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The present invention relates to electronic digital com-
puters and more particularly to a device for performing
the division of one binary number by another.

It is an object of the present invention to provide an
improved device for dividing binary numbers accurately
and at a rate of speed which is far in excess of present
day commercial calculators.

it is another object to provide an improved and sim-
plified method for dividing one binary number by another
in which the steps of computation require only successive
additions, subtractions and shifts of a binary number rel-
ative to its binal point. It is a more specific object to

provide a method of binary division in which a tally is-

made of the successive additions and subtractions of a
relatively shifted divisor, said tally requiring only minor
correction to produce the desired quotient.

It is an object of the present invention to provide a
sequential electronic computer having switches which are
closed in predetermined combinations to control the flow
of data in each step and in which means are provided for
successively preselecting in one step the switch settings
which are to be used in the following step. It is a related
object to provide means capable of preselection for oper-
ating data path switches simultaneously and at precisely
the beginning of a step of computation.

It is another object of the present invention to provide
an elecironic computer having magnetizable disks on
which digits are sequentially recorded in the form of
spots of magnetism and read off by an appropriate pickup
head, recording and reading taking place simultaneously
at different points on the same disk or on associated disks.
It is a more detailed object to provide a computer hav-
ing magnetizable disks in which the recording head and
pickup head are advanced or retarded relative to one
another in order to effect shifting of a binary number fo
the right or to the left with respect to its binal point.

Still another object is to provide a computer for divi-
sion which is relatively simple and inexpensive to con-
struct, which is compact, and which may be advanta-
geously utilized as a building block in the construction of
computers capable of solving all normal problems of
arithmetic. Neither the mechanical nor the electrical
components need be constructed with extreme precision
and the electrical components are, for the most part, of
the standard type used in radio receivers. The number
of tubes and component parts are small compared to
conventional computers of comparable speed.

It is a further object to provide an improved sequential
computer for binary division utilizing devices having two
stable conditions of operation in which the order of the
two voltage conditions to which the devices are subjected,
rather than any single instantaneous condition of volt-
age, determines which of the two binary digits are rep-
resented. As a result, the computer may be made self-
checking and highly accurate in spite of relatively wide
variations in voltage and wave form in various portions
of the circuit and notwithstanding changes in the elec-
trical characteristics of tubes and other component parts.

It is a still further object to provide a sequential com-
puter for division having a plurality of mechanically driven
elements for the storage of data and step by step solution
of the problem together with a synchronized source of
control impulses enabling all portions of the computer to
keep in step substantially independently of variations in
driving speed.

Other objects and advantages of the invention will be-
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come apparent from the following detailed description
taken in connection with the accompanying drawings, in
which:

Figure 1 is a simplified schematic diagram of the pre-
ferred arithmetic unit and memory unit employed for
dividing numbers expressed in the binary system.

Fig. 2 discloses a control unit for supplying switch-
controlling impulses to the arithmetic unit and memory
unit disclosed in Fig. 1.

Fig. 3 is a simplified schematic diagram of an alter-
native arithmetic unit.

Fig. 4 is a simplified schematic diagram of a control
unit suitable for use with the arithmetic unit of Fig. 3.

Fig. 5 is a detailed view of a portion of one of the
disks shown in Fig. 1, together with a typical pickup or
recording head cooperating with magnetic material on the
periphery of the disk.

Fig. 5a is a detailed view of a portion of a toothed
pullsing disk and cooperating head for generating control
pulses.

Fig. 6 is a schematic diagram of a typical amplifier
suitable for amplifying the output of a pickup head as
shown in Fig. 5 and for producing a corresponding out-
put signal of square wave form. This amplifier includes
means for integrating the pickup voltage.

Fig. 7 shows a typical amplifier used in conjunction
with a recording head.

. Fig. 8 shows a flip-flop circuit of the type employed
in practicing the present invention.

Fig. 9 discloses a typical electronic switch employed
for controlling the flow of data in the arithmetic unit.

Fig. 10 discloses a simplified schematic diagram of the
suréu;ﬁng circuit used in the arithmetic units of Figs. 1
and 3.

Fig. 11 shows the wave forms existing at various sig-
nificant points in the circuit of Figs. 1 and 2 during the
solution of a practical problem.

Fig. 12 illustrates the transfer of a binary number
from one disk to another without shifting.

Fig. 12a shows the transfer of a binary number from
one disk to another with the recording head on the sec-
ond disk displaced to produce a shift of the number to
the left relative to the binal point.

. Fig. 12b is similar to Fig. 12a except that the record-
ing head is displaced oppositely to produce a shift of a
binary mumber to the right relative to its binal point.

Figs. 13, 134, 13b and 13c¢ constiute a data flow dia-
gram illustrating the flow of data in the circuit-of Figs.
1 ar}d 2 during each step of a sample calculation.

_ Figs. 14, 14 and 14b constitute a data flow diagram
similar to the foregoing and applicable to the arithmetic
and control units of Figs. 3 and 4.

In the drawings a circle represents a vacuum tube
switch with the arrow showing the direction of data flow,
a square indicates a flip-flop circuit and a triangle, an
amplifier or cathode follower. The recording and pickup
heads are shown for simplicity as arrows associated with
the driven disks.

. While the invention is susceptible of various modifica-
tions and alternative constructions, I have shown in the
drawings and will herein describe in detail only certain
preferred embodiments of the invention. It is to be
}mders_tood, however, that I do not intend to limit the
invention by any such disclosure but aim to cover alter-
native constructions and uses falling within the spirit and
scope of the invention as expressed in the appended claims.

The computer to be described employs the binary sys-
tem of numbers and it will be assumed that such system
is sufficiently well known to persons skilled in the com-
puter art as not to require discussion. Complete infor-
mation on the binary system may be obtained from texts
concerning the theory of numbers and general mathemat-
ics texts. As is conventional, the two binary digits em-
ployed will be referred to as 0 (zero) and 1 (one) in the
discussion which follows.

Electronic computers employing binary numbers are
known and have been useful in the calculation of trajec-
tory and for solving other lengthy mathematical prob-
lems. They have for the most part been relatively com-
plicated and expensive, requiring so many vacuum tubes
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and related components and occupying so much space
as to prohibit their use in the average business establish-
ment. Since the computer disclosed herein acts upon
successive binary digits sequeatially and in a novel man-
ner to produce the quotient of a problem in division, the
number of electronic components is much smaller than
previously required for the solution of practical prob-
lems. For this and other reasons the present computer
will be found to be eminently suited for use in industry
in performing payroll calculations and the like. By add-
ing only a few components and by employing a novel
scheme for multiplication as covered in my co-pending
aplication, Serial No. 157,369, filed April 21, 1950, on
Computer for Multiplication, it is possible to adapt the
present computer to perform all normal arithmetic prob-
lems. The computer to be discussed is well adapted for
use as a building block in the construction of computers
to solve problems of almost any degree of complexity.

For purposes of convenience, the computer will be ar-
bitrarily divided into three sections which may be termed
the memory unit, the arithmetic unit and the control unit.
The memory unit serves to store the raw data in the form
of spots of magnetism on a movable magnetic element,
preferably a rotatine disk. Pickup and recording heads
are used in cooperation with the disk or the like to read
off the data as required in the solution of a mathemati-
cal problem and to later record the answer. Both of
these operations are controlled by operating electronic
switches associated with the recording and pickuo heads.
Tt will be assumed in the following description that data
has previously been recorded on the disks in the memory
unit by any desired means.

The arithmetic unit receives the raw data from the
memory unit in the form of a series of voltage impulses,
modifying it in a predetermined manner to produce the
answer to'a problem in division. The procedure for act-
ing upon the data is partially determined by means of a
set of control data previously recorded on magnetic tape
or the like. The answer is recorded in the form of mag-
netic spots on a disk which may, if desired, be the same
as that from which the problem data was previously read.
Durine the course of arriving at an answer to a problem,
electrical impulses corresponding to the recorded spots
of magnetism and in the form of discrete voltage waves
or “couples” are routed in a predetermined manner
through the arithmetic unit, being successively recorded
on and read from rotating magnetic disks. In perform-
ing the process of division, a summing circuit is used to
obtain the sum of or difference between the various binary
numbers involved. Moreover, binary numbers are mul-
tiplied or divided by two, in other words, shifted to the
left or right relative to the binal point, by proper place-
ment of the recording and pickup heads about the pe-
riphery of the magnetic disks.

The routing of the binary numbers through the sum-
ming circuit and through the multiplying and dividing
disks, as well as through the various other circuit com-
ponents, is controlled by the control unit. The latter
includes means synchronized with the memory disks for
unlocking the switches in the arithmetic unit in proper
sequence and for the proper time interval. It will be
appreciated, however, by one skilled in the art that the
unlocking sequence is not completely predeterminable
but is dependnt upon the condition of the data during
the intermediate steps in the solution of the problem.
The arithmetic and control units thus may be said to
interchange data between them to effect a solutiom.
Throughout the discussion which follows it will be un-
derstood that data is represented electrically in the form
of voltage couples just as in the computer described in
my co-pending aplication Serial No. 34,968, filed June
24, 1948, on Computer for Addition and Subtraction,
and which issued at Patent No. 2,609,143 on September
2, 1952, A binary 1 may be represented by a plus-minus
couple, while a binary O is represented by a minus-plus
couple. Similarly, a binary 1 may be magnetically repre-
sented on a disk by a north-south magnetic couple, while
a binary 0 is represented by a south-north couple. In
short, the sequence of the voltages (or magnetic polari-
ties) comprising a couple and not the magnitudes thereof
determines the binary digit. Reference is made to the
above application for discussion of the advantages inher-
ent in this manner of representing data.
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4
PROCESS OF DIVISION

In the practice of the present invention, the process of
obtaining the quotient of two binary numbers differs
from what is conventionally known as “long division.”
Instead I have found that the process of obtaining a quo-
tient may be performed by first adjusting the magnitude
of the divisor relative to the dividend and then perform-
ing a series of additions and subtractions of the divisor
from the dividend and from the successively produced
remainders with the divisors shifted relatively one place
to the right after each addition or subtraction. A binary
1 is tallied whenever a subtraction is performed and a
binary 0 for each addition to produce an uncorrected
quotient; then a number of simple corrections are per-
formed to produce a true, corrected quotient. More spe-
cifically, the steps which are performed by the computer
disclosed herein in obtaining a quotient are as follows:

(1) The numbers are preliminarily adjusted to the
right or left. The first and most important adjustment
is to shift one of the numbers so that the divisor is larger
than the dividend, making a quotient of less than unity.
The mathematical justification for this will later appear.
In order to achieve maximum accuracy the relative ad-
justment should cause the numbers to be as nearly as
possible equal in magnitude, consistent with producing a
quotient of less than one. The net shift should be noted,
enabling a corresponding change to be made in the quo-
tient after it is obteined. To further insure accuracy,
and to make full use of the capacity of the machine, the
numbers should be moved jointly to the left as far as
possible. Shifting all the way to the left is to be avoided,
however, since the high order digit is employed for rep-
resenting sign.

(2) Next a novel division-like process is performed in
which the divisor is first subtracted from the dividend.
Upon making such subtraction, a binary 1 is noted as the
first digit in the uncorrected quotient. This initial binary
1 is always discarded as an incident to obtaining the final
answer and therefor need not be recorded and is not re-
corded in the present computer. The subtraction pro-
duces a negative remainder. The divisor is next shifted
one place to the right relative to the remainder. Since
the remainder from the previous step is negative, the
shifted divisor is algebraically added thereto to produce a
new remainder. Because an addition was performed, a
binary 0 is tallied or recorded as the second digit in the
uncorrected quotient. The divisor is again shifted to
the right relative to its binal point and applied to the re-
mainder from the previous step. If the remainder is neg-
ative, addition is performed and a binary 0 is entered as
the next digit in the uncorrected quotient, while if the
remainder is positive, the divisor is subtracted and a binary
1 is entered in the uncorrected quotient as the next digit.
This process is repeated, each time shifting the divisor one
place to the right and either adding it to or subtracting it
from the previously obtained remainder. In this way, the
remainder will be constantly reduced in magnitude, al-
though it may either be positive or negative in sign. This
process is repeated until the desired number of binal places
has been obtained in the uncorrected quotient.

In the invention in its preferred form negative binary
numbers are indicated by the complement. The capacity
of the computer is sufficiently great so that there will be

5 one or more idle spaces in the higher orders filled up with

binary 0’s when the number is positive and binary 1’s when
the number is negative. The digit of highest order in the
remainders thus may be utilized as an indicator of sign
and, more importantly, as a tally of whether the shifted
divisor is to be added or subtracted. In carrying out the
improved method of division it will be seen that the high
order digits of the respective remainders when inverted
become the digits of the quotient.

(3) The uncorrected quotient obtained as the result of
the foregoing operation has the form 1.0 . . . the spaces
to the right of the 0 constituting the significant digits in
the answer. Such uncorrected quotient is next corrected
by shifting it one place to the left relative to the binal
point and then disregarding those digits to the left of
the binal point.  (As was mentioned earlier, in the com-
puter described herein, the 1 resulting from the initial sub-
traction is not recorded since it is not required for the sig-
nificant digits of the answer.) This produces a semi-
corrected quotient which consists of the correct significant
digits but which must be further corrected in order to com-
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pensate for the adjustment of the binal point made in step
(1). Thus, assuming it was necessary in step (1) to shift
the dividend one place to the right relative to its binal
point in order to make it less than the divisor, the quotient
should be shifted one place to the left to compensate and
to produce a final corrected quotient.

MEMORY UNIT

The memory unit used for storage purposes in the pres-
ent computer is indicated at 20 in Fig. 1. It includes a
rotating disk 21 having a magnetic periphery on which the
data is stored in the form of north and south “couples”
of magnetism. This disk is rotatively driven by means of
a shaft 27 powered by a driving motor 28 which rotates at
a nearly constant speed which may be on the order of 1800
R. P. M. Cooperating with the periphery of the disk 21
is a recording head 30 which serves to magnetize the disk
in response to variations in the exciting current. -Spaced
around the periphery from the recording head 30 is a pick-
up head 31 which produces a voltage corresponding to the
polarity of the magnetic spots on the disk. With regard
to the disk and cooperating heads, reference is made to
Fig. 5 where it will be noted that the head 30 on the disk
has a core structure 30q and a pair of coils 305, the mag-
netism being concentrated in the narrow air gap 30c along
successive elements of the disk periphery. When the head
is used for pickup purposes, the coils are arranged in series
for greater sensitivity. However, when the head is used
for recording purposes, the coils are separately and op-
positely energized. More detailed discussion of this por-
tion of the apparatus is to be found in my co-pending ap-
plication Serial No. 34,968, filed June 24, 1948,

In order that recording may take place at a reliably
high level, the recording head 30 is energized by a re-
cording amplifier 33. As shown in Fig. 7, such amplifier
preferably includes a pair of vacuum tubes 34, 35, the
plates of the latter being connected directly to the coils
305. The input lead 37 is connected to the grid of the
tube 34, while the grid of the tube 35 is controlled by the
plate circuit of a tube 34. A diagonally connected re-
sistor 38 associates the plate of the first tube with the grid
of the second. It will be apparent, therefore, that when
a positive voltage is applied to the grid of the tube 34,
a large amount of plate current will be drawn energizing
the left hand coil 305 on the head. Simultaneously, the
plate of the tube 34 swings negatively, thereby reducing
the flow of plate current in the opposite leg 305. Con-
versely, when a negative voltage is applied at the input,
the tube 34 becomes non-conducting and the tube 35
heavily conducting, resulting in a reversal of the mag-
netism in the core 30a of the head 39. In this way, a
plus-minus voltage couple applied to the input results in
the recording of ¢orrespondingly polarized spots of mag-
netism on the disk as the latter rotates.

Since the amount of magnetism which may be imparted
to the disk is rather small, it is necessary to amplify the
output of the pickup head 31. This is accomplished in the
pickup amplifier 39 which is set forth in schematic form
in Fig. 6. As the magnetized spots on the disk 21 are
moved past the zir gap, the flux set up in the magnetic cir-
cuit thereof induces a voltage in the coil proportional to
the rate of change of flux. The latter voltage is applied
to the input terminal 40. After amplification by a tube
41, this voltage is integrated by a capacitor 42 and re-
sistor 43, the voltage across the capacitor being then pro-
portional to the flux. This voltage is further amplified by
tubes 44, 45 and 46 and applied to the grid of the follow-
ing stage. This following stage consists of a flip-flop cir-
cuit having tubes 47, 48. The plate of the tube 48 is con-
nected to the output terminal 49 of the amplifier. The
flip-flop circuit remains in one of two stable conditions ex-
cept when a positive “unlocking” pulse is applied. This
unlocking pulse is received through an unlocking terminal
s which is connected to a cathode follower 51. The out-
put of the latter is connected to the cathode terminals of
the flip-flop tubes 47, 48. Whenever an unlocking pulse
is received at the unlocking terminal s, both of the tubes
in the flip-flop circuit are cut off and become non-conduct-
ing. When the unlocking pulse in removed, the flip-flop
stage will assume a condition which is dependent upon the
then existing condition of the voltage at the input. As
will later appear, the flip-flop stage receives an unlocking
pulse once for each magnetized spot on the disk 21 so
that the output of the pickup amplifier at 49 is a full square
wave of voltage for each digit.
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During the normal operation of the computer, the
voltage output of the amplifier 39 is fed into an out-
put line or bus 59 via a switch 56. When the switch
56 is closed, the signal from the disk will be applied to
the input line 59, with similar switches being used to
feed the data into other portions of the circuit. When
it is desired to feed data from the line 59 onto the disk
21, the circuit from the line to the recording amplifier 33
is completed through a switch 60. To re-record a num-
ber on the disk 21 in shifted position, it is sufficient mere-
Iy to close the switches 56, 60 to form a simple loop
circuit. ‘

The schematic diagram for the switches 56, 60 is to
be found in Fig. 9, the switch 56 being taken as repre-
sentative. In its simplest form it includes a pair of
triodes 65, 66 having a common cathode resistor 67.
The operation of the circuit is as follows. When the
control lead 57 is positive, the triode 66 conducts heavily
through the cathode resistor 67, thereby biasing the other
triode 65 to cutoff. Under such conditions, the output
voltage remains constant regardless of the variations in
the input and the switch may be considered “off.” Con-
versely, when a negative voltage is applied to the con-
trol terminal 57, very little current flows through the
cathode resistor 67, and the variations in the output
voltage correspond to the variations in voltage at the in-
put terminal 49. The switch is then “on.” There will,
of course, be a 180° phase reversal in the switch, but
this is unimportant since it may be compensated for
merely by taking the input for the switch from the op-
posite plate of the flip-flop circuit feeding it. In some
cases, a switch may not derive its input directly from
a flip-fiop, but in these cases the phase can be reversed
at some other point in the circuit before it is again re-
corded on a disk. The switch illustrated is preferred
since it is simple and reliable. However, it will be ap-
parent to one skilled in the art that other specific elec-
tronic switches may be employed which include no
phase reversal without departing from the invention,
Also, additional units such as the unit 20 may be con-
nected to the bus 59 in exactly the manner shown in
Fig. 1. For the sake of simplicity, however, only one
memory unit will be sufficient to understand the opera-
tion and to solve a typical problem.

ARITHMETIC UNIT

The arithmetic unit occupies the remainder of Fig. 1
and has been given the general designation 70. This
unit is fed data in the form of voltage couples from
the memory unit 20 via the line 59 and is arranged not
only to add and subtract binary numbers, but also to
shift numbers relative to the binal point between the
various additions and subtractions, producing an answer
which is the quotient of two binary numbers appearing
successively at the input terminals. The successive steps
in which such mathematical operations take place are
determined by the setting up of the switches located
throughout the circuit in various combinations. Both
the control unit for controlling the operation of such
switches and the mathematical justification for the vari-
ous operations employed to produce the answer to a
problem of division will be covered in subsequent sec-
tions .

It will be useful at the outset to describe the arith-
metic unit 70 purely from the standpoint of the physical
components contained therein. In the present embodi-
ment, four disks are used, all of these being rigidly
mounted on the rotating shaft 27. The first disk 71
is used for temporary storage of data between succes-
sive mathematical steps and has associated therewith a
recording amplifier 72 and a pickup amplifier 73. For
purposes of convenience the disk is divided into four
quadrants with space for the recording of four binary
numbers. In the example to follow it will be assumed
that each number is 12 digits in length, although com-
puters of this type may be constructed to accommodate
numbers 25 digits in length or even longer. It will be
convenient in referring to disk 71 to speak of it as having
four “number spaces” on its periphery each made up of
12 “digit spaces.” These terms will also for convenience
be applied to the time intervals required for rotation of
the disk through corresponding degrees of arc.

The next disk is a multiplying disk 74 which is em-
ployed for retarding a binary number one digit, in
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other words, for shifting the number one binal place
to the left. For this purpose, the recording head 75 as-
sociated therewith is retarded or backed off one digit
space relative to the pickup head. As in the previous
stage, the disk 74 has a recording amplifier 76 and a
pickup amplifier 77 associated therewith. The latter
amplifiers are essentially the same as those previously
described in connection with Figs. 6 and 7.

The next disk rigidly coupled to the shaft 27 is the
disk 80. This disk may be termed a dividing disk since
it is employed to shift a binary number to the right one
space relative to the binal point. To this end, the record-
ing head 81 is advanced about the periphery one digit
space in the direction of the pickup head. A recording
amplifier 82 is used which is similar to the recording
amplifiers previously discussed. The pickup amplifier
83 is also similar to the previously-mentioned pickup
amplifiers shown in Fig. 6 except that it includes two
output terminals, a direct lead 84 and an inverted lead
85. Referring to Fig. 6, these output terminals are
connected to the respective plates of the tubes 47, 48 in
the flip-flop circuit. The voltages applied thereto will
thus be equal, but opposite in polarity or phasing. The
direct lead 84 is connected to the main bus 59 by means
of a switch 86.

The remaining disk shown in Fig. 1 may be termed
a zero generating disk, and has been designated by the
numeral 90. This disk is permanently magnetized with
a series of magnetic couples representative of binary 0’s
or, if desired, may include magnetized teeth. This disk
has a pickup amplifier 91 in its output circuit having dual
output leads 92, 93 just as discussed in connection with
the amplifier 83. With the amplifier 91 unlocked by
application of voltage to an unlocking terminal, a series
‘of couples representative of binary 0’s will appear on
the lead 92, while a series of couples representative of
binary 1’s will appear on the lead 93. The flow of
these digits into the remainder of the circuit is under the
control of switches to be subsequently discussed. The
components 9093 referred to form a part of a digit
inserter. The purpose of the digit inserter is substantially
the same as set forth in my co-pending application Serial
No. 157,359 of which mention has been made, namely,
to fill in binary 0’s wherever required and to add a low
order binary 1 in obtaining the complement of a binary
number. In the case of each of the pickup amplifiers 39,
73,77, 83, and 91, unlocking takes place in unison at each
half of the couple to produce a square wave output. Con-
sequentlv, all of the unlocking terminals have been desig-
nated with the letter s and all are pulsed in unison.
The means for supplying the unlocking pulse will be dis-
cussed in connection with the control unit (Fig. 2).

The addition and subtraction of binary numbers as
required in the process of division is performed by a
summing circuit 100 shown at the bottom portion of
Fig. 1. This circuit includes a first input lead 101 and
a second input lead 102 which carry the respective binary
numbers to be added. The voltage couples representa-
tive of the sum appear at the output lead 193, being
subsequently conveyed to a rotating disk and there at
least temporarily recorded. Digits for insertion in the
lowest order for corrective purposes are supplied through
a lead 104 while control voltages for controlling the in-
sertion of such digits are applied to leads 105, 106. As
covered in the above-mentioned applications, it is also
necessary to suppply a summing circuit 100 with control
pulses for operating a delay chain to enable the carrying
of a digit from one order to the next higher order. These
pulses are supplied on leads 107, 108. The terminals
for the control and pulse leads have been designated #,
o, s, and t respectively, and are supplied from corre-
spondingly lettered terminals in the control unit (Fig. 2).
The specific circuit employed in the summing circuit 100
will be described in connection with Fig. 10.

A complete calculation takes place in a'series of steps,
and paths are provided in the circuit to insure that the
data flow takes place in each step in a predetermined
manner between the rotating disks and summing circuit.
Such paths are provided by a plurality of electronic
switches, each having a control terminal which is con-
trolled by the control unit to cause the circuit to be c}ose_d
or open. The switches are identical and have a circuit
corresponding to that which was previously discussed in
connection with Fig. 9. The switch 110 controls the
flow of data from the disk 71 to the input lead 101 of
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the summing circuit. The switches 111, 112, 113, 114,
115, 116 are used in the input or recording circuit of
disk 74. Similarly, the switches 120, 121, 122, 123 are
used at the input of the dividing disk 80 to enable data
to be controllably fed thereto from various portions of
the circuit. Each of these switches is overated by the
i:ondtrol unit and has a correspondingly lettered control
ead.

In order to enable the summing circuit 100 to effect a
subtraction of two binary numbers, switches are provided
at the input lead 102 to enable a binary number or its
complement to be used. These switches are associated
with leads 84, 85 and have been designated 124, 125 re-
spectively. Further, it is desired that the low order digit
used for corrective purposes and entering the summing
circuit by a lead 104 be either a binary 0 or a binary 1.
For this purpose a switch 126 connects the summing
circuit to the lead 92 from the zero generating disk 90
enabling a binary 0 to be fed into the summine circuit
while a second switch 127 may be closed to connect the
lead 93 which carries a series of binary 1’s. It will be
understood, of course, that only an initial couple cor-
responding to a binary 0 or 1 will be required for a
given step in the calculation.

Completing the diagram of Fig. 1, an inverter 130,
used for writing a quotient digit in anticipation of what
is to be done in the next step, is connected to the output
of the summing circuit. The information therefrom may
be recorded on disk 74 via switches 111, 113. Switch
113, however, will be turned on to record only the high
order digit. Also associated with the write lead 103 is
a switch 131 which enables the write signal to appear
on the main bus 59 for recording the same on disk 21
or 71. Inorder that data might be fed from the arithmetic
unit to the control unit for controlling the intermediate
operations of the latter, the write lead 103 of the sum-
ming circuit is fed through a locked two-condition de-
vice 132 having an output lead 133 leading to a terminal
m. This device includes an unlocking lead 134 having
a terminal r. The latter terminals, just as in the case
of the other control terminals in Fig. 1, are lettered to
c(::l:a:gresgond to the output terminals of the control unit

ig. 2).

Operation of the two-condition device 132 will be ap-
parent by reference to the schematic diagram in Fig. 8.
Here it will be noted that the circuit is somewhat similar
to the well-known Eccles-Jordan flip-flop circuit, using
a pair of triodes 135, 136 having diagonally coupled grids
and plates. Thus the circuit will remain in one of its
two stable conditions, namely, with one of the triodes
conducting heavily and with the remaining triode sub-
stantially non-conductive. The device differs from the
conventional Eccles-Jordan circuit however in an im-
portant respect. In the latter circuit application of a
positive pulse causes the circuit to switch from its existing
stable condition to its alternate condition. FEach pulse
results in a change of condition. In the present device,
by contrast, a separate input lead is provided, here input
lead 103, which controls the condition to be assumed
by the circuit and the pulse lead 134 simply unlocks the
circuit so that the input lead may assert itself. More
specifically, with the circuit arranged as shown, the in-
put lead 103 is ineffective to establish control, and the
voltage thereon may change back and forth without affect-
ing the condition of the circuit. However, when a posi-
tive or unlocking pulse is applied to the lead 134, both
tubes become momentarily non-conducting and the sub-
sequent condition of the circuit, i. e., which tube will
conduct, depends upon the then-existing voltage on the
input lead.

Turning now to the summing circuit 100 in the arith-
metic unit, the schematic diagram will be found in Fig.
10. This circuit may be conveniently broken down into
a digit adder 149, included within the dotted outline,
a carry delay chain 141 and switches 142, 143 used for
low order digit insertion. The digit adder 140 is essen-
tially the same as that disclosed in Fig. 11 of my above-
menticned co-pending application Serial No. 34,986, the
input terminals being designated A, B, C and A’, B’, C’
to correspond thereto. These terminals carry the respec-
tive direct and inverted input signals. Inversion is ac-
complished by any desired phase-inverting amplifier, the
three amplifiers used in the present circuit being desig-
nated 145, 146, 147. Suffice it to say that voltage couples
representative of binary digits are simultaneously applied
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to the input terminals 101, 102.  The sum then is passed
through a conventional cathode follower 149 and appears
at the write output lead 163. Any carry digit resulting
from such summation appears at the carry output lead
148 and is appropriately delayed by the carry delay chain
141 until the instant when the digit adder is ready to
sum up the digits of the next higher order. At such
time the digit which has been carried, and which is either
a binary 1 or a binary 0, is applied through the switch
142 to the carry input leads CC’.

Insertion of the digit which has been carried is pre-
cisely synchronized with the digits entering the summing
circuit by leads 101, 102 by means of the four serially
arranged flip-flop circuits 150—153. These are succes-
sively unlocked at intervals of a quarter of a digit space
by means of accurately timed unlocking pulses applied
to the leads 107, 108. In order to insure positiveness
of operation, amplifiers 154—158 are used at the be-
ginning of the carry delay chain and in series with the
unlocking leads.

As described in my aforesaid Patent No. 2,609,143 of
September 2, 1952, it is necessary to insert a binary 0
into the digit adder in place of the carry signal for the
low order digit when two positive numbers are to be
added; and it is necessary to insert a binary 1 in place of
the carry signal for the first digit of a subtraction prob-
lem when the complement of one number is to be added
to another number. Such low order digit insertion
can be readily effected in the present circuit by opening
the switch 142 and closing the switch 143 just prior to
the first digit space, whereupon a binary 0 or 1 will be
applied to the carry input leads CC’. As previously
noted in connection with Fig. 1, whether a binary 0 or a
binary 1 is inserted, is determined by the selection of
switches 126, 127.

CONTROL UNIT

As was stated in connection with Fig. 1, the process
of division takes place in a series of steps and for each
one of these steps data must be routed in a predetermined
manner through selected paths in the arithmetic unit.
Each step thus requires the applicable switches to be
preset at the instant that a given step begins and, in gen-
eral, to remain set until the beginning of the next step
at which time a different combination of switch settings
is required. This is one of the primary functions of the
control unit which is set forth in block form in Fig. 2.

The control unit includes a series of control disks
which are mounted for rotation with the shaft 27. The
shaft 27 is, of course, an extension of the shaft which
is shown in Fig. 1. This shaft also serves to drive a
member which carries stored program or control data
for setting the various switches in the arithmetic unit.
Preferably such data is stored magnetically spaced along
a tape 170. The latter is driven through a sprocket 171
which is coupled to the shaft 27 by means of a cluich
172. This is to enable the tape to be stopped and started
at will in synchronism with the feeding of problem data
into the remainder of the computer. Preferably, the
tape 170 includes the data in the form of magnetic spots
arranged in the form of north-south or south-north mag-
netic couples just as on the periphery of the data disks
of Fig. 1. To compensate for different lengths of control
tape which might be required for different programs of
calculation, the tape is passed over a takeup mechanism
173. Control impulses are read from the tape by means
of the pickup head 174 and associated amplifier 175. The
Jatter may be of conventional type, producing a sinusoidal
output which corresponds to the variations in flux along
the tape. .

Prior to discussing the main portion of the control
unit, it will be helpful to refer briefly to the means here
used for controlling the clutch 172. This clutch is a so-
called B clutch which is energized upon the application
of voltage to am input lead 176. The clutch itself is dis-
cussed in considerable detail in United States Letters
Patent No. 2,013,649 dated September 10, 1935. Since
the shaft 27 normally rotates at a speed on the order of
1800 R. P. M., it is, of course, necessary that the clutch
be both rapid and positive in engagement and it is fur-
ther desirable for foolproof operation that the clutch be
energized at a predetermined phasing relative to the po-
sitioning of the shaft 27. This is accomplished in the
present instance by means of a clutch control disk 180
having a single magnetic discontinuity, here tooth 181.
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The latter sweeps past a pickup head 182 once per revo-
lution, changing the reluctance of the pickup head and
producing a voltage impulse which is amplified by an
appropriate amplifier 183. The pickup head 182, as well
as the remaining pickup heads used in conjunction with
toothed wheels in the control unit, is shown in detail in
Fig. 5a. The head may be quite similar to that shown in
Fig. 5. A bar magnet 189 or the like is nsed to provide
a steady state flux. The amplifier 183 may, if desired,
mnclude means for peaking the output. Regardless of the
type of amplifier or peaking means used, it is desirable
that the output pulse be both abrupt and large in ampli-
tude so that positive operation of the control switches or
flip-flop circuits is assured.

The output of the amplifier 183 serves to unlock a
flip-flop device 184 having input leads 185, 186 and an
output lead for feeding into the clutch control lead 176.
This flip-flop device may be the same as that disclosed
in Fig. 8 except that the additional input lead is con-
nected to the grid of the second tube. A switch 188 in
1he input circuit enables a positive switching voltage to
be applied to either of the input leads. In operation,
throwing the switch to the “on” position will, of itself,
nave no effect until the flip-flop circuit is unlocked by a
pulse derived from the disk 180.

In accordance with one aspect of the present inven-
tion, two series or “layers” of flip-flop devices are pro-
vided for setting the switches in the arithmetic unit.
These include a first series 200 of “conditioning” flip-
flop circuits which are set, one by one, in predetermined
conditions of equilibrium during one step of computation
and a second series 201 set by the first series simultaneous-
ly and at the beginning of the succeeding step. The
means here employed for setting the switches of the first
series, one after another, may be referred to as a suc-
cessive unlocking device 202 since it unlocks the flip-
flop circuits in the first series so that they may be re-
sponsive to the respective conditions indicated at cor-
responding points on the control tape 170.

The preferred unlocking arrangement employs a delay
chain 203 which includes a series of flip-flop circuits
204—215. Taking the first flip-flop device 204 as repre-
sentative, it will be noted that it includes an input lead
220, an output lead 221, and an unlocking lead 222.
The specific circuit corresponds to that shown in Fig. 8§
previously discussed.

Prior to the beginning of a step of computation, the
flip-flop device 204 receives a voltage pulse from an
initiating pulse disk 223 having teeth 224 thereon which
are spaced at intervals corresponding to the length of a
number space. Since there are four number spaces per
revolution, four teeth are used. The passage of the teeth
224 adjacent a head 225 gives rise to voltage couples
which are amplified in the amplifier 226.

The flip-flop device 204 will not, however, respond
to the pulse from the amplifier 226 unless it is first un-
locked by applying a positive pulse to the unlocking lead
222. Let us next see how the unlocking pulses are de-
rived for unlocking the flip-flop device 204 and the sub-
sequent flip-flop devices in the delay chain. These un-
locking pulses are obtained from an unlocking disk 230
having teeth thereon which are spaced at two-digit in-
tervals. Each of the pickup heads 231, 232 associated
therewith produces a generally sinusoidal voltage wave
whenever a tooth sweeps past. The two heads are lo-
cated about the periphery at such spacing that volt-
age pulses are generated alternately therein. Peaking
amplifiers 233, 234 are connected to the respective heads.

The practical design of such amplifiers is well within
the capabilities of one skilled in the art. 1In a preferred
embodiment the amplifiers contain circuits for squaring
the unpeaked voltage pulses generated in the pickup head
and then differentiating these squared voltages to obtain
sharp peaks. The negative peaks are then removed to
leave only positive peaks spaced two digits apart. For a
discussion of wave shaping circuits, see “Basic Course
in Electrics,” published by the U. S. Naval Institute,
1948, chapter XIX at page 207. Positive pulses are thus
applied to output leads 235, 236 alternately at the be-
ginning of alternate digit spaces. It will be noted that
the output lead 235 is connected to flip-flop devices 204,
206, 208, 210, 212, 214, while the output lead 236 is
connected to the intervening flip-flop devices, namely,
205, 207, 209, 211, 213 and 215.

The passage of a pulse step-by-step down the delay
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chain will be made clear by considering the normal oper-
ating sequence. As the first flip-flop device 204 receives
an initiating pulse from disk 223, it is unlocked so that
the output lead 221 thereof assumes a condition corre-
sponding to that of the input lead 220. One digit space
later the next flip-flop device 205 is unlocked allowing it
to respond to the then reversed ouput voltage of the
first flip-flop device 204. One digit space after that,
the flip-flop device 206 is unlocked and it responds to
the then existing output voltage of the flip-flop device
205 immediately ahead of it. At the same time flip-flop
device 204 is unlocked. Since the tooth 224 is now
past the pickup coil 225, the voltage on lead 220 will
have returned to normal and flip-flop device 204 will
therefore change back to its normal condition. In this
way each of the flip-flop devices in the delay chain 203
produces a voltage pulse at its output which is two digit
spaces in length and spaced from the pulse generated
by the preceding flip-flop by a time interval of one digit
space.

As stated above, the pulses, spaced in time, obtained
from the delay chain are used to sequentially unlock the
series of conditioning flip-flop devices 200. However,
since the duration of the pulses obtained from the delay
chain is too long, on the order of two digit spaces, means
are provided for “narrowing down” the time interval
over which the conditioning flip-flop devices are un-
locked. The latter is accomplished by a series of switches
250—261.

Taking the switch 250 as representative, it includes an
input lead 262, an output lead 263, and a control lead
264. The circuit of each of the switches corresponds
in basic design to that previously discussed in connec-
tion with Fig. 9, except that the inherent reversal of
polarity occurring in the switch may be compensated for
by merely inverting the output. While it is true that
each of the switches receives an input pulse a number
of times during each step of computation, such pulses
will only appear at the ouput when the switch is “on.”
The latter condition occurs only once during each step.
The delay chain 203 and the associated switches thus
cooperate in a novel manner to produce accurately timed
pulses which are suitable for synchronization with the
control tape 170.

As will later appear, it is desirable that certain switches
in the arithmetic unit (Fig. 1) operate prior to the be-
ginning of a step of computation. It is necessary there-
fore to advance the disk 223 slightly with respect to the
shaft 27. This should be an amount sufficient so thar
the output pulse from switch 250 occurs one digit space
prior to a step of computation, with the output pulse
from switch 251 signalizing the beginning of a step of
computation. The pulse from switch 250 may be re-
ferred to as the “—1 pulse” while that from 251 is re-
ferred to as a “number pulse.”

Associated with switches 253—261 are the individual
conditioning flip-flop devices comprising the first series
and designated 270—278 respectively. All of the latter,
it will be noted, are simultaneously energized on the in-
put side by a line 279 coming from the pickup head 174
of the control tape. They cannot, however, all respond
simultaneously to the voltage impulses on the line 279
since they are unlocked only one at a time. Each of
the devices 270—278 may be considered to have a con-
trol space reserved for it on the tape 170, the tape be-
ing so phased that such space passes the head 174 just
as the corresponding flip-flop device is unlocked. Since
the synchronizing elements are mechanically coupled, a
high order of accuracy may be achieved. By the end of
one step of computation each of the flip-flop devices in
the first series, or layer 200, has been energized by the
control . tape to assume the condition suitable for the
next step. As a result the proper combination of volt-
ages is caused to exist on the output leads 280—288
which interconnect the two layers 200, 201,

The flip-flop devices which are in actual control of the
switches are designated 291—298 and have specific cir-
cuits similar to that shown in Fig. 8. These do not
change their condition immediately upon a change of
condition in the leads 281—288 which supply them, bui
require unlocking. In practicing the invention, the switch
controlling flip-flops are unlocked simultaneously at the
very beginning of a step of computation. They are then
free to respond to the associated conditioning flip-flop
devices, such response taking place instantaneously to
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cause the immediate setting in the switches of the arith-
metic unit. It may be noted at this point that the flip-
flop device 291, and 270 as well, differ from the circuit
of Fig. 8 only in that a second output lead is provided
from the plate terminal of the left hand tube 135.

Consideration may next be given to the means em-
ployed for simultaneously unlocking all of the flip-flop
devices in the second layer 201. It will be observed in
Fig. 2 that the switch 251 which is unlocked by the flip-
flop device 205 feeds into a lead 299 which is connected
to the unlocking leads of all of the flip-flop devices in
the second or output layer. As a result of the simul-
tancous unlocking, it will be apparent that the switches
in Fig. 1, having control terminals b, ¢, d, e, f, g, h, i. j,
will be open circuited ‘or short circuited in a predeter-
mined manner to meet the needs of the ensuing com-
putation step.

The components thus far described are capable of
setting the switches in the arithmetic unit at the begin-
ning of a step of computation. There are certain
switches required for low order digit insertion which
must be operated one digit space in advance. To this
end a pulsing disk 310 is used having four teeth 311 which
sweep adjacent a head 312, The voltage induced there-
in is amplified in an amplifier 313, and applied to an
output lead 314, which leads to flip-flop device 315. The
latter has oufput terminals p, g which are connected to
correspondingly lettered terminals in the arithmetic
unit of Fig. 1.

With the disk 310 properly advanced in the direction
of rotation, the pulses appearing on the lead 314 may be
made substantially one digit space early. Means are ad-
ditionally provided, however, for increasing the timing
accuracy of the voltages applied to the terminals p. ¢
when the condition of equilibrinm of the flip-flop device
315 is reversed and then restored to its original condi-
tion precisely one digit space later. This is accom-
plished by connecting the unlocking lead 307 of the flip-
flop device to two sources of pulses, spaced one digit
space apart and timed by the same pulsing disks 223,
230 which control the remainder of the computer. In
the present instance the unlocking lead 307 is supplied
from lead 263 via an amplifier 308 and from lead 299 via
an amplifier 309,

In operation a pulse approximately one digit space in
length is supplied to the device 315 from the disk 310
slightly more than one digit space prior to the start of
a step of computation. The device 315 is unlocked
exactly one digit space prior to the start of a step of
computation. This causes it to “flip” into its alternate
condition in which it remains temporarily even though the
voltage on the input lead 314 reverts to its former value,
One digit space later another unlocking pulse causes the
device to “flop” back to its former state.

In similar fashion, it is desirable to produce special
pulses at the beginning of a step of computation and
exactly one digit space later for what will be referred
to as high order digit insertion. This is accomplished
in the present instance by disk 320 having four teeth 321,
and associated pickup head 322. The output of the am-
plifier 323 is fed into a lead 324 which is connected to
the input of a flip-flop device 325 having output leads
326. This flip-flop device 325 is unlocked at the begin-
ning of a number space by a signal from unlocking lead

5 304 via an amplifier 305 causing predetermined voltages

to appear on terminals n, 0. One digit space later it is
restored to its original condition by an unlocking pulse
applied to lead 304 by an amplifier 306.

As will later appear, it is necessary to unlock flip-
flop device 132 (Fig. 1) at the last digit of a number
space in order to determine whether the ensuing step
is to be addition or subtraction. Such unlocking is
accomplished by the disk 330 having four teeth 331
thereon. Voltage induced in a head 332 is amplified by
amplifier 333 and fed into a lead 334 connected to the
terminal r. More will be said of the function of the pulse
appearing at terminal r in the example to follow.

The remaining disk in Fig. 2 is employed to unlock
the delay chain 141 included in the summing circuit
100. This disk is designated 340 and includes a plu-
rality of closely spaced teeth 341, one per digit space.
Cooperating with the teeth is a head 342 feeding into
an amplifier 343 having both direct and inverted output
leads 344, 345 respectively. These output leads are con-
nected to the terminals designated s, . The amplifier
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343 preferably includes a saturable reactor for peaking
purposes and may be substantially identical to the “dual
pulse generator” disclosed in Fig. 4 of my co-pending
application Serial No. 34,986 above-mentioned.

The only portion of the circuit of Fig. 2 which has
not been thus far referred to is that portion including
switches 346, 347 feeding into the flip-flop device 291.
It will be noted that the flip-flop device 291 which is
connected to output terminals i, j determines whether
the summing circuit will add or subtract. For reasons
which will later appear, it is desirable that the deter-
mination of addition or subtraction be initially under
the control of the control tape and in subsequent steps
under the control of the arithmetic unit of Fig. 1. The
reason for this is that the process of division includes
invariably an initial step of subtraction, while later steps
may be either addition or subtraction, depending upon
whether the high order digit in successively produced
remainders is a 1 or a 0. With the switches connected
as shown it will be apparent that closure of switch 346
enables setting of the flip-flop device 291 from the con-
trol tape just as in the case of devices 292298 while
closure of switch 347 causes device 291 to be set in
accordance with instructions received from terminal m
of the arithmetic unit.

Prior to taking up an actual example, it will be helpful
to summarize the wave forms as they exist on the various
significant leads throughout the control unit of Fig. 2.
The wave shape, as well as the synchronous relationship
between the various waves is set forth in Fig. 11. Each
trace therein may be identified by a numeral correspond-
ing to the numbered lead in Fig. 2 to which it applies.

SHIFTING OF NUMBER RELATIVE TO
BINAL POINT

It will be perceived from the foregoing and particu-
larly the above-outlined “Process of Division” that the
computer is called upon to perform additions and sub-
tractions of binary numbers, the shifting of a binary
number relative to its binal point, and the recording or
tallying of whether an addition or subtraction has been
performed, the tally becoming the uncorrected quotient.
Prior to going through a sample calculation in detail in
order to see how such process is performed in a practical
case, it will be well to discuss in greater detail the man-
ner in which binary numbers are shifted either to the
right or to the left. To this end, reference is made to
Figs. 12, 124 and 12b which illustrate the reading of a
binary number from one disk and the recording of such
number on a successive quadrant on another disk.

Fig. 12 illustrates the transference of a binary num-
ber from disk 21 to disk 71 without shift. The quadrants
have been arbitrarily numbered and revolution of the
disk is assumed to be taking place in a clockwise direc-
tion. On disk 21, the 12-digit number carried by the disk
in quadrant 1 is indicated at its periphery. The intelli-
gence is actually carried on the disk in the form of
magnetic couples, a north-south couple being indicative of
a binary 0. The pickup head 31 converts the variations
in magnetism into variations in voltage which are applied
via a switch 56 to the recording head 78 on disk 71.
This recording head is shifted neither to the right nor
to the left and consequently the binary number read
from quadrant 1 of disk 21 is recorded unchanged on
quadrant 1 of disk 71. The number to be recorded is
shown dotted in the position it will assume as the disks
rotate.

Next, reference is made to Fig. 124 which sets forth a
transfer of a binary number from disk 71 to disk 74.
This differs from the situation shown in Fig. 12 in that
the recording head 75 on disk 74 is displaced or offset
one place to the left. Consequently, the binary number
recorded on quadrant 2 of disk 74 will be shifted one
place to the left. The result of such shift is shown by
the dotted numbers on disk 74. One would expect under
these conditions that the first digit space in quadrant 2
(disk 74) would either be blank or would carry the
highest order digit left over from the recording of a 12-
digit number in quadrant 1. Either of the latter condi-
tions is undesirable and consequently, means are provided
in the present computer for automatically and repeti-
tively recording in the first digit space of each of the
quadrants a binary 0. With such a 0 properly added
to the first digit space of quadrant 2, the complete binary
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number recorded thereon differs from that which was
read from disk 71 merely by being shifted one place to
the left. It will be understood that this is the same as
multiplying a number by a factor of 2. The added O
may be termed a “fill-in.”

Attention may be given at this point to the means
which have been employed for automatically recording a
binary 0 in the first digit space in each of the quadrants
on disk 74. The zero generating disk 90 serves as a
source of binary 0’s. In order to record a zero in the
lowest order it is necessary that a zero signal be applied
to the head 75 one digit before the beginning of a step
of computation. To this end switches 112 and 113 are
arranged in series and connected to the zero supply line
92. Switches 113 and 114, it will be noted, are actuated
by terminals p and g of the control unit (Fig. 2). Thus
switch 113 is turned on only during the “—1” digit space
and switch 114 is turned off only during the “—1” digit
space. This action is repeated for the first digit space
of each of the four quadrants and binary 0’s have been
entered in all of the quadrants (Fig. 12a) for purposes
of illustration.

Fig. 12b illustrates an analogous situation except that
the shift of the binary number as it flows from one disk
to another is to the right rather than to the left. A 12-
digit binary number is shown recorded in quadrant 1 of
disk 74. The recording head 81 on disk 80 is shifted or
offset one digit space to the right. This produces the de-
sired effect, namely, shift of the binary number recorded
in quadrant 2 one space to the right which is equivalent
to dividing the number by 2. It is undesirable, however,
to record the low order digit of the shifted number in
the highest order of quadrant 1 since it is essential that
such digit be completely discarded. Accordingly, means
are provided for always recording a binary 0 in the high-
est order digit space of each of the quadrants. In the
present device this is accomplished by turning on switch
121 during the first digit space in each step, switch 121
being under the control of terminal n of the control unit
(Fig. 2). This causes a binary 0 to flow from the zero
generating disk 90 into the recording head 81. Since this
occurs at each step in the computation, binary 0’s are
;p_ow;lnzintered in all four of the quadrants of disk 80 in

ig. . :

DATA FLOW DIAGRAM

The present invention involves more than the presence
and interconnection of certain electrical and mechanical
components. In certain aspects it resides in the manner
or method in which such components are utilized to effect
data flow for the solution of a problem and particularly
a problem in division. The latter in turn depends upon
the arrangement of intelligence recorded on the control
tape to produce a given sequence of mathematical opera-
tions. While it would be possible to show a length of
control tape with the order and spacing of control data
thereon required to produce a given sequence of opera-
tions in the arithmetic unit, interpretation would be ex-
tremely laborious. Instead, a data flow diagram has been
prepared which is included herewith as Figs. 13, 134, 135,
and 13c¢. This diagram shows not only the active data
paths in each step of the process, but also the actual nu-
merical value of the binary numbers as they are read from
and recorded on the varjous rotating disks.

Across the top of the diagram are listed the various
disks 21, 71, 74 and 80 between which data flow takes
place. The zero generating disk 90 is not shown with
the other disks since it merely serves as a constant source
of binary 0’s (or, upon inversion, of binary 1’s). The
successive steps are listed along the left-hand edge of the
diagram. At the beginning of each step the number is
read from a disk and by the time the step has been com-
pleted, a number has been recorded elsewhere either as
a simple transfer or after suitable transformation. Such
transformations include shifting to the right or to the
left, addition of two binary numbers or subtraction of one
binary number from another. The time consumed in
each of the steps is the same and has been previously re-
ferred to as a “number space.” Since four binary num-
bers appear about the periphery of each of the data disks,
one per quadrant, a number space is equal in point of
time to the interval required for the shaft 27 to rotate
through one-quarter of a revolution. It will be under-
stood, of course, that additional binary numbers could
be arranged about the periphery; however, four has been
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found practical and is, therefore, suitable for illustration.
Each of the four quadrants will have allotted a certain
number of digit spaces, depending upon the desired capac-
ity of the machine. In the present example there are 12
digit spaces per number space.

1t will be assumed that the divisor and dividend initially
occupy the first two quadrants on the storage disk 21,
the divisor in the present example being 000000000101,
while the dividend is 000000001111, These numbers
have been previously recorded on the disk (in the form
of magnetic spots or couples) by any desired means, for
example, as a result of a calculation previously performed.

It is not possible to start the process of division im-
mediately. Two preliminary matters must be taken care
of. In the first place, the numbers must be adjusted rela-
tive to one another by shifting to the right or left so that
the divisor is larger than the dividend. In using the pres-
ent method it is preferred that the divisor be larger than
the dividend but by no more than a factor of 2 (one binal
place). In the operation to be described such shifting
will be under the control of the control tape as a result
of information previously recorded thereon by an opera-
tor. If desired, initial shifting or adjustment might be
effected automatically in the computer and a tally kept
of the number of binal places of net shift in the quotient.
Preliminary shifting which is completely automatic has,
however, not been included within the present applica-
tion in order to simplify things as much as possible.

The second function of the computer preparatory to
the solution of a division problem is the transference of
the binary numbers to appropriate disks and quadrants
thereon so as to permit them to be conveniently available.
In this connection, it is important to remember that each
time a number is recorded on and read off of disk 74
there will be an effective shift of the number to the left
causing multiplication by 2. Similarly, each time a num-
ber is recorded on and read off of disk 80 there will be a
shift to the right which is equivalent to division by 2.
Thus, in the preliminary transference or jockeying of the
numbers to get them into favorable positions for the start
of computation, it will be necessary to compensate for
the shifts to the left or right incident to the use of disks
74 and 80.

A third type of adjustment may be necessary in the
solution of certain problems, although it is involved to
only a limited extent in the example to be described. In
order to obtain maximum accuracy, it is desirable to have
the significant digits as far to the left as possible. This
broad principle is, however, subject to reservations. In

the first place, it is not desirable to extend the significant !

digits all the way to the left since the left-hand or highest
order digit is reserved to indicate whether the number is
plus or minus. When the number is plus, the left-hand
digit will be binary 0, while when the number is minus,
the complement of the number is used making the ex-
treme left-hand digit a binary 1. As will later appear,
the sign of a remainder is important in determining the
nature of the succeeding operation.

As a second reservation in shifting the significant digits
to the left, it is necessary to take into account all numbers
which are likely to be supplied as divisor and dividend.
Since the same control program will be applied normally
to each set of dividend and divisor, the leftward shift of
the significant digits will normally be determined by the
largest binary numbers to be encountered. In the ex-
ample which follows the divisor is moved to the left three
places while the dividend is moved only one place, mak-
ing a net shift of two places. Stated in other words, the
quotient will be smaller by a factor of binary 100 than
it should be requiring a corresponding correction when
the computation is completed.

Referring now to Fig. 13, each step of a sample calcula-
tion will be separately discussed.

Prior to Step 1 the control tape is advanced, causing
each of the flip-flop devices 270-—278 (Fig. 2) to be “con-
ditioned” in anticipation. Then, at the beginning of
Step 1 all of the switch-controlling flip-flops 291—298
and the switches connected thereto will be operated simul-
taneously to set up the desired data flow paths. ‘Through-
out the steps which follow it will be understood that the
control tape is always active one step ahead, with the
flip-flop devices 270—278 serving as a temporary storage
means for the control data.
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Step 1

In this step the divisor 000000000101 is read from the
first quadrant of disk 21 and, digit by digit, recorded
on the first quadrant of disk 71. This operation re-
quires closure of switch 56 which is effected through
terminal d in the control unit as directed by the control
tape. Fig. 12 shows a number recorded on disk 21
about to be read therefrom. The position which the
number will occupy on disk 71 at the end of the step
is shown dotted. During this step switch 112 is closed
and switch 113 in series therewith is closed to pass
only the last digit of the number. Since the head 75
is offset to the left this causes a binary 0 to be recorded
in the first digit space in quadrant 2 of disk 74. The
latter is required in the lowest order for fill-in purposes
as discussed in connection with Fig. 12¢. In an analogous
fashion switch 121 is closed to pass only the first digit
of the number. However, since the head 81 on the
disk 80 is offset to the right the digit is entered in the
last digit space of the previous quadrant. This explains
the upwardly directed arrow at the right-hand edge of
the drawing (Fig. 13) in Step 1. This produces the
fill-in or insertion of a digit the necessity of which was
described in connection with Fig, 12b. The filling in of
binary 0’s at the beginning of each quadrant on disk
74 and at the end of each quadrant on disk 80 is nor-
mally repeated during each step of the computation.
Since the function is repetitive, it is not necessary to
complicate the data flow diagram by separate showing
of the insertion paths in each step.

The reason for reading the divisor out of the storage
disk 21 first is that it must, after shifting, end up on the
dividing disk 80 at the same time the shifted dividend
reaches disk 71, and this can be accomplished in the
least number of steps by shifting the divisor first.

Step 2

Next the divisor is read from disk 71, passing through
switches 115, 114 and is recorded on disk 74. This
causes a shift of the number to the left one binary
place. Fig. 12a shows the condition at the beginning
of Step 2. The number which will be recorded on disk
74 by the end of such step is shown dotted thereon.
In order to make the dividend available on disk 21 at
the most opportune time, it is read off and recorded
back on disk 21 thus advancing one quadrant.

The underlined zero shown recorded on disk 74 was
actually recorded during the last digit space of Step 1.
However, due to the shift of the recording coil 75, it
is recorded as the low order digit in quadrant 2 and,
therefore, is shown in Step 2. Throughout the data
flow diagram underlining will be used to indicate that
the digit is a “fill-in®, either from the zero generating
disk 99 or the last digit out of the summing circuit.
This latter type of fill-in will be discussed in more detail
in connection with some of the succeeding steps.

Step 3

The divisor is read from the multiplying disk 74
and simultaneously re-recorded thereon in the succeed-
ing quadrant. This produces a second shift to the left
of the divisor relative to its binal point.

Step 4

This is a repetition of Step 3 in which the divisor is
again shifted to the left making a total shift of three
binal places.

Step 5

The dividend is read from disk 21 and recorded un-
changed on disk 71. The divisor is again read from
disk 74 and re-recorded thereon. This makes a total
shift of four binal places to the left for the divisor.
It is desired to shift the divisor to the left only three
places, assuming that the dividend is shifted one place.
However, since the divisor will subsequently pass through
the dividing disk 80 which will shift it to the right, it is
necessary that it be shifted to the left an additional time
on disk 74 to compensate.

Step 6

Here the dividend is read from disk 71 and recorded
on disk 74 causing a one place shift to the left. Simul-
taneously, the divisor is read off of disk 74 and recorded
on disk 80 causing it to shift one place to the right.
This is shown in detail in Fig. 12b. The dividend was
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moved in position on disk 21 in Step 2 so that it would
be available in Step 5. Thus, it reaches disk 74 just
as the divisor is being read out of disk 74. If it had
not been moved in Step 2, it would not have been
available again until Step 6. The only disadvantage of
not moving the dividend in Step 2 would be the necessity
for an additional step.

Step 7

The divisor is read from disk 80, passes through switch
86 and is recorded on disk 71. The dividend is read
from disk 74 and re-recorded thereon to shift it one
more place to the left,

Step 8

The divisor is read from disk 71 and recorded on disk
74 shifted one place to the left. The dividend is simul-
taneously read from disk 74 and recorded on disk 80
with a one place shift to the right.

Step 9

This is the final step in the preliminary series. The
divisor is read from disk 74 and recorded on disk 80
causing a one place shift to the right, and the dividend is
read from disk 80 passes through switch 86 and is re-
corded on disk 71. The divisor is now back where
it was in Step 6. The only reason it was circulated
through disks 71 and 74 was to clear disk 80 so that
the dividend could be passed through from disk 74 to
disk 71.

To summarize, the reason for the above transformation
is to shift the dividend one place to the left causing it to
appear on disk 71 and to shift the divisor three places
to the left causing it to be positioned on disk 80. We

are now ready to begin the actual process of division. .
In these steps x’s will be used to denote any digit spaces °

which do not carry useful intelligence at the moment
but which are usefully employed in subsequent steps.

Step 10

{t will be recalled in discussing the “Process of Divi-
sion” above that the first step is to subtract the divisor
from the dividend. This is accomplished by feeding the
dividend through the left-hand input lead 101 of the
summing circuit and by feeding the divisor, in inverted
form, through the right-hand lead 102 of the summing
circuit, This is readily accomplished by setting up the
control tape to order closure of switches 118 and 125.
The difference between the dividend and divisor appears
on the summing circuit output lead 193. Switch 131 is
turned on so that the difference is recorded on disk 71.

Since this ‘subtraction constitutes the first step in the
actual division process, two additional things must be
done in order to satisfy the rules of the process previously
set up. In the first place, we must condition the com-
puter so that the divisor, properly shifted to the right one
place, is added to the negative remainder and not sub-
tracted from it. The reason for this is that we are striv-
ing constantly in the process to reduce the magnitude of
the remainder to 0, This is accomplished by unlock-
ing the flip-flop device 132 at the exact instant that the
last digit appears on the summing circuit output lead
103. Such unlocking is effected by a positive pulse on
lead 134 which is supplied from terminal » associated
with the disk 330 (see Fig. 2). The output of the flip-
flop 132 thus indicates to the terminal m that the re-
mainder was negative. This information is passed
through switch 347 and operates the flip-flop device 291
controlling the terminals i, j. The effect of this is to turn
the switch 124 on and the switch 125 off so that the
divisor (shifted) and not its inversion is supplied from
disk 80 to the summing circuit input lead 102 in the
succeeding step.

Since the remainder is negative requiring the follow-
ing step to be one of addition rather than subtraction,
the computer, in accordance with the process of division
previously referred to, is in a position to write the first
digit of the uncorrected quotient. As here used the
word “write” means to record magnetically. It has
previously been stated that when the remainder is nega-
tive the subsequent step is one of addition, and a binary
0 should be written. This is readily accomplished since
the digit to be written is always the inversion of the left-
hand or high order digit of the remainder. It is suf-
ficient, therefore, to cause the tape at this point to close
switch 111 and open switch 112 whereupon the high
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order digit, inverted by the inverter 130, is recorded on
disk 74. Only the high order digit is recorded because
switch 113 is on only for that digit, as previously ex-
plained.

It is important to note at this point that the high
order digit (1) of the remainder, inverted and recorded
as the first digit (0) of the quotient is, strictly speaking,
the second digit of the quotient. The real first digit
would be always a binary 1 corresponding to the initial
subtraction of divisor from dividend. Such subtraction
is, however, purposely not tallied since the binary 1,
which would serve as the tally, forms no useful part of
the final quotient. On the contrary such imitial binary
1 is automatically dropped, this automatic dropping con-
stituting one of the secondary but nevertheless impor-
tant features of the present invention.

In this step also the divisor is recorded back on disk
80 through swiiches 123, 120 so that it will be available
forhthe next step and will be shifted one place to the
right.

Thus far in Step 10 nothing has been said about the
operation of the summing circuit 100 except that the
output shall be the true difference (or sum as the case
may be) of the binary numbers fed into the input termi-
nals 101, 102. To accomplish this, however, a precau-
tion must be taken, as covered in detail in the above-
mentioned co-pending application. Where a sum is to
be taken, the first “carry” digit should be a binary 0
in order to insure that a “carry 1” is not left over from
a previous summation. Conversely, when a difference
is to be taken, as in the present step, the first carry digit
should invariably be a binary 1. This 1 is obtained
from the zero generating disk 99 after inversion through
lead 93 and switch 127, It is of interesst to note that
the low order digit inversion is taken care of automati-
cally in the present arrangement since the switches
125, 127 are turned on simultaneously being connected
to the same control terminal j. Likewise, switches 124,
126, used for simple addition, are turned on simultane-
ously under the control of terminal i. It is absolutely
impossible for the two sets of switches to be both turned
on since the terminals i, j are supplied from the output
of the same flip-flop device 291. Since the insertion of
the carry digit (0 or 1) in the lowest order takes place
automatically in the summing circuit, it will not be
necessary to again refer to it in the discussion of the
subsequent steps.

In the present process of division, the first step is in-
variably one of subtraction of the divisor from the divi-
dend. Since this is the same regardless of the specific
problem such subtraction may conveniently be directed
by the control tape. Accordingly, prior to this first step
switch 347 (Fig. 2) is turned off and switch 346 is closed.
Consequently, the flip-flop device 291 which controls ter-
minal j is connected to the flip-flop device 271 which
receives its orders from the control tape. Energization
of the terminal j insures that the complement of the
divisor and not the divisor itself is applied to the input
lead 102 of the summing circuit. In all subsequent steps
in the solution of a division problem, the addition or sub-
traction of the appropriately shifted divisor is deter-
mined by what has gone before. Accordingly, during this
first step and all subsequent steps of the actual division
process, the switch 346 is open circuited and the switch

5 347 is closed. Switches 346 and 347 are operated di-

rectly from flip-flop 278 which lies in the first “layer” and
therefore they do not have to wait until the start of the
succeeding number space to be operated. Consequently
at the start of the succeeding number space, flip-flop
291 (which selects addition or subtraction is set in ac-
cordance with the voltage existing at terminal m at that
instant). It will be recalled that this voltage is the out-
put of flip-flop 132 which is set at the time that a high
order digit appears at the output of the summing cir-

cuit.
Step 11

This step is identical in principle with Step 10. The
only difference is that the switches 124, 126 are closed
to cause addition of the divisor as directed by the preced-
ing step. The negative remainder from the preceding
step is read off of disk 71 and fed into the input lead
101 of the summing circuit. In synchronism therewith,
the shifted divisor is read off of disk 80 and, without
inversion, is fed into the input lead 182 of the summing
circuit. The positive remainder is then recorded on disk
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71. Since the remainder is positive, the high order digit
being a 0, a voltage appears at terminal m (Fig. 1) which,
via switch 347, causes flip-flop device 291 to operate.
This produces a voltage at terminals i, j which directs
switches 125, 127 to close, causing the next step to be
one of subtraction. At the same time, the left-hand digit
of the remainder (a binary 0) appearing at the output
103 of the summing circuit causes a binary 1 to be written
on disk 74.
Step 12

This step is the same in general principle to Steps 10
and 11. The 0 in the high order digit space on lead
103 in Step 11 turns switches 125 and 127 on for sub-
traction. One additional function is introduced in this
step: namely, the binary 0 recorded as a digit of the
uncorrected quotient in Step 10 is read off of disk 74
and re-recorded immediately following the recording of
the binary 1 recorded as the second digit of the uncor-
rected quotient in Step 11. Thus, as additional digits
of the quotient are produced, all the previous digits are
re-recorded, shifted ome place to the left relative to a
number space, automatically making room for the new
digit.

£ Steps 13 to 21 inclusive

These steps are the same in general principle to Steps
10, 11 and 12 which have just been discussed. In each
step, a negative remainder directs that the shifted divisor
shall be added in the subsequent step and further directs
that a binary 0 be recorded as the next digit of the quo-
tient. Conversely, a positive remainder directs sub-
traction of the divisor and the recording of a binary 1 as
the next digit of the quotient. This process is repeated
as many times as there are digits in the number space.
Since in the present device there are twelve digits in the
number space, the adding and subtracting is carried
through twelve cycles, namely, from Steps 10 through 21
inclustve. At the end of Step 21, the uncorrected quo-
tient appears as x01100000000 on disk 74 with the final
or lowest order 0 (and which has been obtained in Step
21) appearing in the lowest order of the quadrant to the
left.

Steps 18 through 22 are shown in shortened form
since the data flow paths are the same as in Step 17.

Step 22

This is the final step in obtaining the uncorrected quo-
tient, namely, putting all of the digits in proper order in
one quadrant. This merely involves an additional reading
and re-recording of the quotient on disk 74. This is done
by turning off those switches which were used in the pre-
ceding steps with the exception of switches 116, and 114,
the number x01100000000 being re-recorded on disk 74
alongside of the binary O obtained as the lowest order
digit of the quotient in Step 21. This produces the com-
plete (but uncorrected) quotient 011000000000,

The only remaining problem prior to utilizing the
answer or quotient is proper placement of the binal point.
Prior to locating the binal point it is important to remem-
ber that the first step in the division process is always sub-
traction, namely .the subtraction of the divisor from the
dividend. According to the process previously outlined,
the first digit recorded in the quotient should have been a
binary 1 as a tally of the subtraction step followed by a
binary 0 to tally the subsequent addition step. However,
since these two initial steps are invariably the same there
would always be a 1.0 as the first two digits of the quo-
tient, the full quotient reading 1.011000000000. The
computer in its present embodiments omits the actual re-
cording of the initial binary 1. As a result it is possible as
a first correction to move the binal point one place to the
right to produce what may be termed a semi-corrected
quotient namely, 0.11000000000. To make the final cor-
rection it will be recalled that the divisor was moved three
places to the left while the dividend was moved one place
to the left in preliminary Steps 1 to 9 prior to actual divi-
sion. This amounts to a net shift of the binal point two
places to the left. The operator of the machine con-
veniently keeps track of such shift when making up the
control tape 170. To compensate, the binary point is
properly placed in the quotient by moving it two additional
places to the right, giving a corrected quotient of
11.000000000. Since the example chosen has purposely
been kept very simple, this result may be easily verified by
conventional binary long division. i
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One benefit of not recording the initial binary 1 is
that the quotient may be carried to an additional place
of accuracy. If desired, however, and without depart-
ing from the invention, it is obvious that such initial
binary 1 could be recorded as part of the quotient merely
by recording a 1 instead of a zero on disk 74 in Step 9
by any desired means. This could be done, for example,
by including an inverting device similar to 130 in series
with switches 112, 113 and under the control of the tape
170. The process of division would then be halted
at the end of Step 21 instead of Step 22. Correction
under such circumstances includes moving the binal point
one place to the right and subtracting 10. The Ilatter
may be conveniently thought of as multiplication by two
and subtracting two as will be made apparent in the
section entitled “Mathematical Verification” to follow.

Or, if desired, the actual process of division as ex-
emplified by the Steps 10 to 21 inclusive could be ex-
tended by one step to produce a quotient in the final step
of .110000000000. The quotient under such circum-
stances' may be said to be corrected automatically rela-
tive to the binal point and requires no additional cor-
rection other than that made necessary by the original
2-place adjustment of divisor and dividend. The im-
portant thing is that the procedure outlined herein pro-
duces significant digits of the quotient on disk 74. The
subsequent and proper placement of the binai point there-
in is for the most part straightforward and will normally
be held in abeyance in the solution of a more complex.
problem involving a number of additional operations.

Of course it is necessary that the quotient appearing
on disk 74 be so positioned on the disk as to enable
the number to be coordinated with other numbers, par-
ticularly for subsequent additions and subtractions.
This may in some instances require the quotient to be
shifted to the left or, more likely, to the right. Addi-
tional shift to the left may be accomplished by any de-
sired means, for example, by reading the number and re-
recording it on disk 74 via switches 116, 114 the desired
number of times. Shift to the right may be accomplished
in a completely analogous manner by reading the num-
ber from disk 74 and recording it on disk 80 via
switch 122, 120.

ALTERNATIVE ARITHMETIC UNIT

It will be appreciated by one skilled in the art that
the invention is not necessarily limited to the specific
circuit disclosed in Fig. 1, but as applicable to and in-
cludes alternative circuits operating in the same general
manner to produce the same beneficial result. One such
alternative is disclosed in Fig. 3. It employs the same
“process of division” described in a previous section; the
primary difference between this circuit and that previ-
ously described is that the remainder is shfited one place
to the left each step instead of the divisor being shifted
one place to the right.

The circuit arrangement is somewhat different in that
all of the disks feed either directly or through the sum-
ming circuit onto a main trunk line. This has the ad-
vantage that a binary number can be multiplied by two
(shifted to the left) or divided by two (shifted to the
right) without having to be passed through a series of
disks as was the case with Fig. 1. For example, to
multiply the dividend by two with the circuit of Fig. 1,
it was necessary to transfer the number from the memory
unit 20 to the disk 71. From the disk 71 it had to be
moved to a disk 74 where the multiplication took place.
In order for the number to get back to the memory unit,
it had to be passed through the dividing disk 88.  This
required that the number be first circulated once on the
disk 74 to compensate for passage through the disk 80.
Thus, to read a number out of storage, multiply it by
two, and place it back into the storage unit in Fig. 1,
requires five number spaces or 1% revolutions of the
shaft 27. The same procedure, by way of contrast, may
be carried out in the circuit of Fig. 3 in only three num-
ber spaces or Y4 revolution of the shaft. Prior to ob-
serving the manner in which the circuit operates, it will
be helpful to refer briefly to the electrical and mechani-
cal components contained therein,

The main drive shaft indicated at 360 is rotated at
high speed by a motor 361 to drive the disks 362, 363,
364, 365, and 366. It will be noted that all of the disks
with the exception of the zero generating disk 366 are
arranged so as to receive information from a main trunk
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line 367. This is accomplished through switches 370,
371, 372, and 373.

The disk 362 includes a head 380 ofiset one digit space
to the right enabling division by two. Disks 363 and
365 include heads 381 and 382 respectively which are
offset one space to the left, resulting in multiplication
by two. Binary numbers may, however, be passed
through the disk 364 without shifting.

Continuing with the description of Fig. 3, the disk
362 feeds into the main trunk 367 via a pickup am-
plifier 383 and a switch 384. The pickup amplifier 383
corresponds to that disclosed in Fig. 6, including a pulsed
lead s* which insures a synchronized square wave output.
The output of the multiplying disk 363 is fed into the
input of a summing circuit 385 via a pickup amplifier
386 and a switch 387. The pickup amplifier 386, as in
the case of amplifier 383 and the remainder of the pickup
amplifiers to be discussed, is pulsed to produce a syn-
chronized square wave form. Binary 0’s may be sup-
plied to either of the disks 362, 363 through a lead 390
and via switches 391, 392 respectively.

Turning attention now to the next disk 364, it will be
seen that it includes at its output a pickup amplifier 395
having direct and inverted output leads 396, 397 respec-
tively connected to output switches 398, 399. The latter
feed into the second of the two input leads of the sum-
ming circuit 385. Provision is made for recording an
output signal from the disk 364 back on the disk in a
successive quadrant, ‘This is accomplished by a lead 400
fed by the output of the amplifier and a switch 401 in
series therewith.

Moving on to the next disk 365, there will be noted a
pickup amplifier 406 in series with a switch 408 feeding
into the input of the disk. A switch 407 enables the
amplified signal from disk 385 to be applied to the main
trunk line 367. An inverter 409 is in series with the
input switch 373 to permit the recording of inverted
signals from the main trunk line 367,

The zero generating disk 366 feeds into a pickup ampli-
fier 414 which has direct and inverted output leads 415,
416 respectively connected to output switches 417, 418.
As in the case of Fig. 1, a lead 419 is provided for feed-
ing binary 0’s or 1’s into the summing circuit. An addi-
tional switch 428 connected to the zero generating output
line 415 permits the flow of binary 0’s to the main trunk
line 367.

A memory unit (corresponding to the memory unit 20
of Fig. 1) has not been shown. It will be understood that
the main trunk line 367 may be supplied with binary

numbers constituting a problem of division by any desired ;

means. Normally, a plurality of memory units 20 will
be employed so that problem data may be taken from
several sources all, of course, under the control of the
control tape.

The remainder of the circuit of Fig. 3 is the same as
that of Fig. 1. A pair of leads 424, 425 supply control
voltages to the summing circuit for low order digit in-
sertion while lines 426, 427 supply pulses to the carry
delay chain. In the output of the summing circuit, a
switch 430 enables the output signal to be fed to the main
trunk line 367 while a flip-flop device 431, under the
control of a pulse lead 432, supplies information via a
line 433 to the control unit next to be described.

ALTERNATIVE CONTROL UNIT

While it would be possible to understand the operation
of Fig. 3 by means of a data flow diagram and without
reference to the specific control unit employed, never-
theless it will be helpful to inspect the alternative control
unit (Fig. 4) very briefly. This control unit, aside from
being tailored to the needs of the alternative arithmetic
unit, differs in mode of operation. True, it has a first
layer of flip-flop devices 440, and a second layer of flip-
flop devices 441. It does not, however, include a delay
chain for admitting intelligence to the flip-flop devices of
the first layer in sequence. On the contrary, the shaft
360 carries a series of disks 443 to 453 cach having four
teeth thereon spaced about the periphery. The teeth of
cach disk are offset slightly relative to the teeth on the
remainder of the disks so that the flip-flop devices asso-
ciated therewith are unlocked at the proper instant to
receive their orders from the control tape. The control
tape, “B” clutch, and associated components are the same
as previously described in connection with Fig. 2 and
corresponding reference numerals have been applied.
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Referring more specifically to Fig. 4, it will be seen
that the disks 446—453 acting through appropriate peak-
ing amplifiers respectively trigger flip-flop devices 456—
463. These constitute the “first layer” 440, and are set
up by the control tape 170 in the number space prior to
that in which the orders are utilized. (The one excep-
tion to this is that the setting of flip-flop 456 is utilized
immediately to set switches 480 and 481). Correspond-
ing flip-flop devices in the second layer are designated
467—473. These are triggered in unison by a disk 444
through line 475 at the very beginning of a number space.
As in the case of Fig. 2, the flip-flop device 467 is ar-
ranged to be controlled from the control tape via a
switch 480 at the start of the division process, but is
under the control of the arithmetic unit by means of a
switch 481 during subsequent steps. Information from
the arithmetic unit is fed into the control unit through
terminal m’.

The drive shaft 369 also carried a series of four disks
310, 320, 336, and 340 which correspond to similarly
numbered disks in Fig. 2. The disks 310, 320 feed into
flip-flop units 315, 325 having correspondingly lettered
output terminals. These are controlled by pulses re-
ceived from amplifiers 317, 327.

Prior to discussing the operation of the alternative
arithmetic and control units, it will be helpful to observe
that the disc 443 produces a pulse on its output lead one
digit space ahead of the start of a number space. This
may be referred to as the —1 pulse. One digit space
later, the projection on the disk 444 passes under its
pickup coil and produces a number pulse on the lead
475 for setting up all of the switches for the ensuing
step of computation. The disk 445 produces a pulse on
its output lead one digit space after this. The remainder
of disks 446—453 in the series produce unlocking im-
pulses in timed succession. It will be apparent to one
skilled in the art that the series of disks 445—453 could
be expanded beyond 9 up to and including the number
of digits per number space for which the calculator has
been designed.

DATA FLOW DIAGRAM FOR ALTERNATE
CIRCUIT

The operation of the circuits shown in Figs. 3 and 4
will be understood by reference to the flow diagram set
forth in Figs. 14, 14a, 14b. Disc 362 is not required in
the exemplary computation and is included for purposes
of flexibility. It enables shift of a number in either di-
rection.

Step 1

In the present embodiment, only six steps are required
to adjust the divisor and dividend for the process of
division rather than nine steps as in the previous embodi-
ment. Here too it is necessary to adjust the binal point
so that the divisor is changed from 000000000101 to
000000101000 and the dividend from 0D0000001111 to
000000011110,

Just as in the embodiment discussed, the recording
heads are offset on discs 362, 363, 365 effecting a one
place shift of the recorded number. In the case of the
shift to the left, it is thus necessary to fill in a binary
0 in the lowest order, while in the case of a shift to the
right, it is necessary to insert a binary 0 in the highest
order, also referred to as the —1 digit space. In the
case of the dividing disk 362 high order insertion is ac-
complished by completing a path from the zero generat-
ing disk 366, the circuit being made through switch 391.
In the case of multiplying disk 363, the 0’s are fed from
the disk 366 through switch 392 into the low order digit
space in the following quadrant. Since 0’s are inserted
in this manner for each step, the data flow path for disk
363 is diagrammatically set forth only in Step 1. As
was mentioned, disk 362 is not required for this example
and, therefore, is not included in Figs. 14, 14q and 14b.

It will be recalled that in the previous embodiment,
successive shifting of the divisor was accomplished by
re-recording it on the multiplying disk 74 in successive
steps. In the present circuit, the multiplying disk 363,
which is to be used for this purpose, has its output con-
nected to the input bus 367 through the summing cir-
cuit 385. In order that the divisor may remain unchanged
except for the shift in binal point, means are provided
for simultaneously applying to the opposite input lead
merely a series of binary 0’s. These, when added to the
divisor, will not change the magnitude of the latter. The
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0’s to be used for this purpose are derived from the zero
generating disk 366 and are applied to the disk 364 by
switches 420, 372. Incidentally, it will be noted that
when switch 420 is turned on, low order digit insertion
also takes place on the disk 365 through the inverter
409 and the switch 373. This is irrelevant to the prob-
lem, however, and need not be given further considera-
tion. The recordations are, however, shown in the flow
diagram for the sake of completeness.

Step 2

In this step the divisor is read from the storage disk
in the memory unit (not shown in Fig. 3) and is re-
corded for availability on the multiplying disk 363 re-
sulting in a shift of the number one place to the left.
Simultaneously, the series of binary 0’s to be used in the
false process of addition are read off and re-recorded on
disk 364, the latter taking place via the switch 401.

Step 3

In this step the shifted divisor is added to the series
of binary 0’s on disk 364 in the summing circuit 385 to
produce a divisor which is unaltered except for being
shifted one additional placc to the left. The series of
0’s on disk 364 are also re-recorded on the subsequent
quadrant. .

Since we are not as yet ready for the dividend it is
allowed to remain in the memory unit. It is, however,
read off and re-recorded on the subsequent quadrant of
the memory unit disk in order that it might be available
on the proper quadrant at the beginning of Step 6.

Step 4

This step is identical to Step 3, producing an additional
shift of the divisor to the left. In this step nothing is done
to the dividend.

Step 5

This step results in the recording of the shifted divisor
or disk 364 in preparation for the division process. This
is accomplished by adding the divisor to the series of 0’s
as before and then by taking the output of the summing
circuit and recording it on disk 364 via switches 430,
372. This step also results in the recording of the shifted
divisor on disk 363 through switch 371. This is shown
on the diagram merely for completeness, since the divisor
is recorded on disk 363 but not employed in the subse-
quent steps.

Tt is to be noted in all of the Steps 1 to 6 that switch

408 will be closed for all but one digit space in each step. ,

This causes whatever data may be on disk 365 to be re-
corded back on disk 365 shifted one place during each
step. In all of these steps this data is entirely irrelevant
and is, therefore, not shown. The actual digits on the
disk will depend upon previous problems.

Step 6

This is the final preliminary step, the dividend from
the memory unit being recorded on disk 363 shifted one
place to the left. Simultaneously the divisor is read off
of disk 364 and re-recorded thereon.

Step 7

This is the start of the actual division sieps. In all of
these steps, the computer satisfies the requirements set
up in the section entitled “Process of Division.” By way
of review, this includes the subtraction of the divisor from
the dividend and the successive addition or subtraction
of the divisor from the remainder, the divisor being
shifted one place with respect to the remainder in each
step. Since the first step is invariably subtraction, switches
399 and 417 are turned on by the control tape causing
the inverse of the divisor to be fed into the summing
circuit resulting in a negative remainder at the output of
the summing circuit. In the previous embediment, the
divisor was next shifted and added to the remainder. In
the present circuit, however, the remainder is shifted and
the divisor is left unchanged. Such shift is accomplished
by recording the remainder on the multiplying disk 363
causing it to be shifted to the left one place.

The last digit out of the summing circuit, as in the
previous embodiment, operates flip-flop 431 which in turn
selects either switches 398 and 418 or 399 and 417 in the
following step. If the left-hand or high order digit of
the remainder is 0 indicating a positive remainder, sub-
traction takes place in the following step, while if the high
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order digit is a 1 indicating a negative remainder, the
summing circuit is directed to perform addition.

Also, as in the previous embodiment, the left-half digit
of the remainder is inverted and recorded as a tally, here
on disk 365, as the first digit of the uncorrected quotient.
This takes place via inverter 409 and switch 373. Dur-
ing Step 7, the divisor is simply read off of disk 364 and
re-recorded without shift on the adjacent quadrant.

Steps 8 to 17

In Step 8, the switches 398, 418 are preset as a result
of the previous step, causing addition of the divisor on
disk 364 to take place to produce a positive remainder.
The high order digit of the remainder sets the switches
399, 417 in the next step and also is recorded in inverted
form as the second digit of the uncorrected quotient.
This same process is repeated in Steps 9 through 18. In
Steps 11 through 18 the data flow paths are the same as
in Step 8 and consequently are shown only in shortened
form.

Step 18

This step concludes the division process. Switches
398 and 418 or 399 and 417 are selected by the con-
trol tape for future steps by turning switch 481 off and
switch 480 on. The output of the summing circuit again
is recorded on disk 363 because switch 371 is on for all
but the last digit. This information is not used, however,
since the uncorrected quotient by this time has been com-
pletely entered on disk 365.

Step 19

Although all of the digits of the quotient have been
recorded on disk 365, one additional shift is required to
locate them properly and on a single quadrant. This
is accomplished merely by reading the quotient from
disk 365 and re-recording it thereon. While this shift-
ing is being done, 0’s may be supplied to disk 364 just
as was done in Step 1. This clears disk 364 for the next
problem and makes it unnecessary for a clearing step
to be included later. These 0’s also flow to disk 363 but
are not utilized there.

Step 20

The final quotient is read off of disk 365 and passed
through switch 407 to the storage disk in the memory
unit where it is recorded either for reading by means not
shown or for use in a subsequent problem. The uncor-
rected quotient 011000000000 is precisely the same as
that previously obtained and subject to the same cor-
rection or placement of binal point previously described.

It will be clear from the foregoing that the operation
of the alternate embodiment is somewhat simpler than
that of the preferred embodiment, the computation taking
place in a total of 20 steps rather than 22 steps. The only
drawback in the use of the alternate circuit is that addi-
tional discs and additional tubes and other electronic
components must be used. From a practical standpoint,
however, the difference between the two circuits is not
great and either may be successfully employed. Based
upon the above teachings, minor mechanical and cir-
cuit modifications to either of the circuits described
will occur to one skilled in the art,

MATHEMATICAL VERIFICATION OF PROCESS
OF DIVISION

While the process of division used herein may be veri-
fied by longhand solution of the example chosen for pur-
poses of illustration, it may further be demonstrated that
the process results in the correct quotient invariably.
Attention is drawn to the fact that any number less than
unity may be expressed by a series of negative powers of
2 having coeflicients of 41 er —1. For example, .375
can be expressed as follows:

375= (1) 204 (—1) 271 (— 1) 224 (1) 272

When it is desired to divide one number by another,
the divisor is first adjusted relative to the dividend so that
the quotient is less than unity. The coefficients for the
above series are then obtained by means of a process simi-
lar to long division except that the divisor is either added
to or subtracted from the remainder, depending upon
whether the remainder is negative or positive. Since the
series is convergent, it is desired to reduce the remainder
to 0, therefore we subtract when the remainder is positive
and add when it is negative. When a subtraction is
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made, we write a -1 as the coefficient for that particular
term of the series and when an addition is made, we write
a —1 as the coefficient.

As an example of this process, let us divide 3 (0011)
by 8 (1000). In order to indicate whether the numbers
are positive or negative we will carry an extra place at
the Ieft of each number so that the two binary numbers
we used are 90011 as the dividend and 01000 as the divi-
sor. The obtaining of coefficients in the manner outlined
above may be set forth in long hand as follows:

[ oo011 l 1l,~1,-1,1

Subtract and writea 41 010060

as the coeflicient —~01000
110110
Indicates negative number -+ 01000
so divisor will be added and
# —1 written as coefficient 1111100
-+ 01000
00001000
- 01000
00000000

Thus we obtain the coefficients -1, —1, —1, 41 for
the four terms of the series, making the answer

20—2-1-2-24-2-3=0.375

The method just described provides the correct answer
as has been shown. The computer, however, is set up
to handle only the binary numbers 1 and 0 and cannot
write a —1. It has been found, however, that the com-
puter can be caused to go through the above process by
writing a 0 in place of a —1. This produces what is
termed herein an uncorrected quotient which would ob-
viously be erroneous, It can be demonstrated, however,
that a quotient thus expressed in terms of 1’s and 0’s can
be made to equal the true quotient by applying certain
corrective expedients, These are—

a. Adding an extra term with a coefficient 1 at the end
of the series.

b. Doubling the answer obtained in this manner (shift
one binary place to the left) and

¢. Subtracting 2 (binary 10).

The justification for the above-corrected steps are given in
the following paragraphs.

The true quotient, expressed in terms of a series with
coefficients of -}-1 and —1 can be written mathematically
as

n
Q=21C2
Q
where Cj=-1 or —1. Assuming that the computer

merely substitutes 0’s for —1’s in the above expression,
the quotient obtained may be expressed mathematically as

n
Q=230 2"
0
where C’j=-+1 if Ci=+1 and C’;=0 if Cj=—1.
Let us assume now that the quotient Q’ is multiplied by

2 by means of an additional shift in the computer. The
answer obtained by the computer will then be

n
2Q'=2>C";2-i
0
We can write the following equation

Q—20'=3XC,—20" )2
0

If Cj=+1; then 2C%=2, and C;—2C’=—1. If
Cij=—1; then 2C’=0, and C;—2C’j=—1. Therefore:
n
Q—2Q'=—>2~
0
n
Q=20 —> 2~
0
or
Q=2Q" —24-2-»

Or we may rewrite this expression as

0=2(Q"+2"1) -2
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The above expression then says that when 0’s are substi-
tuted for —1’s, the true quotient may be obtained by add-
ing an extra term (2—%—1) having a coefficient of 1, dou-
‘tz)ling the answer obtained in this manner and subtracting

In the following claims the term “addition of electrical
impulses” is intended to mean the operation which takes
place in the summing circuit herein in which two sep-
arate series of electrical impulses are fed sequentially
and order by order into a summing circuit to produce a
series of electrical impulses which is representative, order
by order, of the sum of the incoming data. The term
“subtraction of electrical impulses” will be understood
to be an analogous operation in which the series of elec-
trical impulses produced is representative, order by order,
of the difference between the two numbers represented
by the incoming data,

In the fellowing claims, as will be appreciated by one
skilled in the art, the term “magnetic disk” refers to a
rotatable member presenting a ribbon-like circular path
of magnetic material for cooperation with recording and
pickup heads.

I claim as my invention:

1. In a digital computer having an arithmetic unit in-
cluding a plurality of switches for controlling the flow
of data, a control unit for said switches comprising: a
program storage device having control data spaced at
intervals therealong, a series of magnetic disks mounted
for rotation in unison with said program storage device,
each of said disks having a magnetic discontinuity on
the periphery thereof, pickup coils cooperating with said
disks for producing respective unlocking puises synchro-
nized with the feeding of the control data on said pro-
gram device, a series of locked two-condition devices
having their input circuits connected to receive data si-
multaneously from the program device, said two-condi-
tion devices having unlocking leads fed from respective
ones of said pickup coils whereby said two-condition
devices are momentarily unlocked one by one to assume
equilibrium settings respectively corresponding to the
data received from the program device at the time of
relocking, and means for transmitting said equilibrinm
settings simultaneously to the switches in the arithmetic
unit.

2. In a digital computer having an arithmetic unit in-
cluding a plurality of switches for controlling the flow
of data between rotating magnetic disks during each
step in the computation, a control unit for said switches
comprising: a driven program device having control data
spaced at intervals therealong in the form of spots of
magnetism, a series of unlocking disks mounted for ro-
tation in synchronism with said magnetic disks and said
program device, each of said disks having a magnetic
discontinuity on the periphery thereof, the discontinuities
on successive ones of said disks being successively offset
from one another, pickup coils cooperating with said disks
respectively for producing a succession of unlocking
pulses synchronized with the spacing of the control data
on said program device, a series of locked two-condition
devices connected to receive setting data simultaneously
from the program device, said two-condition devices
having means for unlocking the same connected to re-
spective ones of said pickup coils whereby said two-con-
dition devices are unlocked one by one to assume settings
corresponding to the data received from the program de-
vice at the time of unlocking, and means for simulta-
neously setting the switches in said arithmetic unit in
accordance with the settings of respective ones of said
two-condition devices.

3. For use in a digital computer including an arithmetic
unit having a plurality of switches for directing the flow
of data, a control unit for such switches having a driven
data storage element having control data spaced at in-
tervals therealong, a series of locked two-condition de-
vices having their input circuits all connected to receive
information simultaneously from the data storage ele-
ment, means including a pair of pulse leads for producing
unlocking pulses alternately at intervals corresponding to
the spacing of said control data, a series of electronic
switches, the input circuits of alternate switches being
connected to alternate ones of said pulse leads and the
output circuits of said switches being connected to the
unlocking leads of respective ones of said locked two-
condition devices, and a delay chain composed of a suc-
cession of serially connected two-condition devices ar-
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ranged for operation in succession at intervals correspond-
ing to the spacing of said control data for controlling re-
spective ones of said switches to insure that said locked
two-condition devices are unlocked one by one to assume
a state of equilibrium corresponding to the data respec-
tively spaced along the storage element.

4, For use in a digital computer including an arithmetic
unit having a plurality of switches for directing the flow
of data, a control unit comprising a driven data storage
element having data spaced at intervals therealong, the
combination comprising: a first series of two-condition
devices connected as a delay chain, means for unlocking
such devices to cause them to operate in sequence at in-
tervals corresponding to the spacing of said control data,
a second series of two-condition devices having input
leads and output leads and unlocking leads and so ar-
ranged as to enable the output to assume a polarity cor-
responding to that of the input upon application of an
unlocking pulse thereto and to remain stably in such con-
dition when the unlocking pulse is removed, said two-
condition devices having their input circuits connected
to receive information simultaneously from the data stor-
age element and having their unlocking leads connected
to receive unlocking pulses from the respective two-con-
dition devices of said delay chain, whereby said second
series of two-condition devices are successively placed in
states of equilibrium corresponding to the data respec-
tively spaced along the storage element, and means re-
sponsive to the condition of said second series of two-
condition. devices for controlling the setting of switches
in the arithmetic unit.

5. In a digital computer including an arithmetic unit
having a plurality of switches for directing the flow of
data, a control unit therefor comprising a driven data
storage element having control data spaced at intervals
therealong, the combination comprising a first series of
locked two-condition devices connected as a delay chain,
means including a pair of pulse leads for producing un-
locking pulses alternately at intervals corresponding to
the spacing of said control data, said leads being con-
nected to the unlocking terminals of alternate ones of
said two-condition devices to cause them to operate in
sequence at intervals corresponding to the spacing of said
control data, a second series of locked two-condition de-
vices having their input circuits all connected to receive
information simultaneously from the data storage ele-
ment and having their unlocking leads arranged for con-
trol by the devices in the delay chain, and auxiliary
switches interposed between the pulse leads and the second
series of two-condition devices and respectively triggered
by the first series of two-condition devices for insuring
that two-condition devices in the second series are un-
locked singly for setting in sequence by said control data.

6. In a digital computer of the sequential type, an

arithmetic unit having a plurality of rotating magnetic disks
and a summing circuit together with switches for control-
ling the flow of data between said disks and said summing
circuit; a control unit having means for generating a num-
ber pulse indicative of the besinning of each step of com-
putation and for generating switch controlling voltages
synchronized with the rotation of said disks for setting
said switches in a predetermined combination for each of
said steps, said disks including a multiplying disk and a
dividing disk for shifting a number to the left and right
respectively, said disks each having a recording head
thereon and having a pickup head with the recording head
spaced from said pickup head by an amount corresponding
to the time interval between successive number pulses plus
an offset of one digit space, and common means for in-
serting binary zeros to fill in the digit spaces vacated by
shifting of said binary number on the respective disks.

7. In a digital computer of the sequential type, an
arithmetic unit having a plurality of rotating magnetic disks
and a summing circuit together with switch means for con-
troliing the flow of data between said disks and said sum-
ming circuit, a control unit having means for generating
switch controlling voltages synchronized with the rotation
of said disks for setting said switches in a predetermined
combination for each step of computation, at least one of
said disks being a multiplying disk employed for multi-
plication of a binary number by two, said multiplying
disk having a recording head thereon and having a pickup
head with the recording head so spaced from said pickup
head that the number recorded by said recording head
and picked up by said pickup head is retarded one digit
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causing an effective shift of the number one binal place
to the left, and means for inserting a binary 0 to fill in the
digit space vacated by shifting of said binary number to
the left, said binary O inserting means being turned on
one digit prior to the beginning of a step of computation
and turned off precisely at the beginning of a step of
cocmputation.

8. In a digital computer of the sequential type, an arith-
metic unit having a plurality of rotating magnetic disks
and a summing circuit together with switch means for
controlling the flow of data between said disks and said
summing circuit, a control unit having means for generat-
ing switch controlling voltages synchronized with the ro-
tation of said disks for setting said switches in a prede-
termined combination for each step of computation, at
least one of said disks being a dividing disk employed
for division of a binary number by two, said dividing disk
having a recording head thereon and having a pickup head
with the recording head so spaced from said pickup head
that the number recorded by said recording head and
picked up by said pickup head is advanced one digit caus-
ing an effective shift of the number one binal place to
the right, and means for inserting a binary 0 to fill in the
digit space vacated by shifting of said binary number to
the right.

9. In a digital computer in which the digits are acted
upon sequentially, means for delaying and advancing a
binary number bv a time interval corresponding to one
digit space between successive steps of computation com-
prising in sub-combination, rotating disk means having a
magnetizable periphery with sufficient number spaces
thereon to record a plurality of binary numbers in re-
spective normal positions, each number space being made
up of a plurality of digit spaces consisting of a succession
of inagnetizable spots, means including a nickup head for
reading the spots corresponding to a given binary number
and for converting them into a succession of electrical
pulses indicative of said number, means for amplifying
the pulses, and means including a recording head energized
by said amplifying means and cooperating with the periph-
ery of said disk means for re-recording the number in a
displaced position on said disk means, said recording head
being spaced relative to said pickup head to re-record the
number in a position shifted from the normal position by
one digit space, and means for filling in with a binary
0 the digit space vacated in the normal position by reason
of said shift.

10. In a digital computer, means for shifting a binary
number one place relative to the binal point comprising,
in combination, a rotating disk having a magnetizable
periphery with sufficient number spaces thereon to record
at least two binary numbers in respective normal posi-
tions, each number space being made up of a plurality of
digit spaces consisting of magnetizable spots, means in-
cluding a pickup head for reading said spots and for con-
verting them into corresponding electrical pulses, means
for amplifying the pulses, and means including a record-
ing head energized by said amplifying means and co-
operating with the periphery of said disk for re-recording
the number in a displaced position on the disk, said re-
cording head being spaced from said pickup head to re-
record the number shifted from a normal position by one
digit space, and means for filling in with a binary 0 the
digit space vacated in the normal position by reason of
said shift.

11. In a digital computer means for multiplying and
dividing a binary number by two comprising, in sub-com-
bination, a multiplying disk, a dividing disk, each of said
disks having a succession of number spaces about the
periphery thereof including digit spaces for the magnetic
digit-by-digit recording of a succession of binary num-
bers, said disks being coupled for rotation in synchronism,
recording and pickup heads cooperating with each of said
disks and spaced about the periphery thereof, the record-
ing head being spaced from the pickup head on the multi-
plying disk by one number space plus one digit space, the
recording head being spaced from the pickup head on
the dividing disk by one number space minus one digit
space, a source of binary digits in the form of electrical
pulses synchronized with the rotation of said disks, and
switch means for controlling the flow of electrical pulses
from said source of binary digits to said disks.

12. In a digital computer means for multiplying and
dividing a binary number by two comprising, in sub-com-
bination, a multipling disk, a dividing disk, each of said
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disks having a succession of number spaces about the pe-
riphery thereof including digit spaces for the magnetic
digit-by-digit recording of a succession of binary num-
bers, said disks being coupled for rotation in synchronism,
recording and pickup heads cooperating with each of said
disks and spaced about the periphery thereof, the record-
ing head being spaced from the pickup head on the multi-
plying disk by one number space plus one digit space to
effect a shift to the left, the recording head being spaced
from the pickup head on the dividing disk by one number
space minus one digit space to effect a shift to the right,
a source of binary digits in the form of electrical pulses
synchronized with the rotation of said disks, switch means
for controlling the flow of electrical pulses from said
source of binary digits to said disks, a generator for pro-
ducing a series of binary zeros, means including auxiliary
switches for connecting said zero generator to said re-
cording heads to fill in the digit spaces on said disk left
vacant by reason of the shift.

13. In a digital computer employing the binary system
of numbers the combination comprising a memory unit
for the storage of problem data, a control unit for de-
termining the manner in which the data is to be acted
upon in each step of computation, an arithmetic unit
connected to the control unit for acting upon the data
digit by digit, said units each having means including
magnetic surfaces advanced by a common drive shaft
for the storage of binary numbers and for storage of con-
trol data respectively together with switches controlled
by the control data for determining the flow of binary
numbers to and from the magnetic surfaces in the various
steps in the solution of a problem.

14. In a digital computer employing the binary system
of numbers, a memory unit having a rotating magnetic
record member therein for the storage of problem data;
an arithmetic unit having rotating magnetic record mem-
bers together with recording and pickup heads thereon
enabling a binary number to be shifted one place to the
right or to the left as it is recorded on and read from
said record members; said arithmetic unit further includ-
ing a summing circuit including means for adding and
subtracting a pair of binary numbers simultaneously fed
into the input thereof; a plurality of switches in said
arithmetic unit for controlling the flow of data; and a
control unit having a program control element therein
which is drivingly synchronized with the magnetic record
members in said arithmetic unit and said memory unit
for controlling said switches and enabling the binary data
to be added, subtracted, and multiplied and divided by
two.

15. In a digital computer employing the binary system
of numbers the combination comprising a memory unit
for storing data and for making it available as a series
of plus-minus and minus-plus voltage couples; an arith-
metic unit including means for adding and subtracting
binary numbers, means for shifting individual numbers
to the right and to the left, and means for temporarily
storing the same, said arithmetic unit also including
switches for switching a series of voltage couples repre-
sentative of a binary number between the various por-
tions of the arithmetic unit in successive steps, each step
requiring the switches to be set in a particular combina-
tion; and a control unit for said switches, said control unit
including a source of recorded control data, a first set
of two-condition devices having means for setting them
one by one into respective conditions predetermined by
the control data, a second set of two-condition devices
having means for setting them simultaneously into con-
ditions determined by the setting of corresponding two-
condition devices in the first set and at the beginning of
each step of computation; and means for setting certain
of said switches in the arithmetic unit in accordance with
the result of a step of computation previously performed
to effect the solution of a problen.

16, In a digital computer employing the binary system
of numbers the combination comprising a memory unit
for storing data and for making it available as a series
of plus-minus and minus-plus voltage couples; an arith-
metic unit including means for adding and subtracting
binary numbers, means for shifting individual numbers
to the right and to the left, and means for temporarily
storing the same, said arithmetic unit also including
switches for switching a series of voltage couples repre-
sentative of a binary number between the various portions
of the arithmetic unit in successive steps, each step re-
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quiring the switches to be set in a particular combination;
and a control unit for said switches, said control unit
including a source of recorded control data, a series of
two-condition devices associated with said switches,
means for setting said devices simultaneously into con-
ditions directed by the source of control data to at least
partially determine what takes place during the ensuing
step of computation; and means for setting the switches
for addition and subtraction in the arithmetic unit in
accordance with the result of a step of computation just
previously performed.

17. In a digital computer for division employing the
binary system of numbers the combination comprising a
memory unit for storing a divisor and a dividend and for
making them available as series of plus-minus and minus-
plus voltage couples, an arithmetic unit including means
for adding and subtracting binary numbers, means for
shifting individual numbers to the right and to the left,
and means for temporarily storing the same, said arith-
metic unit also including switches for switching a series
of voltage couples representative of a binary number
between the various portions of the arithmetic unit in the
successive steps émployed in a problem of division, each
step requiring the switches to be set in a particular com-
bination; and a control unit for said switches, said control
unit including a source of recorded control data, a first
set of two-condition devices, a second set of two-condi-
tion devices having means for setting them simultane-
ously into conditions determined by the setting of cor-
responding two-condition devices in the first set and at
the beginning of each step of computation; and means for
setting the switches for addition or subtraction in the
arithmetic unit in accordance with the result of a step of
computation just previously performed.

18. In a binary computer, a source of digits comprising
the answer to a problem, said digits being supplied one
by one and of successively decreasing order, an answer
recording device comprising a rotating storage member,
said storage member having a recording head thereon and
having a pickup head, said recording head being supplied
from said digit source, said pickup head having associated
therewith a loop circuit so that data picked up from
the storage member may be re-recorded at a different
point thereon, said storage member having a plurality of
number spaces thereon each consisting of a series of digit
spaces, the recording head being so spaced from said
pickup head that the number read by said pickup head
and simultaneously re-recorded by said recording head is
retarded one digit causing an effective shift of the number
one digit space for each rotation of the storage member,
and means including a switch for supplying individual
answer digits to said recording head timed for insertion
in the spaces successively vacated by shifting of said
binary number to the left so that the answer is built up
order by order on said storage member.

19. In a binary computer, a source of digits comprising
the answer to a problem, said digits being supplied one
by one and of successively decreasing order, an answer
recording device comprising a rotating magnetic disk,
said disk having a recording head and a pickup head
associated therewith, said recording head being supplied
from said digit source, a loop circuit interconnecting said
heads so that impulses picked up by said pickup head may
be simultaneously re-recorded on said disk at another
location, said disk having a plurality of number spaces
thereon each consisting of a series of digit spaces, the
recording head being so spaced from said pickup head
that the number recorded by said recording head and
picked up by said pickup head is retarded one digit caus-
ing an effective shift of the number one digit space during
each rotation of the disk, and means including a switch
for preventing the re-recording of the high order digit
of each number passing through said loop circuit and for
recording instead successive ones of said answer digits
from said source so that said answer is built up order by
order on said disk.

20. In a digital computer including an arithmetic unit
for performing computation in successive steps and having
a plurality of switches settable at the beginning of each
step of computation for controlling the flow of data be-
tween storage devices, a control unit for said switches
comprising, in combination, a driven program device hav-
ing control data spaced at regular intervals thereon and
having an output; a series of locked two-condition devices
each having an input lead, an output lead and an unlock-
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ing lead and so arranged that upon applying a voltage
pulse to the unlocking lead the device assumes a stable
condition dependent upon the then-existing voltage at the
input lead, all of said two-condition devices having their
input leads connected to receive data from the output of
said program device in the form of a series of voltage
impulses; means including a plurality of unlocking devices
for unlocking respective ones of said two-condition de-
vices; means synchronously coupled to said program
device for operating said unlocking devices successively
in step with the fceding of control data from the output
of said program device, and means for transmitting the
settings of the two-condition devices simultaneously to the
switches in said arithmetic unit.

21. In a digital computer including an arithmetic unit
for performing computation in successive steps and having
a plurality of switches settable at the beginning of each
step of computation for controlling the flow of data be-
tween storage devices, a control unit for said switches
comprising, in combination, a driven program device hav-
ing control data spaced at regular intervals thereon and
having an output; a series of locked two-condition devices
each having an input lead, an output lead and an unlock-
ing lead and so arranged that upon applying a voltage
pulse to the unlocking lead the device assumes a stable
condition dependent upon the then-existing voltage at the
input lead; said two-condition devices having their input
leads connected to receive data simultaneously from the
output of said program device in the form of a series of
voltage impulses; means synchronously coupled to said
program device for applying unlocking pulses to the two-
condition devices successively to make them responsive
one-by-one to respective bits of control data from said
program device during a given step of computation; and
means for transmitting the settings of said two-condition
devices simultaneously to the switches in said arithmetic
unit just prior to the ensuing step of computation.

22. In a digital computer including an arithmetic unit
for performing computation in successive steps and hav-
ing a plurality of switches settable at the beginning of each
step of computation for controlling the flow of data be-
tween storage devices, a control unit for said switches
comprising, in combination, a program device including a
storage medium having successive series of control data
thereon for setting the switches in successive steps of com-
putation; means for progressively reading the control data
comprising a series during a step of computation; a series
of locked two-condition devices each having an input lead,
an output lead and an unlocking lead and so arranged
that upon applying a voltage pulse to the unlocking lead
voltage appears at the output lead which coincides with
the then-existing voltage at the input lead and which stably
persists after the unlocking pulse is removed; said two-
condition devices having their input leads connected to
said reading means; means synchronously coupled to said
reading means for unlocking said two-condition devices
one-by-one in step with the reading of the control data;
and means for simultaneously transferring the stored con-
trol data from the two-condition devices to the switches
in the arithmetic unit at the beginning of the ensuing step
of computation.

23. In a digital computer including an arithmetic unit
for performing computation in successive steps and having
a plurality of switches settable at the beginning of each
step of computation for controlling the flow of data be-
tween storage devices, a control unit for said switches
comprising, in combination, a driven program device
having control data spaced at regular intervals thereon
and having an output; a first series of locked two-condition
devices each having an input lead, an output lead and an
unlocking lead and so arranged that upon applying a
voltage pulse to the unlocking lead the device assuimes a
stable condition dependent upon the then-existing voltage
at the input lead, said two-condition devices having their
input leads connected to receive data simultaneously from
the output of said program device in the form of a series
of voltage impulses; means synchronously coupled to said
program device for applying unlocking pulses to the two-
condition devices successively to make them responsive
one-by-one to respective bits of control data from said
program device: a second series of two-condition devices
each having an input lead, an output lead and an unlock-
ing lead and so arranged that upon applying a voltage
pulse to the unlocking lead the device assumes a stable
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condition dependent upon the then-existing voltage at the
input lead, the input leads of the second series of two-
condition devices being coupled to the output leads of
the devices in said first series respectively; means for cou-
pling the output leads of said second series of two-condi-
tion devices to the switches in the arithmetic unit; and
means for simultaneously unlocking all of the devices in
the second series at the beginning of an ensuing step of
compuiation.

24. In a binary digital computer for carrying out com-
putation in successive steps, the subcombination compris-
ing means for timing the duration of the steps, a rotating
disk having a plurality of number spaces thereon, each of
the number spaces being divided into a predetermined
number of digit spaces, said disk having a magnetizable
periphery for recording binary numbers in said number
spaces in the form of spots of magnetism, means including
a pickup head for reading said spots and for converting
them into a series of voltage impulses, said disk being
coupled to said timing means so that successive number
spaces are read by said pickup head in precise synchro-
nism with the successive steps of computation, means for
amplifying the voltage impulses, means including a re-
cording head energized by said amplifying means and
cooperating with the periphery of said disk for recording
the voltage impulses successively on the disk in the form
of spots of magnetism, said recording head being so
spaced from the pickup head that the number is recorded
in a separate number space with the digits thereof shifted
within said separate number space by an integral number
of digit spaces thereby shifting the order of the number,
and means coupled to said pickup head for utilizing the
shifted number in a successive step of computation.

25. In a binary digital computer for carrying out com-
putation in successive steps, the combination comprising
means for timing the duration of the steps, a recording
medium having a plurality of number spaces thereon, each
of the number spaces being divided into a predetermined
number of digit spaces, means including a pickup member
for reading said recording medium, means synchronized
with the timing means for driving said recording medium
relative to the pickup member so that successive number
spaces are read by said pickup member in precise synchro-
nism with the successive steps of computation, means in-
cluding a recording member electrically coupled to the
pickup member for re-recording on the recording medium
the number read by the pickup member, said recording
member being so arranged relative to the pickup member
that the number is recorded in a separate number space
with the digits thereof shifted within said separate number
space by an integral number of digit spaces thereby shift-
ing the order of the number, and means for utilizing the
shifted number in a successive step of computation.

26. In a binary digital computer for carrying out com-
putation in successive steps, the subcombination compris-
ing means for timing the duration of the steps, rotating
disk means having a plurality of number spaces thereon,
each of the number spaces being divided into a predeter-
mined number of digit spaces, said disk means being mag-
netizable for recording binary numbers in said number
spaces in the form of spots of magnetism, means including
a pickup head for reading said spots and for converting
them into a series of voltage impulses, means coupled to
said timing means for rotating said disk means so that
successive number spaces are read by said pickup head in
precise synchronism with the successive steps of compu-
tation, means for amplifying the voltage impulses, means
including a recording head energized by said amplifying
means-and cooperating with the disk means for recording
the voltage impulses successivelv thereon in the form of
spots of magnetism, said recording head being so spaced
from the pickup head that the number is recorded in a
separate number space with the digits thereof shifted one
digit space in the direction of rotation thereby effectively
dividing the number by decimal 2, and means for utiliz-
ing the shifted number in a successive step of computation.

27. In a binary digital computer for carrying out com-
putation in successive steps, the subcombination compris-
ing means for timing the duration of the steps, rotating
disk means having a plurality of number spaces thereon,
each of the number spaces being divided into a predeter-
mined number of dieit spaces, said disk means being mag-
netizable for recording binary numbers in said number
spaces in the form of spots of magnetism, means including
a pickup head for reading said spots and for converting



2,701,095

33

them into a series of voltage impulses, means coupled to
said timing means for rotating said disk means so that
successive number spaces are read by said pickup head in
precise synchronism with the successive steps of compu-
tation, means for amplifying the voltage impulses, means
including a recording head energized by said amplifying
means and cooperating with the disk means for recording
the voltage impulses successively thereon in the form of
spots of magnetism, said recording head being so spaced
from the pickup head that the number is recorded in a
separate number space with the digits thereof shifted one
digit space opposite to the direction of rotation thereby
effectively multiplying the number by decimal 2, and
means for utilizing the shifted number in a successive step
of computation.

28. In a computer of the digital type in which the two
binary digits are represented by plus-minus and minus-
plus voltage couples, respectively, an arithmetic unit for
performing computation in successive steps each char-
acterized by the flowing of binary numbers between stor-
age devices, said arithmetic unit having switches for con-
trolling the flow between said storage devices; means for
reading the digit occupying a predetermined digit interval
in a flowing binary number which comprises a locked two-
condition device having an input lead, an output lead and
an unlocking lead and so arranged that upon applying a
voltage pulse to the unlocking lead a voltage appears at
the output lead having a polarity depending upon the
then-existing voltage at the input lead and which stably
persists independently of subsequent changes at the input
lead, said input lead being connected to said reading
means; means for applying an unlocking pulse to said
unlocking lead at an instant during said digit interval
when the voltage in one-half of the voltage couple is maxi-
mum; and means actuated by the output lead of said two-
condition device for setting a portion of the switches in
the arithmetic unit at the beginning of the ensuing step of
computation.

29. In a computer of the digital type in which the two
binary digits are represented by plus-minus and minus-
plus voltage couples, respectively, an arithmetic unit for
performing computation in successive steps each char-
acterized by the flowing of binary numbers between stor-
age devices, said arithmetic unit having switches for con-
trolling the flow between said storage devices; means for
reading the digit occupying a predetermined digit interval
in a flowing binary number which comprises a first locked
two-condition device having an input lead, an output
lead and an unlocking lead and so arranged that upon
applying a voltage pulse to the unlocking lead a voltage
appears at the output lead which coincides with the then-
existing voltage at the input lead and which persists in-
dependently of subsequent changes at the input lead, said
input lead being connected to said reading means; means
for applying an unlocking pulse to said unlocking lead at
an instant during said digit interval when the voltage in
one-half of the couple is maximum; a second locked two-
condition device having its input connected to the output
of said first two-condition device and having its output
coupled to a portion of the switches in said arithmetic
unit; and means for applying a voltage pulse to the unlock-
ing lead of said second device at the beginning of an en-
suing step of computation.

30. In a computer of the digital type in which two
binary digits are represented by plus-minus and minus-
plus voltage couples, respectively, an arithmetic unit for
performing computation in successive steps each char-
acterized by the flowing of binary numbers between stor-
age devices, said arithmetic unit having switches for con-
trolling the flow between said storage devices, means for
storing control data; a series of locked two-condition de-
vices each having an input lead, an output lead and an un-
locking lead and so arranged that upon applying a voltage
pulse to the unlocking lead a voltage appears at the out-
put lead which depends upon the ten-existing voltage at
the input lead and which persists independently of subse-
quent changes at the input lead; said two-condition devices
having their input leads coupled together and arranged to
receive a sequential flow of control data from said storage
means; means for sequentially applying unlocking pulses
to said two-condition devices to make them responsive
one-by-one to respective bits of control data from the
storage means; means including a locked two-condition de-
vice for reading the digit occupying a predetermined digit
interval in a flowing binary number; timing means for ap-
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plying a voltage pulse to said latter two-condition device
at an instant during said digit interval when the voltage
is maximum, and means for simultaneously coupling the
output leads of all of said two-condition devices to respec-
tive switches in the arithmetic unit at the beginning ot an
ensuing step of computation.

31. in a digital computer in which computation takes
place in steps of equal duration, the combination com-
prising a plurality or synchronized storage devices, a sum-
ming circuit, means including switches tor controlling the
flow of binary numbers between the storage devices and
between the storage devices and the summing circuit,
means for setting the switches at the beginning of each
step of computation, fill-in means for insuring that the ex-
cess high order digit spaces are occupied by binary zeros in
the case of a positive number and binary ones in the case
of a negative number, means for reading the digit space
of highest order in the binary numbers flowing through a
predetermined path in succeeding steps of computation,
and means including a storage device tor compiling a rec-
ord of the digits read by the reading means.

32. In a digital computer in which computation takes
place in steps of equal duration, the combination com-
prising a plurality ot synchronized storage devices, a sum-
ming circuit, means including switches for controlling
the flow of binary numbers between the storage devices
and between the storage devices and the summing circuit,
means for setting the switches at the beginning of each
step of computation, fill-in means for insuring that the
excess high order digit spaces are occupied by binary
zeros in the case of a positive number and binary ones in
the case of a negative number, means for reading the
digit space of highest order of the binary numbers flow-
ing through a predetermined path in successive steps of
computation, means for directing the summing circuit
to add or subtract in a succeeding step of computation de-
pending upon whether the read digit is a binary one or a
binary zero, and means including a storage device com-
piling a record of the digits read by the reading means.

33. In a digital computer in which computation takes
place in steps, the combination comprising a plurality of
synchronized storage devices each having number spaces
thereon, each number space being made up of a prede-
termined number of digit spaces, a summing circuit,
means including switches for controlling the flow of
binary numbers between the storage devices and between
the storage devices and the summing circuit, means for
setting the switches at the beginning of each step of com-
putation, fill-in means for insuring that the high order digit
spaces are occupied by binary zeros in the case of a posi-
tive number and binary ones in the case of a negative
number, means for reading the digit space of highest
order in the binary numbers successively flowing through
a predetermined path in succeeding steps of computation,
and means including a storage device synchronized with
said plurality of storage devices for compiling a record of
the digits read by the reading means.

34. In a digital computer in which computation takes
place in steps of equal duration, the combination com-
prising a plurality of synchronized storage devices, a
summing circuit, means including switches for control-
ling the flow of data between the storage devices and be-
tween the storage devices and the summing circuit, means
for setting the switches at the beginning of each step of
computation, fill-in means for insuring that the excess high
order digit spaces are occupied by binary zeroes in the case
of a positive number and binary ones in the case of a
negative number, means for reading the digit space of
the highest order of the binary numbers at the output
of the summing circuit in successive steps of computation,
and means including a storage device for compiling a
record of the digits read by the reading means.

35. In a digital computer in which computation takes
place in steps of equal duration, the combination com-
prising means for supplying problem data in the form
of binary numbers each of which consists of a predeter-
mined number of digit spaces with the high order digit
spaces completed by binary zeros in the case of a posi-
tive number, a plurality of synchronized storage devices,
a summing circuit in which a negative number is expressed
at the output in the form of the complement, means in-
cluding switches for controlling the flow of binary num-
bers between the storage devices and between the stor-
age devices and the summing circuit, means for setting
the switches at the beginning of each step of computa-



2,701,005

35

tion, means for reading the digit spaces of highest order
in the binary numbers flowing through a predetermined
path in successive steps of computation, and means in-
cluding a storage device for compiling a record of the
digits read by the reading means.

36. In a digital computer in which computation takes
place in steps of equal duration, the combination com-
prising a plurality of synchronized storage devices, a
summing circuit, means including switches for control-
ling the flow of data between the storage devices and
between the storage devices and the summing circuit,
means for setting the switches at the beginning of each
step of computation, means associated with one of said
storage devices for re-recording a binary number thereon
in successive steps of computation and with the number
shifted down one order in each successive recording,
means including a storage device for recording the out-
put of the summing circuit, means for feeding the shifted
binary number and the recorded output of the summing
circuit from the previous step into the summing circuit
order by order, means for reading the sign of the binary
numbers appearing at the output of the summing circuit
in successive steps of computation, and means including
a storage device for compiling a record of digits repre-
sentative of the sign read by the reading means.

37. In a digital computer in which computation takes
place in steps of equal duration, the combination com-
prising a plurality of synchronized storage devices having
provision for recording binary numbers of equal length
with the digit spaces in the higher orders filled in with
idle digits, a summing circuit in which a negative number
is expressed at the output in the form of the complement,
means including switches for controlling the flow of
binary numbers between the storage devices and between
the storage devices and the summing circuit, means for
setting the switches at the beginning of each step of com-
putation, means for reading the digit space of highest
order in the binary numbers appearing at the output of
the summing circuit in succeeding steps of computation,
and means including a storage device for compiling a
record of the digits read by the reading means.

38. In a digital computer in which the digits are acted
upon sequentially, means for delaying and advancing a
number by a definite time interval between successive
steps of computation comprising in sub-combination, ro-
tating disk means having a magnetizable periphery divided
into a plurality of number spaces sufficient to record a
plurality of numbers in respective normal positions, each
number space having a plurality of digit spaces consisting

of a succession of magnetizable spots, means including a ¢

pickup head for reading the spots corresponding to a given
number and for converting them into a succession of elec-
trical pulses indicative of said number, means for ampli-
fying the pulses, and means including a recording head
energized by said amplifying means and cooperating with
the periphery of said disk means for re-recording the num-
ber in a displaced position on said disk means, said record-
ing head being spaced relative to said pickup head to re-
record the number in a position shifted from the normal
position, and means for filling in with 0 the space vacated
in the normal position by reason of said shift.

39. In a digital computer employing the binary system
of numbers, a memory unit having a rotating magnetic
record member therein for the storage of problem data;
an arithmetic unit having rotating magnetic record mem-
bers together with recording and pickup heads thereon
enabling a number to be shifted to the right or to the left
as it is recorded on and read from said record members;
said arithmetic unit further including a summing circuit
including means for adding and subtracting a pair of
binary numbers simultaneously fed into the input thereof;
a plurality of switches in said arithmetic unit for con-
trolling the flow of data; and a control unit having a
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program control element therein which is synchronized
with the magnetic record members in said arithmetic unit
and said memory unit for controlling said switches and
enabling the binary data to be added and subtracted.

40. In a digital computer for handling binary numbers
having a predetermined number of digit spaces including
excess high order digits and in which computation takes
place in steps of equal duration, the combination compris-
ing a plurality of synchronized temporary storage devices,
a summing circuit in which a negative number is expressed
at the output in the form of the complement, means in-
cluding switches for controlling the flow of binary num-
bers between the storage devices and between the storage
devices and the summing circuit, means for setting the
switches at the beginning of each step of computation,
means associated with at least a portion of the temporary
storage devices for binal shifting of the number incident
to storage thereof, means for filling in any digit spaces
vacated by reason of said binal shifting, means for read-
ing an excess high order digit space in the binary numbers
flowing through a predetermined path in succeeding steps
of computation, and means including a storage device for
compiling a record of the digits read by the reading means.

41. In a digital computer in which computation takes
place in steps of equal duration, the combination com-
prising a plurality of synchronized temporary storage de-
vices having provision for recording binary numbers of
equal length with the digit spaces in the higher orders
filled with idle digits, a summing circuit so arranged that
the idle digit of highest order of each number appearing
at its output is representative of the sign of such number,
means including switches for controlling the fiow of data
between the storage devices and between the storage de-
vices and the summing circuit, means for setting the
switches at the beginning of each step of computation,
means associated with one of said storage devices for re-
recording a binary number thereon in successive steps of
computation and with the number shifted one order in
each successive recording, means including one of said
storage devices for recording the output of the summing
circuit, means for feeding the shifted binary number and
the recorded output of the summing circuit from the pre-
vious step into the summing circuit order by order, read-
ing means responsive to the idle digit of highest order in
the numbers appearing at the output of the summing cir-
cuit in successive steps of computation, and means includ-
ing a storage device for compiling a record of the digits
read by the reading means.
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