when applied onto right gate 165z, along with the next

" clock pulse, results in the Y1 ﬂxp—ﬂop changing state’ so
that the Y," output abruptly swings to a‘low potential.

Tt should be understood that the Y1 fhp-ﬂop outputs
are clamped by diodes (not shown) to swing between
445 and -+90 volts, similar to that shown for the Ym
ﬁ1p-ﬁop in Figure 7.

1t is thus seen that the Ym flip-flop output is delayed
slightly in order to become synchronized with the clock
pulse periods. Except for this delay, it can be said that
the Y1 flip-flop follows the Ym flip-flop in its operation.

Similar circuitry, as shown for synchronizing the Ym
' flipflop information, is used for aligning -all the
other information picked up from the drum, with the
operation of computer unit circuits.

In Figure 9, it is noted that a YD flip-flop is shown
with its inputs connected to corresponding grid inputs of
the Y1 flip-flop. ‘This YD flip-flop changes exactly in
accordance with the Y1 flip-flop so that outputs Yp and
Yy’ represent additional sources of current which. can be
substituted for the Yy and Y1 outputs. A driver. circuit
such as the YD flip-flop, is required in the computer

cifcuits whenever a- particular flip-flop, such as Y1, can--
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not- supply ‘all’ the’ current needed to drive the logical}
nets associated with its outputs.

Referring - next to Figures 12, 13, and 14, the spacing
of the pickup and record heads for each of the channels
of the memory drum 106, broadly referred to in Flgure
3, will now be described in detail. :

Figure 12 reveals the operation of the Y channel re-
circulating loop. As previously shown, the Y channel
pickup head 113 senses the information on the drum 106
and feeds it into the Y memory flip-flop whose outputs:
vary directly in accordance with this information.  The
information in the Ym flip-flop is then sllghtly delayed,
approximately 12 clock period, before it is transferred to
the Y3 flip-flop.” The computer unit’ 107 then senses’
the outputs of the Y1 flip-flop, and utilizes this informa-
tion 1o logically generate an output bit of information
which is recorded, without delay, onto the drum 106 by
means of Y record head 125. This information is re-
corded ahead of the point on the drum by an arcuate dis-
tance equal to the “dead” zone 120. In the present em-
bodiment, having 1440 clock pulses located around its pe-
tiphery, this “dead” zome corresponds to 90% clock
periods. However, the more significant arcnate distance
is the complement of the dead zone arc which figures
out to be 1349% clock periods. = Since 50 words (inte-
grator setups) are provided on the memory drum and
each word is comprlsed of 27 pulse positions, a total of'
1350 pulse periods is required in order to serially pass
all the required information through the computer unit
167. Thus, the output information from the computer
unit 187 is recorded 1349% clock pulse periods ahead
of the point from which it is picked up.. The added %2
clock period delay between memory ﬁ1p-ﬂop Ym and
the Y1 flip-flop makes the. total delay of the memory
equal to the 1350 clock periods.

The spacing for .the heads on the R, D-1, D-2 and
D-X channels is identical to that for the Y channel and
will not be further presented.

In Figures 13 and 14, the spacing for the heads on the
7-1 and Z-2 channels are presented. As previously de-.
scribed, these channels represent. the general storage for
the dz output pulses generated. as a result of advancing
each of the integrator setups on the drum an incremental
step. ) .
As shown, the information in the Z-1 and Z-2 chan-
nels of the drum 106, after bemg sensed by pickup
heads 117 and 118, is recorded -in memory flip-flops
Zim and Z2m, tespectively, in a manner similar to that
described in detail for the Y channel circuitry. '

Referring first to the Z-1 channel circuitry in Figure
13, the Zim information is delayed approximately %2
clock period on being transferred to the Z1 flip-flop. The
Z1 flip-flop information is then sensed by the computer

. upit 167 and deposited without delay by means of Z-1
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record head 130 onto a point of the drum 52% clock
periods behind the point from which it was picked. up.
Note that the total delay thus obtained in the Z-1 cir-
cuitry is 53 clock periods. . This is one clock period less
than the number of pulse positions in two word lengths -

.of the drum. As will be more clearly shown later, by

making the Z~1 storage line 53 clock periods long, the
information therein precesses with respect to the informa- .
tion in successive words of the memory drum. Since
the Z-1 line is one clock palse short of two word lengths,

the information advances one pulse position earlier each

time it is pxcked up.
As shown in Figure 13, the Z1 flip-flop information is
also transferred, with a one clock period delay, | mto ‘the »
Zla ﬂlp-ﬁop :
It is thus possible, as-for instance when it is desired -
to idle the computer, to sense the Zla flip-flop’ informa-
tion rather than the Z1 flip-flop information by the com-
puter unit 1¢7. When operated in this manner, the Z-1
information. does .not precess. with respect. to. the word
information,  since ‘the. Z-1.storage line.for this case is -
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54 clock periods in length, which. is equal ‘to two word
times. : -

. 'The Z-2 channel circuitry is presented in Figure 14.
This circuitry is similar to that in the Z~1 channel.
Here the Z2¢ flip-flop is the one which is shown to follow
the Z2m flip-flop with approximately a % clock period
delay. - The Z2 flip-flop then follows the Z24 flip-flop with
a one clock period delay. The computer unit 107 ob-
serves. the contents of the Z2 flip-flop during the com-
puting operation when it is desired to precess the infor-
mation, and it observes the content of the 724 fiip-flop
when it is desired to recirculate the information during
idling. As previously mentioned, the Z—2 chaniel infor-
mation precesses oppositely to that of the Z—1 channel.
Thus, note that the delay in the Z-2 channel circuitry
adds up to 55 clock periods when the computer unit
senses the Z2 flipflop. This delay is one clock period
longer than two word periods. Thus each time a bit of
information is recorded in Z-2 record head 131, it pre-
cesses one pulse position later with respect to correspond-
ing pulse positions in the words.

The operation of the Z-1 and Z-2 channel ¢ircuits,
known also as the general storage lines, will be described
in further detail in the ensuing discussion.

Referring to Figure 15, a functional diagram will next
be shown and described which  represents broadly the

" “system of thought” generated by the present computer
unit-107 (Figure 3). -

Functional description of computer unit

The operation of the computer unit 107 is actually
carried on in a parallel manner in that during each
operation time, as represented by a clock period, informa-
tion from a given pulse position of each of the channels
is observed by circuits in the computer unit 107. This
information, along with that already stored in the com-
puter unit flip-flops, determines output information which
is recorded back onto the drum during this same clock
period. In addition, certain. flip-flops in the computer
unit, interconnected by logical nets, are caused to change
their states at the end of this clock period. The logical
conditions for controlling the triggering of these flip-flops
vary in accordance with the memory inputs and the
previous states of the flip-flops, representing stored in-
formation, as observed during the clock period.

In Figure 15, the channels of the memory are denoted
in the block representing the magnetic drum 106.  The
information obtained from these channels is considered
to be fed out from the right side of the memory, and
the information utilized and altered by the computer
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. The process. by which the dy inputs for an integrator are
obtained will next be broadly described.

During Py of a word time, an arbitrary input may be
fed into a =dy-counter 180. This input is obtained from
the Ua and Ve flip-flops which have been previously
filled by one of the external set of u—v inputs 216 shown
in Figure 6. The Ua and Va flip-flops are able to store
a plus and minus dy unit, respectively.

During P; through Py; pulse times the dy inputs are
obtained from the information located in the Z-1 and
Z-2 channels of the memory. In order to ‘obtain these
latter dy-inputs, the information from the D-1, D-2,
Z-1 and Z-2 channels of the drum are fed into a dy
decoder circuit 179. The exact logical circuitry provided
for performing this .decoding will be described later.
Generally, a pulse received during a given pulse time, on
either channel D-1 or D-2, dictates that the dz output in
the corresponding pulse time in either the Z-1 or Z-2
channels, respectively, be picked up and fed into the
Zdy -counter 180. The coincident output of the Z-1
or Z-2 channel may be either a pulse, representing a
~l-dy, or a blank, representing a —dy unit increment.
Since a unit input from. either one or both, or neither,

of the two Z channels may be picked up during a given.

pulse ‘time, and since the signs of the inputs may be
either plus or minus, the algebraic sum of dy unit inputs
fed. into the Zdy counter 180 during any single pulse
time may be equal to 0, +1, —~1, --2 or —2. The func-
tion of the dy decoder.179 is to thus analyze the dy inputs
and manifest the resulting algebraic sum by a high poten-
tial on one of the appropriate dy input lines 1794 feed-
ing the =dy counter 180

Thus during. Py of a word time, the external dy input
circuitry is made operable to determine if any dy inputs
are available, and during P,/Py5 pulse times of the fol-
lowing word period the Z channels are decoded to deter-
mine the remaining dy inputs. .

During Py time of any word period, while the =dy
counter 180 is observing the inputs from the arbitrary
storage flip-flops Ua and Va, the contents of the =dy
counter 180, as obtained during the previous word period,
is observed by a =dy register 181. This observation is
schematically presented -by showing gate 188 to be open
only at Py time.. At the end of the P, pulse time this
content is transferred bodily into the Zdy register 181.

The binary number so obtained is the Zdy register
181 is fed out, digit by digit, into .a y-+3dy adder 183,

- This operation is obtained by bodily stepping. the contents

50

unit is considered to be recorded back into the left side

of the memory.

- The computer circuits, functionally shown, represent
digital logical processes which are performed in a serial
manner by flipflop circuits and logical nets. It should
be understood that the “system of thought” here presented
represents the processes which can be performed by a
computer unit 107 during a single word time. As will
be more clearly. explained in connection with Figure 13,
however, in order to perform all the operations associ-
ated with a particular integration process, information
from as many as three successive word times of the
memory drum must be received. .

Referring first to the clock channel C, the clock pulses
are picked up and fed via clock line 175z into the P
counter 175, in which 27 clock pulse positions, corre-
sponding to the basic word cycle, are counted off. Certain
of these P counts and ranges of P counts, aré manifested
as high voltages on output lines, such as 176, to provide
timing signals for the computer unit.

The overflow output of the P counter 175 feeds into
a W counter 177 which counts through the major cycle
of 50 words and manifests word counts, so obtained, as
high voltages on individual output lines, such as 178.
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of the =dy register 181, each clock pulse time, by means

- of stepping circuit 182, toward the least significant stage.

Thus the y+Zdy adder 183, which operates in a serial
manner, need see only the content of the least significant
stage of the =dy register 181. This stepping operation
is initiated by the start pulse located in the Y channel of

-each word time. Referring to the Y channel in Figure 4,

the start pulse is the first pulse therein after the P, po-
sition. : :

This start pulse is used for triggering a start flip-flop
184 into its “on” position, i.e. true state, as represented
by a high potential on the right output S, of this flip-flop.
The binary information following the start pulse on the
Y -channel represents the y number of an integrator
setup, - This y number is fed from the magnetic drum
memory, digit by digit, by means of connection 183a,
into: the y-4-=dy adder 183, along with the information
in corresponding stages of the =dy register 181. The
y+2dy adder 183 may be considered to add binary
digits similar to the manner in which a human adder adds
corresponding digits. Any carries obtained as the result

‘of a stage addition are stored in a carry flip-flop K1

which then supplies this carry into the y-4Sdy adder
183 along with the digits for the following stage.. The

digit- outputs. of the y--2dy. adder during the time the.

start flip-flop is “on” corresponds-to the new y number,

denoted yg. - This- information is recorded back onto the |
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Y:channel of the magnetic drum® memmory-106 by way of
¥z record line 186 containing a y, gate 186z and a Y
mixer 187. The y, gate 186a is controlled in accordance
with the S; output of the start flip-flop.

It-should be noted that the output on the Y channel
from the magnetic drum memory 106 takes two routes.
During the time the start flip-flop is “on,” as noted by
its- output S; being of a relatively high potential, the
information may be considered to be passing along route
183a to the y-+Zdy adder 183. During the time the
start flip-flop is “off,” as noted by its output S;’ being of
a relatively high potential, the Y channel information is
routed. through Y recirculating gate 185 and Y mixer
187 back onto the ¥ channel of the drum 106. This
latter route makes it possible for the information in the
Y channel, such as the instructions and code, to be re-
circulated without change.

In addition. to feeding the new y number, y,, back onto
the magnetic drum, this information is also fed into the
r+s adder 189 by way of two parallel routes 196 and
191 controlled' by respective adder gates 192 and 193,
only one of which may be opened at a time. Since it
is. the sign of the dx pulse, fed into the computer unit
107 during each word period, which controls the adder
gates 192 and 193, the manner of obtaining this infor-
mation will next be described.

The D-X channel contains the coded information
which enables the dx input to be obtained by scanning
either the Z-1 or Z-2 channels during a word time.
The P, position of the D-X channel decides whether the
Z-} or.Z-2 channels should be scanned to obtain the
dx input. If a pulse, i.e. a “one,” is coded in this po-
sition, the information from the Z-1 channel is scanned.
If the. Py position is blank, i.e. a “zero” is coded therein,
information from the Z-2 channel is scanned. This
channel selecting is denoted by block 194 in the diagram.
During the following P; through P,; pulse times, the dx
information is obtained from the selected channel. Only
one dx code pulse is located in. the pulse range Py/Pgs
of the D—X channel so that only the corresponding po-
sition of the selected channel is observed. This position
of the selected Z channel is decoded by dx decoder 195.
If a pulse appears in the position of the selected Z chan-
nel, corresponding to the position of the dx pickup pulse
in the D-X channel, a “plus” dx is recorded in a dx
counter 196. If a blank appears in this corresponding
position, in the selected Z channel, a “minus” dx is re-
corded in. the dx counter. This dx input is picked up
during the P;—Py5 pulse times of a word, and then trans-
ferred during the following P pulse time into a dx reg-
ister 197. It is thus during the word period following
the one in which it is picked up that the dx input con-
trols the adder gates 192 and 193.

For reasons which will be explained more thoroughly

in, the ensuing discussion, a positive dx stored in the dx ;

register 197 opens adder gate 192 permitting the output
binary - digits. of the y-4-3dy. adder 183 to be fed via
adder mixer 198 into the -y, adder 189.  When the dx
input stored in the dx register 197 is negative, the adder
gate 193 is opened. In this case, before the new y binary
number digits are fed through gate 193 they are reversed
in block 201, i.e. ones are changed to zeros and zeros
to ones. What this accomplishes is a means for sub-
tracting the new y number from the r number- in the
r+ys. adder 189 by adding.the complement cof the new
y number. This method of subtraction requires that a
unit. be added to the least significant stage of the num-
ber. Hence, whenever dx,is minus in sign, a carry gate
202 is permitted, in effect, to pass a- Py pulse through
adder mixer 199 to trigger the K2 flip-flop-into an “on”
or true state, thus feeding an initial carry into the
r-+ys adder 189.

_As the new r number, denoted r;, is generated by the
r--y, adder 189, it is deposited digit by digit- back onto

the R channel of the memory drum by way of ry record.
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22 .
line 203. An ¥, gate 204, in this Iine, permits informa-
tion to pass therethrough only when the start flip-flop’
is in an “on” state, thus insuring that information per-
taining only to the r; number is deposited through R
mixer 205 onto the drum.

The R channel, of course, has other information there-
in during the periods the start flip-flop is false, as de-
noted by its output S;’ being of a high potential. Re-
turn gate 268, controlled by the S,” term, feeds this in-
formation back onto the drum by way of R mixer 205.
This  information ‘includes the code in the P, position,,
a possible y overflow indicating pulse in the P; position,
and the sign reversing code pulse in the Pyg position.
All this information is recorded initially in a particular
word time on a drum and does not change during the
computation of a particular problem, consequently it is:
always recorded without changes. All the information
initially recorded in the D-X, D-2 and D-1 channels-
does not change during the computation of a particu-
lar problem. Thus, this information is recirculated back
onto the drum by way of line 207 for the D—X channel;
by way of line 208 for the D-1 channel; and by way of
line 269 for the D-2 channel,

The output from the r4y; adder 189 during the Py
pulse time represents the dz overflow pulse obtained from -
the additive transfer process. This output is fed through
function gate 211 into both the Z-iI and Z-2 general
storage or precession channels by way of Z-1 and Z-2 .
mixers 219 and 2184, respectively, connected in parallel.
Since during a word period both the Z channels are re-
circulating all their information, except that which is al-
tered during the Pyg pulse time, a Z-1 gate 212 is pro-
vided in the Z-i recirculating line 213 and a Z-=2 gate
214 is provided in the Z-2 recirculating line 215. These

‘gates are open during a word period, except the Pgq

time, as demoted by Pys’ to redeposit the information
back onto their respective channels.

In Figure 16 a time chart shows further how the sys-
temn of computation of the present invention is accom-
plished.

It was previously noted that although all forms of the
information required in an integration process are in-
cluded in a word section of the memory, and the com-
puter unit can process all this information during one.
word period, all the information so processed is not for
the same integration process.

Thus, when referring to a given integrator setup in the
memory, in order to pick up the dx and dy inputs and
then to operate on the numbers, two successive word
periods are required. If the process of picking up arbi-
trary rate inputs is included in a given integrator setup,
then three successive word periods are required to per-
form an integration process.

Referring to the chart in Figure 16, it is there shown
that an integrator setup I; in the present invention is de-
fined by three successive word periods. = Assuming the
integrator setup I is characterized by the subscript asso-
ciated with the word period when the dz output is gener-
ated, the first process in integrator setup I; occurs in the
word period defined by W;_,.

During P, of the W;_; period the Pg code is set up in
the E register (see Figure 76) so as to virtually connect
the computer unit to the external arbitrary input lines.
During P; of the W;_, period any arbitrary inputs so re-
ceived are sensed and stored in the Ua and Va flip-flops.
These arbitrary inputs are so stored for the remaining
portion of the W;_, word period.

During Py of the succeeding word period, W;_;, these..
arbitrary inputs are transferred into the =dy counter 180
where they are totaled, along with the dy inputs as picked
up from the Z-1 and Z-2 storage lines during pulse times
P; through Py; of the same word period. By transfer-
ring the contents of the Ua and Va storage flip-flop, and
having previously reset the E register, this -equipment is-
free to operate again during the W;.; 'word period,:
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.Simultaneously with the totaling of the dy inputs as
above described, the dx input is also obtained during the
W;_2 period. The proper channel, either the Z-1 or Z-2
storage line, is first selected during the Py time and then
the dx input is picked up and stored during the succeed-
ing P, through P, time. )

Having thus obtained the dy and dx inputs during the
W;_2 and W;_; periods, the main integration routine for
integrator setup I; is now ready to be performed in the
W; word period. .

As-previously mentioned, it is desired that this main
integration routine be accomplished by separate equip-
ment .so as to free the pickup circuits, namely, the Zdy
counter 180.and the dx counter 196, so that they can im-
mediately start to function again. Thus, the contents of
the =dy counter and the dx counter are transferred bodily
into the Zdy register 181 and the dx register 197, respec-
tively.

_ This transfer could take place any time after the Pgs
time of the W;_; word period since all the inputs dx and
dy have been received by then. Thus, in the present em-
bodiment, the contents of the dx counter 196 is trans-
ferred during the Pyq time of the W;_; word period, while
the contents of the =dy counter 180 is transferred, one
pulse time later, which is the P, time of the W; word.

As previously described in connection with Figure 15,
when the start pulse is received during a word period, the
adders effectively start functioning. Consequently, dur-
ing the W, period, when the start pulse is received, the
2dy register 181 commences to step its content into the
y-+Zdy adder 183, where it is algebraically added digit
by digit to the old y number being picked up from the
memory.

Simultaneously with starting the y-+3dy adder 183,
the r+y; adder 189 becomes activated. The contents
of the dx register 197, depending on its sign, sets up the
proper circuitry in the 4y, adder 189 so that the new

¥y number being generated is either added or subtracted -

from the existing » number being picked up from the
memory.

It should be noted that the operation of both the
y--2dy adder 183 and the r-+y, adder 189 is completed
by the end of the P, pulse time of the W; period.

During the Pyg pulse time of the W; word period, two
final functions are performed. The Py code is set up
in the E register to effectively “connect” the dz output
being generated as the result of the r-}-y, addition, to the
external output lines Q,, Qy, etc. (Figure 6) and the sign
reversal pulse, if any, is sensed by the computer unit 167
to reverse the sign of the dz cutput before it is fed out.

It should be understood, as previously described in
connection with Figure 6, that the P, code which is set
into the E register during the W; period, can be used
also for causing the y number appearing in the following
pulse positions, P; through Py of the same word, to be
fed out digit by digit on an output linc 218 into an ex-
ternal register.

The processes above described for the W;_5, W;_; and
W; word periods are the ones required to accomplish a
single integration process in the computer. These: con-
tents of the three successive word periods, when fed into
the computer unit 197 (Figure 3) result in advancing
the integration process in question, one digital step.

"The chart of Figure 16 now reveals the exact nature
of how the computer unit operates. Note that the de-
scripton: of the operations in the W;_ ; and W;_p time
blocks 221 and 222 respectively are duplicated below the
W, time block 228, as denoted by time blocks 221a and
222a. :

Actually, during a given word time, the processes of
all three blocks may be accomplished by the computer.
That is to say, enough apparatus is made available in the
computer ‘unit so that all three stages of an integration
process are going on simultaneously. However, as is now
evident, the process in. block 221q of the W, period is
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operating to-advance the I;_; inteégrator setup, -and the
process in block 222a is operating to advance the I;,5
integrator setup. Of course, if there are no such latter
integration processes set up in the memory, as in some.

. instances is the case, this equipment remains idle for these

particular word periods.
- Having described the computer unit 107 broadly, the
detailed description of these circuits will next be pre-
sented.

Counter Circuits

The P and W counter circuits and their operation will
first be described. As seen in Figures 3 and 15, the P
counter 175 is fed by clock pulses generated in head 119
associated with the C channel on the drum 106. The
P counter counts repeatedly through a cycle of 27 pulses
corresponding to the pulse positions Py through Pys which
divides the length of each word recorded om the drum.
Certain pulse counts are manifested as high potentials on
count lines 176 for a clock period duration correspond-
ing to the pulse count. These high potential count signals -
are used in the diode networks, as required, for con-
trolling the operation of the computer unit as it operates -
on - the information picked up from the drum 106 dur-
ing a word time,

Each time the P counter 175 counts through its cycle, -
a pulse is fed into the W counter 177 which has a capacity
corresponding to the number of word times provided on
the drum periphery. Each word count is manifested as
a high potential on a word line, such as 178, for a dura-
tion of 27 clock pulse periods. The high potential word
signals are used, for example, for selecting a particular
word space on the memory in order to fill initial con-
ditions.

Before .going into a description of the details of the
counter circuitry, the convention employed for presenting -
the building blocks for physically generating the “system
of thought” of the present invention will be explained.

Logical propositions may be considered to be repre-
sented in the circuits by flip-flops which are electronic
devices having two and only two possible steady state
conditions. One of these conditions is referred to as
“true” (in tables sometimes represented as “1”) and the
other condition is referred to as “false” (in tables as 0).

The true and false conditions of a proposition are pref-
erably referred to as terms which are represented through-
out the circuits by a D.C., voltage at a point. This voltage
can exist at either of two D.C. levels. When a term is
effective, the voltage is high, in the present embodiment
this voltage is 90 volts; and when the term is ineffective,
the voltage is low, 45 volts.

Thus by connecting output lines, for example, to each
of the plates of the tubes of a flip-flop circuit, the output
line having a high potential determines the effective state
(or term) of the flip-flop. The other output line, having
necessarily a low potential, then represents the ineffective
state.

In accordance with the present scheme, in order to
trigger ‘a proposition flip-flop to either its true or false
state by signals applied thereto om separate inputs, an
input line is coupled to the grid of each of the tubes of
the flip-flops.

The nomenclature employed for the present invention
uses combinations of capital letters and numbers, or lower
case letters, for designating the proposition flip-flops them-
selves. The outputs of the flip-flops are characterized by
corresponding capital letters with the number, or lower
case letter, as a subscript. In order to characterize the
true state output of a flip-flop from the false, the latter
is distinguished from the former by an affixed prime.

As for the inputs to a flip-flop, they are designated by -
corresponding lower case letters with the associated num-
ber or letter as a subscript. The input which, when ener-
gized, renders a flip-fiop into a false state is further char-
acterized by a subscript' zero prefixing the lower case °
letter° . N B . _' . B e Lied
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:THe flip-flops- A1 through A5, used for generating the
P counts, are shown in Figure 18. These flip-flops corre-
spond essentially to stages of a binary counter, where
flip-flop Al is the least significant stage and flip-flop AS
is the most significant stage.

The counter arrangement is a parallel ore in that a
clock or time pulse, otheriwse known as a C pulse, gen-
erated by the revolving drum, is applied on all flip-flop
inputs simultaneously. The inter-connections of the flip-
flop outputs, however, only allow certain flip-flops to be
triggered by the successive C pulses so as to change their
states in an orderly fashion to indicate the cycle counts.

In Figure 17 the combinations of the states of the flip-
flops characteristic of each digit content of the counter
is.shown by a table.. This table is a binary representa-
tion. of the pulse counts Py through Py

It is noted in the table that in order to count through
a cycle of 27 comsecutive counts, an initial binary count
corresponding to decimal 5 is arranged to be set into the
flip-flops, i.e., the counter flip-flops are so inter-connected
that whenever they count to capacity, which is the binary
equivalent of decimal 32, they reset to the binary equiva-
lent-of decimal 5.

~.On_examining the changes in states of the A flip-flops;
moving down the table in Figure 17, it is noted that when
desiring to make the Al flip-flop true, i.e., have a 1
therein on occurrence of the next C pulse, the Al flip-flop
must have a 0 therein, i.e., be in a false state. Similarly
the Al flip-flop must be in a true state in order to be
switched to a false state on the next C pulse.

1t is thus noted, in general, that the Al flip-flop changes
state every- time a clock pulse is fed therein.

There is one exception, as can be seen by the binary
table. in Figure 17. When the P counter resets from
Pys to Py it is not desired to trigger the Al flip-flop to

the “zero” state, but rather it is necessary to maintain the .

A1l flip-flop in its “one” state. This is because the binary
-reset number, equivalent to decimal 5, is represented by a
“one” in the first stage, Al, of the counter.

Referring next to Figure 19, a detailed schematic. cir-
cuit diagram is shown, indicating how the A1 flip-flop is
connected so as to operate as the first stage of the P
counter.

_The flip-flop circuit as used in the present invention
is a well known Eccles-Jordan type of trigger circuit com-
prised of two tubes, V; and V.. As shown, each of the
tubes has its plate cross coupled to the control grid of the
opposite tube by a resistor R, in parallel with a capac-
itor C,. The plate of each of the tubes is connected
through a separate load resistor, like resistor Ry, to a
positive D.C. source of 265 volts, and the cathode of each
triodeis grounded. Each of the grids of the tubes is
joined through a separate grid resistor Ry to a negative
bias —E. The flip-flop circuit is provided with triggering
circuits associated with each of its grids and output cir-
cuits connected to each of its plates. o

Whenever the flip-flop is considered to be in a “one”
state, neon light L, connected in series with a limiting
resistor Ry across the left load resistor R, lights up; and
when the flip-flop is in a “zero” state, neon light L is out.
Thus the “one” state occurs when tube V; is conducting,
At this time a low potential is on the left plate of the
flip-flop, the plate of tube V;; and a high potential is on
the right plate of tube V5.

The output lines, A; and A;" from the A1 flip-flop
are taken from the right and left plates respectively. In
order to maintain the swing of the plate voltage between
voltage levels 90 volts and 45 volts, clamping diodes,
such as diodes 223a and 223b associated with the right
output A, are provided on each of the output lines.

.The inputs to the flip-flop are controlled by gate eir-
cuits 224 and 225 associated with the grids of the V; and
Vg tubes, respectively. - Each of the gates is. coupled
through_a differentiating circuit 226 and blocking diode
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227 as shown in particular for the left grid, the grid of*
tube V]_. A '

For this particular counting stage, the right plate
output A, is connected to one input of the left gate 224,
and the left plate output A;’ is connected to ome input
of the right gate circuit 225. In order to inhibit the
change in state of the Al flip-flop, when the counter resets
from Py to Py (see Figure 17), a potential corresponding
to the Py’ term is applied to left gate 224. The clock
pulse C is applied simultaneously to the final inputs of
each of the left and right gate circuits 224 and 225.

These gate circuits 224 and 225 are herein defined as
typical logical product diode nets. In such a circuit, as

noted in particular for left gate 224, the inputs therein

are applied on the cathode-end of crystal diodes 228, 229
and 230 whose anode-ends are joined to a common junc-
tion 231 which is. connected to the positive source 265
volts through a load. resistor 232.

Each of the inputs to a gate circuit can be either at the
high potential of 90 volts or the low potential of 45 volts,
depending on the state of the flip-flop from which it is
derived. Anytime all the inputs to a gate circuit are high
in potential, the clock pulse C is, in effect, passed to the
gate output. Referring to the left gate 224, the pulse
passed therethrough is differentiated in differentiat-
ing circuit 226 and the positive portion thereof is blocked
by diode 227, while the negative portion is applied to the
grid of the left tube V; and thus triggers the tube into a
non-conductive state.

1t should be noted that the diode 227 is returned through
the resistor of the differentiating circuit 226 to a positive
voltage of 6 volts. This sérves to place a bias voltage of 6
volts across diode 227. Thus in order to pass current
through diode 227, it is necessary for the signals derived

‘from the differentiating circuit 226 to be more than 6

volts negative. This bias circuit arrangement functions to
clip spurious signals resulting from slight variations of the
gate output voltage level caused by cutting off of current
flow through one of the input diodes of gate 224. The
increased current flow through the other diodes results in
the gate output level being slightly lower. This results
from the small forward resistance inherent in each of the
diodes. The differentiation of these negative drops in
voltage levels creates the spurious signals which the bias

«circuit arrangement effectively prevents from passing to

the grid.

In Figure 20 the graphs of the wavéforms appearing at
different points of the Al counting stage circuit above
described are shown. In line I the regularly recurring
clock pulses C are shown; in line II the high potential
corresponding to the Py term is represented; in line Iil
the A; plate output is shown to be initially of a high
voltage, 90 volts; and in line IV, the A," plate output is
shown to be initially of a low voltage, 45 volts. As shown
in line V, whenever both the waveforms A; and C, and of
course Pyg’, are relatively high in potential, the term oay
is considered to pass through the gating circuit 224 as a
rectangular pulse similar in waveform to the clock pulse
C. The clock pulse source is of very low impedance so
as to insure that the trailing edge of the wave is not
rounded but relatively square. - On line VI the pulse form
impressed on the input to the left grid is shown to be the
differentiated trailing edge 233 of the rectangular pulse
ot1. It is thus noted that the Al flip-flop changes state on
the-trailing edge of the ga; pulse (clock pulse C). It is
also noted that as a result of triggering the left tube Vi
off, the left plate output A,’ rises in potential according
to the time constant: of the flip-flop circuit. The output
Ay" is'now at a high potential so that on occurrence of
the next clock pulse C, the right gate 225, in effect,
allows the clock pulse C to pass therethrough, and hence
the differentiated trailing edge 234 of this latter pulse,
shown in line VIII of Figure 20, triggers the A1 flip-flop
back to its original state. '

It should be noted that the circuit arrangement shown
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enables: the flip-flop circuits in the present embodiment

to be reliably operated without the use of any delay cir-
cuits.  Referring to the circuit shown in Figure 19, the

change in the output voltage level of flip-flop A1, induced

by a particular clock pulse, controls the opposite gate so
as to permit it to pass the next clock pulse. Thus it is
very important to control the point at which each of the
clock signals triggers a flip-flop so as to eliminate spurious
pulses from passing through the gates.

For example, if the change in the A1 flip-flop, induced
by a particular clock pulse, were to be sensed by the op-
posite gate before the clock pulse referred to is dissipated,
it is possible that this gate will pass an unwanted signal.
The present arrangement of circuit elements overcomes

the possibility of this. First it should be pointed out that.

each clock pulse appears simultaneously on all gates.
Now then, triggering at the trailing edge of a clock pulse
ensures that the resulting change in flip-flop output volt-
age levels will necessarily always follow the clock pulse
which creates the change. These flip-flop voltage level
changes are communicated to the inputs of the gates con-
nected thereto, after the clock pulse in question, thus
setting up these gates to allow the next clock pulse to pass.

Stated . in' other words, during the first part of a clock
pulse period, when the voltage from the clock source is
low, the transients of the circuitry are occurring. For
reliability, these should be completed before the leading
edge of the clock pulse arrives. During the time of the
clock pulse period when voltage from the clock source
is high, the logical net circuits can be thought of as ob-
serving the flip-flops and the other scurces of inputs so as
to know if a pulse should pass onto the grid of any of the
flip-flops. The clock pulse must be broad enough so that,
taking into account its tise time, it reaches its maximum
voltage level before the end of the clock period. The
clock pulse must also have a low impedance source, so that

a-square edge can be created on the trailing edge of the -

pulse passing through the grid gates. These conditions
make it possible to create, by differentiating the abrupt
trailing edge, a sharp negative pulse, coincident with the
end of the clock period, which can be used for triggering
the flip-flops.

Referring next to Figures 18 and 21 the simplified
manner in which the remaining circuitry of the present
invention is to be presented will now be described.

Instead of showing the wiring diagrams of the remain-
ing fiip-flops of the P counter, together with logical cir-
cuits, as in Figure 19, the remaining circuits present
simplified block diagrams of the flip-flops. - It should be
understood, however, that all the flip-flop circuits -are

identical. ~ As shown in Figure 18, only the input and

output lines for the flip-flop are shown and these are
marked in accordance with the convention previously
described. Furthermore, the grid input differentiating
and blocking circuits are omitted in the block diagrams
for simplicity. Only the gates, indicating the logical prod-
uct of the control input and clock input, are shown at
each of the inputs so as to emphasize the fact that the
clock pulses are applied simultaneously to all the flip-
flop inputs. - :

after the “system of thought” to be accomplished is ex-
plained by means of binary tables or similar means for
systematizing the thought, the terms of the system are
represented by the conditions of the flip-flop circuits, or
other sources of potential having two possible levels.
Logical equations are then written which define when
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and how the flip-flop circuits are to change in accordance -

with the effective terms of the system. The logical equa-
tions, so devised, are then presented below the block
diagram of the flip-flops.

Writing the logical equations for the grid triggering
of a flip-flop circuit is no more than stating the terms
which have to be simultaneously of a high potential dur-
ing.a clock period in order that the-particular flip-flop
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should trigger into the particular state at the end of a
clock period.
Two distinct notations are used for the equations. The
first, “logical multiplication,” means that all the terms

in the particular product have to be of a high potential

in order to make the product effective in a particular
equation. :

The second, “logical addition,” means that at least one
term- of the sum has to be of high potential in order to
make that sum effective in a4 particular equation.

Thus for example, the equation

ob1=(UoVa+Ug'V,)PC

can be interpreted as meaning that the B1 flip-flop, later
to be introduced in connection with Figure 38, will change
to a “false” state after the following three terms are at a
high potential: complex term (U,V,+U,'V,’), and single
terms Py and C. The complex term (U,V,+U,' V'), it-
self, will be of high potential if either (U,V,) or (U'V,")
is of a high potential, or if both are.

The particular representation of these logical equations
has been chosen because these equations can be operated
upon according to certain well known rules in a manner
similar to that by which algebraic equations are operated
upon. ‘

'Having once' described the means for physically gen-
erating a typical logical product and logical sum, the

present techniques enable the logical circuitry for solving -

the entire logical equations to be set up directly by ref-
erence to the equations alone, The logical circuitry gen-
erally ends up as one large interconnected net made up
of the two fundamental circuits. In reducing the equa-
tions to physical circuitry, recognition is made of the fact
that certain common complex terms and partial products
can be generated separately and used repeatedly where
needed. )

It should be noted that circuits to solve “logical multi-
plication” are also called “gates” and circuits to solve
“logical addition” are also called “mixers.”

Returning to Figure 18 the conditions required for

flipping the Al flip-flop are now noted to be represented -

by symbolic logic equations: a;=4," and ¢a;=A;PsC.
Note that these equations are simply a shorthand for stat-

ing the mode of operation of the Al flip-flop s presented

in detail in Figures 19 and 20.

By examining the states of the A flip-flops, as presented

in table of Figure 17, the symbolic logic equations for
the A2 flip-flop can be similarly determined. On moving
down the table it is noted that the conditions necessary
to make flip-flop A2 trigger to a true state, i.e., change
from a 0 to a 1 state, are that flip-flop Al be in 2 true

state and flip-flop A2, itself, be in a false state. ‘This can

be symbolically noted by ay=44"4,C. In a similar man-

ner, the conditions required to make the flip-flop A2 false

are that flip-flop A2 be true and flip-flop Al be true, i.e.,
oa3=A2A1C.

Thus in general, it is noted by the binary table in Figure
17 that all of the A flip-flops change from a “zero” to a
“one” state when, and only. when, it is in a “zero” state
and all the respective lower order flip-flops are in a “one”
state. -

In a similar manner, the condition required, in general,

for enabling a flip-flop to change from a “one” to a “zero”

state on the next clock pulse is for it and all the previous
flip-flops to be in a “one” state.

Thus the logical equations for the triggering inputs to -

the A3, A4, and A5 flip-flops are readily obtained and
presented below their respective flip-flops in Figure 18.
It should be noted that, as for the Al flip-flop, when re-

setting from Pyg to Py, it is desired to maintain the A3 -

flip-flop in its “one” state. This exception is only true
for the change from a Py to a P, pulse time. Thus by
including a Py’ term in the ¢a5 equation, the A3 flip-flop

will operate as above designed ‘except when changing from
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the Py count, since' Pyg’ will then be of a Tow potential.
“The logical ‘diode. networks- for physically solving all
- the -triggering equations: for the P-counter will next be
presented: by reference to Figure 21.
<The:. network for: the Al ﬂlp-ﬂOp equation al_-Al C
is. 'the: gate: circuit 225 as shown'in Figure 19. Here it is
simply: shown by designating the inputs to the gate 225,
known as'a typical two input product gate, by terms of the
" aj equation. . ‘The net for the equation ga1=41P3'C is
-made’up. of circuits 235 and 236. It is noted here that
the: circuit for the ga; equation. is slightly different than
that shown in Figure 19, in that, first the A; and C terms
are-fed through diodes to a. common line 237 in circuit
235 whose: output, in turn, is then fed, along with the Pgg’
term.into: the:two. input ‘product circuit 236,
~The: outputs:‘of gates. 225 and 236 are marked respec-
tively: ;. and ¢a;.. Each of these product circuits is such
that ‘whenever any "of the inputs are of relatively low
potential,:the output is also: of relatively low potential;
however when all the inputs are of relatively high poten-
tial, the output is also of ‘relatively high potential. In
other words, the output potential .equals the lowest input
poteéntial..
The remalmng circuitry in Figure 21 represents a family
tree network for generating the remaining grid equations
of the ‘P-counter flip-flops.

Referring to these logical equatlons below the flip-flops

in Figure 18, it is'noted that certain products, generating
solutions :to the grid ‘input’equations-for the lower order
stages, represent partial products in the solutions generated
for the higher order stages. Thus in Flgure 21, the partial
“product’ A;C generated in block 235 is not only cascaded
into ithe block 236.to: generate the ga; equation, but it is
also: fed ‘into all the'other equation circuits by bemg
impressed on vertical line 238 whlch represents the main
trunk:of the tree network.

‘At points such as 239 and 240, proceedmg up the trunk'

238, terins, ‘are multiplied to the partial product made
up-of:-all-the. terms. introduced below such points by the
circuits -to - the left of the main trunk 238. Thus point
239 tepresents the partial product A;A;C, and point 240
represents ‘the partlal product - A;A;A;C. - The terms
formmg the’ various ‘equations which are not common
to other solutlons are then combined with points of the
trunk- in separate ' product- circuits on-the Ttight side of
the ‘main trink 238, such as solution a3, which is formed
in“a two “in’put product circuit 241. . Here the unique
term’A;’ is ‘applied on one of these inputs 242 and the
partial’ product A1AZC obtained from the; point, 239 of
the trink 238; is applied on the other point -243.

1t 'should be understood . that .all the logical product
c1rcu1ts n the family tree, such as block 236, have their
load’ l'eSlStOrS .connected to the 265 volt positive voltage
sotrce. .- This is true for the product circuits throughout
the, logical - network of the invention. = Similarly, as will
be, subsequently descnbed in connection, with Figure 22,

~all of the sum circuits of the logical network are returned
to a negative. 130 volts. _

Having .provided ‘logical circuitry for interconnecting
the: P counter: flip-flops to' count through the basic cycle,
the: circuitry: required ‘for manifesting. certain of these
counts' as high potentxals on separate outputs will next
be:considered.

“A' P count is characterized by a unique combination
of -states of  the Al through A5 flip-flops. Referring
o' the: blnary table in- Figure ‘17, the binary digits in
eath ‘row' correspond to the states of the flip-flops
associdted with each P count.

~As’previously explained, when a flip-flop contains the
digit “one,™ its right output is High in potential; and when
a ﬂlp-ﬁop contains the digit “zero,” its left output is high.
Thus in order to obtain a logical product whose solu-
tlon represents a glven count the states of the Al
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through: A5: flip-flops;. which. when high define a count .
are.symbolically multiplied together. Thus :

Py=A145' 4344 45, Pi=A, 4,45 4445

and the equations for other P counts are similarly written:
and presented to the.right of the binary table shown in
Figure 17.

In Figure 22 the logical net for physically generating
the P count equatlons will next be introduced.

Here the matrix type of diodé net is employed. This:
form of circuitry is useful when the equations generated:
are made up of different combinations of a plurality of
terms. The outputs of flip-flops Al and A2 are fed in
on one set of matrix inputs 244, and the outputs of flip-
flops A3, A4 and A5 are fed in on another set of matrix

inputs 245, Interconnecting diodes, such as diodes 247: .

and 248, connect .the appropriate ocutputs of each flip-
flop to vertical :and horizontal partial product lines,
respectively, such as 249 and 250. These partial prod-
uct lines are then combined in product circuits, such as.
circuit 251. which generates .the Py count.

It should be noted that instead -of generating the P,
count directly, it is desired: to generate first its logical
negative P,” which can be applied onto a grid of a driver
tube. -The plate output of the driver tube then provides
a P, term which can be used to drive a number of other
circuits. :

Tt -can - be- shown by symbolic logic that equation

Pz—A1A2A3A4 A5

can be operated upon to obtain its logical negative such
that Py=A, +A2’+A3 +-Ag-+As. Thus, it is this latter
equation which is generated in network 253 of Figure 22.
This circuit is defined herein as a typical logical sum net--
work, also known as an “inclusive or” network. Each
of ‘the. input terms to this sum network is fed through a.
diode, such as diode 254 to a common junction 255
connected to —130 volts through a resistor 256. 'The
operatlon of the circujt is such that when any one, or:
all, of the input terms are relatively high (90 volts) in.
potentlal the output P, is telatively high (90 volts)
in potential. - Slated in another way, the output potential .
equals the highest input potential. It should.be under-
stood that all the logical sum networks in the .computer

unit have their resistors returned to a —130 volts.

Referring. next ‘to Figures 25 and 26, the W' counter
flip-flops, together with their gr1d 1nput logical equa-
tions, will next be pre<ented

The W. counter requires a range of 50 counts from
Wo to W49 Instead of providing a single set of flip-flops,
as'in the P counter, to count through this cycle, two sets
of flip-flops are provided: One of these sgts corresponds
to the unit stage and the other set corresponds to the
tens. stage of a decade counter.

The unit stage of the W. counter, illustrated in Figure-
25, will first be described. This unit stage part of the
counter is comprised of four flip-flops A7 through A19.
These flip-flops are interconnected by a logical counting
net to indicate the decimal equivalent digits O through 9.

‘The table in Figure 23 shows the states of the flip-flops
which, in combination, uniquely define each of these

decimal equivalents.

Note that these flip-flops operate similar to the stages
of a binary counter with flip-flop A7 representing the
first stage, 29; fiip-flop A8 as the next stage, 2!; etc.

As was described for the P counter flip-flops, the logical
grid equations for the flip-flops are determined by noting
the states the other flip-flops in the counter have when
the flip-flop in question is to change state on the next

-clock period.

A logical equation is then symbolically ertten defining
this change which holds for all such changes of the flip-
flop in question during the counting operation. Thus
it is noted, by moving down the table in Figure 23, that
the first flip-flop A7 changes state each time an input.is
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received. This input is generated each time the P counter
reaches its capacity as denoted by the P count, Pgg, being
of a high potential. -

The input equation for rendering the A7 flip-flop true
is:thus shown, in Figure 25, to be ay=Aq’P3C, and the
equation for rendering the A7 flip-flop false is ‘shown
as 0a7=A7P26C. :

The logical equations for the triggering of the re-
maining flip-flops A8, A9 and A10 are obtained by in-
specting their binary table shown in Figure 23 and are
presented below their respective flip-flops in- Figure 25.

As previously stated in connection with the P counter,
the condition required to control the triggering of a flip-
flop ordinarily represents a fixed pattern as obtained by
inspecting its own state and all the’ lower order flip-flop

- states. - However, when it i$ necesary to reset a counter.

after reaching its capacity, this triggering pattern of the
flip-flops is interrupted and other conditions must be in-
troduced, such as those represented by the higher order
flip-flops. - Thus when resetting from. decimal equivalent
9 to decimal equivalent 0 in the present counting circuit,
it is necessary to inhibit the A8 flip-flop from changing
to the “one” state which its binary triggering pattern dic-
tates. It is noted, by referring to the binary table in
Figure 23, that any time the A8 flip-flop must change t6 a
“one” state, the A19 flip-flop is in its “zero™ state. Thus

the gy triggering equation is shown to be equal -to-

Ag’ A1y’ (A7P26C) in order to provide for the anomaly
in the triggering pattern caused by the counter reset re-
quirements. ) ’
"The tens stage of the' W counter is shown in Figure 26,
This stage is comprised of three flip-flops, A11, A12 and
Al13.  These flip-flops are . interconnected by a logical
counting net to indicate the decimal equivalent digits ‘0
through 4. That is, this counter has a radix of five which
is-all that is required since the W counter resets on its
Wy count. : : .
The overflow of the unit stage of the W counter is used
for triggering the tens stage. This input is defined by the
logical product A;yA-P,C. The combination of terms
AjpAq, as noted in Figure 23, characterizes the decimal 9
equivalent of the units stage, and the Pyg term defines the
change of a word time. , e
The logical input triggering equations for the W counter
are obtained, as for the other counting flip-flops, by in-
specting the binary table in Figure 24, and will not be
further described. o
Likewise the description of the physical circuitry for
generating the W counter flip-flop grid input equations,
shown in Figure 27, follows from the previous discussion,
and will not be further described. ‘
Thie physical circuitry provided in the present embodi-
ment for manually selecting a given word time on the
memory drum, while it is revolving, will next be shown
by references to Figures 28 and 29.
This feature is required to record or read information

in or out of a given word time of the drum. On the )

control box ‘of the computer, see Figure 91, 2 set of
manual W, selector switches 257 and 258 is provided.
One of these switches 257 operates in conjunction with
the units stage and the other switch 258 operates in con-
junction with the tens stage of the W counter. =~

When it is desired to manually obtain a signal in the
-computer indicative of one of the word times W, through
Wy, the switches 257 and 258 are set to the respective
digits of the desired word count, as indicated by indicia
257a and 258a (Figure 91). ]

The circuitry of the W, selector switches in Figure 28
shows that the tems stage switch 258 is comprised of three
sets of wafer switches designated S11, Si2 and S13.
There are two wafers such as wafer 260 in each set, each
wafer having an arm 261 associated therewith. The

arms of all the wafers are mechanically interconnected

to operate in unison. Each set of wafer switches S11,
$12:and S13 correspond to the states of the All, A12
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and Al3 flip-flops, -respectively, as shown in Figure 24.;
Thus wafer S;3" of set S13 corresponds to the “false” state
and wafer S;; of set S13 corresponds to. the “true” state::
of the A13 flip-flop. Each. of these wafers, such'as Sy,

. has five terminals 0, 1,'2, 3- and 4 which correspond to

the digits associated -with the tens stage of ‘the W-counter.
Referring to the table in Figure 24, the states of the.
flip-flops and the setting of the wafers-which correspond .
to each of the four decimal digits in the tens stage of the -
W, number is shown to be identical.. ‘The 0. digit -of -the
tens stage is characterized by terms. S;i’, Sy’ and Sy’ .
being simultaneously of a high potential. Thus in:Figure :
28, wafers S;1’, Siy" and S;y’ have their 0 terminals con-

" nected to the 90 volt line 263, while the 0 terminals of the
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remaining wafers are connected to the 45 volt line 264, -
In a similar manner the 1 digit is seen in Figure 24 to be
comprised of terms Sy, S1p’ and. Sig’. Thus the 1 digit .
terminals of the corresponding wafers are connected to:
the 90 volt line 263. The remaining terminals of the
wafers are similarly connected for the 3 and 4 digits of
the tens stage of the W _number. : o
The block 262 in Figure 28 corresponds to a similar
set of wafer switches which comprise the unit stage 257
of the W number. - These wafers (not.shown) have their
terminals connected to either the 90 volt line 263 or the
45 volt line 264, according to the scheme in the table of .
Figure 23. o T
This method of interconnecting the wafer switches pro- :
vides two sets of output lines 265 and 266 corresponding -
to terms which in combination characterize the:digits of
the W number. . - : . et -
The circnit means whereby the output selected by the
W; selector switches 257 and 258 are compared with the
outputs generated by the W counter flip-fiops so as to give: -
a signal W; is shown in Figure 29. S
The coincidence of corresponding states. of all the W+
counter flip-flops and W; selector switch wafers, is needed
to give a W, output indication; hence, symbolically, this. -
is noted as (SzA7-4-S7’Aq") (SgAg-+-Sg'Ag") etc. .. By means:.
of symbolic logic, it can be shown that these logical sums -
and products can be operated upon to give (Ar87)
(47" 4-87) (Ag+Sy’). (Ag'-S3) etc., which can be-gen-:
erated by a logical network having .fewer- diodes. In-
Figure 29 the logical network for generating-the Wi sig- ..
nal in accordance with this scheme is presented. .- - .
Thus the circuitry has been presented which shows how
the operator can -manually select a_given.word .period of -
the computer by setting the W, selector switches. 257 and.,
258 on the control panel (Figure 91). This word period .

ds represented by a high voltage- on output line W, of .

Figure 29. . I S
The equipment required and ‘the logical nature of -the
circuitry involved in performing the processes in the Wy,”
Wi, and Wy_, word periods of an-integrator setup, as

:shown in Figure 16, will next be described in detail.  The

word periods W;_y and W;_, will first be described to-
gether because they comibing to give the inputs-used for
altering the numbers in an integrator: setup. - -

Arbitrary input circuits el
A block diagram illustrating how the arbitrary rate:
inputs are introduced into the Zdy counter is shown in
Figure 30. o o
In the present embodiment of the computer, .as men- :

‘tioned in connection with Figure 6, inputs from as many

as ten sensory instruments (not-shown) may be received, -
The voltage lines from the input sensory instruments. are
at a high voltage (as contrasted to a low voltage), when- .,
ever it is desired to introduce a. dy unit input into the .
computer unit. The positive input-voltage lines. are desig-
nated as u, through uy, inclusive and the negative .input-
voltage lines as vy through vy, inclusive.. =~ R
Whenever one of these input lines is at'a high potential, -
an input rate flip-flop U1 through U109, associated with the..
positive input lines; or, an input rate flip-flop V1 through
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V10, associated with the negauve input lines, is. energlzed
into a true state.

"Each of the sets of mputs U~vy, uz—vz, etc. is assigned
one of the ten count indications E! through E0 available
in the E counter.

As previously noted in connection with Figure 4, during
a Py pulse time of a word, the Py code is provided for
selecting one of the ten sets of arbitrary rate input lines.
This is accomplished, as here shown, by transferring the
P, code number from the memory into the E register 267.

The E register circuitry, upon receiving this code causes
its corresponding count indicating line, Bl through B0,
to be energized to a high potential. -

Associated with E register 267, Figure 30, is shown a
pair of coincidence circuits 268 and 269. Right coinci-
dence circuit 268 interconnects the E register output lines
with the Ui input rate flip-flops, and left coincidence cir-
cuit 269 interconnects the E count output lines with the Vi
input rate flip-flops.

The operation of the left coincidence circuits 269 is such
that if, during a P, pulse time, corresponding outputs of
the Vi flip-flops and E register are of a relatively high po-
tential, then a negative .dy unit input is stored in the Va
flip-flop. The right coincidence circuit 268 operates in
the same manner to store a positive dy unit input into the
Ua flip-fiop.

The Ua and Va. storage flip-flops. then transfer” their
content into the =dy- counter 180 during the P pulse time
of the next word period W;_; (see Figure 16).

Having thus broadly presented the method by which
the arbitrary dy inputs are fed into the =dy counter, the
detail circuitry for. accomplishing this operation in -the
present embodiment will be described.

The flip-flops E1 through E4 shown in Figure 76 func-
tion as the code register during the computing phase of
the operation of the computer.

" As will be described later, these ﬁlp-ﬂops also function
as a counter when the operator. sets the controls to visually
readout information in one of the channels of a word.

These two .distinct functions of the E counter are dis-
tinguished by the Gy term. ' As noted in the equations
below the E flip-flops, the G3 term is included in the equa-
tion for the code register and its inverse term, Gy’; is in-
cluded in the equations for the counter.

Whether the E flip-flops function as a register or a count-
er, the combination of states of these flip-flops:define the
E count, E% E!, E? etc. shown in the table of Figure
75. These E counts are each manifested as a potential
on a separate line thus making them available to be intro-
duced as terms in the logical operatlon of the computer.
Thus the diode matrix shown in Figure 78 generates each
of these E counts by logically combining the proper E
flip-flop outputs according to the pattern in Figure 75.

The schematic block diagram and logical grid equations
for the E register flip-flops, E1 through E4, will first be
presented in Figure 76. As previously noted in connection
with Figure 4, the Py code of each word determines the
particular external input:(z—v) which is to be picked up.
This four place binary code, comprised of digits in the
P, position of the R, Y, D~1 and D-2 channels, is trans-
ferred at the end of the P, time into the E1, E2, E3 and
E4 flip-flops, respectively. This transfer occurs whenever
the machine is in its computing operation, as characterized
by the G term being true. - Thus, referring to Figure 76,
the triggering equations for transferring the P, code to
the E register flip-flops all contain the combination -of
terms PoG;C. In addition, each of the true and false
triggering inputs of the E1, B2, B3 and E4 flip-flops may
be said to reflect the corresponding true and false output
of the flip-flops R1, Y1, DI and D2, respectively. Thus
the transfer input equations for flip-flop El, for example,
can be written as e;=R;PG3C and ge;=R,'PyG3C. These
equations ‘are generated as one of the solutions on'lines
272 and 273, respectively, in' Figure 77. .

The schematic circuits— of the ‘positive and negative
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random input flip-flops, generally referred io as Ui and Vi
flip-flops, will next be presented in Figure 31.

Only the Ul-V1 set of input flip-flops together with
their logical input grid-equations will be described since
the remaining. sets' of flip-flops are all similar,

The receipt of a random unit input into a computer can
be made at any time so long as the input rate to a particu-
lar integrator setup does not exceed the basic rate of com-
putation of the machine. As previously indicated, each
integrator setup is computed upon once €ach revolution

-of the memory. Thus, not more than one random input

indication can be fed into an integrator setup: during a
memory revolution. As shown in Figure 31, the positive
random input voltage u; is applied directly onto the right
tube of flip-flop UL." "As soon as the voltage Uy, repre-
senting this incremental unit, has been transferred into the
Ua flip-flop as shown in Figure 30, it is desirable to trigger
the Ul flip-flop into a false state at.the end of the next
pulse time Py, so as to enable the Ul flip-flop to sense the
next incremental change which might be fed in on its ;-
input any time during the next revolution, - On examining
the conditions of the circuits involved for rendering the
U1 flip-flops false, the 4, triggering equation is found to -
be equal to P,UELC. Note that count E! of the E register
is still true at this time. In a similar manner, each of the
remaining Ui and Vi flip-flops have a similar logical equa-
tion for defining when they triggerto a false state. These
equations are presented in the lower part of Figure 31, and
the logical networks for solving these equations are pre-
sented in Figure 32. Thus the output i, is represented
as the output of a two input logical product circuit 270
having the termy. E! fed in one input 271q, and the partial -
product P,U,C, generated in product c1rcu1t 273 fed in on
the other input 271b.

Referring next to Figures 33 and 34, a schematic cir-
cuit is shown of the Us and Va storage flip-flops to-
gether with their legical triggering equations.” As previ-
ously explained, at P, time of a word the contents of the
Ui ‘and Vi input flip-flops are transferred to the Ua and
Va storage flip-flops:  Hence a combination of the proper
conditions, for example, P,U;EIC, will trigger the Ua
flip-flop to a true state. As shown in- Figure 30, the
terms-for sefting up the transfer of the contents of the
Ua flip-flop into the =dy counter 18¢ are observed dur-
ing the Py pulse time, consequently, the triggering equa-
tion for resetting this flip-flop is noted to be gu,=P,C,
which results in triggering the Uea flip-flop to a false -
state at the end of the Py time.. The schematic block
diagram of the Va flip-flop together with its triggering
equations is shown in Figure 34. The logical triggering
equations for the Va flipflop are. identical with those
for the Vg flip-flop with V terms substituted for U terms.
The physical circuitry for solving the Ua and Va flip-
flop equations is shown on Figure 35. Since the under-
standing of this circuitry follows directly from the equa-
tions, together with the previous discussion, it will not
be further described.

During pulse time Py of the W,_; word period, as
shown in Figure 16, the contents of the Ua and Va
storage flip-flops are observed to enable a transfer to be
made to the Zdy counter 180 at the end of this pulse
time. In order to explain how this transfer is effected
the operation of the Zdy counter 186 will first be broad-
ly explained.

The =dy counter 188, shown in Fig. 38, is com-
prised of flip-flops B1 through B3, which represent binary
stages. The Bl counter represents the 20 stage, the B2
flip-flop the 2! stage, the B3 flip-flop the 22 stage, and the
B4 ﬂip-ﬁop the 23 stage.. The BS flip-flop corresponds
to the sign of the binary count whose magmtude is repre- -
senfed by the Bl through B4 flip-flops.

The scheme employed for indicating the binary content
of the 2dy counter 180 is revealed by the table in
Figure 36. Note that the coded decimal zero content of
the Zdy counter is represented by a 0 in all the stages
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including the sign stage BS. As unit dy increments are
added into. the Zdy counter, the flip-flop trigger in a
conventional binary manner to indicate the binary count.
As previously noted, the computer is designed so that as
many as 15 dy input units can be received during a word
period. Since these dy input units may be all positive or
all negative in sign, the Sdy counter content has a»range
from plus 15 to minus-15.

" The plus sign of the dy count is indicated by a zero
content of the B3 flip-flop, and the minus sign is indi-
_cated by a one in the BS flip-flop. -

Thus, as shown in Fig. 36, the ‘Zdy counter repre-
sents a decimal content. (—1) by a one in all of the
fhp-ﬂop -counting stages, B1 through BS5. -The content
(—2) is then represented by triggering the first stage B1
to a zero state,.and the content (—3) is represented by
triggering the first- stage Bi- back to its one state and
triggering the second-stage B2 to a zero state. It can
thus be seen that the remaining negative contents of the
;Edy counter 180 are obtained by tnggenng the flip-flops
in-a similar binary ‘fashion.

The =dy counter must be quite versatlle in its. opera-
tion since, in addition to counting either up or down
through a range of 415 to —15, it must be-able to reset
to a value indicative of the random input; count up one
or two units at a time from any given count; and count
down one or two units-at a time from any given count.

The resetting of the =dy counter 180 to the value indi-
cated by the Ua and Va flip-flops will first be described.

Referring to the logical reset equations shown near the
bottom of Figure 38, it is noted that the Zdy counter

180 must be capable of 'being reset during’ the Py time
to indicate-a (41),-a (0), or a (—1).

As seen in the table of Figure 36, a decimal count of
+1 1s represented by 4 “one” in the B1-flip-flop, and a

‘“zero”. in the remaining flip-flops of the Zdy counter,

Thus the equation bl—-U,,V,, PoC sets the Bl ﬂ1p-ﬂop’

true whenever the U, term is high and the V, term is low
in potential. Note that it has previously been shown that
when the U, term is high in potential a1 is stored in
the Ua ﬂlp-ﬂop
. As for the B2, B3, B4 and BS5 flip-flops, whenever the
U, term is high in potential during Py time, the false in-
~ puts of these flip-flops are triggered to record zeros there-
in at the end of the Py time, as shown, for examplé, by
equation ¢by=U,P,C for the B2 flip-flop. Note that the
V, term has been left out of these latter equations since,
irrespective of whether term 'V, is true or false, if term
U, is true, the B2, as well as the B3, B4 and BS flip-
flops, are rendered false.

Whenever both the Ua and Va flip-flops are in a true
state, as, for example, when both a positive and negative
indication is simultaneously. received by the computer
unit from a sensory instrument, it is desired to reset the
2dy counter 180 to a zero state. It is, of course, also
desired to reset the Sdy counter 180 to a zero state
whenever no input is received, ie., when both the Ua
and Va flip-flops are in a false state.

_. As shown in the table of Figure 36, the zero state of
the Zdy counter 180 is represented by a zero in all the
flip-flop stages.
both true, symbolically noted as (V,U,), or both false
(V'U,", the first flip-flop B1 is triggered to a false state
as indicated by equation oby=(U,V,+U,'V )P,C. As
for the remaining flip-flops B2, B3, B4 and BS, it was
stated above that whenever term U, is true, irrespective of
term V,, these flip-flops are rendered false. Hence the
equation presented for rendering. these flip-flops. false
when resetting the =dy counter to -1, are also suitable
. for setting the Zdy counter into the 0 count when condi-
tion U,V, is true. .
Taking the condition U,'V,’ of the arbitrary inputs,
which requires resetting the B2, B3, B4 and B3 flip-flops
to zero, it can be shown that whenever term V,’ is true
(i.e. high in potential) these flip-fiops are rendered false.

.36
Note that this is the case-irrespective of the condition of
term U,.” Hence equation, such as ¢by=V, PyC, as used
for :the: B2 flip-flop, is. similarly used for the remaining
flip-flops of the Zdy counter: to reset it to zero.
In order to reset the Zdy counter to a minus 1, as

. seen in the table of Figure 36, all ‘the flip-flops must be’
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recording ‘a one, i.e., the positive input of each of the
B1 through BS5 flip-flops must: be triggered. Thus for
the B1:flip-flop, as well as all the remaining flip-fiops,
this is accomplished by an equation such as, for example,
b=,V PL.

Referring next to Flgure 40,-a diode net for generating
the above described reset. equations for transferring the
arbitrary inputs into the Zdy counter will be presented.

Since various combinations of the Ua and Va flip-flop
terms are required along with the Py time pulse, a family
tree network is presented for building up these various
combinations. ‘The Py term is fed into the lower end of
the family tree network and applied simultaneously into
one input of each of the partial product circuits 274, 275,
276 and 277 which have the terms V', U,, Vg, and Uy,
respectively, applied to their other input.

Partial products PyV," and PyU,, as obtained from
product circuits 274 -and 275, respectively, are then fed
into 'a two. input sum’ circuit 278 which generates
Py(U,+V,). As noted in Figure 38 this combination
of terms: corresponds to the false . triggering conditions
required for: the B2, B3, B4 and-BS flip-flops in order
to set the =dy counter to (1) and (0).

The partial . products -PeVy' -and. PoU," "as obtained
from product circuits 274 and 277 are then fed into a
product circuit 279 whose output PyV,'U,’ when logi-
cally added to PyU,V,, as obtained from product net-
work 280, generates Po(U,V,4+U;'V,) on output line
281, Note that this combination of terms is required
for equation ¢b; in Figure 38. :

The: output PyV, from product c1rcu1t 276, and out-
put PoU,” from: product circuit 277, are then logically
multiplied in circuit 282 having an-output 283. This
output generates Po(U,’V,) which corresponds to the true
triggering conditions required for. the B2 through BS5
flip-flops in order to reset.the =dy counter to (—1).
This output is further combined in logical sum circuit
284 along with a: product PyU,V,’, obtained by com-
bining. the outputs from partial product circuits 274 and
275.  Thus. the complex logical term Po(U ¥, +U,'V,)
is generated as the output of sum circuit 284. This
latter combination of terms -represents the solutions of
the by triggering equation required for resetting the 2dy
counter to (1) or (—1).

The combining of these solutions with other counting
equation solutions to-control the overall operation of the
B1-B5 flip-flops will be explained in the ensuing descrip-
tion.

The manner in which the dy inputs are received from
the Z1 and Z2 storage lines by the 2dy counter, and
the logical equation for sensing this information will
next be described.

The dy decoder

The decoding circuitry for the dy inputs can best be
explained by referring to Figure 5. Here the pulse pat-
tern in a word time is shown together with the infor-
mation” simultaneously picked up m the Z-1 and Z-2
channels

The following logical equa‘uons are the ones which
deﬁne ‘the operation of the dy decoder shown in Figure
15.

“a=(Z1DDy’+D1'Z3D3) Py’ Pog’
B8=(Z1'D1Dy'+D1"Zy'D3) Py’ Pog’
v=Z1D1Z3D3Py'Pyg’ -
8=Z1"DiZy'DyPyPyg’

The « equation states that if during a word time, except

for the Py and Py pulse times, a coincidence of pulses
(ones) - occurs on either the Z~1 and D-1 or Z-2 and



5,694,881

37
D-2 -channels, but not on a Z.channel and both the
D-1 and D-2 channels, a signal indication of a positive
one input will be fed into the =dy counter.

The g equation states that if during a word time, ex-
cept for the Py and Pyg pulse times, a pulse is located on
either the D-1 or D--2 channels, but not both, and there
is no pulse (a zero) in the corresponding ‘pulse position
of the Z-1 and Z-2 channels, then a signal indication of
a negative one input will be fed into the =dy counter.

The v equation causes a positive two unit input to be
fed into the =dy counter. This results when, during
the period stipulated, a pulse is picked up from the D-1
and D-2 channels simultaneously with a pulse on the
Z-1 and Z-2 channels. ‘

The final dy decoder output & feeds a negative two
unit input into the Zdy counter. -This occurs when,
for the duration indicated, a pulse is present on both the
D-1 and D-2 channel inputs together with a lack of pulse
on-both the Z-1 and Z-2 channels.

The equation for the «, 8, v and & inputs are not
generated by logical nets as above presented, but rather
their inverses are generated as shown in Figure 41. These
inverse equations are obtained by applying well known
rules of symbolic logic. The outputs «’, g, +', &', so
obtained and generated are then fed through vacuum
tubes (not shown) to obtain the «, 8, ¥ and & terms
required i

An example of how each of the «, 8, v, and & inputs
are coded is shown by pulse positions Pq, Py, Pyp and
Py;, respectively, in Figure 5.

Returning back to Figure 38, the counting logical equa-
tions associated with the B1 through BS flip-flops, en-
abling them to respond to the dy inputs on the «, 8, ¥
and & lines, will next be described. Note that the trig-
gering input equations to these flip-flops are separated
according to the nature of the inputs,

The Zdy counter

Referring to the table in Figure 36, during positive
unit counting of the =dy counter, the B1 flip-flop
changes state upon receipt of each « input. This is sym-
bolically noted by equation b;=aBy’C and ¢b;=aB;C.
The remaining flip-flops, B2, B3, B4 and BS5 change
states on receiving positive unit inputs, according to the
binary counting triggering pattern previously explained.

In order to perform negative unit counting, the B
input must be of relatively high potential, i.e., true. For
negative unit counting, instead of observing the change in
states of the B1 through BS5 flip-flops by moving up the
binary table in Figure 36, the changes in states of these
flip-flops are noted on moving down the table. The
equations for the B1 flip-flop are similar to those for
positive unit counting with g substituted for «. The
equations for the remaining flip-flops are written by ob-
serving the state of the flip-flop in question and all lower
order flip-flops.

For positive two unit counting, the v term must be
true. The B1 flip-fiop is not affected by changes of two
units. Thus b;—0 and ¢b;=0. However, the B2 flip-
flop changes state each time a 4 input is received as in-
dicated by equations by=vB5'C and oby=+BsC.

Noting when the B3 flip-flop changes froma 0 toa 1
state on moving up the table in Figure 36 it will be noted
that the B2 flip-flop is always true and the B3 flip-flop,
of course, is always false. Hence by=vByB;". Likewise
when the B3 flip-flop changes from a 1 to a 0 state, the
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logical pattern of conditions is seen to be gbs=vB2B3.

The B4 and BS5 logical triggering equations are similarly
obtained.

Negative two unit counting, as characterized by input
& being of a high potential, is expressed by logical equa-
tions obtained by noting the triggering pattern of the
flip-flops upon moving down the table in Figure 36.
_These equations are analyzed similarly to those for posi-
" tive unit counting and will not be further described. -
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Referring next to Figure 39 the oveérall Idgical count«
ing network is shown for performing all the functions

-of Zdy counter-180. As an example of how the trig-

gering input circuits are arranged, the B3 flip-flop equa-
tions will be described. - The positive unit counting equa-
tion bg=aB1B,B3'C is obtained by first generating par-
tial product «B, in a left multiplying circuit 286. This
output, after being applied on left sum circuit 287, is fed
into a left partial product circuit 288 where it is multi-
plied along with term B, to generate partial product
oByB, on left line 289. Left line 289 is then fed into a
common sum circuit 299 whose output feeds into a right
product network 291 which multiplies in the term By’
(It is to be noted that the terms of a partial product are
not changed in passing through a sum circuit.) The
partial product «aB;B;B;’" is then fed into a final right sum
circuit 292, and finally to a right.clock product circuit
283 which generates the solutions to equation b; on its
output.

The positive unit counting equation ¢bz=aB;B;B3C is
obtained by feeding «B;B, as obtained from common sum’
circuit 299 into a left product ‘network 294 which mul-
tiplies in the By term. This result, after passing through
left sum circuit 295, is then multiplied by C in left clock
product circuit 296 to obtain -the output corresponding
to solution ¢bj. )

The negative unit counting equation by=pgB;"By'B;’C
is obtained by cascading the output of right multiplying
circuit 297 through right sum circuit 298, right partial
product circuit 259, common sum circuit 299, right prod-
uct circuit 291, right final sum circuit 292 and, finally,
right clock product circuit 293. Similarly the negative
unit counting equation yb3=gB;'By'B;'C is cobtained by
multiplying the partial product gB;’B,’ as obtained from
right line 300 with terms in the circuits 293, 295 and 296.

The remaining equations for the B3 flip-flop are gen-
erated by feeding proper alternate terms into the sum
circuits already introduced. Thus solutions b3=~B,B;’C,
and (b3=7ByB3C are obtained by feeding v into left sum
circuit 287. The resulting partial product vB,, now gen-
erated on left line 289, is then fed through common sum
circuit 299 where it is either cascaded to the left-and mul-
tiplied by B; to generate ¢b3=vyByBsC, or it is cascaded
to the right and multiplied by By’, to generate

b3=’)’BzB3’C

Likewise, by feeding the & term into the right sum cir-
cuit 298, the partial product 6By’ is obtained on right line
306 which is fed through common sum circuit 29¢, and
then cascaded either to the left to obtain

obs=08By'B5'C

or to the right to cbtain b3=68By'B;C.

The reset equations for the arbitrary input indications
are generated by feeding alternate term Py(U,'V,), as
obtained on lead 361 into right final sum circuit 292.
The output of right clock product circuit 293 then gen-
erates by=P U,V C. Similarly the complex term
Py(Ug1-V4') generated on lead 362 is fed into left final
sum circuit 295 whose output feeds into left clock
product circuit 296 io generate gbz=Py(U,+V,')C.

The circuitry in Figure 39 is an example of a multilevel
network which is defined as one that involves logical
products driving logical sums which. in turn drive logical
products, etc. In order to provide a multilevel network
such as this, to solve complex logical propositions, it is
mecessary that forward current be always flowing in the
product diodes when a product circuit drives a sum cir-
cuit and forward current be always flowing in the sum
diodes when a sum circuit drives a product circuit. As
will be explained herein, in a network having this char-
acteristic, each change from one type of logical circuit
to another is represented by a different level of operation
of the diode network.,
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. 'The arrangement and operation of a multilevel logical
circuit such- as this will be described by noting the cir-
cuitry for generating the equation by=aB;B3B3'C. As
shown in Figure 39, this circuitry represents a seven level
network. FEach succeeding logical circuit for- generating
this equation, starting from the right clock product cir-
cuit 293, for example, and working backward, has a
smaller resistor value. Thus note how product circuit
293 has a product resistor of 220K ohms; sum circuit
292 has a sum resistor of 130K ohms; product circuit
291 has a product resistor 82K ohms, etc.

In these circuits, the resistor (equal to 220K ohms) in
the clock product circuit 293 is first determined by noting
the input capacity to the tube, for example, which is
driven by this resistor so that the time constant of the
rise or fall of the b3 proposition is consistent with the
operating frequencies of the circuit. " Having this re-
sistor, it is possible to calculate the current flow from the
product circuit 293 when the sum circuit output is at 45
volts. In order to properly operate the sum circuit 292,
which drives the product circuit 293, it is necessary that
the sum resistor of circuit 292 be small enough so that
the current flowing through it from the product circuit
293 will not raise the voltage at the output-of sum circuit
292 higher than 45 volts. If the current through the
sum resistor, for this condition, raises the output voltage
to some level below 45 volts, forward current through
the other diodes of the sum circuit will always flow, and
this current will maintain the output voltage at the 45
volts level. Thus note that the current flow through the
product resistor and the sum resistor is the same (dis-
regarding back currents), but the voltage drop to be
developed across the sum resistor is' less than 45—
(—130)=175 volts, while the voltage drop across the
product resistor is 265—45==220 volts. As a result, the
value of the sum resistor must be less than the value of
the product resistor by a ratio of at least 175/220. Tak-
ing resistor tolerances into account as well as certain
safety factors, this ratio becomes even smaller and circuit
292 is provided with a sum resistor of 130K ohms.

The ratio of the resistors when a sum circuit is driven
by a product circuit will next be described.

The condition of interest here is when the product cir-
cuit 291 output is high (90 volts) which means current
is flowing from circuit 291 into the resistor of sum circuit
2%2. 'The current drawn by the resistor of sum circuit
292 is determined by the voltage 90— (—130)=220 volts.
In order to have proper operation of the product circuit
291, ‘its resistor must be small enough so that current
flowing through it will not drop the voltage at its output
lower than 90 volts. In this case it is the current, drawn
in the sum circuit 292 by a voltage differential of 220
volts, which must not drop the voltage at the output of
the product circuit 291 to a point lower than 20 volts.
That is, the voltage drop to be created by thé resistor of
the vroduct circuit 291 must be less than 265—90 volts—
175 volts. Holding this voltage at some level above 90
volts, ensures that forward current will always be flow-
ing in the other input diodes of product circuit 291, thus
maintaining the output voltage at 90 volts. Thus the
value of the product resistor must be less than the value
of the sum resistor by the ratio of at least 175/220. By
taking into account tolerances and safety factors as noted
before, this ratio becomes even smaller, resuiting in prod-
uct circuit 291 being provided with a resistor having a
value of 82K ohms.

In a similar manner the resistor values of each of the
other logical circuits, 298, 288, etc., is determined.

It is now evident that the resistor values of succeeding
circuit levels must be reduced in value for proper opera-
tion of the circuits.- As a result the current fiow in the
circuits tend to increase in a multilevel network and the
power requirements rise. It can be shown that the power
requirements can be kept down by making the swing
voltage of the propositions small and by having the posi-
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tive and negative return voltages of the diode networks
relatively -far apart. In other words, the swing of the
propositions between 90 volts and 45 volts should be no
greater than necessary, and the voltage return of 265
volts for the product resistors should be as high above
90 volts as possible, while the voltage return of —130
volts for the sum resistors should be as low below 45
volts as possible, consistent, of course, with other operat-
ing considerations. -

It should be noted that making the posiiive and negative
returns of the diode network equally away from the high
and Jow swings of the propositions, respectively, results
in a simplified design, because of its symmetry. :

One other consideration is given in support of having
the positive and-negative returns of the diode networks as
far apart as possible. Because of the clamping of each of
the input voltage sources applied to the diodes, the rise
time or fall time of the output of a logical circuit be-
comes only a part of the rise time inferred by the time
constant of thé load resistor and shunt capacity. For
example, in an unloaded product circuit the charge of the
equivalent condenser is toward 265 volts, but its rise is
halted "at 90 volts because of the clamping effect which
limits this rise. This effect, likewise, makes it possible
to use higher resistor values, thus reducing the power re-
quirements of the circuits. :

The Zdy register

As previously explained in ‘connecticn with Figures 15
and 16, it is desired to bodily transfer the contents of the
Zdy counter 189 into a-Zdy register 181 during the Py
time following the word. period during which the dy
counter received its inputs. Flip-flops B6 through B1O
comprise the =dy register 381 as shown in Figure 42.
This transfer operation is accomplished by stepping, in
parallel, the contents of the B1, B2, B3, B4 and B3 flip-
flops into the B6, B7, B8, BY and B1¢ flip-flops, respec-
tively. ~ This operation is characterized by a G; term
being true. This Gz term (see Figure 66) corresponds
to a signal which is required to render the computing
circuits in the machine active. The logical triggering
equations for this transfer operaton are shown below their
respective flip-flops in Figure 42. The transfer equations
for the B6 flip-flop are b =B;PyGsC and gbg=DB1"PyG;C.
These equations state that if G; is true during a Py time:
the true input equation bg triggers the B6 flip-flop fo a
true state if the B1 flip-flop is in a true state; and the
false input equation obg triggers the B6 flip-flop to a false
state if the B1 flip-flop is false. The transfer equations
for the B7, B8, B9 and B19 flip-flops are similarly written.

As shown in Figure 42, .in. addition to the transfer
operation, the B6 through Bi¢ flip-flops also function to
step out the =dy content into the (y4=dy) adder. In
addition, these flip-flops are used for reading out the y
content of an integrator setup. The stepping function of
the B6-B19¢ flip-flops will be described shortly, after the
start flip-flop is introduced. The readout function of the
B6-B19 {flip-flops occurs when the machine is not com-
puting and will be described later in connection with
Figure 81.

Referring to the transfer equations above described,
the bg equation is generated as shown in Figure 43 by
partial product circuit 319 connected into  the clock
product circuit 320 by means of sum circuit having a com-
mon line 3184. The output of circuit 326 in this instance
represents the bg transfer solution. Similarly the obg
transfer equation is generated by circuit 321 connected
to circuit 322 by means of a sum circuit having a common
line 321a. .

Before describing the (y--2dy) adder which generates
the new y and number y,, the scheme used for designating
the y and the 2dy numbers will be compared by ref-
erence to Figures 36 and 37. These numbers have their
magnitudes both represented by the same binary notation.
The positive numbers use the conventional binary notas
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tofi, - The fegative fimber notation is based on'a system
whereby decimal equivalent —1 is denoted by a “one”
content in all of the stages, and the stages are changed
in a binary fashion to obtain the succeeding negative
numbers. However, the sign convention for the y num-
ber is just opposite that employed for the =dy number.
A one is recorded in the Py pulse position of a y num-
ber to indicate a positive sign, and a zero is recorded
therein to indicate a negative sign. On the other hand, a
one in the B3 flipflop of the Zdy number indicates the
sign of the Zdy magnitude is negative while a zero in
this flip-flop indicates the sign of the =dy magnitude is
positive. As will be brought out in the ensuing descrip-
tion, this sign convention makes it possible to serially
add together the y and Idy numbers, treating the sign
as an extra digit of the numbers. This method results
in the sign of the sum (y--Zdy) being automatically and
correctly provided for.

The block diagram of the SI flip-flop together with
the logical equations controlling its grids will next be
shown in Figure 44. The true triggering equation

51==Y 151" Py Pog’G3(C1+C3)C

states that, as the binary information is picked up from
the Y channel of the drum, the first digit “one” picked
up, after the Py but before the Pyq pulse position, is used
for triggering the start flip-flop S1 .into a true state. The
computing combination G3(C;+Cz) must also be true
for this to happen. The significance of this latter com-
plex term will be described later. The false triggering
equation for the Si flip-flop, ¢s1=PssC, states that at the
end of the Py pulse time, the start proposition is always
rendered false. " These start triggering equations are gen-
erated by the network in Figure 45.

The S; term thus obtained is used to signal the circuits
associated with the 3dy register to step out the Zdy
content, stage by stage. This is accomplished by bodily
stepping the contents of each of the flip-flop stages
B6-B10 (Figure 42) to a lower order stage on each suc-
cessive clock pulse. Thus the stepping equations for the
B6 flip-flop are noted to be bg=B7S,C and obg=B7"S:C.
1t follows that the stepping equations for each of the re-
maining Zdy register flip-flops are obtained by substitut-
ing the terms of the next higher order flip-flop as shown
in Figure 42. Referring to Figure 43, this bg stepping
equation is generated by partial product circuit 323 con-
nected to the sum circuit having the common line 31%a.
This- line is then connected to clock product circuit 320
whose output will in this instance represent the bg step-
ping solution. Similarly stepping equation ghs is gen-

erated by circuit 324, common line 321 and circuit 322.

The y-}-2dy adder

The circuitry for the y-+2dy adder 163 will next be
described in detail by reference to Figures 48, 49 and 52.
The binary coatents observed during a clock period in
the Y1 and B6 flip-fiops are added in this y-+2dy adder.
In order to keep track of the carries resulting from the
addition of a given stage of the numbers, a carry flip-flop
K1 is provided as shown in Figure 15. Thus, it can be
said that the inputs to to the y-}-2dy adder are provided
by the Y1, B4, and K1 flip-flops.

The logical equations which define the operation of
the y-+Z=dy adder 183 (Figure 15) are determined by
reference to the table in Figure 48. In this table, a
column is provided for each of the Y1, B6 and K1 flip-
flops. It is noted that all combinations of inputs pos-
sible by these ‘three flip-flops can be represented by the
binary counts corresponding to decimal 0 through 7
which is recorded in the table. . Assuming the inputs dur-
ing a given clock period can be any one of the hori-
zontal sets shown, the binary sum and carry resulting
from each set is denoted in columns 304 and 365 re-
spectively. In column 306, a record is made of the
comparison .of the contents in each row of the K1 col-
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umn with the ‘“carry” column 305. When the binary
contents of these columns are the same, a 0 is recorded
in column 306. A change from 0 to 1 on matching
these columns is noted by a 1 in column 306. A similar
comparison is made of these columns for a change from
1 to 0, which change is noted in column 307 by a 1.

The table of Figure 48 contains the information re-
quired to write the logical equations for the y-}-2dy
adder circuits and the triggering equations for the K1
flip-flop. -

As shown below this table, the sum proposition Yy is
equal to a 1, ie., is true for four different sets of states
of the inputs from flip-flops Y1, B6 and K1. These sets
are obtained from the table and logically added to give
the sum equation: Y,=Y,B¢K;-+Y1B¢'Ky'--Y1'B¢'K;.

The contents of columns 306 and 307 indicate the
triggering equations for the K1 flip-flop. A single 1 is
present in each of these columns. Note in column 396
that when the K1 flip-flop changes from a 0 to a 1; that
is, rendered true, the Y1 and B6 flip-flops are true. Like-
wise as shown in column 307 when the K1 flip-flop
changes from a 1 to a 0, that is, made false, the Y1 and
B6 flip-flops are false. The logical equations for express-
ing these K1 flip-flop changes are denoted below the
table in Figure 48 as:

A A
0———1=Y,B;, and 1——0=Y'By

Referring next to Figure 49, the K1 flip-flop is sche-
matically depicted along with its logical triggering equa-
tions, k=Y 1BgS:C and 0k1=(Y1'BG'K1S1+P0)C. These
equations include the terms obtained from the table in
Figure 48, together with other terms to be now described.
The S; term is introduced here in each of the equations
as one of the required conditions so as to insure that
the y--Zdy counter does not set up the carry in the Kl
flip-flop before the y and =dy digits have been received.
Note the K; term in the ok; equation is redundant but
has been included because the combination of terms
Y1'Bg'K; is required for the sum equation Y, Thus
this combination can be generated once and used for
both equations. The logical addition of PyC to the ¢k
triggering equation automatically resets the carry flip-
flop K1 to a zero state at the beginning of each word.

In Figure 52, the logical nets are shown for physically
generating the logical equations for the y-L-Zdy adder.
This includes the triggering equations for the K1 flip-
flop and the equation for the sum proposition Y, The
ky triggering - equation is genmerated in product circuit
307a. The triggering equation o¢k; and the sum proposi-
tion Y both include the product K;Bg'Y,’. Hence this
product is generated in circuit 398 and cascaded to the
right into sum circuit 389, along with the three other
products of the sum equation to generate Y. The out-
put of circuit 308 is multiplied by S;.and the result is im-
pressed on point 3892 of the network. This point is
then multiplied by the clock pulse C before being fed
out as the gk solution. Point 3694 also corresponds to
alternate term Py of the gk; equation. " Thus the reset
term of this latter equation is provided for.

An example will now be presented in Figure 59 of how
the binary code numbers corresponding to y=-+20 and
Zdy=--1 are added in the y-Zdy adder to obtain a
binary code number corresponding to y,—=--19. Here it
is assumed that start pulse is located in the P;g position
of the Y channel. Thus the first digit of the y number,
corresponding to stage 29, is in pulse position P;s. The
following pulse positions through Pys contain the remain-
ing y digits. These y digits represent the binary code of
420 in accordance with the scheme employed for the
y number shown in Figure 37. It should be noted that
since the sign of y is positive here, a 1 is placed in the
P,5 pulse position.

The =dy count is the binary code corresponding to a
—1, As shown in Figure 36, this count is represented
by 1’s in all the stages including the sign stage. The
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first digit of the =dy count is sensed in the Py pulse
position and the followmg pulse positions through Py
contain: the remalmng Zdy digits. The Py digit is the
sign d1g1t which is, prior to the-addition, contained in the
B19¢ flip-flop of the Zdy register.

The corresponding digits of the numbers are added in
a conventional manner through pulse position Pys which
contains .the =dy sign digit.
effect, carried alonmg and added to all the subsequent
stages of the y number including the y s1gn digit in pulse
position P25 This explains the reason for showing a
digit one in positions Py, and Py of the Zdy number in
the example of Figure 59.

As a result of adding the numbers in this manner,
the new y number, y,=--19, follows the binary code for
the y numbers as set up in Figure 37. Note -that the
Pas position of the y; number contains a one, indicating
this number is positive as desired.

In order to further clarify the manner in which the
y-+2dy -adder operates, Figure 59 also shows by way of
Example 2 how a y=—40 when added to a Zdy— +38
results in a y;=-32. In this case the binary word, rep-
reseating —40, follows the convention for negative y
numbers. A zero in the Pgs posmon shows that the y
nomber is minus. The Zdy number is positive as shown
by a zero in its sign stage B18. On summing these
binary numbers, the binary number —32 is obtained. In
this case, as before the B1§ content of the =dy number
is carried along and added to the remalmng digits of the
y number, including the y sign digit in the Pyg position.
The result gives a zero digit in the Py; position of y, in-
dicating the binary number representing the sum is nega-
tive in sign.

As shown by the system of thought of the present
computer presented in Figure 15, the new y number digits
generated by the y--Zdy adder are mnext combined, in
the r-y; adder, with the » number digits picked up from
the drum.
~ Before describing the logical equation and required
circuits for performing this addition, the means for
picking up the dx input to an integrator setup must be
described.

The dx pickup and storage circuit

As previously explained the dx input pulse is obtained
either from the Z-1 or the Z-2 channels of the memory
drum 106. The P, pulse position of the D~X channel
determines whether the information in the Z-1 or Z-2
channel will be selected. A pulse in this P, position
indicates the Z-1 channel should be scanned, while a
lack of a pulse in this P, position indicates the Z-2
channe! should be scanned.

The decoding and storing of the dx input is logically
determined by the triggering equations for the Bx flip-
flop. As shown below, Figure 55, the Bx flip-flop ends
up with either a plus dx unit or a minus dx unit stored
therein. The plus dx unit can be obtained from either
the Z-1 or Z-2 channel, and the negative dx unit can be
likewise obtained from either channel. . The logical trig-
gering equations are separated according to the sign of
the dx input and the channel from which it is selected.

It should be noted that initially the Bx flip-flop is al-
ways in a false state.

The conditions which result in picking up a +dx from
the Z-1 channel are that a pulse be in the P, position
of the D-X channel, and the G; term be in a true state,
thus bI=P0G3D$C.

Note that this indication of a --dx input from the
Z-1 channel is made prior to the period P; through Py
when the dx pulse is actually picked up. - The scheme
is such that if there is a pulse in the Z~1 channel corre-
sponding to the position held by the single dx code
pickup pulse in the D-X channel, then the state of the
Bx flip-flop does not change but remains in its previously
acquired state. However, if the Bx flip-flop has been

This latter digit is then, in
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triggered into a true state as indicated above, because
of a pulse in the P, position of the D~X channel, and
if there is mo pulse in the Z-1 channel corresponding
to the position of the dx code pulse, then the Bx flip-flop
is retriggered to a false state as indicated by equation
sbp==D3Z, B,GsC.

Assuming there is no pulse in the P, position of the
D-X channel, the Bx flip-flop is then triggered to a true
state if, during P, through P,5; pulse times, there is a
pulse on the Z-2 channel corresponding to the position
in which the dx pickup pulse is located in the D-X
channel. Another condition which must be satisfied is
that the Bx flip-flop not be already set into a true state.
Thus the logical equation for picking up a +dz from
the Z-2 channel is b,=2Z,B, Py Py’ GsD,C.

Assuming there is no pulse in the Z-2 channel corre-
sponding to the pickup pulse located in the D-X channel,
then the Bx flip-flop is not rendered true by the above
equation, but remains in its false state. At Pyg pulse time
the Bx flip-flop is always rendered false, that is, the Bx
flip-flop is reset to a false state at P, pulse time so
that at the beginning of each word the Bx flip-flop can
be considered to be initially in the false state.

It should be understood that whenever a statement is
made that a flip-flop changes state at a given pulse time,
what is. meant is that the flip-flop changes state at the
end of that pulse time. That is, it is the conditions which
are observed during a pulse time which determines if
a triggering input equation is satisfied, but it is the differ-
ential pulse derived from the trailing edge of a clock
pulse (coincident with the end of this pulse period) which
actually triggers the circuits. :

As shown in Figure 56, the ‘b, equations for the Bx
flip-flop are physically generated so that their solutions
appear on line 31Q feeding into sum circuit 311.  As
will be described later, the Bx flip-flop also serves another
function in the machine. The other input 312 to sum
circuit 311 represents the b, solution of this alternate
function, which is in the fill reference circuit. In the
lower network in Figure 56 is shown the solutions to the
0Py equations. Here sum circuit 313 receives not only

-the dx input equations for the function of the Bx flip-flop

above described, but also the equations for the fill refer-
ence circuit, which function is to be described later.

Referring to Figure 57, the Ax flip-flop is shown.
This flip-flop is used as-a dx register for the dx input
previously recorded in the Bx flip-flop. As shown in
connection with Figures 15 and 16 this transferring of
the dx input out of the Bx flip-flop into the Ax flip-flop
is ‘necessary in order to free the Bx flip-flop so that it can,
during the following word time, pick up the next dx in-
put, while the previous dx input is used for controlling
the operation of the r4-y; adder.. The triggering equa-
tions for the Ax flip-flop state that the Ax flip-flop fol-
lows the condition of the Bx flip-flop as observed during
the Pye pulse time, providing the Gy term is true. It
should be noted the Ax flip-flop also functions in the
fill reference circuits, as shown by the other set of trigger-
ing equations in Flgure 57.

In Figure 58 the triggering equations are shown for
the ‘Ax flip-flop when functioning both as the dx register
and a fill reference flip-flop. ' These a, and ja, equations
for the dx register function are generated on inputs
314a and 315a to sum circuits 314:and 315 respectively.
When the Ax flip-flop functions as part of the fill refer-
ence circuit, the alternate inputs to the sum circuits
shown are effective.

The 14y, adder

The r+y, adder circuits will next be described by
reference to Figures 50, 51, 52, and 54. As with the
y+2dy adder the binary table in Figure 50 aids in
determining the logical equations for summing the states
of Ya, R1 and K2 inputs feeding into the r4-y, adder,
The Y, term is equal to Y,d Y '4,. That is to say,
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anytime the Y term is true and the dx input is positive,
as represented by term A, being true; or, anytime the
logical megative of these terms, namely, Yy’ and Ay is
true, then Y, is true, This is nothing more than a
statement that if the signs of the ys number and the dx
input are the same then the sign of their algebraic prod-
uct is positive. - On the other hand, anytime terms Y,
and A; are not both true, then the Y, term is true, ie.,
the sign of (v,dx) is negative. All the possible com-
binations of the Ya, R1 and K2 inputs are represented
by a binary table equivalent to decimal 0 through decimal
7. Assuming the set in each row is received, the sum
and carry resulting therefrom is shown in columns 316
and 317, respectively. The inverse of the “sum” prop-
osition in column 316 is then presented in column 318.
The digits in column K2 are then matched with the
digits in carry column 317 in order to determine when
the X2 flip-flop must change states for the various sets
of input coadition. . As shown in columns 328 and 329,
a single change from 0 to 1 is noted in column 328 and
a single change from 1 to 0 is noted in column 329.

Below Table 50, the triggering of the K2 flip-flop from
a 0 to a 1 state is defined by the logical product YRy
and, the triggering of this flip-flop from a 1 to a 0 state
is defined by logical product Y,'Ry’. The logical equa-
tions for the sum logical proposition Ry is also shown
below Table 50. This sum proposition is true, as shown
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in column 316, for the combination of inputs represent-

ed as: R,=(Y,/Ri'Ky+Y'RiKy+Y Ry Ky'+YR1K3).
to obtain its logical inverse:
" Ry=(R1K3+R1'Ky") Y/ +(R/Ka+Ri1Kp) Y,
Note that this latter equation. can also be obtained di-
rectly from the table, by reference to column 318.
Referring to Figure 51, the K2 fiip-flop is presented
along with the triggering equations for its grids. Note
that the term S; is added to the terms in the equations as
obtained from the table in Figure 50. This S; term
ensures that the adder does not commence to operate
until the digits of the » and y, numbers are received.
TWhen the dx input is negative as represented by term
Ay being frue, it is desired to subtract the y; number
from the » number.  This is performed in the computer
by adding the complement of the y, number digits to
the » number digits. This is accomplished by reversing
the 1’s and 0’s of the y; number and adding a “one” to
the first stage of the y number as shown in Figure 15.
Taus, whenever the A, term is true, the K2 flip-flop is
triggered into a true state at Py time. This “one” is then
fed into the computer along with the y, and r digits when
the r4-y; adder starts operating at some later pulse time
of the word. : ‘
The kg and ky triggering equations are generated by
the circuit in Figure 53; and, the circuit for- physically
generating the sum equation R, associated with the
r+4y, adder is shown in Figure 54.
It should be noted in the equation below the circuit in
Figure 54 that additional terms have been added to the
R, equation as obtained from the table in Figure 50.
The Pyg term has been added to Y, term in the first
_ main soiution of the equation, and the Py’ term has been
" multiplied into the last main solution of th: equation.
Referring to the word structure in Figure 4, it is noted
that the P., position of the Y channel is reserved for a
digit of the Pys code. Since this is not part of the y
number, it is desired to inhibit the information in this
pulse position from enterin,, the r4-y, adder. The Py
term introduced in the latter solution of the Ry’ equation
ensures that it is not effective at Pog pulse time or a word
period. The Ry’ output will be false unless the first solu-
tion is true.

Examining the first solution of the Ry’ equation, at
Py time, if K; and Ry are both true, or both false, the
R, output is true and accordingly the Ry term will be
false. Note that here the Y, term is redundant during
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the Pyq pulse time since, irrespective of the Yy’ term, the
sum (Ya'4Py) is always true during this time.

Examples of the operation of the r+y; adder and the
associated circuits will next be shown in Figures 60, 61,
and 62. In Figure 60, it is assumed that the r number
as obtained from the drum is equivalent to decimal 0,
and the y, number, as generated in the y4-Edy adder,
is equal to a decimal 4+7. The dx input for this opera-
tion is assumed to be equal to --dx. Thus the y; num-
ber digits are fed into the r-4-y, adder without being com-
plemetend. The binary digits representing these num-
bers are shown in the example. The start pulse is as-
sumed to be in pulse position Py;. The following binary
digits, received during the Py through Py time, are added
stage by stage in an ordinary manner. The sum repre-
sents the new » number r,, which is recorded back onto
the drum. Any carry resulting from the addition of the
Ps; pulse time represents a dz output. Note that the y
sign digit 326 in pulse position Py is considered as an
extra digit of the y number and added to the correspond-
ing binary digit in the Py; pulse position of the r number.
In the particular example shown, for the addition during
the first revolution of the drum, no carry results from
the Py; pulse time addition. The Pag position of the r
number represents a reversing pulse, and since this is
zero, the output is not changed. Thus a binary digit
“zero” (notated as 327 on the drawing) is fed out at
P, pulse time as a result of advancing this particular
digital integrator setup one step. As will be more clearly
explained later, a “zero” dz output as a result of an in-
cremental stepping of an integrator setup is considered as
a —dz output. What this amounts to, is that as a result
of processing each integrator setup, either a {-dz or a
—dz output is generated. In order to find the value of
a function (Z) generated as a result of a particular in-
tegration process, these plus and minus dz outputs must
be added up. :

During the next revolution of the memory, for the
example shown in Figure 60, the  number obtained as
a result of the previous calculation is fed into the r--y
‘adder along the new y number y;, as obtained from the
y4-2dy adder. Assuming this y; number -has not
changed, the result of the addition during the second
revolution of the memory is shown in Figure 60. Note
that as a result of this computation a carry “one” is gen-
erated as a result of adding the Py; pulse time digits.
This carry is, in effect added to the Py pulse time digit
in the r number. Actually, the operation during the Py
pulse time is not part of the addition process but rather
a means for reversing the dz output. In this case, the
P, position of the r number contains a zere and so it
has no effect when added to the carry “one” in the r+y,
adder. Thus a 4dz output designated 328 is generated
as a result of this incremental advance of the integrator
setup.

During the third revolution of the memory, the r
number is again picked up and added to the y number
which is assumed to be the same. Here again, a carry
“one” is generated as a result of adding the binary
digits during the Py pulse time. Consequently a -}dz
output 329 is again fed out at Pgq time.

It should be noted that the binary code information
in the Pyg pulse position of the r number is fixed through-
out a problem. This binary code results in a means for
reversing the dz outputs, if so desired. It is recorded
into an integrator setup, by the coder, along with other
initial conditions of a problem.

In order to further show the nature of the dz outputs
generated as an overflow from the r-}y; adder, an ex-
ample will next be shown of how the function Z, gen-
erated as a result of an integration process, can be
effectively made to remain constant.

Assuming the y number in an integrator setup is ini-
tially equal to zero and no dy inputs are received, it is
conceivable that the function Z generated should remain
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constant, In Figure 61, during the first revolution of the
memory, the'y; number and » number are both assumed
to be equal to decimal 0. The dz carry output generated
during this revolution is equal to binary zero and thus
corresponds to a —dz increment. During the second
revolution of the memory, as shown, the result of the
addition generates a carry “one” which is fed out as a
-+dz increment. During the third revolution of the
memory, the binary digit carry out is a “zero,” which
represents, again, a —dz increment. The fourth revolu-
tion generates a --dz increment. On adding up the dz
increments shown, the effective change in the dz outputs
is zero. Thus it is now made evident that the function
Z, which is the algebraic sum of the dz units generated,
actually oscillates by one dz .unit when its change is
zero.

Note that the example shown in Figure 61 represents
the operation of the r-}-y, adder whether the dx input
during the computation is positive or negative. Refer-
ring back to Figure 16, when dx is negative the y num-
ber binary digits are reversed, and a digit “one” is added
to the first stage. As shown in the lower right corner
of Figure 61, when the binary equivalent to a decimal
number 0 is complemented, the resulting binary number
does not change.

In Figure 62, an illustration is presented which clearly
brings out the operating characteristics of the vy,
adder when the dx input is minus in sign and the Psg
position of the r number has a reversing pulse located
therein. )

_In this case the binary y; number is equivalent to 'a
decimal 4. However, as dictated by the dx input being
negative, the binary digit representation of the -dy num-
ber is reversed and a binary one is added resulting in
actually feedinga y;=—4 into the adder. :

Referring to . the addition during ‘the first revolution
of the memory, a carry “zero” is generated as a result of
the Py5 pulse time addition. However, when this carry
is added to the reversing “ome” digit in the Pgyg position
of the r number, a one, or 4-dz output is fed out of the
computer. 'As seen in the illustration, a --dz output is
fed out again during the second and third revolutions,
and a —dz output is fed out during the fourth revolu-
tion resulting in a total effective change of 42 dz units

for the four incremental advances of the digital integra-.

tor setup shown. . :

The dz outputs generated during the Py pulse time
of each word (integrator setup) are fed into the Z~1
and Z-2 general storage lines where they are made
available to be picked up as inputs into other words
(integrator setups).

Z general siorage lines

The mode of operation of the Z-1 and Z-Z general
storage lines or delay lines will next be broadly de-
scribed. As previously noted, it is mecessary for this
operation to be such that all 50 dz outputs can be
scanned by the dx and dy pickup codes located in the
25 pulse positions constituting a- word time. Broadly,
this is accomplished by a novel precession arrangement
for the information in the Z-1 and Z-2 lines. First it
is to be understood that all the dz outputs are fed into
both the Z-1 and Z-2 delay lines. Each of these lines
then- functions to automatically divide the dz informa-
tion ‘therein into two groups. Defining each output by
the numeric subscript of the word period Wy—W,e when
it is gemerated ome of these groups includes the outputs
0,2, 46 ... ie the even numbered dz outputs; and,
the other group includes the cutputs 1, 3, 5,7 . . ., ie.,
the odd numbered dz outputs. Thus, delay line Z-1 has
an even and odd grouping of the dz outputs, and the
delay line Z-2 has an even and odd grouping of these
same dz outputs. Because of the precession arrange-
ment of the information in the Z-1 and Z-2 channels,
however, at any given time, the even grouping of dz
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outputs in the Z-I delay line is temporally positioned
opposite the odd -grouping of dz outputs in the Z-2 de-
lay line, and the odd grouping of the dz outpuis in the
Z-1 line are temporally positioned opposite . the even
grouping in the Z-2 line. It is now evident that be-
cause of this :arrangement of the dz information, all
the dz outputs can be picked up during the Py/25 pulse
times of a word since the dz outputs not in the Z-1
line during the pickup code time are necessarily in the
Z-2 line.

In Figures 63 and 64, a detailed chart is presented
for illustrating the operation of the Z—1 and Z-2 general
storage ‘lines.

Assuming the computer unit is just beginning to com-
pute, the position of the dz outputs in the Z-1 and Z-2
lines during the first revolution of the drum memory
will be described, then enotigh of the precession opera-
tion of each of the delay lines during the second revolu-
tion of the memory will be presented to show that the
operation is cyclical. B

Referring first to the Z-I delay line in Figure 63,
each row of the chart shows the positions of the dz
outputs in the delay line during the pulse time of the
computer - defined -in the Ileft column, As. previously
shown in Figure 13, the Z-1 delay line is comprised of
the Z-1-channel of the drum and the Z-1 flip-flop. The
Z~1 delay line is known as the short precession line in
that its length, during computation, is one pulse time
short of two word periods. .

Referring to the PygW; pulse time of the computer,
during this time the dz output of the word Wy, or in-
tegrator setup Iy, is generated, ie., set up by the logical
circuits and recorded onto the Z-1 channel of the mag-
netic drum. As shown and described in connection with
Figure 13, this recording is made approximately 52%
clock pulse periods behind the position of the Z-1 pickup
head 117. The position of head 117 is indicated near
the right end of the chart, the output end of the Z-1
delay line. - -

It should be noted that the computer unit 187 observes
the Z1 flip-flop during computation, which is the opera-
tion presently being described. The computer unit 107
may observe the contents of the Zlg flip-flop, at which
time the information in the Z~1.delay line recirculates
without being shifted or precessed. The latter opera-
tion of the Z~1 delay line is provided for when the com-
puter is ddling. h

The dz output at PyW, time of the computer is de-
noted in the first pulse position of the first row of Figure
63 by the designation 0,. - The subscript associated with
output, 0; corresponds to the revolution of the memory.
One clock pulse time later, as defined by P,W, in the
left' hand column, this dz output 0 is shown to have
advanced one additional clock pulse period toward the
position of the pickup head 117.  The next-pulse time
as defined by P; Wy, advances the dz output 0y still another
clock pulse period. '

At Pyg*W,y pulse time, the dz output 1, is generated and -
recorded into the Z-1 channel of the drum. Since this
oceurs 28 clocks pulse periods after the 0; output was
recorded in the Z-1 delay line, the 0; output has by now
advanced to the 28th pulse delay period. “The positions
of these 0y and 1, dz outputs are next shown for the
PgsWs, pulse time. - Note that the 0, output by now has
been picked up by head 117 and is recorded in the Z1
flipflop. The operation of the Z-1 delay line during
computation is such that the Z1 flip-flop contents is sensed
by the computer unit 197, During the same clock period
that this Z1 flip-flop contents is sensed by the computer
unit, an output is recorded imto the input end of the Z-1
channel. This recorded output is identical to the Z1
flip-flop content during pulse times Py through Py, chang-
ing only for the Py puise time of each word when a new
dz dutput is generated. : :

Thus-during PysW, time, the contents of the Z1 flip-flop
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which is the dz output 04, is also, as shown, recorded in
- the first pulse delay position of the Z-1 line... The dz
output 1, is located in the 27th pulse delay position during
this time. -

One pulse time later, PygW,, the dz output.2, is gen-
erated and recorded into the Z-1 line following the dz
output 0; which has advanced to the second pulse delay
position

Note that one word time later namely PygW;, the dz
outputs. 2; and 0; have moved to the 28th and 29th pulse
delay positions respectively, while the dz output 3; is
located in the 1st pulse delay position following the dz
output 1; which is in the 2nd pulse delay position.

By word time PggW,, the dz outputs 0; and 2, have ad-
vanced to the end of the Z-1 delay line, through the com-
puter unit, and back onto the front end of the Z-1 line
so that dz output 4;, generated during this time, now fol-
lows directly behind output 2,. The dz output 3; and 1
are now in the 28th and 29th pulse delay positions.

It is now evident how the even and odd dz outputs are
caused to be arranged into separate groups in the Z-1
line. As shown at PygW,5 and PygW,g pulse time, each
of these groups follows a definite pattern in that, in each
group, successive dz outputs are for alternately spaced
words on the drum memory. - Note that the successive dz
outputs are arranged in an orderly manner, such that
each dz output is followed by the dz output generated
two word periods later.

Another operating characteristic of the Z-1 delay line_
brought out by observing the PygWyg and PggWypy pulse
times, is that at time Po,gWyg the even group of dz outputs
is located in the first half of the Z-1 delay line and the
odd group is located in the last half of the Z-1 line. On
the other hand, at PyW,g pulse time, one word period
later, the even group of dz outputs is now located in the
last half of the Z~1 delay line with the odd group in the
first half.

. Whenever the Pyg pulse time of a word is presented in
Figure 63, the information shown in the chart, in the 27
pulse positions of the Z-1 delay line following the Z1
flip-flop, corresponds to the information to be sensed
by the computer unit during the following word period.
Thus the data in the 52nd pulse delay position of the delay
line corresponds to that sensed by the computer unit at
By time of the following word, and the information in
each pulse delay position thereafter corresponds to suc-
ceeding pulse times. of this word. The positions in the
Z~1 delay line corresponding to the Py through Pyq pulse
times. of the word following the Pyg pulse times shown
are noted by the row 325 of P designations placed on the
lower right half of the chart. As previously pointed
out in describing the structure of a word in Figure 5, the
dy and dx codes for picking up the dz information from
the Z lines can only be located in the P; through Py
pulse positions, thus these pulse positions 325 in the Z-1
delay line contain the effective dz outputs.

In the lower half of the chart in Figure 63, the dz
outputs generated during the second revolution of the
memory are presented.

At PygW, time, the dz output 0, (the subscript 2 cor-
responds to .the second revolution) is recorded so as to
follow output 48; which was the last even dz output gen-
erated during the first revolution. -~ At PygW;, the dz out-
put 15 is shown to follow the dz output 49;. It should
be noted that at P,sW,; time of the second revolution, the
dz output 0y is in the same position in which the dz out-
put 0; was located at PggW; time during the first revolu-
tion. Similarly, it is to. be noted that for a given pulse
time, corresponding dz outputs are located in correspond-
ing positions of the delay line for each revolution. The
operation of the Z-1 delay line is thus shown to repeat
in a cyclical pattern.

Since at every Pqg pulse trme, a new dz output is record-
ed into the Z-1 channel from the computer unit, the
delay lirie soon fills up and some of the information there-
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in-gets replaced. . As shown at pulse: time PysWjy.of :the
2nd revolution of the memory, the dz output 0y is-in the
Z1 flip-flop. However, as shown in:Figure 63, during
the Py pulse time of each word, the information: in: the
Z1 flip-fiop is, so to say, ignored, by the computer: unit.
Thus, this dz output, 0;, having already served .its usefil
purpose, is now discarded, so as to. make room for the
dz output 3,.  Similarly at P,sW, time, the dz output 1
is discarded and replaced by dz output 4g. -

The operation of the Z-2 general storage lme w1l1
next be described. As shown in Figure 14, this line.is
known as the long precession line because it is 55 pulse
periods in length, i.e., one clock: pulse pertod longer
than two word periods. The computer unit: observes the
contents of the Z2 flip-flop for this operation. -

Referring to the chart in Figure 64, at PygW,, the same
dz output 0; referred to in connection with the Z-1 line
is also recorded into the Z-2 channél of-the drum. *This
0; ‘output advances one pulse delayposition each -clock
period, as described in connection with the Z-1 delay line,
but notice here that since this delay - line is '55- clock
pulse periods in length, two clock pulse periods Ionger than
the Z-1 line, the 0, output is not'routed ‘through .the
computer unit back onto the drum until P0W3 time.” Note,
by referring back to Figure 63, that this is two clock pulse
periods after P;sW, which was when this ‘same dz. output
0, was recorded back onto the Z~1 line.

What this amounts to is that the dz output 0y is now
made to follow the 2, output in the Z-2 delay line, as
shown-at PoWj; whereas in the Z—l delay lme, the 0, out-
put preceded the 2; ocutput.

In a similar manner, as noted at P26W4 tlme, the dz
output 4, is recorded onto the Z-2 channel, just before
the 2;and 0, outputs, shown at-the'enid of the delay line,
are to be routed via the computer unit 107 back onto the
Z-2 channel.

In the Z-2 delay line (as shown also for the Z-1 delay
line) -the dz outputs 0, 13, 35 generated during the second
revolution of ‘the memory appear in-identical" positions
of the delay line in which-the 0y, 15, 3; dz outputs were
located in corresponding pulse times of the first revolu-
tion. Thus, the operation of the Z—2 line:is shown to
be of a cyclical nature.

It should be noted, by. companng the charts of Frgures
63 and 64, that at PygW,g time the even group-of dz-out-
puts are effective in the Z-2 delay line, while the odd
group-of dz outputs are effective .in.the Z—-1delay line.
During PysW4y the following word -time; :the. reverse
groups are effective in the two delay lines. '

As-noted -with the Z-1 delay line, the mformatlon in
the Z-2 line is recirculated through the computer unit
107, except at Py time when the information in the Z1
dip-flop is lost since the computer unit replaces this ‘in-
formation by the new dz output gererated at' this time.

Having described the Z—-1 and Z2 delay lines, it will
next ‘be shown how to determine the positions in which
the dx and dy pickup code are to-be recorded in the D=X;
D-1 and ‘D-2 channels of a word so as to pick up the
desired dz outputs from the general storage lines.

Channels D-1 and D-2 hold ‘the dy pickup codes of
the Z-1and Z-2 precession lines, respectively. As noted
all integrator setups feed their outputs to both the Z-1
and Z-2 lines; however, the dy code pulses for a particu-,
lar integrator setup will only pick up, from the Z-1 liné,’
the outputs of the integrator setups .which. are an.odd
number of integrator setups behind the one under con-
sideration. On the other hand, the dy code pulses for a
particular integrator setup will pick up from the Z-2. Ime,v;
the outputs of integrator setups which are an even num-

" ber of integrator setups behind the one.under consxder-

ation. Stated another way, dy code pulses for picking up
integrator setup outputs.-oddly spaced from the integrator.
setup being considered should be placed in the. D1 chan-
nel, while dy code pulses for.picking up integrator sstup
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‘outputs &venly spaced from the integrator setup being
-considered should be placed in the D=2 channel.

.'The general formulas for the pulse position of the D-1
and-D-2 channels -that ‘will pick up a given integrator
setup. output from the Z-1.and Z-2 delay lines, respec-
tively, are.given below.

For channel D-1,a dy pulse in word W, (which will
actually be used. for integrator setup I, ;) will pick up
at Py pulse time from. the Z-1 delay line, .the output of

: mtegrator setup Las determined by equation:

(VI 1=Tn—2(26—i) 411

- - For channel D-2, a dy-pulse in word Wy, will pick up
at.P; pulse time from the Z-2 delay line, the output of
integrator setup I as determined by equation:

:‘("'2‘)‘ I——[n—(21+4)]

Smce an mtegrator setup dx pickup is limited to one
input, only one-address line, the ID-X channel, is used to
pick up. the dx mformatmn from the two lines Z—-1 and
Z—2 by means-of a-selection code in its-Py position. A

“one”.in the Py of channel D-X will cause the following
single pickup: code pulse to inspect the Z-1 delay line
while a:zero. therem will cause mspectwn of the Z-2
delay line, The dx code pulse position in the D-X-chan-
nel is thus determined by either the equation for the Z-1
delay line, or the Z-2 delay line given above.

:As an example of the use of these equations, cons1der
-codxng integrator setup Iy such that it picks up its own
'dz output as a dy.input, and picks up the dz output of
_ integrator setup Iy as a dx input.

..The code position in channel D-2 by ‘which mtegrator

setup T, picks up its own dz output as a dy input, is.ob-
- tained from the- plckup equation for the Z-2 delay line.
’_I‘hus by substitution in Equatlon 2 above: 2= 2—-(2:-]-4)

A solution here for i gives a negatlve answer; but since

there are 50 mtegrators operatmg in'a continuous rmg, it
is ‘possible to.use .z ‘modulo 50 in the equation, i.e.;
B n+50==52 is substltuted for n. Now then:

2=52— (21+4)

Solvmg this equatlon ‘gives a solution z__23 Thus
channel D-2 has a dy pickup code placed in its Py; pulse
position. - Note that if a solution had been sought for
‘picking up Iy from delay line Z-1, an integral solution
for i would ‘not have been obtained.

-To pick.up the -cutput of integrator setup Iy, as the dx
'mput for: mtegrator ‘setup I, the pickup equation for the
Z-1 delay line is employed. - Thus by substitution in

“Equation 1 above: 49=52—-2(26-~i)41.- As before, n
modulo 50 is used, i.e., n—|—50-is substituted for n.

Solving this equation gives a solution i=25. It should
be remembered here that if the-D-X channel is to pick up
information from the D-1 channel, an additional pulse
should be placed in the P, position of channel: D~X.
Thus  the code employed for picking up the output - of
mtegrator setup Iy, as the dx. input for integrator setup
I,, consists of a digit “one” in positions P, and Py of the
D-X channel.

In order to facilitate determmanon of the posmonmg

"of the dx and dy code pulses, a slide rule has been
included with the machine which eliminates computation
of the code positions by ‘the above equations. As shown
in Flgure 65, this slide rule consists of an outer disc 330
and an inner disc 331, each having its circumference di-
vided ‘into 50 equal ‘divisions. - Each of the divisions of

" the outer disc 330 is marked from 0 to 49, respectively,

in a clockwise direction. "Each of these-divisions corre-
sponds to an mtegrator setup of the computer.. The inner
disc ‘331 which may be rotated relative to the outer disc
330-about a common center ‘332, has an arrow reference
333 which'is used to point to the integrator setup being

filled - as -indicated by the approprlate d1v1sxon on the‘

outer:disc 330.
- The inper-disc- 331 has 1ts circumference divided: mto
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an . outer -and inner 'set of 50 equal arcuate divisions.
Alterniate divisions of the outer 'set are each indicated
as pulse positions Py through Pgs arranged in a clockwise
direction. These" positions correspond to the . effective
pulse positions in the Z-1 delay line. The inside set
of divisions. of the inner disc ‘are likewise indicated as
pulse positions P, through Ps;, but :in this case, the P;
position in the inside set is located five divisions in a

‘counterclockwise “direction from the P, position: in the

outer -set. . The ‘successive P positions P,, Pj, etc. are
then marked on alternate divisions of this inside set in
a-counterclockwise order. - These pulse positions corre-
spond to the ‘effective pulse positions of the Z—2 delay
line,

By setting the arrow reference 333 onthe integrator
setup (not the word), to be filled, the inner disc 331
shows the pulse positions -in which the integrator setup
outputs will be found in the Z-1 and Z-2 delay lines.
The coder thus determines the position in which to put
the code pulses in the D-1, D-2, and D-X code channels.

Consider the example of .coding, discussed above. The
integrator- setup Iy to be filled is represented by division
2 on the outer disc 330, This division is set opposite
the arrow reference 333 of the inner disc 331, as shown.
To pick up integrator setup I; as a dy input, that is,
in.order for I to pick up its own dz output the coder

_ looks -opposite 2 on the outer disc 339 and finds Py of
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delay line Z-2. In order for I; to pick up the output
of -integrator setup Ig, division 49 on outer disc 330
is noted to be opposite position Pys of the Z-1 delay line.
The :determination of the code positions, as obtained
from ‘the slide rule, thus checks with the code posi-
tions previously calculated by Equations 1 .and 2.

Manual control circuits

Before describing the logical equations for the-record
propositions which deposit information during the com-
puting -operation from computer unit 107 onto each of
the channels of the memory, the filling operation of the
computer, and the circuits required therefor; will be
presented. This approach is used because the record
propositions -necessarily include the logical equations for
both the computing and filling operations.

Referring first to Figure 90, a schematic diagram of
the main function switch 340 of the computer is shown.
This switch has a switch arm 34% which can be manually
positioned by the operator onto any one of the seven
switch:contacts shown. Five of these contacts: FR, FY,
FD1, ¥FD2, and FDX set up the computer for performing
filling' operations; ‘and” the two- remaining contacts C1
and C2 set up the computer for performing computing
operations.

‘Each of the contacts of the main function-switch 340
has a. circuit associated- therewith, 'such as' the circuit
shown. connected to the contact FY (Figure-90).. This
circuit is comprised of a solenoid 342 which is adapted
to control the setting of a movable switch bar 343. The
upper terminal of switch bar 343 is designated Fy’ and
the lower terminal, which is msuldted from the upper, is
designated  Fy.

Whenever contact FY of the main function switch is
open, as in'the example shown, switch bar 343 connects
its upper terminal Fy’' to the 90 volt line 263 and its
lower terminal Fy to the 45 volt line 264. 'When switch
arm -34¢ is positioned on contact FY, the solenoid 342
is energized and repositions switch bar 343 to connect
upper terminal Fy’ to the 45 volt line 264 and lower
terminal Fy to the 90 volt line 263. Thus when the FY
switch is open, its output term Fy' is of a high potent1a1
and when FY -switch is closed, its output term Fy is of
a:high potential. Each of the other contacts of the main
function switch has a similar circuitry for prov1dmg out-
puts characteristic of the state of the switch. 1t is now
evident that only one of the function switches can be i ina
true state at'atime.
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...In order to solve a  problem on -the computer, the
first operation which must be performed is to place the
initial information in the Y, R, D-1, D-2 and D-X
channels of each of the integrator setups to be used on
the memory. The filling of each of these word channels
is done independently of the other and is characterized
by the operator moving the main function switch 340 to
the appropriate contact. )

After filling the computer memory, to select the com-
putation process the operator moves the main function
switch either to contact C1 or.contact C2. Contact C1
limits the computation to one turn of the memory, while
contact C2 causes the computer to continue operating
for a period equivalent to a preselected fixed increment
of the independent variable X. This latter computing
routine is usually characterized by a large number of
turns of the memory.

Before describing the filling operation of the machine,
reference will be made to three push button switches 348,
346 and 347 schematically shown in Figure 88. Switches
345 and 346 are known as the “0” and “1” fill digit
switches inasmuch as they are used for selecting the
digit 0 or 1 to be recorded into the machine. Switch
347 is known as the ¢ switch and is used for placing a
reference pulse into the machine just prior to filling a
word channel. This fill- reference routine, which is to
be_distinguished from the filling operation routine, will
be explained shortly.” : .

Referring to Figure 88, each of switches there shown
has two output lines, such as @ and (@’ associated
with the “0” button switch 345. These button switches
are spring loaded so that they are normally in the up
position, in which, as shown for the “0” button switch,
the output is connected by means of first movable arm
348 to the 45 volt line 264, and the output @®’ is con-
nected by means of second movable arm 349 to the 90
volt line 263. Whenever the “0” button is depressed, the
arms 348 and 348 reverse the voltage on outputs @ and
@', thus connecting output @ .to the 90 volt line 263
and output (@’ to the 45 volt line 264.

Thus it is noted that the output @’ is normally of a
relatively high voltage, but that when the “0” button
is down the relatively high voltage is evidenced on the
true state output @ .

The “1” button and the ¢ button circuits are identical
to the “0” button circuit in that they generate on their
outputs, terms, indicative of the state of the respective
switch.

The 0 and 1 buttons have their positive state outputs
® and @, respectively, connected to the grid inputs of
the fill digit flip-flop X1 schematically shown in Figure 85.
The logical equations for the grids, and the diode net-
works for generating them, shown below the X1 flip-
flop, indicate that when either the “1” or “0” button is
tapped, the X1 flip-flop stores the selected binary digit.
For example, the output X, is of a high potential when
the digit 1 is stored, and output X;’ is high when the digit
0 is stored. i

In addition to using the “0” and “1” buttons for stor-
ing a desired digit in the X1 flip-flop, these buttons
are used to initiate the “go” flip-flop series.

This sharing .of functions of the 0 and 1 buitons is
possible because the X1 flip-flop output terms are only
effective when the main “go” flip-flop G3 is in a true
state. Hence initiation of the “go” flip-flops is required
whenever it is desired to fill a digit into the computer.
. Referring next to Figure 66, the “go” flip-fieps, to-

gether with the logical triggering equations for their

grids, are schematically shown. These “go” flip-flops
are used for controlling the precise time when the com-
puter unit circuits are to be made effective during the
filling and computing operations. The operator may
initiate the “go” flip-flops by depressing the 0 or 1 but-
tons at any time, but the G3 term which controls the
. starting and stopping of these operations, can. only, be
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made true-or false at the beginning -of the PyW, pulse
period. ‘
Three flip-flops designated G1, G2 and G3 are re-
quired to perform this timing function, The G3 flip-
flop is the main “go” flip-flop since its output Gy is the

~controlling term desired.

In order to describe the operation of these “go” flip-
flops, in addition to the logical equations in Figure 66,
the waveforms in Figure 67 will be referred to.

Initially all the G flip-flops are in a false state as
noted by waveforms G;, G, and G; being of a low
voltage. Whenever the 0 or 1 button (Figure 88) is
manually closed by the operator, the waveform (@ +@®)
changes from a low to a high voltage. On the next
PysWyy pulse, the G2 flip-flop is triggered to a true state;
that is, the G2 term is now represented by a high voltage
as shown at point 336 of Figure 67. This triggering of
the G2 flip-flop to a true state is symbolically expressed
by equation,

83=(@ X{'+®X1)G1'Gy'P3gWysC

Note that the inclusion of the X;” and X; terms (Fig-
ure 85) as products with the @ and @ terms, respec-
tively, are provided to ensure greater reliability in the
circuit. ]

Immediately after the G2 flip-flop changes to a true
state, on the next clock pulse, the G1 flip-flop is made
true as expressed by the equation g=(@®-+@)G.C.
This change in the G1 flip-flop is shown at point 337
of the waveforms.

The G3 flip-flop is made true on the next P,sW,, pulse
after the G1 flip-flop is made true, as shown at point
338 of the graph. This triggering of the G3 flip-flop
to a true state thus occurs one revolution of the memory
after the G2 flip-flop is made true, as shown by the
equation g3=PysWG1G2G3’'C. Note that the G; term
is always made true at the beginning of a major cycle
of the computer, namely. at the end of the PygW,, pulse
time, or, stated another way, at the beginning of the
WoP, pulse time. : ‘

One clock pulse time after the G3 flip-flop is rendered
true, the G2 flip-flop is triggered into a false state as
shown at point 339 of the waveforms. This is expressed
by equation gg,=GsC. ‘

It is now evident that the function of the G2 flip-flop
is to ensure that the G3 flip-flop, the main “go” flip-flop,
is ‘not rendered true until after the 0 or 1 buttons, which
are manually closed, have reached a steady state in the
closed position, i.e., that the transients caused by the
closing of the switches have died out.

It should be noticed that this method of initiating the
G3 flip-flop into a true state is obtained by .a-D.C. po-
tential. A D.C. potential is desired, instead of, for ex-
ample, a differentiated pulse, because of the remote con-
trol feature of this machine. For example, if a differ-
entiated. pulse were initiated directly by the 0.or 1 but-
tons this pulse might be attenuated in the circuit before
it could be effective since, in the preferred embodiment,
the control. panel (see Figure 89) is placed a consider-
able distance from the computer. ’ :

When using the D.C. potential (@ 4+@) to initiate the
triggering of the G flip-flops, there must be some way
of insuring that the manual closing of the 0 .or 1 button
does not initiate the G2 flip-flop more than once. For
example, it is often desired to have the G3 flip-flop, once
it is triggered into a true state, to remain there for only
a single revolution of the memory, at which time it au-
tomatically is rendered false. Under these conditions
the G3 flip-flop is only true for 14 of a second. .It is
thus possible that the operator may inadvertently hold
the 0 or 1 buttons down long enough to reinitiate the go
circuits after they have completed their cycle. Thus
some means must be provided for making the closing of
the 0 or.1 button cause the flip-flop G3 to be-true for
only one.reyolution of the memory drum, .and for this.
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to ‘be a positive action, independent of when the D.C.
potential representing the term (@-@®) is removed by
the operator lifting his finger from the 0 or 1 button.
The G1 flip-flop serves this purpose. Thus this flip-flop
functions to take over the control of the “go” circuits by
cutting off the effect of the D.C. proposition represented
by the 0 and 1 buttons. The manner of doing this can
be made clear by reference to the waveforms in Fig-
ure 67. First it should be noted that whenever the C,
proposition is true, it is a command to advance all of the
integrator setups one step. This mode of operation is
used in the computer when it is desired to study a prob-
lem, for example. - This is accomplished by triggering
the G3 flip-flop to a false state after a single revolution
of the memory which corresponds to -approximately 3go
of asecond. Thus, at point 340 of the waveforms, the
G3 flip-flop is triggered to a false state as described also
by the equation oga=P28W‘9(C1+H1)63C.

Note that when the C; proposition is not true, the H;
term governs when the G3 flip-flop is triggered into a
false state as indicated by the logical sum (C;+H,;) in
the ogs equation. Ordinarily the H; term is controlled
$0 ‘as to remain in a false state until after an appreci-
able number of turns of the memory, in which event it
does not enter into the present problem.

As shown in Figure 67, the G3 flip-flop is triggered
to a false state at point 340, irrespective of the state of
the (®--@) proposition. Thus the operator may re-
lease the 0 or 1 buttons at time point 334 or he may
wait until time point 335 without affecting the operation
of the circuits. )

“The use of the G1 flip-flop is now made clear. The
G1 flipflop is triggered into a true state after the G2
flip-flop is triggered into a true state. The G1 flip-flop
then remains true until both the 0 and 1 buttons are
opened and the G3 flip-flop is re-triggered to a false
state. ‘This is expressed by equation

1= ‘@' G3'PpaWasC

Having once triggered the G1 flip-flop into a true state,
the G2 flip-flop cannot, itself, be triggered .info a true
state again to enable the G3 flip-flop to be made true.

In Figure 68, a diode network is shown for physically
generating the equations associated with the G1, G2 and
G3 flip-flops. In addition to the triggering equations
discussed, the G2 flip-flop also functions in the fill ref-
erence circuit, and the G3 flip-flop functions in the over-
flow circuits as shown by the triggering equations in
Figure 66. These latter triggering equations are also
generated by the network 'in Figure 68.

As has been indicated, the Gy term must be true to
render the filling and computing circuits operable. The
previous discussion of the go flip-flops describes how. the
G, term is controlled to be true for a single revolution
of the memory. It is also desirable to have the G; term
remain true for a plurality of revolutions of the memory
so ‘that the computation will be carried on for a prede-
termined interval of the independent variable x. To stop
computation under- these conditions, integrator setup Iy
is coded so that the r number has a carry out, a --dz
output, when this stopping point has been reached. = This
carry out is used to trigger the H1 flip-flop (Figure 46),
which in turn stops the computation. This coding of the
T, intergrator setup is obtained by filling the Y channel
of word W, with a y number equal to:

} )
24 [ e
2 (AXSx
where AX is the interval desired, and S, is the scale of
the independeént variable. By not coding any dx pickup
for integrator setup I, the desired overflow will occur, as
the y number will be continuously subtracted from the
rpomber. ’ ’

“This overflow from the I, integrator setup (word W,) is
ysed for triggering ‘the halt fip-flop- H1 into a true state.
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The Hy term in the g3 equation (Figure 66) is thus
indicative of when the computation: process of the ma-
chine should stop after a plurality of revolutions.

The connnections controlling the halt flip-flop H1 will
next be described by reference to Figure 46. The Pgg
position of the R channel is always 0 in the I, integrator
setup, hence for an output to occur, the (r4-y,) adder
proposition R must be true at this time. This is possible
only when a carry results from the Pys pulse time addi-
tion. In addition, the G3 flip-flop and the compute opera-
tion C, must both be true, ie., of a high potential at the
same -time, to permit the next clock C to trigger the
H1 flip-flop into a true state. It is thus seen that the halt
flip-flop H1 is made true at the Py3gW, time of the last
revolution to be made by the drum. The computation
process is then stopped, as shown by the triggering equa-
tion for the (g; input to G3 flip-flop, at the PagWy pulse
time of that revolution. To ensure that the H1 flip-flop
will be in a false position until triggered by the W, out-
put during the last revolution of a computation, the false
input oh; is defined as PygWygC, thus the last clock pulse
of the revolution is used to render the H1 flip-flop false.

The hy and oh triggering equations are generated by
the logical nets shown in Figure 47.

Fill operation

’!‘he filling operation of the computer will now be de-
scribed in detail. This operation is accomplished by
fee@ing binary digits, ‘one at a time, into the 27 pulse
positions of a word selected by setting the function switch
340 to the appropriate channel, and the word switches
257 and 258 to the number of the word.

Before this filling operation can proceed, however, a
reference pulse must be placed in the P,g position of the
Z-1 general storage line.

The function of this reference pulse in the Z-1 line is
to determine the position in the selected word in which
to ‘deposit a binary digit. The first binary digit, fed into
'the machine by the operator tapping the 0 or 1 buttons,
is deposited into the P, position of the selected word
corresponding to the P,g position in which a reference
pulse is located in the Z-1 line. The operation of the
_Z——l line duriag the fill routine is such that, after the digit
is deposited in the selected word, the reference pulse is
automatically stepped within the Z-1 line to its next
lower position. Thus, after the first digit is deposited,
the reference pulse is shifted into the Py position. After
the second digit is filled into the P, position of the se-
lected word (by the operator again tapping the 0 or 1
b‘uttons), the reference pulse is shifted in the Z-1 delay
line to the Py, pulse position. The digits are thus filled
one at a time into the selected word. When the last digit
is filled in position Py, the reference pulse is lost and
the operator must place a new reference pulse in the
Pys of the Z-1 storage line in order to fill another word
of the memory.

it should be noted that the routine for filling the ref-
erence pulse into the Z-1 delay line is done independent-
ly of the setting of the main function switch 348 for the
computing and filling operation, as shown in Figure 90.

The computing and filling operations are both charac-
terized by the G; term, previously described, being true.
In order to distinguish the fill reference operation there-
from, the G; term is false in this routine, i.e., the Gy’
term is true. i

Thus, whereas a closing of the 0 or 1 buttons, initiated
the go flip-flops to perform the computing and filling op-
erations, the closing of the ¢ button (Figure 88) initiates
the fill reference pulse operation. As-a result of this
initiaticn a series of flip-flops Ax, G2 and Bx are acti-
vated so as to generate a D.C. term B, which, when
true, characterizes the fill reference operation. The se-
quence of operation of the Ax, G2 and Bx flip-flops, to
generate the By term, is similar to that of the G1, G2
md 263 flip-flops (see Figures 66 and 67) which is used
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to -penerate the G; term. The B, term, similarly to
the G; term, remains on for a single revolution of the
memory and its timing is independent of the length of
time the operator holds down the ¢ button.

The fill reference flip-flops Ax, G2 and Bx are sche-
matically shown in Figures 57, 66 and 55 respectively.
The logical equations below these flip-flops show how
they are interconnected to function in the fill reference
routine.

In this latter routine, all three flip-flops are initially

- in a false state. The G2 flip-flop is then triggered into
a true state at the beginning of a computing cycle by the
tappmg of the ¢ push button. As soon as the G2 flip-
flop is true, it sets up the condition for allowing the Ax
flip-flop to be triggered into a true state. The combi-
nation of the G2 and Ax flip-flops being true when per-
mits the Bx flip-flop to be made true at the beginning of
the next computing cycle, whereupon the G2 flip-flop is
then rendered false. '

The G2 flip-flop then remains insensitive to the state
of the ¢ button until this Bx flip-flop is turned off and
the ¢ button released.

This system enables the fill reference circuit to be
initiated by the D.C. state of the ¢ push buttons and
yet be independent of the timing of the D.C. state of
this switch. A D.C. state of the ¢ push button is required
for -initiating. this routine because of the remote control
operation of the machine.

Note that the function of the G2 flip-flops is the same
in both the go series and the fill reference series of flip-
flops. As previously described, the Ax and Bx flip flops
function as the dx counter and dx register, respectively,
during the computing operation. The fill reference
routine is always performed when the computer unit is
idle. Thus the Ax and Bx flip-flops are always inactive
during the fill reference operation and have been, so to
say, borrowed from the computer circuits .to serve in
the fill reference series of flip-flops. The false term Gy’
noted in these fill reference flip-flop trigger circuits show
that one of the -conditions required to make these cir-
‘cuits active is that the computer is not in the computing
operation.

The logical equations for the record propositions, i.e.,
for the terms that are recorded onto the channels of
the drum memory from the computer unit, will next be
described.

Computer unit recording - circuits

As prevxously noted, the information recorded in the
memory is obtained as a result of two main operations
performed on the machine, One of these is the filling
operation wherein the operator manually places initial
information, according to the problem to be solved, onto
the drum memory. The other is the computing opera-
tion wherein the computer automatically operates on
the. information picked up from the memory and records
it back onto the drum.

Each of the filling and computing operations can them-
selves be separated by the laws of logic into two groups.
During one such loglcal group of operatxons the infor-
mation on the drum is altered, that is, the information
recorded onto the memory from the computer logical
nets is subject to be changed from that picked up from
the corresponding position of thé memory. During the
other logical group of operations, the information in the
computer does not change, that is the mformanon re-
corded onto the memory from the logical nets is identical
to that currently being observed on the drum by the
pickup heads. This latter logical group includes the
idle operation of the computer which is distinguished
by the G3 ﬂlp-ﬂops being in a false state.

With these main operations and logical groupings in
mind, the logical equations for-the Y, and Ro record
proposmons will now be described together since they

_ arc :similar in their nature. .
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As shown in Figure 70, the Y, logical equation equals:.
Yo=X1GsZ1WiF 1Y 514+ Yi(G3'+Z1, -+ Wi - Fy/) S

and, as shown in Figure 71, the R, logical equation
equals:

R0=X1GazlaWiFR+RsS1+R1(Gs'+21 W +Fr')SY

Each of these equations is seen to-have three main so- -
Iutions which are logically summed together. The first
of these solutions functions to change information on
the memory during the filling operation, the second solu-
tion functions to change information on the memory.
during the computing operation, and the third solution
functions to recirculate information without change
during both the filling and computing operations.

It should be understood that during the filling opera-
tion, the operator records only ope binary digit at a
time in the selected word channels, Each time a digit
button is tapped, the Gg term is made true for one
revolution of the memory. The only time information
changes during this one revolution of the memory is
when this digit is deposited in the single pulse position
of the selected word channel, corresponding to the posi-
tion of the reference pulse in the Z-1 delay line.

The first solution of the Y, and R, equations

XIG;;ZlaWiFy and X1G3ZIEW(FR

respectively, generates the fill digit so that it cam be
recorded in- the proper pulse position of the drum.
Analyzing this first Y, solution: the term W; selects the
proper word; term Fy selects the channel; the Gz term
characterizes a condmon which precisely defines a period
equal to the major cycle of the memory; the Z1, term
defines the 'position of the reference pulse in the Z-1
delay line; and, finally, the X, term indicates the digit
to be recorded into the memory is the digit 1. At the
so defined clock pulse time of the major cycle, when all
these terms are simultaneously true, a pulse is deposited
onto the memory. .

As is now evident, in view of the previous detailed
description of the computation process of the machine,
the only changes made in the Y and R channels, during
computzation, is an altering of the y and r numbers
therein,

As prev1ous]y noted in Figure 15, the start ﬂlp-ﬂop Sl
is triggered into a true state by a start pulse in the Y
channel which is located in a pulse position just prior to
the position .of the first digit of the y and r numbers.
The start flip-flop then is triggered to a false state at the
énd of the Py, pulse time which corresponds to the last
position of the y and r numbers, Thus the state of the
start flip-flop logically separates the computing process
into the period when the information in the Y and R
channels on the memory is subject to change, and when
the information in these channels is recirculated without
change.

Thus, referring to the second solution of the Y, and
Ro equations shown, namely, YS; and RS;, these solu-
tions define the period of each word, during computation,
when the y and r number digits are- subject to change.

The third solution in each of the Y, and R, record
logical equation defines when the information ‘is recir-
culated for both the filling and computmg processes.
These solutions are:

Yi(Gy'+Z1 + W/ +F)/)S/
Ry(G3'+Z1,/+W{+Fz')S
The logical ‘sums: »
(Gs'+Z1,'+W/+-Fg')
(G3'+Z1,/+W{+Fg')

in these solutions are the logical negatives of the products
defining. the. period.during the_filling operation- when .a

and

and
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digit is recorded onto the memory. Thus these Togical
sums represent the “not fill” period of the filling opera-
tion, or the period when information is recirculated
without change.

The S;’ term in the above solutions correspond to re-
circulation, without change, during the computing op-
cration, Referring to the Y, logical equation, the F,’
" térm is also true during the computation process. Hence
the particular product Y;F,S,’, inherent in the third solu-
tion of the Y, equations, ensures that the third solution
is true during the computation period ‘defined by Sy, so
as to recirculate the Y channel information. Now then,

the S;’ term .is always true during the entire filling op--

eration. Thus, logically. multiplying the S," term by the
“not fill” term does not prevent the “not fill” term from
defining-the period during the filling operation when the
third solution, which governs recirculation, is true.

In Figure 70 the logical network for physically gen-
erating the Y, record proposition is shown; and in Figure
71, the logical network is shown for generating the R,
record propositions. ’

The logical equations for the Dxg, Dyg, and Dy record
propositions presented in Figures 72 and 73 will next be
described. The information in these channels is never
altered during computation. It is only during the filling
operation that information is changed in these chan-
nels. The logical equations for these propositions are as
follows:

Dxo=X1G3Z1, W Fpx+Dx(D3’ +Z1,'+W/+Fpx')
Do=X1GsZ1WiF p1+-D1(Gy'+ 21+ Wi/ +-Fp1')
Dyy=X,G3Z1,WiF pag+-Do(G5' -+ 21,/ 4+ W +Fpg')

The first solution of each of these equations defines the
filling of a digit in a particular pulse position of a word,
as determined by the location of the reference pulse in
the Z-1 delay line.

The second solution of each of these equations is com-
prised of a logical sum which represents the “not fill”
period of the filling operation. Thus when the second
soiution is true, the information in the remaining digit
positions of the word. being filled, as well as all other
word information, is recirculated in the memory with-
out change. )

‘The product DyFp,’, D;Fyp;’, and D,Fy,’, inkerent in
each of the second-solutions ‘of the above equations, de-
fines the recirculation of these channels during the com-
puting operation of the machine. This results from the
fact that the fill switches are necessarily false during a
computation routine and the terms such as Fp,', Fp;
and Fpy' are thus true.

The logical network for the Dx, proposition is shown
in Figure 72, and the net for the Dy, and Dy, proposi-
tionsis shown in Figure 73.

Referring next to Figure 74, the logical equations for
the Z,y and Zy record propositions will next be. shown
and described. Seven ‘major solutions are required for
the. Z; proposition, and four major solutions for the
Zg, proposition, ‘

During the computation process three Z;, record solu-
tions are required. The first of these, WPyeGs(C1-+Ca),
generates the independent variable dx input, representing
the time constant of the machine. This dx input is gen-
erated once each revolution of the memory and recorded
into the Z-1 delay line by one of the integrator setups,
in this case I, whose output is obtained at W,Pyq time.
The term Gj indicates either a computing or fill-digit op-
eration is being carried on. The sum (C;4+C,) distin-
guishes the operation as a computation for either a single
revolution of the memory, or for a fixed number of
revolutions of the memory. This latter of the two op-
erations is carried on for a predetermined fixed in-
crement of the independent variable x.

The second computing solution of the Z,, record pro-
position, RyPyGs(Cy=+Cy),  generates the dz function
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output ‘obtained ‘as a ‘result of ‘stepping ‘each integrator
setup-through the computer unit. More particularly, this
output results from the r-+y, addition during the Pag
pulse time. These dz outputs in the Z-1 general storage
line are made available as inputs to other integrator set-
ups. »

The third computing solution of the Z,, record pro-
position, Pyy’Z;G3(C,+C3), is used to precess the in-
formation already in the Z-1 storage line, as shown and
described in Figure 63. At Py time, the new dz output
is recorded in the Z-1 general delay line, hence this
precession operation is true, except for the Pyg pulse time.

For recirculating the information in the Z-1 channel
when the computer is idling, the solution Z1,G;’ is made
available.

The Z-1 and Z-2 delay lines are not initially record-
ed with information, as are the word channels, and hence
no solutions are required for filling these lines. How-
ever, the Z-1 delay line operates during the filling op-
eration as an aid in filling the word channels. The
three remaining solutions of the Z-1 delay line are re-
quired for this purpose. The first of those latter Zjy
record solutions is the fill reference solution:

Pog(S7A47+-57 A7) B,Gy'

This equation states that when the B, term is true and
the Gy’ term is false, which combination characterizes
the fill reference operation, a rteference pulse is placed
in the Pyq pulse position of the Z-1 general storage line.
Introducing this reference. pulse into the Z~1 storage line
persents some problems. The Z-1 line is two word
periods in length, so if a reference pulseis placed-in the
Z-1 line every Pgg pulse time, then two reference pulses
exist in the Z-1 line. Since the Z-1 line does not precess
during the fill reference operation, the reference pulses
generated every other time are positioned on top of each
other. ‘

In order to prevent two reference pulses from being
deposited in the Z-1 -delay line, use is made of the fact
that the Wy selector switch is always set so as to be in-
dicating either an even or odd number word of the
memory. Thus note that the state of the S7 set of
wafer switches (see Figure 23) is such that either the
Sy term is true, or the S; ‘term is true.- Both of these
terms cannot be true simultaneously. Now the word
counter for the machine, which is in operation while the
drum is rotating, has a flip-flop A7 which has its output
Ar true for odd numbered word periods and its output
A7 true for even numbered word periods. It is now
evident that the complex term (S;A;+Sy'A;) is only
true for every other word of the memory, since only
term Sq or Sy is true during the fill reference routine,
while terms A; and Ay are true for alternate words of
this routine. “Thus the complex ‘term (Sydq+-S7Ay)
ensures that only one reference pulse will be ‘positioned
in the Z-1 delay line, since the product S;Aq, ‘or S7AY,
will only be generated every other word time.

After a digit is deposited in' the selected word channel,
it is desired to ‘automatically shift the reference pulse ‘to
the next lower pulse position in ‘the Z-1 line. For ex-
ample, after depositing a pulse in the P,q position of a
word channel, the reference pulse automatically shifts to
the Py pulse position of the Z~1 line, thus providing the
reference for the next digit to be filled. ~ During the word
periods not being filled, ‘it is desired to recirculate the
reference pulse in the Z-1 delay line, without shift.

The additional solutions of the Z;, record proposition,
which aid in filling the other channels, are the ones which
control the shifting and recirculating of the reference pulse
as above described: ,

Solution (FR+F:I/+FD1+FD2+FDX)ZIWZ'G3 is used for
precessing or-shifting the reference pulse to the next lower
pulse pesition during the particular word time being filled,
Note that the Z1 flip-flop output is observed by the com-
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" puter unit which results-in the shifting taking place to the
next lower position.

Solution: (FR+F,,+FD1+FM+FDX)ZI W{G; enables
s the single reference pulse to-be recirculated without shift,
during all the word times, except the word being filled. In
this- case :the Zla flip-flop output’ (see Figure 13) is ob-
served in the line which results in mere recirculation of the
information without precession.

;.-Note. that -all-the computing and filling solutions are
-Jogically multiplied by (B 4+G3). This term serves to
distinguish these solutions from the fill reference solution
which is characterized by term By being true.

" Referring next to the Zg record proposition also shown
in Figure 74, the only solutions required are the ones as-
.sociated: with the computing process and for recirculating
information: during idling.

. “The Z-1.and.Z-2 general storage lines both have the
same. information fed therein during computing and differ
.only :in- that they shift or. precess their ‘information in
opposite directions. Thus the computing solutions. pre-
-viously: described.for Z-1 general storage line are similar
to the Z-2 solutions which follow. The first Zy, solution
is PygWoG3(C1+Cs)  which feeds the dx independent
variable into the Z-2 delay line. The second solution is
R PyGs(Cy+4Cs) which represents the dz output gen-
erated durmg the Pyq pulse time of each word. The third
solution is st'ZzG;,(Cl-i-Cz) which is used for precessing
the dz outputs in the Z-2 delay line during all but the Pyg
pulse time.
~ The final solution of the Zyy record proposition, Z2,Gy’,
‘is used to recirculate the information in the Z-2 delay line
when-the ‘computer is idling.

The solutions for the Z), and Zyg record propositions

are generated by the logical network shown in Figure 74.

:Referring to: Flgure 69, a descriptionwill next be
presented of the circuitry used for recording the informa-
tion generated by the computer logical nets back onto the
drum- memory. The circuitry shown is for the Y, record
-proposition, but a similar circuit’ is provided for each of
theother record propositions Ry, Dyg, Dsg, Dxo, Z19 and

The signal generated on output Y, shown in Figure 70 is
applied ontothe 'grid 350 (Figure 69) of a first record
~ tube 351 whose plate output is D.C. coupled to the grids
“of a pair of record tubes 352 and 353. The plates of these
lattér tubes are both connected through magnetizing coil

354-to a-positive source of potential, 265 volts.
" Any time tubes 352 and 353 conduct, the current there-
“through energizes the coil 354 of the Y, record head 125
to produce the'magnetizing pattern M on the desired pulse

positions of the memory drum 106.

- As shown in Figure 70, a clear switch 356 is connected
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to the record proposition eutput line whose output con-

‘trols‘the ‘grid 350 of first record tube 351 shown in Figure
69. This clear switch 356 is normally in its upper posi-
tion where it places such a bids on the grid 350 so as to
" render tube 351 sensitive to both the high and low states
" of the 'Y, ‘'output. ‘Whenever, clear switch 356 is de-
pressed, however, as when the operator desires to clear the
“Y ‘channel ‘on the memory of all information, a negative
bias- is placed-on grid 351 such that record tube 351 is
prevented from conducting even when the Y, output is
~.relatively -high-in potential.
A clear switch, such as 356, is provided for each of
‘the remaining record: proposition circuits. .
‘The circuit, broadly shown in:Figure 6, for obtaining a
-visual recording of the contents of one channel of a word
! in the. memory will- next be described.

Visual readout

.-The means provided for accomplishing this operation
:includes setting the W, switch, shown in Figure 28, to
..select.the desired word period on the memory, and setting
- the readout switch 357, shown in Figure 82, to select the
¢ desired channel,
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1t is noted that this readout operation: takes place when
the computer is not computmg but rather is in an idling
operation, with the memory rotating of course. This op-
eration of the computer is characterized by the main go
flip-flop G3 being in a false state, as evidenced by G;' being
of a high voltage. -

Because of this, the ﬂlp-ﬁop circuits required to perform
this reading out operation are borrowed from those pre-
viously used for performing functions during computation,

One set of these flip-flops is the E1, E2, E3, and E4 flip-
flops, previously described in Figure 76, which are used as
the E register for storing the Py and Py codes during com-
putation. These flip-flops are here used to function as an
E counter which programs the reading out (in sets of
three) the 27 -binary digits comprising a channel of a
word.

Another set of flip-flops used in the recording operatlon
is the B6, B7, B8, B9 and B10 flip-flops which comprise
the Zdy register during computation. These latter- flip-
flops are here used for picking up three consecutive binary
digits from a word channel of the memory, and storing
them for approximately one revolution of the memory so
that they can provide the signals required to energize the
neon lights in the readout unit.

In Figure 81, a schematic diagram broadly illustrates
the arrangement of the readout circuits. Each of the
flip-flops Y1, R1, D1, D2 and DX shown contain on
successive clock pulses one of the binary digits picked
up from its associated chanmel on the drum. Read
switch- 357a which schematically corresponds to the read-
out switch 357 in Figure 82 is manually positioned to
select one of the channel flip-flops, in this case flip-
flop Y1. Thus in the diagram, the Y1 flip-flop is shown
connected to the B6 flip-flop which in turn is connected
to the B7 flip-flop. The Y1, B6 and B7 flip-flops are each

-further shown to be connected by means of read gates

358, 359 and 360 to flip-flops B8, B9 and B10, respec-
tively. Each of these connecting gates is controlled by a
T proposition. - The outputs of flip-flops B8, B9 and B10
are used for forming a diode matrix along with the
count lines E9, E!, etc. of the E counter (Figure 78).

Referring to the table in Figure 84, logical equations
are presented for controlling each of the 27 neon lights
Ly, Ly, etc. which comprise the readout unit 361 (Fig-
ure 91. The diode matrix in Figure 81 physically gen-
erates these equations. . For example, the equation for
neon light Ly is BygEY This signifies that the logical
product of the B, output of the B10 flip-flop with the
EO count of the E counter will, when true, cause the
neon light Ly to be lit. Thus in Figure 81, the neon
bulb L, has one of its terminals connected to the out-
put of product circuit 362 and its other terminal con-
nected to ground, and whenever the output of the product
circuit 362 is high in potential, the neon bulb L, is
fired.

The operation of the readout circuit in Figure 81 will
now be more clearly described by reference to the time
chart in Figure 11. This chart illustrates generally how

.the information in a word channel is fed out of the

memory.

Note first that. durmg successive revolutions of the
memory, as shown in the chart, each time the word
W; is scanned a T proposition is generated. As schema-
tically shown in Figure 10, this T proposition is gen-
erated three clock pulse times earlier, each successive
revolution of the memory, at the coincidence. of pulse
times such as PgygE9 Pgy3El, etc. As shown, this T
proposition serves two functions: it opens the gates 358,
359 and 360 (Figure 81) so that the existing informa-
tion in the Y1, B6 and B7 flip-flops can be stepped into
the static registers flip-flops B8, B9 and B10, respectively;
and it also triggers the E flip-flops so as to advance the
E count one unit,

Assume that at the beginning of the readout operation

16 .the E.counter flip-flops. are recording:count .output. B9,
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As the ‘binary digits in the ‘P, through ‘P, positions of
the Y -channel are serially stepped ‘through the flip-flops
Y1, B6 and B7, nothmg happens until Pyg pulse time
when the first T pulse is generated. This T pulse causes
the existing -contents of the' Y1, B6 and B7 flip-flops,
which correspond to the Pgg, Pas, and Py, pulse positions
of the W; word time, to be ‘transfererd to the BS, B9
and B10 flip-flops, ' respectively, as shown in Figure
81, This information remains in these latter flip-flops
for approximately one revolution ‘of ‘the memory, that is
until the next T pulse is generated.

Referring to Figure 10, the same T pulse. used for
transferring the information to ‘the static registers BS,
B9, -and B10 is also used for advancing the E counter
one unit. Thus it is the E!'count which is high 'in po-
tential for this present case. Thus until the second T
pulse is generated during ‘the mnext revolution of the
‘memory, the Lys, Ly, and Lasg neon bulbs are lit in ac-
cordance with the condition of the E! count line of
the E counter and the information in the B10, B9 and
"B8 flip-flops, respectively.’

During the second revolution of ‘the memory, as shown
in the chart of Figure 11, the T pulse is generated three
pulse positions earlier than it was for the first revolution,
i.e., at ‘the coincidence of terms PgElL

Thus the second T puilse again results in the contents
of the Y1, B6 and B7 flip-flops (which in this case con-
tains the information in pulse positions Py, Pas-and
Py, respectively) being transferred to-the static registers
B8, B? and B10. As before, this T proposition immedi-
ately triggers the E counter to .indicate the E2? count
therein.

Any of the neon lights Ly, Lay and Lasg which were lit
are now extinguished, since count E! is no longer true,
-and the neon lights Lgy, Lay and L,y instead are subject to
‘being ignited in accordance with the E2 count line and
the outputs of the B8, B9 -and B10 flip-flops.

In ‘a similar manner, -on each -successive memory
reolution, the T pulse is generated three clock pulse times
-ahead of when it was generated in ‘the previous turn of
-the memory, to obtain each of the remaining set of binary
digit-outputs in word W,. As‘previously noted, such a set
of three binary digits is referred to as a binary coded
octal digit, since each sét can readily be translated to
denote its octal equivalent.

In this manner the -entire word channel is visually
indicated on the neon ‘Teadout -unit 361 shown on the
control- panel in Figure ‘91. :

1t should be noted that by this means for obtaining
‘a visual indication of the chanmel output, three of the
‘neon bulbs, representing an'octal digit, are observed for
'approximately one revolution of the memory and that
‘the following three binary digits are observed during the
‘succeeding revolution. - Only one set of binary digits
(octal digit) is actua]ly read at a time.
approximately nine revolutions of the memory to read
-out the selected word channel and cause it to be visually
manifested. Because -of the seridl'manner of reading out
the octal digits, a slight flicker is-present on the neon
readout unit 361, but the speed of the neon readout is
sufficient so as to give to the observer the effect of a con-
‘tinuous reading.’

‘The logical -circuitry for accomphshmg the readout
‘operation ‘will now be-presented.

Referring first to. the E1-E4 flip-flops in Figure 76,
‘the logical equations for enabling them to" function -as
a counter for the readout operation are shown below
their respective flip-flops. - These equations are obtained
as for the other counting circuits; by noting the states
of ‘the E flip:-flops when the flip-flop in question is to
change states on the next T pulse, ‘as revealed in Figure
75. Thus the input equations of the E1 flip-flop, when
functioning as a counter, are e;=E;'G3'TC and
oer=EyG3’TC. "Thus in order-for the El flipflop to

Thus it takes -
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‘be rendered true at-the end -of -a clock period, it must 75

indicating the count E?.

64

be in a‘fdlse state -during the clock period as evidenced
by the E;’ term being true. The T termis included in
all ‘of the counting equations. since, of -course, ‘it is
an indication of -the unit which is ‘being counted. - Fur-
thermore, the Gy’ is"included to distinguish this operation
from the time when these E flipflops’are used as‘a
code register which -is-characterized by ‘the ‘G; term being
true.

-Before describing the counter reset equations associ-
ated with the E counter, the logxcal -equation defining the
T proposmon will be presented in Figure 83,

As noted in the chart of Figure 11, the T: proposxtzon
is--generated. at the coincidence -of pulse‘ time and E
counts shown such as PygES, PyEl, PgoE2, etc. (see Fig-
ure 10)." These coincidences, written -as logical products,
are symbolically summed together as shown:in the de-
tailed circuitry in Figure 83. The line 363 carrying the
solution -of this logical sum is fed .into one: input 364
of a-three input product circuit 365,-a second input 366,
of which, senses the output.of the W; selector switch: cir—
cuit. The third input 367 to product circuit 365 carries
a solution, symbolically represented as -

. (Ex"+EatEstES)
Referring: to the table of the E counts in Figure 78, it is
noted that E? is symbolically defined as E; E;’ Ej’ E,.
Thus (E;’-+Ey-+E3-+E4") represents the logical negative
of ES, or “not E9%.” The reason for adding this solution
to the T proposition is to limit the counting of the E
counter to count E?°,

As seen in Figure 11, after count E8 the last set of
binary digits in a word channel have been read out, and
the readout circuit is ready to start to read out the first
set again, namely Pgg, Pas, Pag.

If the E counter were 1mmedlate1y set to E° when the
T pulse is generated during the 9th revolution, the Py, Py
and Py ouputs would be reflected in the Ly, Ly, Ly neon
bulbs for only the remainder of the W,; word instead of
for the longer time of approximately a revolution of the
memory. This is because Pyg pulse time of W, has as yet
not come up during the current scanning of word W;
and when it does, if E® count is true, the T pulse is gen-

-erated -again -causing the neon readout. to change too
-soon.

Thus the circuits are so.arranged that under the above
circumstance, -at-the coincidence. of P;E?, the.T proposi-
tion generated triggers the E -counters. to indicate count
ES. As a result the T proposition cannot change at the
Py time of the Wy word.. This:ensures that the informa-

‘tion in the B8, B9 and B10-static registers flip-flop does

not change at this time.- However, the T proposition not
only functions to change.the static register but. also func-
tions to advance the E counter. Since it is desired in the
present case to reset the E counter after Pgg time -of the
word W, to indicate the E° count, the counter reset equa-
tions, shown in Figure 76, serve this purpose..

Assume that, in the present: instance, the E counter is
Referring to the table in: Fig-
ure 75, in order to change count E? to count. EY, it :is nec-

-essary to oaly change flip-flops E1 and E4 to false states

since flip-flops E2 and E3 are already. false.. Thus the
reset equations for-the E counter which enables the read-
out cycle to repeat are shown to be oel—PzeEsca C and
0es=PgsE*G3'C.

The logical equations . for the E ﬂlp-ﬂop functlomng
as the E counter .are shown in Figure 76. These equa-
tions .are .generated, in Figure 77, -along with the net-
works for the other functions of these flip-flops, and will
not be further described. .

Referring to the T proposition in Figure 83, the func-
tion of the logical products E4E; and E.E; shown will
now be explained by referring ‘to the table in Figure 75.
Note that it is possible that the E counter might be con-
taining one of the cgde: counts E10 through E!5-when the
readout operation is first started. Since the T proposition .
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is only rendered true for counts E9 through ES, while
count E? causes the counter to reset itself, the E counter
would be unable to get out of counts EI° through E%.

Note in the table of Figure 75, that counts E! and E!

are distinguished by the logical product E;E,4, and counts
E2 through E® are distinguished by the logical product
E,E,. Thus, whenever these products are' true, the T
proposition is true and the E counter will count into the
operative range EO-E5,

The logical nets for controlling the operation of the B6
through B10 flip-flops during readout are shown in Fig-
ure 43 and will next be described. '

As previously shown in Figure 81, one of the channel
fip-flops, depending on the setting of readout switch
357q, transfers its content, at the end of the current
clock pulse, into the B6 flip-flop.  Thus:

bg=G34'(Y1Ry+RiRp+D1Rp1-+DyRps+DxRpx)C
and -
obe=Gy3'(¥Y1’Ry~-Ry'Rg+D1'Rp1-+D3y' Rpy+Dx'Rpx)C

The B6 flip-flop transfers its content at the end of this
clock period into the B7 flip-flop. Thus b;=G3'BeC and
0b7=G3’BGIC.

Now then, depending on the T proposition being true,
the contents of: the selected channel flip-flop; the Bé
flip-flop; and the B7 flip-flop, simultaneously transfer their
contents into the B8, B® and B19 static register flip-flops,
respectively. The logical equations for this readout trans-
fer operation are shown below their respective flip-flops in
Figure 42. These readout logical equations for the B6
through B10 flip-flops are generated in Figure 43 by diode
nets as previously described.

In addition to reading out a word channel by use of
the neon readout circuit above described, it is noted in
Figure 6 that the y number content of ten integrator
setups can be made externally available on output lines
S¢S by appropriate coding, while the computer is
functioning. The P, code of a word, containing a binary
equivalent of one of the decimal numbers 6 through. 15,
will “connect” the Y channel output in the following P;
through P,; pulse times to the S output line having a
corresponding subscript.  Figure 32a shows the logical
net which enables, for example, the Sg output to be so
energized. This line responds to the Y channel of a
word during the period defined by Py'Pas’ when the Py
code of that word is equal to the binary equivalent of a
decimal 6. Thus Sg=ESPy'Pog’C is the equation gen-
erated by the net. The other S output lines are similar,
being distinguished only by a different E count (Py code).

Referring next to Figure 79, a schematic diagram is
presented of the F1 flip-flop together with the logical
equations for its triggering inputs.

In scaling a problem for the differential analyzer, it is
often difficult to foresee just what range a dependent vari-
able may cover during a given computation. Thus for the
convenience of the operator, an automatic check circuit
comprised of the F1 flip-flop has been provided for guard-
ing against a dependent variable exceeding its allowable
range. This circuit permits the operator to code the ma-
chine so that an inspection can be made of any of the y

numbers while it is being generated. Anytime an over- .

flow is sensed beyond the most significant digit provided
for, the computation automatically stops. A visual in-
dicator signals the operator to show such an overflow
has been the cause of the computer stopping.

As referred to in Figure 4, showing the arrangement of
a word in the memory, the P; position of the R channel
is reserved for a code pulse which instructs the F1 flip-
flop to inspect the y number, generated in the following
pulse positions, for a possible overflow digit.

Referring to the triggering input equations for the F1
flip-flops, the equation fi==(C;+C3)PiR1G5C renders
the F1 flip-flop true when the code pulse is present in the
P, position of the R channel as evidenced by product
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P;R;. The (C;-+C3)Gy combination of terms in this
equation corresponds_to-the computing operation as pre-
viously described. = After once being triggered true, the
F1 flip-flop is rendered false at the next Pys pulse time if
the y number does not have an overflow digit. - If an over-
flow digit is sensed, the F1 flip-flop does not get triggered
into a false state at the Py5 pulse time..

The grid equation for rendering the F1 flip-flop false is
of1i=[Py5(Y "By’ +Y1Ky'+K1Bg) Gs+PoWoGs1C. -~ The
complex term (Y,'Bg'--Y1Ky'-+K;Bg) in this latter equa-
tion is a logical sum indicative of when the inputs to the
y-+Zdy adder do not generate an overflow. The under-
standing of this complex term can be more readily under-
stood by noting the logical expression representing when
an overflow digit is generated.

When the result of adding the magnitude of the y digits
to the =dy digits results in a carry at Py, pulse time, the
K1 flip-flop is rendered true for the Py; pulse time, Now
then, if the sign of the y number as noted in the Py; pulse
time is positive; the Yy term is true. If the 2dy number
added therto is likewise positive in sign, the By’ term is
true during this Py pulse time. The combination of
adding a positive =dy number to a-positive y number with
the carry term K true, logically noted as Y;Bg¢'Ky, gen-
erates an overflow digit indicative of the new y number
exceeding its positive capacity.

When the sign of the y number is negative at the same
time the sign of the Zdy number added thereto is negative,
then the sum exceeds the negative capacity of the y num-
ber if no carry is derived as a result of the Pg, pulse time’
addition. This last set of conditions is represented as
Y, BgKy . .

1t can be shown by symbolic logic that the logical nega-
tive of the logical sum of these two sets of overflow con-
ditions; namely, (Y1B¢'Ki-+Y,'BeK(')" is equal to
(Y1'Bg'+Y:1K{+K1Bg). Thus the complex term in the
of1 equation is interpreted to mean a “no overflow” con-
dition. ‘

The networks for generating the f; and f; triggering
equations is presented. in Figure 80.

Jf the y number inspected does generate an overflow
digit, the F1 flip-flop remains in a true state during Pg
pulse time, as noted by term F; being of a high voltage.
When this occurs, the computing operation terminates
at the end of the Pyg pulse time. .

The computing operation requires that the G term be
true. Thus by rendering the Gj flip-flop into a false state
at Py time, if the F1 flip-flop is in a true state, the Gy’
term is now true and computation ceases.

Referring to the G; flip-flop shown in Figure 66, the
equation for rendering this flip-flop false when an overflow
occurs is shown to be gg3=PyF1G3C.

In the perspective view of the control panel 383 shown
in Figure 91, an indicating neon bulb 368 is lit when the
F1 flip-flop is in a true state, to let the operator know that
an overflow has occurred.

After an overflow has stopped the computation process,
the F1 flip-flop remains in its true state; but the F1 flip-
flop should be in its false state at the beginning of a com-
putation in order to function properly. Thus when this
process is again inmitiated, the F1 flip-flop is triggered
into a false state at the beginning of the memory cycle as
defined by P;W,. Thus the additional solution, PaWoGs,
for the of; equation is accounted for. .

In Figure 86, the 1-0 delay flip-flop De is shown and
its function will now be described.

External dz output circuits

As previously seen in connection with Figure 6, circuit
means are provided for feeding on separate lines Qi+, Q;—;
Q.+, Qg—; etc., the dz outputs of certain integrator setups
in accordance with the Py code located in the words.
This feeding out of the dz outputs is accomplished while
the machine is computing a problem.

In order fo understand how the De flip-flop operates to
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control the dz output increments fed out on the Q output
lines, the nature of the dz outputs from an integrator sét-
up should be reviewed. As shown in connection with the
example in Figure 61, a zero dz output from an integrator
setup is equivalent to a series of alternate +dz and —dz
units. - In other words, the change of a function in a
given period is obtained by algebraically summing the
positive and negative dz outpiits generated during that
period. - . .
. The De flip-flop is used to eliminate this dz, —dz
equavilent of zero in the operation of this type of machine.
It does this by virtually biasing out the 1-0 oscillation.
The De flip-flop serves as a means for matching a dz out-
put currently generated in an integrator setup with the dz
output generated by the same integrator setup during the
previous revolution of the memory.. In order for a dz
output to be fed out of the computer by this system, the
current dz output must’ match the previous dz eutput.

Referring to the d, and . od, triggering equations below
the block diagram of the 1-0 delay flip-flop De in Figure
86, to simplify the explanation, - the ‘second solutions
shown for. these equations will be omitted in the present
part of the discussion and will be introduced later.

_As seen by the first solution of the ode equation, the De
flip-flop is triggered into a false state at the begirining
of each word period, i.e., ode=PyC. Now then, by re-
ferring to the chart in Figure 63, it can be determined
that the dz output generated by any word, during the
previous revolution' of the memory, can’ be picked up
from the Z-1 delay line during the present revolution of
the memory, at the P, pulse time of the word. This latter
dz output, if equivalent to-a ~+dz, is used to trigger the De
flipflop to a true state as evidenced by the first solu-
tion of the d, equation, i.e., d;=P.Z;. If the dz output
in the Z-1 delay line is equivalent to a —dz, the De flip-
flop remains in ifs false state. Thus the state of the De
flip-flop at the end of the P; pulse time indicates whether
the previous dz output was DPositive or negative.

Now then, referring to the output lines Qi+, Q;; Qy*,
Qs etc. used for feeding out the dz outputs, the logical
equations for the first set of these lines will be presented
in Figure 6354, along with thé diode network for generat-
ing them. These equations are: O1t=G3PyK,D EL, and
0:~=G;PK;'D,'EL ,

The equations for the remaining sets of dz output
lines are all similar and will not be further described.
They are distinguished only by the fact that a different E
count is used for selecting each of the 10 different sets.
In the present case, it is assumed the integrator outputs
being sensed are coded with the E! count, )

These equations: for the output lines ‘essentially com-
pare the current dz output with the previous dz output.
The current dz output is sensed in these equations by
noting the condition of the K2 carry flipflop. " If the X2
flip-flop is true, a (4dz) output is gererated and if false,
a (—dz) output is obtained. The previous dz output,
having been. stored in the De flip-flop, is sensed by the
state of that flip-flop. )

If the K, and D, terms are both true at P, time, then
the current and the previous dz cutputs are both positive
in sign. Thus the Q.+ equation is satisfied and a positive
voltage is impressed on the Q,* output line.

- If the Ky' and D, terms are both true at Py time,
then the current and previous dz outputs are both nega-
tive in sign, resulting in a positive voltage being im-
pressed on the Q,~ output line.

If the state of the K2 and the De flip-flops are dis-
similar, as when the current dz output' does not match
the previously generated dz output, then neither of the Q
output equations are satisfied and both output lines have a
Tow voltage impressed thereéon. This latter is. equivalent
to a zero output. ] . .

" Returning now to the De flip-flop, the second. solutions
.of the d, and (d, triggering equations.will be introduced
back into the circuits. As previously, noted, the. function
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63 ’
of a pulse in the Py position of the R channel is to
reverse the sign of the dz output. B

Assuming ‘no-pulse is in this position, then the opera-
tion of the dz output circuits of the computer is as
above described. Now then, if a reversing pulse is Io-
cated in-the Py position of the word in question, then
whatever state the delay flip-flop De reposes in after P
time, is reversed at Py pulse time. The outputs of the
De flip-flop to be matched with the outputs of the K2 .
flip-flop in the Q equations are reversed when the re-
versing pulse is present, thus resulting in a different volt-
age output on the output lines Q,+ and Q,~.

In Figure 89, an overall illustration of the preferred
embodiment of the present invention is shown. The ma-
chine is divided into three units: the control box 389,
the computer 390, and the power supply 3%21. ‘The
computer 388 is connected fo each of the otheér units by
means of cables. g -

The principal unit of the machine is the computer 3%¢

which is enclosed in a reinforced sheet metal housing
369.. The rectangular right side 37¢ and top 371 of this
housing are rigidly joined together at their common edge
to form .a single unit which swings about a ‘hinge 372
extending lengthwise along one corner of the housing
369. .The inside surfaces of the swinging side 370 and
top 371 of the housing each have two substantially square
diode boards 373 mounted thereon. The tubes 374 re-
quired for the flipflop circuits are arranged in rows
along the sides of the dicde boards 373. The outside
surfaces of the diode boards 373 have clips 375 ar-
ranged in rows and columns for holding the erystal diodes
376 needed for the logical nets. Panels 377, on the hous-
ing side 370 and top 371, permit easy access to these
diodes. Inside the hotising. 369 is located the memory
drum 106, with the pickup heads 378 arranged around
its periphery, and a fan 379 for cooling the unit. Cable
393, connected to the side of housing 368, feeds the arbi-
trary inputs rates for the computer as received from
external instruments. for example, and cable 394 feeds
the dz output rate generated by the computer to external
devices. '
" Mounted on a table 380 is the remote control box 389
which: is connected to the compiiter 390 by means of a
pair of cables 381. All the contréls needed for manually
operating the computer 390 are containad-on the one con-
trol panel- 383. )

A larger view of the control box 389 and ‘panel 3383 is
shown -in Figure 91. .On the left of the control panel
383, four multi-position switches are-located, Main func-
tion switch 340 is used for setting the computer into
either the fill operation or the computer operation.
Switches 257 and 258 are used.for manually selecting one
of the word periods (0=49) in the memory; as required,
for example, during the filling operation. COf these,
switch 257 selects the units digits, and switch 258 selects
the tens digit of the word iumber, Read switch 357 is
used for selecting the channel of a particular word which
is to be visually read out on the readout unit 361 pro-
vided along the top of the control panel 383. This
readout unit 361 is comprised of 27 feon tubes, such as
tube 382, corresponding.to the pulse positions Py-Pys. of
a word channel. -

In the center of the control.panel 383, three push
buttons are located, the 0 button 345, the 1 button 346,
and the ¢ button 347. The 0 and 1 buttons are used for
filling digits into the memory of the computer, and for
initiating the “go” flip-flops. The ¢ button is used.for
placing a réference pulse into the Z-1 delay line as a
prerequisite to filling digits into the memory. Along the
right side of the control panel 383 are two columns of
two position switches.. . The push button switches in the
left column are used for clearing information from the
memory.. The upper seven switches, 356, each operate
to clear one of the channels, as marked. The lower
switch 384 is a master clear switch which when closed
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clears all the channels of information, simultaneously.
In the outer column, the power switches for the com-
puter are located. Push button switches 385a and 385h
control the D.C. power for the computer; two-position
switch 386 connects the power to the memory motor 116;
and, two-position switch 387 connects the power supply
391 to the outside power source. A neon bulb signal
is provided for - indicating when each of the power
switches is closed.

In addition, iwo other signal indicators are provided
on control panel 383. Whenever the G3 flip-flop is in
the true state, the computer indicator 388 will light up;
and any time the computation stops, because of an over-
flow in a y number, the overflow indicator 368 will
light up.

Operation

The basic method of solving differential equations by
the use of integrating means such as these is to feed
the outputs of one or a plurality of integrator setups
to some of the inputs of others in such a manner as to
create a feed back system, and then “drive” the entire
integrator system by feeding a pulse generated once each
revolution of the memory into the remaining inputs of
the system. This driving pulse, the independent variable
pulse dx, is generated by an integrator setup not in the
system referred to above. Generally this is the I, inte-
grator setup. :

On actuating the above system, particular solutions of
the equation are defined by noting the values of certain
y numbers corresponding to incremental values of the
independent variable x.

The integrator setups required and the interconnections
between them are determined by the differential equations
to be solved and are well known in the differential an-
alyzer art. The scale factors for the variable must also be
determined. The relation of the scale factors for the vari-
ables of a particular integrator is determined by equation

8.8y
2n

where S is the scale factor for the respective variable.
Thus by arbitrarily choosing a scale factor for the x
and y variables conmsistent with the accuracy and the
capacity of the memory, the scale factor for the z vari-
able is determined.

As an example of how a particular integrator setup
would be coded into the machine, reference will be made
to the illustration in Figure 92 which represents part of
work sheet used by the coder to set up a problem
preparatory to placing it in the computer. This work
sheet shows the actual position of the information in
the required words of the memory.

Consider coding, for example, the I, integrator setup
such that it operates as follows:. It picks up a random dy
increment on input line 7, designated more particularly
as inputs uq—vy; it picks up the output of integrator setup
I, as a dx input; the initial y number is --100,000,000;
it inspects for a y number overflow; there is mo sign
reversal required of its dz output; and its dz output is
fed out on output line which is composed of outputs
Q+—Qr »

As a further requirement of coding, the I, integrator
setup is to be coded to stop computation, after an interval
of the independent variable equal to X=2. The scale
factor for the x variable, Sy, will be considered to be
210 for this case.

The I, integrator setup is illustrated on the sample
code sheet of Figure 92. As previously shown in Figure
16, it requires three successive word periods to completely
code such a single integrator setup. In this instance,
words Wy, W; and W,.

In summary, to code integrator setup Is: the random
input code Py is located in word Wy; the dx and dy
input codes are located in word Wy; and, the initial y
number, the random output code Py, the sign reversal
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pulse for the dz output, and the inspect pulse for the y
number overflow are located in word Wa.

Referring first to word Wy, in order to pick up the
proper random input, the decimal 7, in its binary form
0111 is coded with one binary digit in each of the Py
positions of columns D-2, D-1, Y and R, respectively.
(It should be noted that this coding can also be used
to pass the y number of word W, to an external step
register by means of output line Sq, if desired.)

Referring next to word W, the code position re-
quired for imtegrator setup I, picking up its own dz
output from the Z general storage lines as a dy input is
obtained ‘from the setting shown for the circular slide
rule in Figure 65, There it is shown that since the Z-2
line is to be observed, channel D-2 of word W; is pro-
vided with a code pulse 1 at position Py to accomplish
this.

The code position required to pick up the output of
integrator setup I, from the Z general storage, as a dx
input, is shown by the same setting of the slide rule to
give a solution of position Py; in the D-X channel. It
should be remembered here that if a code pulse in the
D-X channel is to pick up information from the Z-1
storage line, an additional pulse is required in pulse posi-
tion P, of the D-X channel. Thus the code for the dx
input is a “one” in Py5 and Py of the D-X channel of
the W; word.

Referring next to word Wy, to fill the initial y number
into the Iy integrator setup, a one is needed in the Py
position to represent the plus sign. A binary one in
position Py, and binary zeros from P,y through Py
represent the y magnitude 100,000,000. A one is filled
in Py5 to serve as the start pulse which determines P4
as the least significant digit of the y nmumber.

To inspect for y overflow, P; of the R channel is filled
with a digit one. Since no sign reversal pulse is stipu-
lated, the Pgg position of the R channel is left zero.

Finally, the decimal 7 for selecting the output lines,
Qs+—Qq—, on which to feed out the dz outputs, is filled
as a binary number 0111 with one of the binary digits
in the Py pulse position of each of the D-2, D-1, Y
and D-X channels, respectively.

The -information thus arranged in the W, Wi, and
W, words represents the I, integrator setup. The other
integrator setups (not shown) required for obtaining a
solution to the assumed problem are then similarly set
up in the code sheet.

The I, integrator setup, used to control the stopping
of the computation at a given interval of the independent
variable x will next be coded.

Using Equation 3 previously presented, in order to
stop computation at regular intervals of AX=2, and with
Sg==210, the y number to be filled in the word Wy is

equal to:
2%
224 (2 .2‘0) T

This number is set up in the y. channel by placing a
digit 1 in pulse positions Py4 through Pys of word Wo.

After setting up the word sheet as shown in Figure
92 for all the integrator setups required in a particular
problem, this information is next filled into correspond-
ing positions of the memory.

Referring to the control box in Figure 91, the opera-
tor, after turning on the power switches, taps the ¢ but-
ton 347 to place a fill reference pulse in the Z-1 storage
line. The word switches 257 and 258 are then set to the
word desired, and the main function switch 340 is set
to the appropriate channel to be filled. The operator
then taps the 0 button 345 or the 1 button 346 in accord-
ance with the digits shown in the channel of the word
being filled, as shown in the code sheet in Figure 92.
After filling one of the channels, the operator again taps
the ¢ button 347, selects the next channel, and then taps
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the 0 and 1 buttons according to the digits on the code
sheet.

After filling the memory in this manner, with all the
integrator setups required, the generation of the particu-
lar solution to the problem is obtained by the operator
first setting the main function switch to a computing set-
ting, say C2. The 0 or 1 button is then tapped to initiate
the computing routine.

When the » number of integrator I, reaches capacity,
it emits a pulse which stops the computation. ‘The oper-
ator can then read the value of the desired y numbers,
in the read-out unit 361, by setting the word switches 257
and 258 to the desired word and the read switch 357 to
the Ry position.

While the circuits as shown and described herein are
admirably adapted to fulfill the objects and features of
advantage previously enumerated as desirable, it is to be
understood that the invention is not to be limited to the
specific features shown but that the means and construc-
tion herein disclosed are susceptible of modification in
form, proportion, and arrangement of parts without de-
parting from the principle involved or sacrificing any of
its advantages, and the invention is therefore claimed in
embodiments of various forms all coming within the
scope of the claims which follow.

What is claimed is:

1. An electronic system for generating a digital proc-
ess of logic comprising: a plurality of flip-flop circuits
each having two stable conductivity states; a pair of out-
put lines for and associated with each respective flip-flop
circuit and having high and low potentials in alternation
thercon representative of the respective state of the flip-
flop; a pair of input circuits for and associated with each
respective flip-flop circuit for controlling the states there-
of; means for introducing into the system from an out-
side source: information in the form of high and low
potentials similar in nature to those on the flip-flop cir-
cuit output lines; circuit means for connecting according
to a predetermined arrangement at least one output line
from each of certain flip-flop circuits and said outside
source to establish control lines, one such control line
existing for and associated with each of respective one of
said input circuits, each of said control lines capable of
having a high potential thereon only when the connec-
tions to the flip-flop circuits and said output source
simultaneously have a high potential théreon; an addi-
tional input means connected to a source of recurring
clock pulses defining the timing of the system; and
separate gating means each controlled by one of said
control lines for conmecting said clock pulses simul-
taneously to all of the flip-flop input circuits; whereby
each clock pulse results in the status of process of logic
being advanced one step in accordance with said prede-
termined arrangement.

2. An electronic system for generating a dlgltal process
of logic comprising: a plurality of flip-flop circuits each
having two stable conductivity states; a pair of output
lines for and associated with each respective flip-flop cir-
cuit and having high and low potentials in alternation
thereon representative of a respective state of the flip-
flop; a pair of input circuits for and associated with
each respective flip-flop circuit, each capable of gen-
erating a trigger pulse for controlling one state thereof;
circuit means for connecting together, according to a
predetermined arrangement, one of the pair of output
lines of each of certain flip-flop circuits to establish a first
set of control lines; a plurality of input lines controlled
by sources outside the system to have high and low po-
tential thereon, representing a second set of control lines;
one control line existing for each of said input circuits;
each of said first set of control lines having a high po-
tential thereon only when the connected flip-flop circuits
are in the proper states; an additional input means con-
nected to a source of récurring clock pulses defining
the timing of the system; separate gating mearis each
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controlled- by a respective one of said control-lines for
connecting said clock pulses to the flip-flop input circuits;
and means for connecting together according to a prede-
termined arrangement one output line from certain flip-
flops to form a line for feeding information out of the
system, said’ latter line having a high potential thereon
only: during the time the connected flip-flop circuits are
in the proper states; whereby each clock pulse results in
the status of the process of logic being advanced one step
in accordance with said predetermined arrangement.

3. - An electrical system for generating a digital proc-
ess of logic comprising: a separate line for supplying
clock pulses, the spacing of said clock pulses defining a
basic period of operation for the circuits in the system;
a plurality of flip-flop circuits each having two stable
conductivity states; a pair of output lines for and asso-
ciated with each respective flip-flop circuit and having
high and low potentials in alternation thereon represen-
tative of a respective state of the flip-flop; a:pair of input
circuits for and associated with each respective flip-flop
circuit, each capable of generating, when energized, a
trigger pulse for controlling one state thereof; circuit
means for connecting together according to a predeter-
mined arrangement one output line from each of cer-
tain flip-flop circuits to establish each respective one of
a plurality of control lines, each control line having a
high potential thereon only when the connected fiip-flop
circuits are in the proper states; a pair of input lines
controlled by a source outside the system for directly en-
ergizing the pair of input circuits of one of said-flip-flop
circuits; and separate gating means, each controlled by
one of said control lines for connecting said clock pulses
to the input circuits of the remaining flip-flop circuits;
whereby on the occurrence of each clock pulse-certain
flip-flop circuits are triggered in accordance with the
high potentials on said control lines, thereby rendering
other control lines operative to have high potentials
thereon so that other flip-flop circuits are triggered on
the occurrence of the next clock pulse.

4. A readout circuit for a‘computer of the class de-
scribed comprising: a revolving drum provided with a
channel of timing signals and a channel of digital in-
formation signals extending about the periphery there-
of; a first digital storage means having a capacity equal
to a group of digits to be simultanecusly read .out of said
channel; means for sequentially stepping. the informa-
tion signals in said channel through said first storage
means each revolution of said drum; means responsive
to said timing signal channel for providing timing signals
indicative of at least the last digit position of each group
of signals-sensed from said information channel; a count-
er for indicating counts assigned to each group of digits
to be fed out; means for generating a transfer signal at
the coincidence of a particular count with the last digit
signal in a group; a second digital storage having a ca-
pdcity equal to said first digital storage; gating means
controlled by said transfer signal for tramsferring the
digits in said first storage means to said second storage
means; a readout unit having sets of visual indicators
corresponding -to the groups of digits in said channel;
means for energizing one of said sets of visual indicators
as selected by said counter in accordance with the con-
tents in said second storage means; and means responsive
to said transfer signal for triggering said counter to in-
dicate the count assigned to the next group of digits to
be read out; whereby successive groups of digits in said
channel are visually indicated on said readout unit each
revolution of said drum.

5. A circuit for feeding a function rate output from
a- digital integrating device comprising an electronic
means- having -a cyclical operation for successively op-
erating on a plurality of integrator setups recorded on
the surface of a rotating drum memory, said circuit
comprising:  a plurality of pairs ‘of output lines, one
line in-each  pair for receiving positive output increments
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and the other for receiving negative output increments
generated by said electronic means; a recording of code
number signals in certain integrator setups on said drum,
one of said code number signals corresponding to each
of said pairs of output lines; a code number register hav-
ing output lines indicative of the number signal content
therein; circuit means for tramsferring a code number
signal from one of said integrator setups into said reg-
ister; a flipflop circuit; means for setting said flip-flop
circuit at the beginning of each cycle operation of said
electronic. means in accordance with the function out-
put increment generated for said integrator setup dus-
ing the previous revolution of said drum; and means for
feeding an output increment on one of the output lines
of the pair corresponding to the code number signal con-
‘tained in said register when the output increment gen-
erated at the end of a cycle corresponds to said previous
output increment.

6. A device for solving differential equations by a digi-
tal process which comprises: a rotatable member hav-
ing a magnetizable periphery; a timing signal channel
extending circumferentially about the periphery of said
member having signals thereon whose spacing defines the
period of a unit of information signal; information signal
channels extending about the periphery of said member
having coded information signals thereon which have a
‘timed relation with signals on said timing signal channel;
means responsve to signals in said timing signal channel
for subdividing said inform-tion signal channels into arcu-
ate sections having a length equal to a fixed number of
timing signal periods, the number of arcuate sections
provided being larger than the number of timing signal
periods in each section; a first and second general stor-
age channel extending about the periphery of said mem-
ber; pickoff means positioned to electrically sense in-
formation signals appearing in said information signal
channels and said first «nd second general storage chan-
nels; recording means for each of said information sig-
nal channels positioned to record information signals
thereon such that signals in all the arcuate sections pro-
vided are continually sensed in order by corresponding
pickoff means; recording means for said general storage
channels positioned to record information signals thereon
stbstantially two arcuate sections ahead of respective
pickoff means; electronic means baving a cyclical opera-
tion coextensive with each of said arcuate sections for
responding to information signals in all said pickoff means
during each timing signal pericd to thereby generate the
signals to be -recorded by respective recording means
back onto the information signal channels of said rotat-
ing member, said electronic means operating further to
generate at the end of each of said cyclical operations
an output signal to be recorded by respective recording
means into both of said general storage channels; said
general storage chanmels being so operated that all the
output signals generated during the previous revolution
of said member are sensed by the pickoff means associ-
ated with said general storage channels each cyclical op-
eration -of said electronic means according to a prede-
termined arrangement, the output signals generated at
the’ end of even numbered cyclical operations of said
electronic means being sensed by the pickoff means as-
sociated with one of said general storage channels, and
the output signals generated at the end of the odd num-
bered cyclical operations of said electronic means being
sensed by the pickoff means associated with the other
of said general storage channels.

7.  An electronic computer of the class described com-
prising: a rotating magnetic storage medium having a
magnetizable periphery for storing information on suc-
cessive portions thereof in the form of flux signals, each
_said portion capable of including a group of coded pick-
up signals; a reading device operatively associated with
the periphery of said medium; an electronic means in-
‘cluding a selector register responsive to said reading de-
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vice; a plurality of. signal sources, each corresponding
to a respective one of said groups of coded pickup sig-
nals, and said signal sources each supplying respective
information signals from external source means at a re-
currence rate not in excess of once per revolution of
said storage medium; means including timing means, and
gating circuit means controlled by said timing means
and said selector register and capable of connecting any
of said sources to said electronic means, said electronic
means being responsive in succession to successive ones
of said groups of coded pickup signals, to set the selec-
tor register uniquely for each respective group of pickup
sianals to cause said gating circuit means to pass signals
from respective ones of said sources in successive order
into said electronic means.

8. An electronic computer of the class described com-
prising: a rotating magnetic storage medium having a
magnetizable periphery for storing information on suc-
cessive portions thereof in the form of flux signals, each
said portion capable of including coded pickup signals;
a reading device operatively associated with the periph-
ery of said medium; and electronic means responsive to
said reading device, said electronic means including a
selector register, a pair of storage flip-flops and a count-
er; a plurality of pairs of input lines for supplying re-
spective information signals from respective external
sources, each at a rate not greater than ome signal per
revolution of said storage medium; a plurality of pairs
of input flip-flops, each of said pair of input flip-flops
directly responsive to the signals on a respective pair of
input lines; gating means for connecting all of said pairs
of input flip-flops to said ‘pair of storage flip-flops, said
electronic means operable to set said selector register in
accordance with the coded pickup signals as sensed by
said reading device in successive portions of the periph-
ery of said storage medium to enable said gating means
to introduce signals from a selected pair of input flip-
flops into said pair of storage flip-flops; circuit means
for successively resetting said counter in accordance with
the contents of said storage flip-flops; and means re-
sponsive to the count output of said counter to alter the
information signals successively recorded on said storage
medium.

9, Means for introducing input increments from a
source outside the system into a digital computing de-
vice having a rotating drum memory comprising: a plu-
rality of pairs of input lines, one line in each pair for re-
ceiving positive increment signals from an outside source
and the other for receiving negative increment signals
from said outside source; means for recording informa-
tion signals and code number signals on successive arcu-
ate sections of the periphery of said drum; a code num-
ber register associated with said drum having output lines
indicative of the content therein, one of said code num-
bers corresponding to each of said pair of input lines;
circnit means for transferring said code number signals
from an arcuate section of said drum into said register;
a pair of storage flip-flop circuits; a plurality of coinci-
dent circuit means for connecting each pair of input lines
to .the inputs of said storage flip-flop circuits in accord-
ance with the content of said code number register; an
increment counter; means for resetting said increment
counter in accordance with the signals in said pair of
storage flip-flop circuits during each period defined by
an arcuate section of the rotating drum; and means re-
sponsive to the count output of said increment counter
to alter information signals on said drum.

10. A circuit for introducing signals representing in-
crements of a dependent variable from one of a plurality
of outside signal sources into a digital integrating system
while a calculation is being performed, said integrating
system characterized by having signals representing a
plurality of integrator setups serially recorded on the sur-
face of a rotating drum- memory, comprising, in combina-
tion with said memory: time-period demarking means in-
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cluding a clock-channel recorded on the drum memory
and counting means responsive to the clock channel re-
cording for producing time signals for timing operations
of the system, the timing means producing signals corre-
sponding to the signal positions of each of the integrator
setups recorded on the memory; a plurality of external
signal lines each connected to a respective one of said
outside sources; said drum memory having a code num-
ber signal corresponding to one of said outside sources
capable of being included in each of the integrator set-
ups recorded thereon; a code number register having
output lines indicating the number content therein, said
lines including one for each of said codé number signals;
means serially responsive to signals on the rotating drum
memory and said timing means for ‘transferring a code
number signal sensed from an integrator setup into said
register; a coincidence circuit connected to said register
output lines and to said external signal lines to provide an
output signal incident to coincidence of an external line
signal and a register output line signal on correspondingly
assigned lines, said signal representing an increment of
the dependent variable being introduced into the system
from the outside source; means for temporarily storing
said signal; a dependent variable storage device; means
for setting said storage device in accordance with said
stored signal; and means responsive to the output of said
storage device to alter the integrator setups on said drum
memory.

11. An electronic system for generating a digital proc-
ess of logic comprising: a memory for storing binary data
signals and clock signals; a plurality of flip-flop circuits
each having two stable conductivity states; a pair of out-
put lines for and associated with each flip-flop circuit
and having high and low potentials in alternation thereon
representative of the respective state of the flip-flop; a
pair of input circuits for and associated with each re-
spective flip-flop circuit, each capable when energized to
trigger the flipflop to a respective one of its states; a
plurality of input lines controlled by sources outside the
system, each said input line having a high or low poten-
tial thereon representative of the state of the respective
source; circuit means for connecting together, according
to a predetermined logical arrangement, the output lines
of each of certain flip-flop circuits and the input lines
from said sources to establish each respective one of a
plurality of control lines, each of said control lines hav-
ing a high potential thereon only when the conmected
flip-flop circuits and sources are in the proper states;
means responsive to clock signals stored by said memory
for providing recurring clock signals defining the timing
of the system; other means responsive to data signals
stored by said memory for energizing the lnput circuits
of at least one of said flip-flop circuits; and gating means
each conirolled by a respective one of said control lines
having a high potential thereon to connect a clock signal
to energize a respective input circuit of the remaining flip-
flop circuits; whereby each clock signal provided by said
memory results in the status of the process of logic being
advanced one step in accordance with said predetermined
logical arangement.

12. An electronic system for generating a cyclical
digital process of logic comprising: a memory for storing
binary information signals and clock signals; a plurality
of flip-flop circuits each having two stable conductivity
states; a pair of output lines for and associated with each
flip-flop circuit having high and low potentials in alter-
nation thereon representative of a respective state of the
flip-flop; a pair of input circuits for and associated with
each flip-flop circuit, each capable when energized to
trigger the flip-flop to a respective one of its states; a
plurality of input lines controlled by sources outside
the system, each said input line having a high or low
potential thereon representative of the state of the re-
spective source; logical circuit means for connecting to-
gether, according to a predetermined arrangement, the
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output lines of each -of cértain flip-flop circuits and the
input lines from said sources to establish each of a
plurality of control lines, each of said control lines having
a high potential thereon only when the connected flip-
fiop circuits and sources are in the proper states; means
responsive to the clock signals stored by said memory
for providing recurring clock signals defining the timing
of the system; other means responsive to data signals
stored by said memory for successively energizing the
input circuits of at least one of said flip-flop circuits; and
separate gating means each controlled by a respective
one of said control lines having a high potential thereon
for connecting said clock signals to energize the input
circuits of selected ones of the remaining flip-flop circuits;
whereby each clock signal provided by said memory re-
sults in the status of the process of logic being advanced
one step in accordince with said predetermined logical
arrangement, and wherein certain of said flip-flops are
interconnected and arranged to operate as a cyclical
counter Tesponsive to said clock signals to provide count
signals for indicating the steps of the cycle through which
the digital process of logic advances.

13. An electronic system for generating a digital proc-
ess of logic comprising: a memory for storing binary data
signals and clock signals; a plurality of bistable state ele-
ments; a pair of output lines for and associated with each
bistable state element having high and low potentials in
alternation thereon representative of a respective state
of the bistable state element; a pair of input circuits for
and associated with each bistable state element, each ca-
pable when energized to trigger said element to a respec-
tive one of its states; a plurality of input lines controlled
by sources outside the system, each said input line having
a high or low potential thereon representative of the
state of the respective source; circuit means for connect-
ing together, according to a predetermined logical ar-
rangement, the output lines of each of certain bistable
state elements and the input lines from said sources to
establish each respective one of a plurality of control
lines, each of said control lines having a high potential
thereon only when the connected bistable state elements
and sources are in the proper states; reading means re-
sponsive to clock signals stored by said memory for sup-
plying recurring electrical clock signals defining the tim-
ing of the system; other reading means responsive to data
signals stored by said memory for supplying signals for
energizing the input circuits of at least one of said bi-
stable state elements; separate gating means each con-
trolled by a respective one of said control lines for con-
necting said -clock signals to energize the input circuits
of the remaining bistable state elements; and other means
for connecting together, according to a predetermined
arrangement, the cutput lines of each of certain bistable
state elements to form each respective one of a plurality
of lines for feeding information out of the system, said
latter lines each having a high potential thereon only
durmg the time the connected bistable state elements are
in the proper states; whereby in response to a clock sig-
nal provided by said memory certain bistable state cir-
cuits are triggered in accordance with high potentials on
certain of said control lines thereby changing which of
said control lines have high potentials thereon so that
different bistable state circuits can be triggered in re-
sponse to the next clock signal.

14. An electronic system for generating a digital proc-
ess of logic comprising: timing means for providing re-
curring clock signals defining the timing of the system; a
memory included in said system for storing binary data
signals and operating in synchronism with said-clock-sig-
nals; a plurality of flip-flop circuits each having two

‘stable conductivity states; a pair of output leads for and

associated with each flip-flop circuit having high and low
potentials in alternation théreon representatxve of a re-
spective state of the flip-flop; a pair of input circuits for
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and associated ‘with each flip-flop circuit, each capable
when energized to trigger the flip-flop to a respective one
of its states; an input lead controlled by a source outside
the system to have high and low potentials thereon; cir-
cuit means for connecting together, according to a pre-
determined arrangement, output leads of each of certain
flip-flop circuits and-the input lead from said source to
establish each of a plurality of control leads, each said
control lead having an effective potential thereon only
when ' the connected flip-flop circuits and sources are in
the proper states; reading means, responsive to data sig-
nals stored on said memory for supplying signals for en-
ergizing the input circuits of at least one of said flip-flop
circuits; separate gating means each controlled by a re-
spective one of said control leads for connecting said
clock signals to the input circuits of other flip-flop cir-
cuits; other means for connecting together according to
a further predetérmined arrangement the output leads of
each of certain flip-flops to form a lead providing output
data signals; and means for storing said output data sig-
nals in said memory; whereby each clock signal provided
by said timing means results in the status of the process
of logic being advanced in accordance with said prede-
termined arrangements.

15. A system for solving differential equations by a
digital process which comprises: a rotating member
having a magnetizable periphery; a timing signal channel
extending circumferentially about the periphery of said
member operable to provide a source of timing signals
whose spacing defines the period of a unit of informa-
tion; a first set of record heads positioned to record
magnetic flux signal patterns representing digital inte-
grator setups and code information in information
channels extending circumferentially about the periphery
of said member; means respomsive to said timing signal
channels for subdividing said information channels into
successive arcuate sections each having a length equal to
a fixed mumber of timing signal periods, the number of
arcuate sections provided being larger than the number
of timing signal periods in each section; a second set of
record heads positioned to record flux signal patterns into
a first and second general storage channel extending about
the periphery of said member; pickoff heads spaced from
said respective record heads and positioned to sense
signals in each of said channels including said general
storage channels; electronic means interconnecting the
spaced heads on respective channels to thereby provide
information delay devices, the delay device so provided
for each said information channels being of sufficient
length to contain the information in all of said arcuate
sections, the delay device so provided for said first
general storage channel being one timing signal period
longer in length than two arcuate sections and the delay
device so provided for said second general storage channel
being one timing signal period shorter in length than
two arcuate sections, said electronic means having a
cyclical operation coextensive with an arcuate section
during which each cyclical operation said electronic
means responds to all said pickoff heads to generate
signals representing an altered digital integrator setup
for recording back on the information channels of said
member by said first set of record heads, and said elec-
tronic means further operates to generate at the end of
each said cyclical operation an integrator output signal
for simultaneously recording on the general storage
channels of said member by said second set of record
heads; said electronic means including means operable
during a cyclical operation of the computation for intro-
ducing signals representing increments of a dependent
variable directly into said electronic means from one of
a plurality of sources, outside the system, selected to be
gated in accordance with code information provided in
an arcuate section of said member; and said electronic
means including further means operable during a cyclical
operation of the computation for routing an integrator
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dutput signal generated by said electronic means, onto
one of a plurality of lines, leading out of the system,
selected to be gated 'in accordance with further ‘code
information provided in an arcuate  section of said
member.

16. Apparatus in accordance with claim 15 wherein
said information channels for said arcuate sections in-
clude: a channel for storing signals in locations thereof
corresponding to the locations of signals in one of the
general storage channels representing increments of a
dependent variable; another channel for storing signals
in locations thereof corresponding to the locations of
signals in the other general storage channel representing
increménts of a dependent variable; and still another
channel for storing signals in locations thereof corre-
sponding to the locations of signals in a selected one
of said general storage channels representing increments
of an independent variable, whereby the respective pickup
heads for said channels feed into said electronic means
during each cyclical operation of the computation signals
representing increments of a dependent variable and
signals representing increments of an independent vari-
able as derived from said gemeral storage channels.
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