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This invention relates generally to calculating apparatus
and more particularly to an electronic desk type calcu-
lator for performing arithmetic operations.

Presently available calculating machines are all of the
electromechanical type in which decimal digits are stored
in terms of the position of a physically movable element,
as for example, a wheel or a rack. Each such element is
capable of successively assuming a different one of ten
possible positions in response to the successive develop-
ment of a mechanical stimulus. Hence, each such ele-
ment is considered a mechanical decade counter. Within
the conventional calculator, sets of elements comprising
registers, are provided to store multidigit numbers. For
example, in order to store a ten digit decimal number,
a register comprised of ten decade counters has to be pro-
vided with a different register being necessary for each
of the multidigit numbers to be simultaneously stored.
Of course, since in an arithmetic operation such as di-
vision, a divisor, a dividend, and a quotient must be si-
multaneously stored, at least three reigsters must be pro-
vided. In more complex arithmetic operations or in a
series of simpler operations, it is often necessary to handle
additional numbers simultaneously. Of course, additional
registers could be provided for this purpose but because
of the expense and expanse of such registers in electro-
mechanical calculators, such additional scratch pad regis-
ters are not generally provided and the user must there-
fore often use pencil and paper to keep track of such
additional numbers. The introduction of the human ele-
ment in this capacity tends to introduce errors in calcu-
lations.

Calculators are extremely useful and economically justi-
fied where it is necessary to perform many relatively sim-
ple and different arithmetic operations. For more com-
plex data handling chores where speed is significant or
where the same arithmetic operation has to be per-
formed a very great number of times, digital computers
can be advantageously employed. For example, presently
available calculators are not useful for solving weather
prediction problems because in order to be of any value,
the solution must be provided in a matter of hours and
through the use of a calculator, might not be available
for several weeks. From the nature of what has been
said thus far, it should be apparent that the use of a cal-
culator is economically justified for a certain class of
problems whereas a digital computer is justified for an-
other certain class of problem. Between these two cer-
tain classes of course, is a gray area in which it is often
not clear as to which type of apparatus should be used
in order to obtain the fastest solution at the lowest cost.
The choice is complicated by the fact that even though
the calculator is slower than the computer in actual proc-
essing time, a user is able to directly operate the calcu-
lator to immediately obtain results whereas use of a
digital computer generally requires that the problem be
given to a programmer for the purpose of translating it
into acceptable machine language.

In view of the above, it is an object of the present
invention to provide a calculator which operates con-
siderably faster and which in addition is more reliable
and more accurate than heretofore known calculators.
It is also an object of the present invention to provide
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such a calculator which is of approximately the same
cost as heretofore known calculators.

It is a further object of the present invention to pro-
vide a calculator comprised principally of solid state elec-
tronic circuits which thereby assures silent operation and
lightness in weight as distinguished from the relatively
;misy operation and heaviness of heretofore known calctl-
ators.

It is a still further object of the present invention to
provide a caleulator which economically incorporates
scratch pad registers and thereby avoids requiring the
User to make excessive pencil notations. Tt is an addi-
tional object of the present invention to provide such a
calculator which includes means for at ali times display-
ing the contents of the various registers,

Inasmuch as heretofore known calculators make use
of a plurality of decade counters in each register, a key-
board is generally provided which includes a different set
of nine keys (each counter is normally cleared to zero)
for each counter for enabling a selected digit to be en-
tered into each counter, It is an object of this invention
to .provide a calculator which automatically positions
digits in a register and which therefore requires the pro-
vision of only a single set of keys.

it is a still further object of this invention to provide
a calc_ulator which is capable of performing arithmetic
operations such as multiplication, division, and square
root without shifting decimal points so that the decimal
point of an obtained product, quotient, or root is aligned
with the decimal point of the generating factors. It is an
additional object to provide means for allowing the deci-
mal point to be shifted to permit operations on whole or
fractional numbers or any combination of partially whole
and partially fractional numbers,

In accordance with the invention, the calculator pro-
vided herein includes a smali memory, preferably of the
n}agnetic type such as a magnetic disc, and a display de-
vice, e.g., of the cathode ray tube type, together with a
keyboard and logical electronic circuits. The disc is pro-
vided with a clock track and a plurality of register tracks
each register track including a plurality of digit sectors’
and being capable of storing a multidigit number. The
position of a digit-in a number is dependent upon the par-
ticular digit sector in which it is stored and its value is
represented by the number of magnetic pulses recorded
in that sector. Digits are handled in a serial manner thus
requiring the provision of only one decade counter instead
of a number of such counters, equal to the number of
digits per multidight number used, as is required in here-
tofore known calculators.

Arithmetic operations are performed by the utilization
of counting techniques such that, e.g., two digits are added
by counting the number of pulses recorded in their corre-
sponding digit sectors. Recording is accomplished by en-
abling a gate to which a source of clock signals (derived
from the disc clock track) is applied for a period corre-
sponding to the value of the digit to be recorded. Writing
on and reading from a specific digit sector on the disc is
controlled by a signal representing coincidence between
the count of a control counter and a counter indicating
the disc position. The control counter is capable of being
manually set and is normally automatically incremented
or decremented in the course of performing arithmetic
operations.

The disc memory is continually coupled to the display
device such that the contents of all of the registers are
always visibly available to the operator thereby permitting
him to easily check the accuracy of numbers entered,
transferred, etc, '

In addition to operating the calculator in a manual
mode, means are provided for preparing a record, such as
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on punch paper tape, which the calculator, when operat-
ing in a playback mode, responds to just as if the sequence
of key actuations recorded on the tape was being per-
formed by a user. This facility makes it convenient for a
user to initiate complex calculations requiring a great
number of steps, as for example, in a series expansion.

The novel features that are considered characteristic
of this invention are set forth with particularity in the ap-
pended claims. The invention itself both as to its organi-
zation and method of operation, as well as additional ob-
jects and advantages thereof, will best be understood from
the following description when read in connection with
the accompanying drawings, in which:

FIGURE 1 is a block schematic diagram illustrating
the keyboard and principal components of the calculator;

FIGURE 2 is a schematic diagram of the memory of
FIGURE 1 specifically illustrating the write in and read
ont means associated with each memory track;

FIGURE 3(a) is a block schematic diagram of the bit
(B) counter of FIGURE 1 and FIGURE 3(b) illustrates
the gating means utilized to form the illustrated timing
signals based on the state of the B counter;

FIGURE 4(a) is a block schematic diagram of the
digit (D) counter of FIGURE 1 and FIGURE 4(b) illus-
trates the gating means utilized to form the illustrated
timing signals based upon the state of the D counter;

FIGURE 5 is a block schematic diagram of the word
(W) counter of FIGURE 1;

FIGURE 6 is a block diagram illustrating the means
for deriving signals respectively representing coincidence
between the D counter and the decimal point selector of
FIGURE 1 and the D counter and the control (C) counter
of FIGURE 1;

FIGURE 7 is a block schematic diagram illustraitng
both the flip-flops, which are set in response to the selec-
tive actuation of the keys on the calculator keyboard, and
the cycle counter whose operation is initiated in response
to the setting of any of the flip-flops in the set of function
flip-flops;

FIGURE 8 is a block schematic diagram of the R, M,
and A decade counters of FIGURE 1 and the circuit in-
terconnections therebetween;

FIGURE 9 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
actuation of the “preset” key for setting the control (C)
counter;

FIGURE 10 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
actuation of one of the numeric keys for entering informa-
tion into a selected one of the memory registers;

FIGURE 11 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
actuation of the “forward space” key;

FIGURE 12 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
actuation of the “backspace” key;

FIGURE 13 is a block schematic diagram illustrating
the portions of the calculator apparatus Tesponsive to the
actuation of the “transfer” key;

FIGURE 14(a) is a block diagram illustrating the por-
tions of the calculator apparatus responsive to the actua-
tion of the “add” key and FIGURE 14(d) is a timing
chart illustrating the add operation;

FIGURE 15(a) is a block schematic diagram illustrat-
ing the portions of the calculator apparatus responsive
to the actuation of the “subtract” key and FIGURE
15(b) is a timing chart illustrating the subtraction oper-
ation;

FIGURE 16 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
actuation of the “shift left” key;

FIGURE 17 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
actuation of the “shift right” key;
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FIGURE 18 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
actuation of the “clear multiplier-quotient (M) register”
key;

FIGURE 19 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
“clear entry (E) register” key;

FIGURE 20 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
actuation of the “clear accumulator (A) register” key;

FIGURE 21(a) is a flow diagram illustrating the
sequence of cycle (S) counter states utilized in the per-
formance of multiplication and FIGURES 21(b)-(i)
illustrate the porticns of the calculator apparatus active
in each of these states;

FIGURE 22(q) is a flow diagram illustrating the
sequence of cycle (S) counter states utilized in the per-
formance of division and FIGURES 22(b)—(7) illustrate
the portions of the calculator apparatus active in each of
these states; )

FIGURE 23(a) is a flow diagram illustrating the
sequence of cycle (S) counter states utilized in the per-
formance of square root and FIGURES 23(b)-(h) illus-
trate the portions of the calculator apparatus active in
each of these states; and

FIGURE 24 is a block diagram of means adapted to be
incorporated with the heretofore mentioned apparatus for
operating the calculator in a record mode in which mode
a record is made of manual key actuations and a play-
back mode in which mode the calculator operates in
response to such a record.

Attention is now called to FIGURE 1 of the drawings
which comprises a block schematic diagram of an em-
bodiment of the calculator apparatus in accordance with
the present invention. The calculator apparatus includes
a keyboard 10, a memory 12, a display device 14, and
various other electronic circuits comprising logic, coun-
ter, and coincidence detection circuits.

The memory 12 is preferably of the movable magnetic
media type, as for example disc or drum, and is provided
with a plurality of tracks as shown in greater detail in
FIGURE 2. The plurality of tracks includes a clock
track, a delay track, and a plurality of register tracks
respectively identified as the multiplier-quotient (M)
register, the entry (E) register, the accumulator (A)
register, and three reserve or scratch pad registers R1,
R2, and R3. Each of the register tracks includes 28 digit
sectors followed by a gap. Each of the digit sectors in-
cludes 9 bit positions and 3 space positions.

A magnetically recognizable mark or pulse is recorded
in each of the bit and space positions of the clock track
and is capable of being sensed by a head coupled to the
input of clock track output amplifier C.

Aligned with the output amplifier Cy, head are heads
coupled to output amplifiers Mg, Eg, Ag, Rlg, R2,

and R3, which are each respectively associated with

the M, E, A, R1, R2, and R3 registers. Positioned so as
to follow these output amplifier heads by one digit sector
(note that the direction of disc movement is from left to
right and therefore a specific disc area initially passes
under a head positioned to the left and subsequently
passes under a head positioned to the right) are heads
associated with input amplifiers My, E; A; Riy, R2g
and R3;.

Aligned with the output amplifier heads is a delay track
head coupled to input amplifier Dy. Following the input
amplifier D; head by two digit sectors is the head of an
output amplifier Dy.

Information is stored in the memory in accordance
with an incremental digital code. That is, for the digit
“9.” nine pulses (one pulse in each bit position of a digit
sector) will be recorded on a track digit sector. For the
number “932,” nine pulses will be recorded in the hun-
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dred’s digit sector, three pulses in the ten’s digit sector,
and 2 pulses in the unit’s digit sector. Information can be
so recorded in each of the memory tracks other than the
clock track.

Connected to the amplifier Cy IS a reset circuit 16
(FIGURE 1) which functions to sense the previously
mentioned gap and in response thereto to provide a reset
signal once for each cycle of the memory. In addition to
the reset circuit 16, a bit or B counter is connected tc the
amplifier C,,. Coupled to the B counter 18 is a digit or D
counter 20 and coupled to the D counter 20 is a word or
W counter 22.

The B counter is a four stage binary scale of twelve
counter and is incremented by pulses derived from the
memory clock track. The D counter 20 is a five-stage
binary counter and is reset once during each cycle of the
disc by a reset signal provided by the reset circuit 16. The
W counter 22 is a scale of six counter, each of its states
being associated with a different one of the memory
register tracks.

The contents of each of the memory registers is con-
tinually displayed by the display device 14. The output
amplifiers associated with each of the mMemory registers
is connected t0 a sequencing switch 24 which is operated
in response to the states of the W counter 22. The state
of the W counter selects the particular track whose con-
tents are transferred through the sequencer 24 to the
display counter 26. The display counter 26 functions to
count the number of pulses recorded in each digit sector.
The reset input terminal of the display counter 26 is con-
trolled by the B counter 18 such that the display counter
26 is reset for each cycle of the B counter. The upper
count, for each digit sector, in the display counter 26 is
coupled to a character signal generator 28 which develops
appropriate video signals and applies them to the display
device 14 which is preferably of the cathode ray tube
type. The video signals function to trace a digit rep-
Tesented by the count (number of pulses) in the digit
sector in the memory register just read. The traced digit is
properly placed on the display device 14 by the develop-
ment of deflection signals by digital-to-analog converters
30 and 32 which are respectively connected to the output
of the D counter 20 and W counter 22. Preferably, the
W counter 22 controls the vertical deflection of the dis-
play device 14 and the D counter 28 controls the horizon-
tal deflection. As a consequence, the digits in each of the
numbers respectively stored in the memory registers are
displayed displaced horizontally from one another across
the face of the cathode ray tube display device and the
numbers in the different registers are vertically spaced
from one another. :

The state of the D counter at all times defines the
digit sector currently moving under the heads connected
to the memory register output amplifiers and therefore
the digit sector from which information can be immedi-
ately read. The output of the D counter 28 is connected
to the input of a first coincidence circuit 34 along with
the output of a selector circuit 36. The selector circuit
36 is a manually operable device including a decimal point
selector portion and a preset selector portion. A number
of a digit can be manually entered into either one of the
portions. Coincidence between the state of the D counter
29 and the state of the decimal point selector portion is
normally detected by the coincidence circnit 34 and a
coincidence signal K, is provided as a manifestation of
the coincidence. However, when the preset function flip-
flop, referred to in greater detail below, is set, then the
coincidence circuit 34 compares the D counter 26 with
the number set into the preset selector portion. The sig-
nal K, is applied to the display device 14 to cause the
appearance of a decimal point which is consequently
aligned in all the registers. Similarly, a second coinci-
dence circuit 38 is provided which detects coincidence
between the D counter 26 and a control or C counter 40
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6
to provide a coincidence signal Kpe. The control counter
40 can be manually set through the use of the preset func-
tion key to be described or can be set by a logic network
42. The state of the control counter jdentifies a particular
digit sector and the coincidence signal Kpe indicates
when the digit stored therein can be operated upon.

Connected to the logic network 42 is an adder 44 which
comprises a decade counter hereafter called the A
counter. The output of the A counter is coupled to a
carry flip-flop 46 and to an R counter 48. In addition, a
multipiier-quotient or M decade counter 59 is provided -
and is also controlled by the logic network 42 and also
has an output coupled to the input of R counter 48. In-
puts to the A and M counters are derived from the output
of a track switching logic network 52, coupled to the
input and output amplifiers associated with the memory
tracks through the logic network 42. The output of R
counter 48 is connected to the input of the track switch-
ing logic network 52. A cycle or S counter 54 is provided
for the purpose of defining a sequence of different states
which are utilized in the performance of arithmetic
operations, such as multiplications, for causing specific
operations to be performed in a desired sequence.

The keyboard 10 consists of three sets of keys, namely
a set of register keys, a set of numeric keys, and a set
of function keys. The set of register keys has a subset of
“from” keys and a subset of “to” keys. In each subset
of keys, one key corresponds to a different one of - each
of the memory registers. The set of numeric keys in-
cludes ten keys each of which corresponds to a different
decimal digit, i.e., zero through nine.

The set of function keys includes sixteen keys each of
which is capable of initiating a different sequence of
operations on numbers stored in the memory registers.
The function keys and a description of the operations
initiated by their respective actuations are as follows:

Preset (PS) functions to permit the control counter
to be driven to a state designated by a manually settable
means;

Forward Space (FS) causes the control counter to be
decremented, as for example from count 14 to count 13,
which means that the coincidence circnit 38 will generate
the coincidence signal Kpc when the thirteenth digit sec-
tor is in a readable position rather than the fourteenth
digit sector, the effect being noticeable on the display
device 14 and being analogous to the function performed
in response to the actuation of a typewriter space key.

Backspace (BS) permits the control counter to be in-
cremented by one which thereby means that the coin-
cidence signal Kpg generated by the coincidence circuit
38 will be generated when, e.g., the fifteenth rather than
the fourteenth digit sector is in a readable position;

Transfer (XF) permits information to be transferred
from a first designated memory register to a second mem-
ory register;

Add (AD) permits the contents of a designated reg-
ister to be added to the contents of the accumulator
register, the sum remaining in the accumulator register;

Subtract (SB) permits the contents of a designated
register to be subtracted from the contents of the accum-
ulaor register, the difference remaining in the accumulator
register;

Shift Left (SL) permits the contents of a designated
register to be shifted one digit to the left (effectively mul-
tiplying by 10);

Shift Right (SR) permits the contents of a designated
register to be shifted one digit to the right (effectively _
dividing by 10);

Add and Multiply (4 and X) permits the numbers
in the multiplier-quotient register and entry register to
be multiplied and the product added to the number in
the accumulator register;

Subtract and Multiply (— and X) permits the num-
bers in the multiplier-quotient register and entry register
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to be multiplied and the product subtracted from the
number in the accumulator register;

Clear and Multiply (C and X) causes the accumuliator
to be cleared prior to entering the product of the num-
bers in the multiplier-guotient register and entry register;

Divide (=-) causes the contents of the entry register
to be divided into the contents of the accumulator reg-
ister with the quotient being provided in the multiplier-
quotient register which is initially cleared;

Square Root (V) causes the root of the number in
the accumulator register to be developed and stored in
the multiplier-quotient register, both the entry and mul-
tiplier-quotient registers being initially cleared;

Clear Multiplier-Quotient register (CM) causes the con-
tents of the multiplier-quotient register to be reduced to
ZEro;

Clear Entry register (CE) causes the contents of the
entry register to be reduced to zero; and

Clear Accumulator register (CA) causes the contents
of the accumulator register to be reduced to zero.

Attention is now directed to FIGURE 3(a) which sche-
matically illustrates the construction of the B counter
18 of FIGURE 1. The B counter includes four stages, re-
spectively identified as B1, B2, B3, and B4, each stage
comprising a solid state flip-flop circuit. Fach of the B
counter flip-flop circuits is identical to the circuit illus-
trated for the flip-flop B1. The circuit of flip-flop Bl in-
cludes a pair of transistors Q1 and Q2, both of the NPN
type. The transistors Q1 and Q2 have their emitters con-
nected together and to a source of negative potential,
nominally shown as —12 volts. The collectors of each of
the transistors Q1 and Q2 are respectively connected
through resistors R1 and R2 to a source of positive po-
tential, nominally shown as --12 volts. Connected in par-
allel between the collector of transistor Q2 and the base
of transistor Q1 are a resistor R3 and a capacitor C1.
Similarly, connected in parallel between the collector of
transistor Q1 and the base of transistor Q2 are a resistor
R4 and a capacitor C2. A first series circuit branch in-
cluding a capacitor C3 and a diode D1 is connected to the
base of transistor Q1. Similarly, a second series branch
including a capacitor C4 and a diode D2 is connected to
the base of transistor Q2. Resistors RS and Ré respec-
tively couple the collectors of transistors Q1 and Q2 to the
junctions in the first and second series branches. Re-
sistors R7 and RS respectively couple the bases of tran-
sistors Q1 and Q2 to a source of negative potential, nom-
inally shown as —30 volts. Reset and set input terminals
respectively identified as Rpe and Spe are connected to
the bases of transistors Q1 and Q2, respectively. Reset
and set clock input terminals respectively identified as
Rel and Sel are connected to the free ends of the first
and second series branches, respectively. False and true
output terminals respectively identified as B, and B, are
respectively connected to the collectors of transistors
Q1 and Q2. When the flip-flop Bl is reset or false, tran-
sistor Q2 will be conducting and its collector will be at
a low potential. Consequently, output terminals By and B;
will be at high and low potentials respectively. Con-
versely, when transistor Q1 is conducting, output ter-
minals B; and B; will be at a low and high potential re-
spectively and flip-flop Bl will be considered true. In the
operation of flip-flop B1, the application of a negative
clock signal to the input terminal Scl will cause the flip-
flop B1 to assume a true state, regardless of which state
it is in. Similarly, the application of a negative clock sig-
nal to the input terminal Rel will cause the flip-flop B1
to assume a false state and the simultaneous application
of a clock signal to both input terminals Rel and Sci wiil
cause the flip-flop to change state regardless of the state
it is in. A sufficiently high positive potential applied to
input terminal Spe will switch the flip-flop true and a
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sufficiently high potential applied to input terminal Rpg
will switch the flip-flop false.

The stages of the B counter are connected together to
form a scale of twelve counters to successively define the
states according to Table I in response to the clock pulses
successively derived from the memory clock track and
applied to the clock input terminals of flip-flop B1.

TABLE I
B4 B3 B2 Bl
0 0 0 1
0 0 1 0
0 Q 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 Y 0
1 0 1 1
1 1 0 1
1 1 1 [
1 1 1 1

Although the manner in which the B counter counts is
somewhat arbitrary, the manner expressed by the above
table was chosen because in its environment it proved
to be the least expensive. The terms PO through P11 re-
spectively represent the various B counter states or bit
periods. It is to be noted that set input terminals are ap-
plied to stage B1 during states PO and P9 and to stage B2
during state PS. Otherwise, the B counter counts in a
standard binary fashion incrementing by one in response
to each clock pulse. The B counter is implemented by
comnecting the true output terminal of each B counter
flip-flop through an And gate 60 to the clock input ter-
minals of a succeeding stage. In addition, the output of
clock track output amplifier Clo and the true output ter-
minal of all other preceding B counter stages is connected
to the input of each And gate 69. The signals PO and P9
[developed as shown in FIGURE 3(5)] are applied to
the set input terminal of flip-flop B1 through a pair of
diodes. Signal P8 is similarly applied to flip-flop B2. The
output of the reset circuit 16 is connected to the Rpe
input terminal of each of the flip-flops of the B counter
for maintaining the B counter in synchronism with the
rotation of the disc.

FIGURE 3(b) illustrates a plurality of significant gat-
ing signals derived from the B counter. These signals rep-
resent different bit periods in each digit period (i.e., the
time it takes for a digit sector to move past a read head)
and, as will be seen below, are utilized in the performance
of several of the operations to be described. Initially, a
signal PO derived from the output of And gate 64 whose
inputs respectively comprise the false output terminals of
flip-flops B1, B2, B3, and B4 defines the initial bit period
during each digit period. A signal P1 is derived frem And
gate 66 whose inputs respectively comprise the true out-
put terminal of flip-flop B2 and the false output terminals
of flip-flops Bi, B3, and B4. Similarly, signals P2, P3, P9,
P19, and P11 are derived from And gates 68, 69, 70, 72,
and 74. A further signal Py which is true during bit pe-
riods 1 through 9 is developed by applying the false out-
put terminals of flip-flops B2, B3, and B4 4o the input of
Or gate 76 and the output of gate 76 to the input of And
gate 77 along with the output of an inverter to which is
applied signal PO.

FIGURE 4(a) illustrates a block diagram of the D
counter which consists of five stages, each stage including
a flip-flop respectively identified as D1, D2, D3, D4, and
DS5. The external terminals of the D counter flip-flops cor-
respond to the external terminals of the flip-flop B1
already discussed. The internal circuit of the D counter
fiip-flops can be substantially similar to the circuit illus-
trated for flip-flop B1. Table II below defines the D count-
er states.
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it will be noted that the D counter counts in straight
binary fashion in response to transitions of flip-flop B4
of the B counter from a true to a false state. The D
counter is periodically reset every 28 digit periods by the
output of the reset circuit 16.

FIGURE 4(5) illustrates a plurality of gating signals
derived from the states of the D counter. A signal Ny,
representing the numeric portion of each memory cycle
is developed by Or gate 77 whose inputs comprise the
false output terminals of flip-flops D4 and DS. Signal
Ny is true during states 0 through 23 of the D counter.

A signal # which is true during state 24 of the D
counter is developed by gate 78. Similarly, signals #,
and #; are respectively developed by gates 79 and 81.
In addition, a memory origin signal Oq is developed by
gate 80 by applying the signals P§ and t3 to the input
thereof.

The W counter 22 is utilized in conjunction with dis-
play device 14 for sequentially displaying the contents
of the memory registers and for developing vertical
deflection voltages to properly position the displayed
contents. The W register is a scale of six counter con-
sisting of three binary stages, each stage comprising a
flip-flop whose circuit arrangement can be similar to that
disclosed for flip-flop B1. Table III describes the states
of the W counter.

Table IT1
w3 w2 Wi
0 0 1
0 1 0
0 1 1
1 0 1
1 1 0
1 1 1

The first stage of the W counter is driven by true-to-
false transitions of flip-flop D5 of the C counter. True-
to-false transitions of flip-flop W1 are coupled to the
clock input terminals of flip-flop W2. The false output
terminal of flip-flop W2 is similarly connected to the
clock input terminals of flip-flop W3 for normal binary
counting. The true ontput terminal of flip-flop W2 is
connected to the Sp input terminal of flip-flop W1. Con-
sequently, when flip-flop D5 switches false and the w
counter is in state 2, flip-flops W2 and W3 switch state
but flip-flop W1 is forced back to the true state by the
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connection between the true output terminal of flip-
flop W2 and the Spg input terminal of flip-flop W1.
Similarly, when the W counter is in state 5, the true-to-
false transition of flip-flop D5 will again cause flip-flops
W1, W2, and W3 to change state but again W2 will force
flip-flop W1 into a set condition.

Attention is now called to FIGURE 6 which illus-
trates in greater detail the means for developing the pre-
viously mentioned coincidence signals K, and Kpe and
a not yet introduced signal K’pg which represents the co-
incidence signal Kpq delayed by onme digit period. Each
portion of the selector circuit 36 is manually settable
to any even count between 0 and 23, Except when the
preset function flip-flop is set, the coincidence circuit 34
continually compares the number represented by the
decimal point selector portion of circuit 36 with the state
of the D counter 22 which of course represents the posi-
tion of the movable memory. When coincidence is sensed,
the coincidence circuit 34 provides the coincidence signal
K, which, as will be noted in the timing chart of FIG-
URE 6, is true for one digit period. When the preset func-
tion flip-flop is set, generation of the signal K, indicates
coincidence between the D counter and the preset selector
portion of circuit 36.

The C counter 49 is set by the logic network 42 and
coincidence between the C counter 40 and D counter 22
is indicated by the provision of the signal Kpe by the
coincidence circuit 38.  As noted in the timing chart of
FIGURE 6, the coincidence signal Kp¢ is true for one
digit period during the initial 24 states of the D counter.
In addition to the coincidence signals K, and Ky, utiliza-
tion will subsequently be made of the signal K’pgs which
constitutes the coincidence signal Kpe delayed by one
digit period. The signal K'ne is developed by applying
the signal Kpq directly to the set input terminal of a flip-
flop 80 and through an inverter 92 to the reset input
terminal thereof. The output of an And gate 94 is con-
nected to the clock input terminals of the flip-flop with
the inputs to the And gate 94 comprising the signal P11
and an odd gated clock signal G which will be discussed
in further detail below but for the present, can be con-
sidered as occurring in synchronism with the clock pulses
read off the memory clock track. The signal K’'pe is
derived from the true output terminal of the flip-flop 99.
In operation, when the movable memory moves into a
position such that the digit sector identified by the num-
ber stored in the C counter 40 moves under the heads as-
sociated with the output register amplifiers, the state of
the D counter 22 will coincide with the state of the C
counter 40 and as a consequence the coincidence circuit
38 will provide the coincidence signal Kpq. The flip-flop
90 will be set true in response to the development of the
signal Kpe and the subsequent generation of the signal
P11. The flip-flop 98 will remain true for one digit period,
ie., until the subsequent generation of the signal Pil
which of course will occur when signal Kpg is false.

Attention is now called to FIGURE 7 of the drawings
which illustrates the various flipflops set in response to
the actuation of the keys introduced in FIGURE 1. The
keys M, E, A, R1, RZ, and R3 of the “from” subset of
the register keys are respectively connected to the set
input terminals of the flip-flops F1 through Fé respective-
ly. Closure of any one of these keys connects the potential
source 100 to the corresponding flip-flop causing it to be
set. Similarly, the keys M, E, A, R1, R2, and R3 in the
subset of “to” register keys are respectively connected
to the set input terminals of the flip-flops T# through T6
respectively. Energizing any one of the “to” switches sets
the corresponding “to” flip-flop. The burst of energy used
in setting the “to” flip-flop also generates a positive pulse
at the input to reset circuit 98 connected to the potential
source 99 through resistor 140 thereby resetting ‘all the
“t0” flip-flops previously set. The “to” flip-flops being set
remains set inasmuch as the setting pulse lasts longer than
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the resetting pulse. The “from” switches similarly set and
reset the “from” flip-flops.

Each of the numeric keys 0 through 9 is connected to
the appropriate input on the adder counter 44 and to
the set input terminal of flip-flop key K, each numeric
key serving to connect the potential source 162 to the
adder counter in such a manner to cause it to be set to
the state corresponding to the number of the key en-
ergized. The Ky flip-flop is set by detecting the positive
pulse on upper terminal of resistor 101.

Similarly, each of the function keys, upon actuation,
connects the potential source 102 to a corresponding func-
tion flip-flop. For example, actuation of the Add (AD)
key causes the AD flip-flop to be set and actuation of the
Divide (=-) causes the + flip-flop to be set. The true out-
put terminal of each of the function flip-flops, other than
Preset, Forward Space, Backspace, and K, flip-flops, is
connected to the input of an Or gate 104 whose output
is connected through Or gate 103, to the reset input ter-
minal of a delay multivibrator 105 which in turn provides
a short duration “start” pulse. The output of gate 104
is also connected through Or gate 109 to the input of an
And gate 106 along with the output of gate 80 of FIGURE
4(b) providing the origin signal Og. The output of And
gate 106 is connected to an enabling input of the cycle
(S) counter 54 which is capable of defining a series of
states as indicated by Table IV.

TABLE IV

o2
o
Rz}
™
mn
-

-1
ORHORROS
CHOMRORD

The cycle counter is capable of successively defining the
indicated states in response to various logical decisions
made in the course of performing the several functions
described below. Connected to the output of the cycle
counter are eight And gate state detectors 107 each re-
sponsive to a different state to provide a true output
signal.

The reset input terminal of each of the function flip-
flops except the “Preset” flipflop and the Ky fiip-fiop,
is conuected to a common clear line which is connected
through an inverter 108 to the output of an Or gate 110.
The inputs to the Or gates 110 are connected to the out-
puts of And gates 112 and 114. A first input to And gate
112 is derived from the true output terminal of flip-flop
116 which is set by the output of And gate 111. The in-
puts to gate 111 comprise the output of a circuit (not
shown) which senses the zero state of the control counter
40 and provides a signal O representative thereof, the
output of state detector IIIB, and a signal derived from
the D counter representing the second digit period dur-
ing a memory cycle. A second input to the And gate 112
comprises the output of the state detector ITIB. A third
input to And gate 112 comprises the signal representing
the second digit period in a memory cycle. A fourth in-
put to gate 112 comprises the true output terminal of flip-
flop C3 of the C counter.

The first input to And gate 114 is derived from a circuit
(not shown) which provides a signal Oq in response to
the D counter defining a zero state. A second input to the
And gate 114 is derived from state detector JA. The third
input to And gate 114 is connected to the output of an
inverter 116A whose input is connected to the output of
an Or gate 118. The inputs to Or gate 118 respectively
comprise the true output terminal of the Multiply func-
tion flip-flop, the Divide function flip-flop, and the Square
Root function flip-flop. It has been indicated that the Pre-
set, Forward Space, Backspace, and K, flip-flops are con-
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nected differently from the various other function flip-
flops. These connections included connecting the output
of gate 164 through an inverter 117 and differentiator
circuit 119 to the input of an Or gate 121A along with
the conductor connected through the Preset key to the
potential source 162, The output of Or gate 121A is con-
nected to the set input terminal of the Preset function
flip-flop. The reset input terminal is connected through a
differentiator circuit to the true output terminal of a logic
flip-flop L; to be described.

The effect of coupling the output of gate 104 through
the inverter 117 and differentiator 119 to the input of gate
121A, is to cause the Preset fiip-flop to be set after the
completion of each operation other than Forward Space,
Backspace, Numeric key, and Preset. Completion of an
operation is indicated by the generation of the clear sig-
nal from gate 11¢ which resets all function flip-flops other
than the Preset function flip-flop. Resetting of the func-
tion flip-flops causes the output of gate 104 to change to
thereby set the Preset function flip-flop if any of the
function flip-flops other than FS. BS, K, or PS had been
set. It is desirable to initiate a preset operation after other
operations, e.g., add, in order to set the control counter
to the state which will properly position the initial digit
of a subsequent number to be entered.

The true output terminals of the Preset, Forward
Space, Backspace and K, flip-flops are all connected to
the input of Or gate 123A whose output is connected to
the input of Or gate 109. The output of Or gate 169 is
connected to the reset input terminals of flip-flop 116
and the flip-flops of the cycle counter.

Connected to the potential source 102 is an interlock
circuit 120 which permits actuation of only one of the
function and K, flip-flops at a time. The interlock circuit
controls the potential source 102 so as to effectively re-
duce the level provided by the source 102 when one of
the function or X flip-flops is set so that until that flip-
flop is cleared, subsequent actuation of one of the nu-
meric or function keys will have no effect.

Attention is now called to FIGURE 8 of the drawings
which illustrates the previously referred to R, M, and A
decade counters and the interconnections therebetween.
Each of the decade counters conmsists of four flip-flop
stages, the flip-flop circuits being substantially similar to
the circuit of flip-flop B1. Connected by encoding resistors
to the set input terminals of the A counter flip-flops are
the numeric keys. In response to the actuation of any one
of the numeric keys, the A counter flip-flops are set ac-
cording to Table V.

Table V
Count A4 A3 A2 Al
0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 i 1 1

Note for example that numeric key 1 is connected only
to the set input terminal of flipflop Al. Note that nu-
meric key A3 is connected through resistors to the set
input terminals of both flip-flop Al and flip-flop A2. Note
for example that numeric key 5 is connected through a
resistor to the set input terminal of flip-flop A4 and that
numeric key 8 is connected through resistors to the set
input terminals of flip-flops A1, A2, and Ad.

In addition to the A counter comprising a register
which can be loaded by the numeric keys, it comprises
a counter useful for performing arithmetic operations.
The false output terminals of each of counter stages Al,
A2, and A3 are respectively connected to the clock input
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terminals of stages A2, A3, and A4. The true output ter-
minal of stage A3 is connected through a pair of resistors
to the set input terminals of stages A1 and A2.

The output of an Or gate 120 is connected to the clock
input terminals of stage Al. The two inputs to gate 120
are respectively derived from And gates 121 and 122. A
first input to gate 121 is derived from a source 123 of
odd gated clock signals Ge,. The source 123 includes the
reset state detector which is connected through inverter
124 to the input of gate 125. The second input to gate
125 is derived from clock track output amplifier C,,. The
second input to gate 121 is derived from different ele-
ments of the calculator apparatus during different opera-
tions. In order to facilitate the understanding of the oper-
ation of the calculator, each of these operations will be
considered separately below and at that time a clearer
understanding of the elements connected to the second
input of And gate 121 will be developed.

Connected to a first input of gate 122 is the output of
a source 126 of even gated clock signals Gge. The source
126 includes a one shot multivibrator 128. Connected to
the reset input terminal of the one shot multivibrator 128
is the output of gate 125. Application of the odd gated
clock signal to the reset input terminal of the one shot
multivibrator 128 causes it to momentarily shift to a false
condition from which it will subsequently switch to a
true condition a predetermined interval later. The transi-
tion of the multivibrator 128 to a true condition consti-
tutes the even gated clock signal G, The delay of the
one shot multivibrator is established such that a signal
G is developed in the middle of the period defined
between successive signals Gg,. It should be apparent that
the signals Gy, are generated in synchronism with the
pulse read from the memory clock track at all times
other than when the cycle counter 54 is in a reset state.
The second input to gate 122 is generally derived from
the accumulator register output amplifier Ay and will be
discussed in greater detail below.

Connected to the reset input terminal of each of the
flip-flops of the A counter is the output of an Or gate 132.
A first input to the Or gate 132 comprises the true output
terminal of the previously mentioned K flip-flop. A sec-
ond input to the Or gate 132 is derived from the output
of an And gate 134. A first input to the And gate 134
is derived from gate 74 developing the signal P11. The
-second input to the And gate 134 is derived from source
'123 developing the signal Gy, and the third input is con-
‘nected to the false output terminal of the flipflop X;. A
third input to the Or gate 132 comprises a start signal
derived from the multivibrator 165 (FIGURE 7).

A carry flip-flop F, is provided for the purpose of sens-
ing a count greater than nine in the A counter. Connected
to the set input terminal of the carry flip-flop is the output
of an And gate 149. A first input to the And gate 140
comprises the false output terminal of flip-filop A4 and a
second input thereto comprises the output of gate 76 of
FIGURE 3(b) developing the signal P;. Connected to the
reset input terminal of the flip-flop F, is the output of an
And gate 142. A first input to the And gate 142 com-
prises the output of gate 77 developing the signal N, and
a second input thereto comprises the output of gate 69
developing the signal P3.

Whereas the A counter is an incrementing counter, the
R counter is a decrementing counter. That is, instead of
normally coupling transitions from ome to zero from a
less to a more significant stage, transitions from zero to one
are coupled from each stage to the immediately more
significant stage. Note that the true output terminals of
flip-flops R1, R2, and R3 are coupled to the clock input
terminal of the immediately more significant stage. A

_Teset line connected to the output of the gate 72 in FIG-
URE 3(b) developing the signal P10 is connected to the
set input terminal of each of the flip-flop stages of the R
counter to permit resetting to force the R counter to an
all “1’s” state. Transfers from the A to the R register are
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effected through And gates 150. In order to transfer in-
formation directly from the incrementing A counter to
the decrementing R counter without generating any car-
ries in the R counter, transfers are effected when all the
stages of the R counter are set to “1’s” and “0’s” are
transferred in parallel. Transfer through the And gates
150 is effected by connecting the false output terminals
of each of the A counter flip-flops to the input of a dif-
ferent one of the And gates 150. A second input to each
of the And gates 150 is connected to the output of an
Or gate 152, A first input to the Or gate 152 is derived
from the output of an And gate 154. A first input to the
And gate 154 is connected to the true output terminal of
the flip-flop Ky and a second input to the And gate 154
is connected to the output of the gate 64 of FIGURE
3(b) developing the signal Py. A second input to the Or
gate 152 is derived from the And gate 156. A first input
to the And gate 156 is derived from the gate 74 of FIG-
URE 3(b) developing the signal P11. A second input to
the And gate 156 is derived from source 123 deveioping
the signal Gyy,. A third input to the And gate 156 is de-
rived from the IB state detector applied through inverter
157. That is, so long as the cycle counter is in a state
other than IB, the third input to the And gate 156 will
be true. The output of And gate 150 is connected to the
input of an Or gate 160 whose output in turn is connected
to the reset input terminal of an R counter flip-flop cor-
responding in position to the A counter flip-flop connected
to the And gate 150 associated therewith.

Connected to the clock input terminals of flipflop R1
is the output of And gate 162. The inputs to And gate 162
comprise the outputs of source 123 (Gey), the output of
gate 77 (Py), the false output terminal of stage R3 and
the inverted output of gate 64 which functions to indicate
when the R counter defines state “0.” The output of gate
166 is connected to reset clock input terminal of stage
R3. Along with the output from source 123 and 77, the
true output terminal of stage R3 is connected to the input
of gate 166.

From what has been said of FIGURE 8 thus far, it
should be apparent that numeric information can be
entered into the A counter by virtue of the actuation of
the numeric keys and in addition a count can be entered
into the A counter by And gates 121 and 122 developing
pulses which are applied to the clock input terminals of
flip-lop Al. Whatever information is stored in the A
counter is transferred through And gates 150, “0°s” in
parallel, to the R counter flip-flops at times determined
by the input terms to the And gates 154 and 156. The
signals applied through gates 162 and 166 to the clock
input terminals of flip-fiops R1 and R3 respectively cause
the count in the R counter to be decremented. The R
counter follows the same “State” table as the A counter,
but in reverse. The clock inputs to the stage R1 are gated
by the state of stage R3 such that R1 and thus R2 do not
receive counts when R3 is true. The reset clock input
terminal of stage R3 is connected to the output of gate
166 so that stage R3 will be reset on the next clock sig-
nal Gy, after it comes true. After the R counter reaches
zero, further counting is inhibited by gate 64.

The M counter is constructed similarly to the A counter
and it defines the same states as shown in Table V. It is
also an incrementing counter containing four flip-flop
stages with the stage interconnections being the same as
in the A counter. Connected to the clock input terminals
of flip-flop M1 is a conductor identified in FIGURE 8
merely as “IN M.” As was the case with the input signals
applied to the clock input terminals of flip-flop A1, the
input signals applied to the clock input terminals of fiip-
flop M1 are different during different operations of the
calculator apparatus. Consequently, in order to facilitate
an explanation of the invention, a discussion of the signals
provided to the clock input terminal of flip-flop M1 will
be deferred until the various calculator operations are
individually discussed. The M counter reset is derived
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from the output of And gate 170. One input to And gate
170 comprises the output of gate 8¢ for developing the
origin signal. A second input to the And gate 170 is
developed by the Or gate 172 whose inputs respectively
comprise the output of state detectors IA and IIA. Trans-
fer between the M counter and the R counter is effected
through And gates 174. Comnsequently, the false output
terminals of the flip-flops M1, M2, M3, and M4 are each
connected to the input of a different one of the And gates
174. A second input to each of the And gates 174 is
derived from the output of And gate 176. A first input to
And gate 176 is developed by the gate 74 of FIGURE
3(b) developing the signal Pil. A second input to the
And gate 176 is developed by the state detector IB. As
was the case with transfers between the A counter and
R counter, “0’s” are transferred in paralle] between the M
counter and R counter.

Attention is now called to FIGURE 9 which illustrates
the portion of the calculator apparatus utilized to preset
the C counter 40 to a desired state. For this purpose, 2
logic flip-flop Ly and an And gate 208 whose output is
coupled to the reset input terminal of the flip-flop L, are
provided. Both the flip-flop L, and the gate 200 form
part of the logic network 42 of FIGURE 1. In order to
preset the C counter 40 to a desired state, the Preset
function key is actuated which in turn sets the Preset
function flip-flop. The setting of the Preset function flip-
flop causes Or gate 103 to provide a true output signal
which in turn generates a start signal thereby resetting
the C counter 49. The true output signal provided by the
Or gate 123A causes the cycle counter 54, upon the gen-
eration of the next origin signal, to switch from the reset
state to state IA. State detector IA is connected to the
input of And gate 202 whose output is connected to the
clock input terminals of the least significant stage of the
control counter 40. In addition, the true output terminaj
of the logic flip-flop L, is connected to the input of the
And gate 202. Further, the true output terminal of the
Preset function flip-flop is connected to the input of the
And gate 202 along with the output of gate 72 of FIG-
URE 3(b) providing signal P10. Consequently, during
each digit period after the generation of the origin signal
04 and subsequent to the actuation of the Preset key, the
control counter 40 will be incremented by one count.
The incrementing of the control counter 40 will continue
so long as the logic flip-flop remains true. The logic flip-
flop will be reset when And gate 269 provides a true
signal to its reset input terminal. A first input to the And
gate 200 is derived from the true output terminal of the
Preset function flip-flop. A second input to the And gate
200 is derived from the state detector IA, a third from
gate 68 which develops signal P2 and a fourth input from
the coincidence circuit 34 which develops coincidence
signals K, indicating coincidence between the state of the
D counter 22 and the preset selector portion of the selec-
tor circuit 36, it being recalled that the Preset function
flip-flop is set.

In summary, in response to the actuation of the Preset
key and the manual setting of a number into the preset
selector portion of circuit 36, the control counter 490 will
initially be reset and then will subsequently count up in
synchronism with the D counter 22. When coincidence
between the D counter 22 and the selector circuit 36 is
recognized, the application of incrementing signals to the
C counter 40 will be terminated leaving the C counter 40
in a state equal to that manually set into the preset
selector portion of circuit 36.

Attention is now called to FIGURE 10 which illustrates
the portions of the calculator apparatus utilized to enter
numbers into any one of the memory registers. In order
to enter a number into a selected register, one of the “t0”
register keys has to be actuated and in addition a numeric
key for each digit to be entered has to be actuated. The
initial digit entered will be placed in a position determined
by the state of the C counter, The state of the C counter
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of course can be preset by operation of the apparatus of
FIGURE 9. In the apparatus of FIGURE 10, in response
to the entry of each digit, the C counter will be decre-
mented by one so that successively less significant digits
can be entered into the selected register.

The C counter 40 is a scale of 24 counter consisting
of five flip-flop stages, each stage being similar in con-
struction to the previously discussed flip-flop B1. Inas-
much as the C counter 40 is an incremental counter in
order to decrement it by one, after an initial digit has
been entered into a register digit sector, twenty-three
incrementing pulses can be applied thereto. Twenty-three
incrementing pulses are provided by And gate 204. A
first input to And gate 204 is derived from the true out-
put terminal of flip-flop Ky and 2 second input is derived
from the And gate 122 providing signal Geo A third
input to And gate 204 is connected to the output of Or
gate 286. A first input to Or gate 296 is derived from
the output of gate 79 of FIGURE 4(b) which develops
signal 7, and a second input is derived from the output
of And gate 288. A first input to the And gate 208 is
connected to the output of gate 78 of FIGURE 4(b)
which develops the signal #; and a second input is con-
nected to the output of inverter 210 whose input is con-
nected to gate 64 of FIGURE 3(b) developing the
signal P0O. Consequently, during states 24 and 25 of the
D counter, 23 successive pulses will be developed by
Or gate 206. That is, signal t3 will be true for 12 clock
pulses and the output of And gate 208 will be true for
eleven clock pulses. More particularly, the output of
gate 268 will be false only during the bit period in which
signal PO is developed.

From what has been said of FIGURE 10 thus far, it
should be apparent that for each actuation of a numeric
key, the flip-flop K, will be set and the control counter
40 will be decremented by one. In accordance with the
previously described FIGURE 38, in response to a numeric
key being actuated, a digit will be entered into the A
counter representative of the value of the numeric key
actuated. In response to the development of signal PO
after the entry of the digit into the A counter, it will
be transferred into the R counter as previously described.
Thence, the R counter will be decremented by one count
in response to each generation of the signal Ggo BY
enabling the appropriate register input amplifier during
the digit period identified by the state of the C counter,
for so long as the R counter is in a non-zero state, an
appropriate number of pulses will be recorded in the
proper memory register digit sector.

Each of the register input amplifiers, as shown in
FIGURE 10, is provided with an upper and lower input
terminal. The application of a signal to the lower input
terminal enables the input amplifier and permits a pulse
to be recorded in the register each time a pulse is applied
to the upper input amplifier terminal. If no pulses are
applied to the upper input amplifier terminal, the effect
of enabling the lower input amplifier terminal is to erase
that which was previously recorded on the memory
register. Connected to the lower input terminal of each
of the input amplifiers is the output of a different And
gate 212. A first input to each of the And gates 212 is
connected to the output of an And gate 214. A first input
to the And gate 214 is connected to the true oufput
terminal ‘of the flip-flop Ky, a second input is connected
to the flip-flop 99 of FIGURE 6 which develops the
signal K'pe. A second input to each of the And gates 212
comprises the true output terminal of a different one of
the “to” register flip-flops. »

Consequently, in response to the actuation of one of
the numeric. keys, the flipflop K is set. In response to
sensing coincidence between the C and D counters, the
And gate 214 will provide an enabling signal to each of
the And gates 212. The And gate 212 connected to the
true output terminal of the set “to” register flip-flop will
provide an output signal to the lower input terminal of its
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associated input amplifier. In order to then record the R
counter count in the register associated with the enabled
input amplifier, the output of a different one of a plurality
of And gates 216 is connected to the upper input terminal
of each of the input amplifiers. Signal Geo 1s applied to
the input of each of the And gates 216 along with the
inverted output of an And gate 218. The inputs to And
gate 218 comprise the false output terminals of each of
the flipflop stages R1, R2, R4 of the R counter. That
is, the And gate 218 functions to sense the zero state of
the R counter. The third input to each of the And gates
216 is connected to the output of the associated And
gate 212,

Thus, it should be apparent that actnation of one of
the “to” register flip-flop keys selects one of the And
gates 212. The generation of the coincidence signal K'ne
enables the selected gate 212 when the appropriate digit
sector moves into position beneath the head associated
with the register input amplifiers. Thence, a number of
pulses are recorded in the digit sector equal to the num-
ber stored in the R counter at the beginning of the digit
period.

Attention is now called to FIGURE 11 which illustrates
the hardware responsive to the actuation of the Forward
Space function key. The effect of actuating the Forward
Space function key is to decrement the control counter
40 by one count to thereby effectively permit a different
digit sector to be selected for the purpose of utilizing
or modifying the digit stored therein. The C counter 40
is decremented in the same manner as it was decremented
in FIGURE 10. That is, by applying 23 pulses thereto.
For this purpose, an And gate 2260 is provided. A first
input to the And gate 229 is connected to the output of
previously mentioned Or gate 206. A second input to
the And gate 220 is connected to a sonrce of signal G
and a third input is connected to the true output terminal
of the function flip-flop FS which of course is set in
response to the actuation of the Forward Space key.

Attention is now called to FIGURE 12 which illustrates
the hardware responsive to the actuation of the Backspace
key. The backspace operation involves merely increment-
ing the C counter 48. Since the C counter 40 is an in-
crementing counter, it is merely necessary to apply a
single pulse to the clock input terminal of the first stage
thereof. This single pulse is derived from the output of
the And gate 222. A first input to And gate 222 is
derived from the And gate 8¢ of FIGURE 4(b) which
develops the origin signal Oy and a second input is de-
rived from the true output terminal of the function flip-flop
BS which is set in response to the actuation of the Back-
space key.

Attention is now called to FIGURE 13 which illustrates
the hardware responsive to the actuation of the Transfer
function key. In conjunction with actuating the Transfer
function key, it is necessary to actuate one of the “from”
register keys and one of the “to” register keys. As previ-
ously noted, all of the information entered into any of
the registers is derived from the R counter. Information
is entered into the R counter from either the M counter or
A counter. For the transfer operation, the information
is initially transferred from the register identified by the
actuated “from” register key to the A counter from which
it is transferred to the R counter and thence into the
register identified by the actuated “to” key. Entry into
the A counter is accomplished through And gate 23§
which is enabled by the true output terminal of function
flip-flop XF which is set in response to the actuation of
the Transfer function key. A second input to the And gate
230 is connected to the output of Or gate 232. Or gate
232 is provided with six inputs each of which is con-
nected to the output of a different one of the And gates
234. The inputs to a first of the And gates 234 comprises
the output of register output amplifier M, and the true
output terminal of the “from” register flip-flop F1. Simi-
larly, the inputs to the second flip-flop 234 comprise the
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output of the output amplifier E, and the true output
terminal of the register flip-flop F2. The inputs to the
third And gate 234 comprise the output of the output am-
plifier Ay and the true output terminal of register flip-
flop F3. Similarly, the pairs of input terminals of the
other And gates 234 are respectively derived from the
output of the output amplifier Ri, and the true output
terminal of flip-flop F4, the output of the output ampli-
fier R2 and the true output terminal of flip-flop F5, and
the output of the output amplifier R3, and the true out-
put terminal of flip-flop F6. Thus, it is apparent that
as each digit sector on the selected register moves under
the head associated with its register output amplifier, its
digit value will be read into the A counter. It will be
recalled that a digit is read into the A counter from a
register in a pulse counting manner. That is, assuming
a digit being read from a sector has the value 5 five pulses,
each in synchronism with the signal Gero, Will be pro-
vided by the Or gate 232 and passed through the And
gate 23Q. The A counter will thereby count up to five.
The A counter will be reset in response to the develop-
ment of signal P11 as will be recalled from FIGURE 8.
Also, in response to the development of signal P11, the
contents of the A counter will be transferred into the
R counter which was reset to an all “1’s” state, in re-
sponse to the development of the signal P16. There-
after, the R counter will be decremented to provide a
number of pulses equal to the counter stored therein.
These pulses can be entered into the register input am-
plifiers in the same manner as information was written
on to the memory register tracks in FIGURE 10. That is,
the output of each of the plurality of And gates 236
is connected to a lower input terminal of a different one
of the input amplifiers. A first input to each of the And
gates 236 is connected to the true output terminal of the
function flip-flop XF and a second input to the true out-
put terminal of a different one of the “to” register flip-
flops. Consequently, for so long as the function flip-flop
XF remains true, the selected input amplifier will be en-
abled to record pulses provided to its upper input termi-
nal. Connected to the upper input terminal of each of
the input amplifiers is the output of a different And gate
238. A first input to each of the And gates 238 is de-
rived from the And gate 122 of FIGURE 8 providing the
signal Gey, and a second input is derived from the
output of And gate 218 through an inverter which is true
only when the R counter state is not zero. The third input
to each of the And gates 238 is connecied to the output
of a different one of the And gates 236.

Attention is now called to FIGURE 14(e) which illus-
trates the portions of the calculator apparatus responsive
to the actuation of the Add function key. Actnation of
the Add function key causes the contents of a desig-
nated one of the multiplier-quotient, entry or reserve reg-
isters to be added to the contents of the accumulator regis-
ter with the sum being entered into the accumulator reg-
ister. A particular one of the registers is designated by
actuating the appropriate “to” key. FIGURE 14(b) is a
timing chart illustrating the addition of the contents of
the entry register to the contents of the accumulator reg-
ister. The example assumed therein refers to an addi-
tion of the number 97 stored in the entry register and
the number 35 stored in the accumulator register. The
adding technique utilized is to alternately apply pulses de-
rived from the output amplifiers A, and E, to the clock
input terminals of stage 1 of the A counter.

More particularly, an And gate 258 and a plurality of
And gates 252 are provided. (Whereas gates 121 and 122
in FIGURE 8 were introduced to generically represent
the input to the A counter, gates 250 and 252 are the
gates specifically used to perform addition.) The outputs
of And gate 252 are connected to the input of Or gate 254
along with the outputs of And gates 25¢ and 256 is con-
nected to the input of Or gate 124. The output of Or gate
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120 is of course connected to the clock input terminals
of stage Al of the A counter.

A first input to And gate 256 is connected to the true
output terminal of the carry flip-flop F., a second input
is connected to the output of And gate 64 of FIGURE
3(b) developing signal P6 and a third input is connected
to the output of source 123 of FIGURE 8 developing the
clock signal Geo.

And gate 250 effectively applies the contents of the ac-
cumulator register to the A counter. The inputs to And
gate 259 comprise the signal Gee derived from source 126
of FIGURE 8, the true output terminal of the function
flip-flop AD, and the output of And gate 77 of FIGURE
4(b) which develops the signal N restricting the addi-
tion operation to the numeric digit states. The fourth in-
put to And gate 256¢ is connected to the output of memory
register output amplifier Aq. Fach of And gates 252 is
associated with a different one of the register output am-
plifiers My, Eg, Rlo, R2, and R3,. Thus, the true out-
put terminal of each “to” register flip-flop is connected
to the input of an And gate 252 along with the output
of the associated register output amplifier, e.g., the true
output of flip-flop T1 and the output of amplifier M, are
connected to the input of the same gate 252. Connected to
the input of all of the gates 252 are the outputs of
source 123 (Ggo), the Add function flip-flop and gate 77

£)- :

Note in FIGURE 14(b) that seven successive pulses are
derived from the output amplifier E, representative of the
unit’s digit of the number stored in the entry register.
Note that five pulses are derived from the output ampli-
fier A, representing the unit’s digit of the number stored
in the accumulator register. It is assumed that the carry
flip-flop is initially reset. The pulses provided by the
output amplifiers Eg and A, are alternately applied to the
A counter so as to cause the state of the A counter to be
incremented in the manner illustrated. Note that the fifth
pulse derived from the amplifier Eq causes the A counter
to overflow, this action setting the carry flip-flop ¥,
(FIGURE 8), when it occurs while the signal P; is being
developed by the gate 76 of FIGURE 3(b). As previously
noted, in response to the development of signal P10 by
gate 72 of FIGURE 3(4), the R counter is cleared to an
all “1’s” state. In respomse to the signal Geo occurring
while signal P11 is being developed by gate 74 in
FIGURE 3(b), the contents of the A counter are {rans-
ferred into the R counter. The R counter is then decre-
mented to enter a number of pulses into the accumulator
register input amplifier A;. Note in the timing chart of
FIGURE 14(b) that a count of two is entered into the
R counter during the time signal P§ is developed. Note
that the subsequent signal pulses G, are applied to input
amplifier Ar. The hardware utilized to transfer the count
from the R counter to the accumulator register is illus-
trated in FIGURE 14(a). For this purpose, the true out-
put terminal of the function flip-flop AD is connected to
the lower input terminal of the accumulator register in-
put amplifier Ay. It is also connected to the input of And
gate 260 whose output is connected to the upper input
terminal of accumulator register input amplifier Aj. Sec-
ond and third inputs to the And gate 260 comprises the
signal G, and the inverted outpui of And gate 218
sensing the R counter zero state respectively.

The carry bit developed by the addition of the unit’s
digits 7 and 5 is transferred into the A counter in response
to the signal Ggo occurring while signal P§ is being
developed by the gate 64 of FIGURE 3(b). The carry
flip-flop F, is reset when signal P3 is developed. Thus,
it has been shown how two numbers respectively stored
in the entry and accumulator registers can be added to
one another by a counting technique with the sum being
stored in the accumulator register.

Attention is now called to FIGURE 15(a) which illus-
trates the portions of the calculator apparatus utilized to
subtract the number stored in a designated register from
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the number stored in the accumulator register and FIG-
URE 15(b) which is a time chart illustrating an exem-
plary subtraction operation in which a number 37 stored
in the accumulator register is subtracted from a number
65 stored in the entry register. The difference resulting
from the subtraction is stored in the accumulator register.
Briefly, the essence of the subtraction operation herein
involves adding the nine’s complement of the number
in the entry register to the number in the accumulator
register according to the addition technique disclosed in
FIGURES 14(a) and 14(b). The nine’s complement sum
(i.e., the unit’s difference digit with respect to the num-
bers actually stored in the entry and accumulator regis-
ters) is corrected by adding one to the unit’s digit thereof
and this is accomplished by initially setting the carry flip-
flop F¢ to a “1” state. Note in FIGURE 15(a) that this
function is performed by applying signal #; developed by
gate 81 in FIGURE 4(b) together with the true output
terminal of the function flip-flop SB to the input of And
gate 262 whose output is coupled to the input of Or
gate 264. A second input to Or gate 264 is derived from
gate 140 of FIGURE 8. The true output terminal of
carry flip-flop F, is again coupled through And gate 258
to the input of Or gate 120. Second and third inputs
to the Or gate 266 comprise the outputs of And gate
268 and Or gate 276. The inputs to Or gate 270 comprise
the outputs of And gates 272.

The output of source 128 providing signal G is con-
nected to the input of And gate 268 along with the true
output terminal of the function flip-flop SB, the output
of gate 77 of FIGURE 4(b) providing signal N; and
the output of the output amplifier A,. Each of And
gates 272 is also provided with the inputs derived from
the function flip-flop SB and gate 77. In addition, the
signal Gy, is applied to the input of each of gates 272.
Each of gates 272 is associated with a different one of
the registers. Thus, a first gate 272 has inputs derived
from “to” flip-flop T1 and the complement of output
amplifier M.

Note in the example of FIGURE 15(b) that the A
counter sums the initial correction carry and the contents
of the accumulator register and the complement of the
contents of the entry register. In response to the signal
G occurring while signal P11 is developed, the con-
tents of the A counter are transferred to the R counter
and the subsequent generation of signals G, decrements
the R counter and enters pulses into the accumulator
register input amplifier. Note in FIGURE 15(q) that the
true output terminal of the function flip-flop SB is con-
nected to the lower input terminal of the accumulator
register input amplifier. Additionally, this true output
terminal is connected to the input of And gate 272 along
with the source of signal Gg, and the inverted output
of And gate 218 responsive to a zero state of the R
counter.

Thus, from FIGURES 15(a) and 15(b), it should be
apparent that a subtraction operation can be performed
in substantially the same manner as an addition operation
merely by utilizing the complement of the contents of
a register designated by actuation of the appropriate “to”
key. It should further be apparent that one digit from
each of the entry and accumulator registers is handled
during each digit period and as a consequence 24 digit
numbers in the accumulator register and any other desig-
nated register can be added to or subtracted from one
another in one memory cycle.

Attention is now called to FIGURE 16 which illus-
trates the portions of the calculator apparatus responsive
to the action of the Shift Left function key. The orienta-
tion of the heads associated with the output and input
amplifiers in FIGURE 2 should now be recalled. Note
that the heads associated with the delay track input am-
plifier D; is spaced two digit sectors ahead of the head
associated with the delay track output amplifier Dy. Con-
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sequently, information recorded on the delay track can be
read out two digit times after it was read in. Note that
the heads respectively associated with each of the register
output and input amplifiers, e.g., Ay and Ay, are spaced
by one digit sector. Consequently, if information is read
out of a register, and onto the delay track, and subse-
quently read out of the delay track and back into the
register, the effect will be to place that information one
digit sector later than where it had been prior to having
been transferred to and from the delay track.

The hardware utilized to perform this shift left opera-
tion entails connecting the true output terminal of the
function flip-flop SL to the lower input terminal of the
input amplifier Dy and to the input of each of a plurality
of And gates 280 whose ouiputs are connected through
Or gate 281 to the upper input terminal of the input
amplifier Dr. Second and third inputs to each of the
And gates 280 comprise the output of a different register
cutput amplifier, e.g., Ay and the true output of an
associated “to” flip-flop. Thus, e.g., the outputs of am-
plifier Ay and flip-flop T; are connected to the input of
one of gates 280. The output (Gg,) of source 123 is
connected to the input of each of gates 280. This hard-
ware transfers the information on the register track desig-
nated by the set “to” flip-flop to the delay track.

The information is transferred from the delay track
back to the accumulator track by the remaining hardware
illustrated in FIGURE 16 including the plurality of gates
282 and plurality of gates 283. Connected to the input of
each of gates 282 is the true output of a different “to”
flip-flop along with the true output of the function flip-
flop SL. The output of each of gates 282 is connected to
the lower input terminal of a different register input
amplifier and to the input of a different And gate 283.
The outputs of source 123 (Gg,) and the delay track out-
put amplifier are also connected to the input of each gate
123. The output of each gate 123 is in turn connected to
the upper input terminal of a different one of the register
input amplifiers.

Attention is now called to FIGURE 17 which illustrates
the apparatus for shifting information in any designated
register one digit sector to the right in response to the
actuation of both the Shift Right key and one of the “to”
keys designating a particular register. Since the head as-
sociated with each register output amplifier, e.g., Aq leads
the head associated with the corresponding input ampli-
fier, i.e., A; by one digit sector, information can be shifted
right so that the information appears one digit time
earlier, by merely transferring read information directly
from the output amplifier to the input amplifier. This is
accomplished by the apparatus of FIGURE 17 which
couples the true output terminal of function flip-flop SR
to the input of each of a plurality of And gates 284. The
true output terminal of each “to” flipflop is connected to
the input of a different one of gates 284. The output of
each And gate 284 is connected both to the lower input
terminal of a register input amplifier associated therewith
and to the input of a different one of And gates 285. The
second and third inputs to each And gate 285 are respec-
tively derived from the output of a different register out-
put amplifier and the output of the source of signal Gy,

FIGURES 18, 19, and 20 illustrate the portions of the
calculator apparatus respectively responsive to actuations
of the clear multiplier-quotient register, clear entry regis-
ter, and clear accumulator register. In FIGURE 18 the
true output terminal of the function flip-flop CM is con-
nected to the lower input terminal of the multiplier-quo-
tient register input amplifier My. Similarly, the true out-
put terminal of the function flipflop CE is connected to
the lower input terminal of the entry register input ampli-
fier E; in FIGURE 19 and the true output terminal of
the function flip-flop CA is connected to the lower input
terminal of the accumulator register input amplifier A
in FIGURE 20. .
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Attention is now called to FIGURES 21(a) through
(#) which illustrate the portions of the calculator appa-
ratus utilized to perform multiplication and to Table VI
set forth below.

Table VI
2222111111111 1
321098765432109876543210
Entry register 021.4800 C counter=11
(Multiplicand)

Multiplier-Q 03 ®6500

register

(Multiplier)

Accumulator 000C0O0O0OU0 M counter= 0
register

En 214.8000 C ecounter=12
MQ 03 9.65 00

Ace 00000O00O0O0 M counter= ¢
En 21 4.8000 C counter=12
MQ 03 9.65 00

Ace 0000000 M counter= 3
En 214.8000 C counter=12
MQ 03 9.65 00

Ace 214.8000 M counter= 2
En 21 4.800 0 C counter=12
MQ 03 9.6 500

Ace 4 29.6000 M counter= 1
En 21 4.8 000 C counter=12
MQ 03 9.6 5 00

Ace 6 4 4.4 000 M counter= 0
En 02 1.48¢00 C counter=11
MQ 03 9.6 5 00

Ace 6 4 4.4 000 M counter= 0
En 0 21.4800 C counter=11
MQ 03 9.65 00

Ace 6 4 4.4 00 0 M counter= 9
En 02 1.48 0 0 C counter =11
MQ 03 9.65 00

Ace 6 6 5.88900 M counter= 8
En 021.480900 C counter=11
MQ 03 9.65 00

Acc 6 87.3600 M counter= 7
En 02 1.4 800 C counter=11
MQ 039.65 00

Acc 708.8400 M counter= 6
Ea 021.48400 C counter=11
MQ 039.65 00

Ace 730.3200 M counter= 5
En 021.48¢0 C counter=11
MQ 03 9.65¢00

Acc 75 1.80 00 M counter= 4
En 02 1.480 0 C counter=11
MQ 039.635 00

Ace 7738.2800 M counter= 3
En 02 1.4800 C counter=11
MQ 03 9.65 0090

Ace 79 4.76 00 M counter= 2
En 02 1.48 9009 C counter=11
MQ 03 9.65 00

Ace 816.2 400 M counter= 1
En 021.4800 C counter=11
MQ 03 9.65 00 :

Ace 83 7.72 00 M counter= 0
En 002.14809 C counter=10
MQ 03 9.65 00

Ace 8 383.7.720 0 M counter= 0
En 0 02,1480 C counter=10
MQ 03 9.65 90090

Ace 83 7.72 00 M counter= 6
En 002.148090 C counter=10
MQ 039.6500

Ace 8 3 9.86 80 M counter= §
En 00 2.1 43809 C counter=10
MQ 03 9.6 500

Ace 8 42,0160 M counter= 4
En 00 2.1 4809 C counter=19
MQ 03 9.65 00

Acc 8 4 4.1 6 40 M counter= 3
En 002.143809 C counter=10
MQ 0-3 8.6 500

Ace 84 6.31209¢ M counter= 2
En 00 2.1 4389 C counter=10
MQ 03 9.65 00

Ace 8 4 8.4 600 M counter= 1
En 00 2.1 43809 C counter=10
MQ 039.65 00

Ace 85 0.6 08090 M counter= 0
En 0 0 0.2 1 438 C counter= ¢
MQ 03 9.6 5 00

Ace 8 5 0.6 08 0 M counter=
En 00 0.2 1 4 8 C counter= 9
MQ 03 9.65 00

Ace 85 0.6 080 M counter= 5
En 000.21 438 C counter= 9
MQ 03 9.65 00

Acc 85 0.8 2 2 8 M counter= 4
En 000.2 148 C counter= 9
MQ 03 9.65 00

Ace 85 1.03 76 M counter= 3
En 000.21 438 C counter= 9
MQ 03 9.6 500

Ace 85 1.2 5 2 4 M counter= 2
EN 0 00.2148 C counter= 9
MQ 039.65 00

Ace 8 5 1.4 6 7 2 M counter= 1
En 000.2148 C counter= 9
MQ 039.65 00

Ace 85 1.6 820 M counter== 0
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Briefly, in the multiplication operation, the entry register
stores the multiplicand and the multiplier-quotient regis-
ter stores the multiplier. The partial product is developed
in the accumulator. The multiplication procedure in-
volves considering each digit of the multiplier separately
and repeatedly adding the multiplicand to or subtracting
the multiplicand from the number in the accumulator
register a number of times equal to the value of the
multiplier digit being considered. Prior to actually initiat-

_ing the repeated additions, the multiplicand and multiplier
have to be lined up so the proper power of ten is attrib-
uted to each digit of the multiplier. The disclosed ap-
paratus permits the performance of three modes of multi-
plication; namely, “clear and multiply” in which the
accumulator register is initially cleared, “add and multi-
ply” in which the partial products are added to the
accumulator contents and “subtract and multiply” in
which the partial products are subtracted from the
accumulator register contents.

Consider Table VI which illustrates an exemplary
multiplication in the “clear and multiply” mode in which
the multiplicand is equal to 21.48 and the multiplier is
equal to 39.65. Assume that the decimal point selector
is set to digit sector 11. Initially, the control counter is
incremented until its count coincides with that of the
decimal point selector circuit 36. This means that the
circled digit 9 of the multiplier is the active digit and is
in position to be read from the multiplier-quotient regis-
ter and utilized. As a first step in lining up the multi-
plicand and multiplier, a check is made to see whether
the active digit identified by the control counter is the
most significant digit in the multiplier. If it is not (and
it isn’t in the example of Table VI since the multiplier
includes a digit 3 in the ten’s place) the control counter
is incremented by one and the entry register is shifted
to the left. Subsequently, the most significant digit of the

multiplier (ie., 3) is transferred into the M counter and
for each succeeding memory cycle, the number in the
entry register is added to the accumulator and the digit
in the M counter is decremented by one. Consequently,
as will be noted, at the end of the initial memory cycle,
the M counter will define state 2 and the number 214.8
will be in the accumulator. At the end of a subsequent
cycle, the M counter will define state 1 and the number
429.6 will be in the accumulator. At the end of a subse-
quent cycle, the M counter will define state 0 and the
number 644.4 will be in the accumulator. In response to
the M counter defining state 0, the control counter is
decremented by one so that the digit 9 of the multiplier
becomes the active digit. Coincident with the decrement-
ing of the control counter, the multiplicand in the entry
register is shifted one digit to the right. The active digit
is then transferred into the M counter and in succeeding
memory cycles, the multiplicand is added to the number
in the accumulator as the M counter is decremented to
zero. In response to the M counter defining state 0, the
control counter is decremented so that the digit 6 of the
multiplier becomes the active digit and the multiplicand
in the entry register is again shifted one position to the
right. The active digit is entered into the M counter and
in the subsequent six memory cycles, the number in the
entry register is added to the number in the accumulator
while the M counter is decremented once for each
memory cycle. When the M counter again defines the 0
state, the control counter is again decremented and the
multiplicand again shifted one position to the right. The
active digit 5 is transferred into the M counter and in the
five subsequent memory cycles, the multiplicand is again
added to the number in the accumulator register. When
there are no non-zero digits in the multiplier not yet con-
sidered, the multiplication operation is over with the
product being stored in the accumulator register.
FIGURE 21(a) is a flow diagram illustrating the
sequence of states assumed by the cycle counter in the
performance of the multiplication operation. The entire
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multiplication operation can be considered as including
phase A states and phase B states. During the phase A
states, lineup is accomplished which includes appropriately
setting the control counter and shifting the contents of the
entry register. During the phase B states, the partial
product is formed by the successive additions and right
shifts.

FIGURE 21(b) illustrates the portions of the calcula-
tor apparatus active during the reset state of the cycle
counter. In response to the actuation of any of the clear
and multiply, accumulate and multiply, and subtract and
muitiply function keys, the corresponding flip-flop is set.
The true output terminals on each of these function flip-
flops is connected to the input of the Or gate 104 whose
output (as previously discussed with respect to FIGURE
7) is connected to the reset input of a multivibrator and
to the stages of the cycle counter. The transition of the
output of the Or gate 194 in response to the setting of
one of the multiply function flip-flops resets the multi-
vibrator momentarily to thereby generate a start signal
which is applied to both the control counter and the logic
flip-fiop Ly to effect the resetting thereof. Actuation of a
function flip-flop also causes the cycle counter to switch
from the reset state to state IA in response to the develop-
ment of a subsequent origin signal.

The terms 1S; and S; shall be respectively used in the
logical equations hereafter set forth to refer to the devel-
opment of set and reset input signals to flip-flop S1. Conse-
quently, the logical equation presented in FIGURE 21(b)
denotes that when the cycle counter is in the reset state,
a set input signal will be applied to flip-flop S1 in re-
sponse to the generation of the origin signal. Although
the logical equations in FIGURE 21(5) through (i) do
not expressly include the multiplication (i.e., function)
term, it should be understood that all of the equations
impliedly include such a term, as would for example be
represented by the true output terminals of the muiti-
plication flip-flops.

In state IA the C counter is incremented to cause
its state to match the state of the decimal point selector
circuit 36. More particularly, pulses of signal Ggo will
be applied through And gate 384 to the clock input ter-
minal of stage 1 of the C counter each time signal P19
is developed by gate 72 of FIGURE 3(b) and so long as
logic fiip-fiop L,, whose false output terminal is con-
nected to the input of gate 384, remains false. In addi-
tion to these inputs to And gate 304, the output of Or gate
300, whose inputs comprise the true output terminals of
all of the multiplication function flip-flops, is connected
to the input of gate 304 along with the output of state de-
tector IA. Logic flip-flop Ly will remain false until set
by the And gate 3¢6. The inputs to And gate 306 com-
prise the output of Or gate 309, the output of state de-
tector 1A, the output of gate 68 of FIGURE 3(b) pro-
viding signal P2 and the signal Kp provided by the coin-
cidence circuit 34. During state IA, if the function flip-
flop C+ X has been actuated, the accumulator register in-
put amplifier lower input terminal is energized by the out-
put of And gate 308 to thereby clear the accumulator
register. In response to the development of an origin
signal, the cycle counter is switched from state IA to
state ITA.

Tn state TIA the M register is checked to determine
whether the digit sector identified by the control counter
contains the most significant multiplier digit. In order
to make this determination, the logic flip-flop 1, is
utilized with the outputs of And gates 312 and 310 being
respectively coupled to the set and reset input terminals
thereof. Connected to the input of And gate 310 is the
output of Or gate 399, the output of state detector IIA,
and the output of the M register output amplifier M.
Connected to the input of And gate 312 is the output of
Or gate 36§, the output of state detector 1IA, the out-
put of coincidence circuit 38 providing signal Kpc, and
the output of gate 72 of FIGURE 3(b) developing sig-
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nal P10. Signal Ky of course is developed in response
to coincidence between the control counter 40 and the
digit counter 20. Consequently, the Ilogic flip-flop 1, is
set at bit period 19, that is a bit period after which the
last pulse could have been possibly recorded in the coin-
cident digit sector. If the digit sector identified by the
state of the control counter is not in fact the most signif-
icant non-zero digit in the multiplier, then the And gate
319 will provide a signal subsequent to the development
of signal Kpc which will reset the logic flip-flop L. In
the event that the state of the control counter does not
represent the digit sector storing the most significant
digit of the multiplier, the cycle counter switches to state
ITA in response to a subsequent origin signal and in the
event that the state of the cycle counter does represent
the digit sector storing the most significant multiplier
digit, the cycle counter switches to state IIIB as Tepre-
sented by the equations in FIGURE 21 (d).

In state IITA, the contents of the entry register are
shifted left by coupling the entry register output amplifier
E, to the input of And gate 320 along with the output
of And gate 322. The inputs to And gate 322 comprise
the output of Or gate 3006 and the output of the state
detector ITTA. The outputs of gates 328 and 322 are
respectively connected to the upper and lower input ter-
minals of the delay register input amplifier Dy. The out-
put of the delay register output amplifier Dy is connected
to the input of And gate 324 along with the output of
And gate 326. The inputs to And gate 326 comprise the
output of gate 309 and the output of state detector IIIA.
The output of gates 324 and 326 are respectively con-
nected to the upper and lower input terminals of the entry
register input amplifier E;. In state IIIA, in addition
to the contents of the entry register being shifted left, the
C counter 40 is incremented by the signal derived from
And gate 328 whose inputs comprise the signal Gg, and
Oq4 and the outputs of gate 300 and state detector TITA.
In response to the development of the origin signal, the
cycle counter is switched to state TIA as indicated by the
logical equation.

Attention is now called to FIGURE 21(f) which illus-
trates the portions of the calculator apparatus active dur-
ing state I1IB of the multiplication operation. When state
IIIB immediately follows state IIA which occurs when
logic flipflop L, is true at the end of state IIA, state ITIIB
merely serves to transfer the active digit from the M regis-
ter to the M counter and to reset the logic flip-flop 1 in
Tesponse to the development of the origin signal. On the
other hand, when state IIIB immediately follows either
state IIB or state YIIB, the additional functions of decre-
menting the C counter and shifting the contents of the
entry register right one digit are also performed.

The active digit from the M register is transferred into
the M counteér through the And gate 336 whose output is
connected to the clock input terminals of the first stage
of the M counter. The first three input to And gate 330
respectively comprise the output of the source of signal
Geio, the output of the state detector IIIB, and the output
of gate 380. A fourth input to And gate 330 comprises
the output of coincidence circuit 28 which develops the
signal Kpe and the fifth input thereto comprises the out-
put of the M register output amplifier M,. It should be
apparent that the And gate 330 will pass to the M counter
a number of pulses equal to the value of the active multi-
plier digit, i.e., the digit in the digit sector of the M
Tegister identified by the state of the C counter. The
logic flip-flop Ly is reset by a signal provided by And
gate 332. The three inputs to And gate 332 respectively
comprise the output of the state detector IIIB, the out-
put of gate 300, and the output of gate 80 of FIGURE
4(b) providing he origin signal. -

As noted, the C counter is decremented in state IiB
and the contents of the entry register are shifted right
one digit position only when this state does not immedi-
ately follow state TTA. The C counter is decremented, as
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before indicated, by applying 23 incrementing pulses
thereto. The 23 incrementing pulses are derived from Or
gate 296 and applied to the input of And gate 334 whose
output is connected to the clock input terminals of stage
1 of the C counter. The second, third, and fourth inputs
to And gate 334 of course comprise the output of state
detector IIIB, the output of the source of signal Gy, and
the output of gate 360. The fifth input to And gate 334
comprises the false output terminal of the logic flip-flop
Lo which of course restricts the enabling of And gate 334
to only those IIIB states which do not immediately follow
state ITA.

The contents of the E register are shifted right one
digit position by connecting the output of And gate 336
to the lower input terminal of the entry register input
amplifier E; and output of And gate 338 to the upper in-
put terminal thereof, The three inputs to And gate 336
respectively comprise the false output terminal of the
logic flip-flop L, the output of the state detector IiIB,
and the output of gate 308. The two inputs to And gate
338 comprise the output of the entry register output
amplifier B, and the output of gate 336.

The logical equation set forth in FIGURE 21(f) indi-
cates the conditions required to switch the cycle counter

from state IIIB to state IVB. Note that the term Oy,
Tepresenting a non-zero state of the M counter, is in-
cluded in the equation. The inclusion of this term is de-
sirable in order to rapidly handle situations in which the
active multiplier digit entered into the M counter is zero.

FIGURE 21(g) illustrates the ‘portions of the calcu-
lator apparatus active during state IVB which state is
utilized to add (or subtract as the case may be) the con-
tents of the entry register to the contents of the accumu-
lator register and in addition for decrementing the M
counter. Addition is performed if the “clear and multiply”
or “add and multiply” function keys are depressed and
subtraction is performed if the “subtract and multiply”
function key is depressed. The actual addition and sub-
traction is accomplished in the same manner as previous-
ly described. That is the output of the accumulator
register outpnt amplifier A, is connected to the input of
And gate 340 whose output is connected to the input of
Or gate 128 connected to stage 1 of the A counter. Addi-
tionally, the source of signal Gye is connected to the in-
put of And gate 340 along with the output of Or gate 309.
Connected to the second input of Or gate 120 is the output
of Or gate 342 whose two inputs are respectively connect-
ed to the ontput of And gates 344 and 346. The And gate
346 is enabled when either the “add and multiply” or
“clear and multiply” functions are being performed. The
true output terminals of the corresponding function flip-
flops are connected to the input of Or gate 348 whose

¢ output is connected to the input of And gate 346 along
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with the output of the entry register ouput amplifier E,,
The And gate 344 is enabled when the “subtract and
multiply” function flip-flop is set by connecting the true
output terminal thereof to the input of And gate 344
along with the complement of the ocutput of the entry
register output amplifier Ey. Also connected to the inputs
of both And gates 344 and 346 is the output of the source
of signal Gg,. Connected to the input of the And gates
349, 344, and 346 is the output of state detector IVB and
the output of gate 77 of FIGURE 4(b) providing signal
Ni. Thus, it can be seen that for each memory cycle the
contents of the eniry register are either added to or sub-
racted from the contents of the accumulator register.

The M counter is decremented by one count each mem-
ory cycle by the application of nine pulses provided by
And gate 356 whose output is connected to the clock input
terminals of stage 1 of the M counter. The initial three
inputs to And gate 350 comprise the output of Or gate
300, the output of the source of signal Gg,, and the out-
put of state detector IVB. In addition, the output of gate
78 of FIGURE 4(b) providing signal # and the output
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of gate 76 of FIGURE 3(b) providing signal Py are con-
nected to the input of And gate 350. It will be recalled
that the signal Py is true for nine pulses of signal Geo
and the signal T; assures that the M counter is decre-
mented during D counter state 24 or in other words after
the addition or subtraction has been completed. Iterations
continue in state IVB until the M counter is decremented
to zero at which time, as evidenced by the logical equa-
tion set forth in FIGURE 21(g), the cycle counter
switches to state IB and then 1iB and back to ITIB. Steps
IB and IIB serve no function in mualtiplication and the
cycle counter will step through them in less than one digit
time.

The multiplication operation is terminated in state I1IB
after the multiplier digit in the position corresponding {0
the zero state of the control counter has been considered.
Termination is accomplished by clearing the function flip-
flops through gate 112 of FIGURE 7. Flip-flop 116 of
FIGURE 7 is set by the output of gate 111 when the count
in the control counter is decremented to zero and the sec-
ond digit signal is provided by the D counter. Subse-
quently when the control counter is decremented to state
23 after the multiplier digit associated with state zero of
the control counter has been considered stage 3 of the con-
trol counter, i.e., C3 will become true {0 clear the function
fiip-flops. The flip-flop 116 will be reset prior to another
operation by the same signal that resets the cycle counter.

Attention is now called to Table VII below which de-
picts the division operation initiated in response to the
actnation of the division function key. In division, the
dividend is stored in the accumulator register and the di-
visor is stored in the entry register. The quotient is de-
veloped in the multiplier-quotient register. As with the
multiplication operation previously described, division is
performed with the decimal point fixed. The decimal
point of the quotient is automatically aligned with the
decimal point of the generating factors, that is, the di-
visor and the dividend. Briefly, division is implemented
by subtracting the divisor from the dividend an integral
number of times unit the sign of the accumulator changes.
Thence, the divisor is added to the pumber in the accumu-
lator register so as to effectively restore the remainder
therein. Thereafter, the number in the accumulator regis-
ter is shifted left one digit. The number of integral times
that the divisor was able to be subtracted from the divi-
dend prior to causing the accumulator register to change
sign, represents the most significant digit of the quotient.
By repeating the subtraction process after the accumulator
is shifted left, the next most significant digit of the quo-
tient can be obtained. The division procedure is separated
into two phases, as with multiplication, with phase A
again constituting a line-up procedure and phase B con-
stituting the actual subtractions to develop the quotient
digits and additions to effect restoration. Prior to con-
sidering the hardware necessary to implement the division
operation, consider the example set forth in Table VIIL

Table V1I
2 2221111111111
23210987635 4 321009876543 210
Entry register 006 003.9635 C counter=11
(Divisor)
Multiplier-Q register 0 € ¢c 00000
‘Acerrmmlator register 0 0 4 1 4.8 0 0 M counter= 0
(Dividend)
En 00003.9 635 C counter=12
MQ 00000000
Acc 000 41.480 M counter= 0
En ¢co0o003.9463%5 C counter=13
MQ 0000000¢0
Ace 0000 4.1 438 M counter= 0
Eu 00003.9 65 C counter=13
MQ 00O0O0O00O00
Acc 00 6000.183 M counter= 1
En 00003.96%5 C counter=13
MQ 6 00000C0CGDO0
Ace OF «9 9 9 9 6.2 1 8 M counter= 1
En 00003.9635 C counter=13
MQ 0000O00O0GCGDO
Ace ¢c0000.183 M counter= 1
En 00003.9 63 C counter=12
MQ 601 00000
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2 2221111111111

221098765 4321090 98§ 7654321°¢0
Ace 00001.83¢0 M counter= 0
En 0000 3.9 635 C counter=12
MQ 00100000

Acc OF «9 9 9 9 7.8 65 M counter= 0
En 000¢0C3.9 635 C counter=12
MQ 00100000

Ace 000O01.83290 M counter= 0
En 00003.9 635 C counter=11
MQ 001060000

Ace 00018.3 00 M counter= 0
En 0000O03.9 635 C counter=11
MQ 00100000

Ace 0001 4.3 335 M counter= 1
En 00003.9 635 C counter=11
MQ 0010000¢0

-Ace 00010.37020 M counter= 2
En 00003.96%5 C counter=11
MQ 00100000

Ace 0000G6.405 M counter= 3
En 00039.6350 C counter=11
MQ 001000900

Ace 0002 4.4 00 M counter= 4
En 00039.650 C counter=11
MQ 00100000

Ace OF «9 9 9 8 4.7 5 0 M counter= 4
En 00039.650 C coanter=10
MQ 00104.000

Ace 002 4 4.000 M counter= 0

Note that the divisor 3.965 is stored in the entry register
and the dividend 414.8 is stored in the accumulator regis-
ter. The C counter is initially incremented until its count
equals that of the decimal point selector. This has arbi-
trarily been assumed to be a count of eleven. The M
counter is in a zero state. An initial check is made to see
whether the most significant non-zero digit of the divisor
is in the same or a more significant digit position than
the most significant digit of the dividend. If it is not, as in
the example illustrated, the accumulator register content,
ie., the divisor is shifted right one digit position and
the C counter is incremented by one count. It should of
course be appreciated that the count of the C counter de-
termines the position of the active quotient digit. A check
is again made to see whether the most significant digit
position of the divisor is the same as or greater than the
most significant digit position of the dividend and if it is
not, the dividend is again shifted right and the C counter
again incremented by one. Once line-up has been com-
pleted, the divisor is subtracted from the dividend and
for each subtraction which does not result in a change
of sign of the number in the accumulator register, the
M counter is incremented by one. After a change of sign
has been encountered, the remainder in the accumulator
register is restored, the count in the M counter is trans-
ferred into the active digit position of the multiplier-
quotient register, the C counter is decremented by one and
the number in the accumulator register is shifted to the
left one digit position. The same procedure is continued
indefinitely, limited by the digit length of the numbers
the apparatus is capable of handling.

Attention is now called to FIGURE 22(a) which il-
lustrates a flow diagram of the states assumed by the
cycle counter in the performance of the division opera-
tion and FIGURES 22(b) through (i) which illustrate
the portions of the calculator apparatus active in each
of these states.

Note in FIGURE 22(b) that in response to the actua-
tion of the divide function key, the C counter and logic
flip-flop are reset and the cycle counter is switched to
state TA in accordance with the logical equation set forth.
Tt should further be noted that the hardware and operation
thereof illustrated in FIGURE 22(b) is closely analogous
to that illustrated in FIGURE 21(5).

FIGURE 22(c) illustrates the portions of the calculator
apparatus used during state IA and it will again be noted
that this apparatus is substantially identical to the ap-
paratus active in state IA of the multiplication operation.
1t will be recalled from Table VII that it is initiallv neces-
sary to increment the C counter until its count is identical
to the count of the decimal point selector circuit 36. The
coincident circuit 34 provides the signal K, which indi-
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cates coincidence between the setting of the decimal point
selector circuit and the count of the D counter 20. The
And gate 400 whose output is connecter to the clock in-
put terminals of stage 1 of the C counter provides a pulse
thereto during each digit time (in response to signal P10)
so long as the logic flip-flop Ly remains false. The inputs to
And gate 400 respectively comprise the output of the
source of signal Gy, the true output terminal of the di-
vide function flip-flop, the false output terminal of the
logic flip-flop, the output of state detector TA, and the
output of gate 72 of FIGURE 3(b) providing signal P10.
‘The logic flip-flop L, will remain false until the And gate
402 applies a pulse to the set input terminal thereof. The
inputs to the And gate 402 respectively comprise the true
output terminal of the divide function flip-flop, the output
of state detector IA, the output of gate 68 of FIGURE
3(b) providing signal P2, and the output of coincidence
circuit 34 providing signal K. Also accomplished during
state 1A is the clearing of the multiplier-quotient register
which is cleared by connecting the output of And gate
404 to the lower input terminal of the multiplier-quotient
register input amplifier M;. The inputs to And gate 404
comprise the true output terminal of the divide function
flipflop and the output of state detector IA. The cycle
counter switches from state IA to state IIA in response to
the generation of the origin signal, as described by the
logical equation set forth.

Attention is now called to FIGURE 22(d) which illus-
trates the portions of the calculator apparatus active in
state IIA in the performance of the division operation. In
state ITA, a decision is made as to whether the digit posi-
tion of the most significant digit of the number in the E
register, ie., the divisor is at least as great as that of the
most significant digit in the accumulator register, i.e., the
dividend. This decision is made by causing pulses recorded
in the E register to set the logic flip-flop Ly and by caus-
ing pulses recorded in the accumulator register to reset
the logic flip-flop. By determining the state of the logic
flip-flop at the end of the memory cycle, a conclusion can
be made as to whether the most significant digit recorded
in the entry register is in a digit position at least as great
as the position of the most significant digit in the accumu-
lator register. Control of the logic flip-flop is exercised by
the And gate 403 whose output is connected to the set
input terminal of the logic flip-flop and the And gate 405
whose output is connected to the reset input terminal of the
logic flip-flop. Connected to the input of each of the And
gates 483 and 405 is the true output terminal of the di-
vision function flip-flop, the output of state detector IIA,
and the output of gate 66 of FIGURE 3(b) developing
signal P1. It should be apparent that the signal P1 is
utilized inasmuch as every non-zero digit stored in a regis-
ter digit sector will have a pulse recorded in at least the
first bit position which, of course, is read concurrent with
the development of the signal P1. In addition, the com-
plement of the output of the entry register output ampli-
fier Ey is applied to the input of gate 405 along with the
output of the accumulator register output amplifier Aq.
Consequently, it should be apparent that gate 405 will pro-
vide a resetting pulse to the logic flip-flop Ly during any
digit period in which a non-zero digit is recorded in the
accumulator register and a zero digit is recorded in the
entry register.

The output of the entry register output amplifier E, is
applied to the input of gate 403 and it should be apparent
that gate 463 will provide a set pulse to the logic flip-flop
L, during each digit time in which the entry register digit
sector being read contains a non-zero digit. The logical
equation set forth in FIGURE 22(d) indicates that at
the end of the memory cycle, if the flip-flop L, is true,
the cycle counter will switch to state IITB so that the sub-
traction operation can be initiated. On the other hand, if
the logic flip-flop Ly is false at the end of a memory cycle,
it is indicative that the most significant digit in the ac-
cumulator register is in a digit position which is greater
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than that containing the most significant digit of the entry
register. In this event, the cycle counter is switched to
state TIIA.

In state IITA the C counter is incremented by one and
the contents of the accumulator register are shifted one
digit position to the right. The hardware for performing
these functions is illustrated in FIGURE 22(e). Note that
the outputs of And gates 406 and 468 are respectively cou-
pled to the upper and lower input terminals of the ac-
cumulator register input amplifier A;. The inputs to And
gate 408 comprise the output of state detector IIIA and
the true output terminal of the division function flip-flop.
The inputs to And gate 486 comprise the output of And
gate 408 and the output of the accumulator register output
amplifier Ay. These elements of conrse serve to shift the
contents of the accumulator register one digit position to
the right. The C counter is incremented by one in response
to a pulse provided by the And gate 410 whose output is
connected to the clock input terminals of stage 1 of the
C counter. The inputs to And gate 418 comprise the true
output terminal of the division function flip-flop, the out-
put of state detector IITA and the output of the source
of the origin signal. From state IIA, as indicated by the
logical equation illustrated in FIGURE 22(e), the cycle
counter will switch to state ITA.

FIGURE 22(f) illustrates the portion of the calculator
apparatus active in state IIIB which is the state assumed
by the cycle counter immediately after state IIA when
the numbers in the accumulator and entry registers are
properly lined-up. During state IIIB, the divisor stored in
the entry register is repeatedly subtracted from the divi-
dend stored in the accumulator register until the sign of
the number in the accumulator register changes which is
recognized by the carry flip-flop F. being set. For each
memory cycle in which such a snbtraction can be per-
formed without changing the sign of the number in the
accumulator register, the M counter is incremented by
one.

In order to perform these subtractions, substantially
the same apparatus is utilized as illustrated in FIGURE
15(a). That is, the output of an And gate 412 is applied
to the input of the Or gate 120 whose output is connected
to clock input terminals of stage 1 of the A counter. A
second input to the Or gate 120 extends from And gate
416 to whose input is connected the true output terminal
of the carry flip-flop F,. A third input to Or gate 120 is
derived from And gate 418.

More particularly, connected to the set input terminal
of the carry flip-flop is the output of an Or gate 420. The
inputs to Or gate 420 are connected to the outputs of
And gate 140, which it will be recalled is coupled to stage
4 of the A counter, and to the output of And gate 422.
The inputs to And gate 422 respectively comprise the true
output terminal of state detector IIB and the signal Oq4.
Consequently, gate 422 sets the carry flip-flop prior to
each subtraction, ie., each transition from state IIB to
state I{IB which it will be recalled is necessary to correct
the nine’s complement sum. The output of gate 140 sets
the carry flip-flop in response to the A counter overflow-
ing. Inputs to the gate 416 in addition to the true output
terminal of the carry flip-flop comprise the output of gate
64 of FIGURE 3(b) developing signal PO and the out-
put of the source of signal G,. The function of gate 416
should be appreciated from what has been said with re-
spect to FIGURE 15(a).

Connected to the input of both And gates 412 and 418
is the true output terminal of the divide function flip-flop,
the output of state detector IIIB and the output of gate
77 of FIGURE 4(b). In addition, the complement of the
output of the entry register cutput amplifier Ep and the
output of the source of signal G, are connected to the
input of gate 412. The output of the accumulator regis-
ter output amplifier A, and the output of the source of
signal Gy, are connected to the input of And gate 418.
Consequently, it should be appreciated that the A counter
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develops the difference between the contents of the enfry
register and the contents of the accumulator register.
The difference is written into the accumulator register by
connecting the true output terminal of the divide func-
tion flip-flop to the lower input terminal of the accumu-
lator register input amplifier Az and to the input of And
gate 424. In addition, the output of the source of signal
Gy and the output of the gate 218 sensing a zero state
of the R counter are connected to the input of gate 424

The M counter is incremented in response to pulses
provided by the And gate 426 which provides a pulse
whenever an origin signal is developed if the carry flip-flop
F, is false meaning that the number in the accumulator
register has not yet changed sign. The inputs to the And
gate 426 comprise the true output terminal of the divide
function flip-flop, the output of state detector 1IB, the
false output terminal of the carry flip-flop and the output
of the source of origin signal. The cycle counter is
switched to state IVB, as expressed by the logical equa-
tion set forth in FIGURE 22(f) when the origin signal
is develop and the carry flip-flop is in a true state mean-
ing that the sign of the number in the accumulator regis-
ter has changed.

In state IVB of the cycle counter, as illustrated in
FIGURE 22(g), the contents of the entry register are
added to the contents of the accumulator register so as
to restore the remainder in the accumulator register.
This addition is accomplished by connecting the And
gates 430 and 432 to the set and reset clock input ter-
minals of stage 1 of the A counter. Connected to the input
of And gates 430 and 432 is the true ouiput terminal of
the divide function flip-flop, the output of state detector
IVB, and the output of gate 77 developing signal N;. In
addition, the output of the entry register output amplifier
E, and the output of the source of signal G, is con-
nected to the input of And gate 430. The output of the
accumulator register output amplifier Ay and the output
of the source of signal Gg, is connected to the input of
gate 432. Subsequent to restoration, the cycle counter is
switched from state IVB to state IB.

In state IB the contents of the M counter are trans-
ferred to the multiple-quotient register, the contents of
the accumulator register are shifted left one digit posi-
tion, the M counter is reset, and the control counter is
decremented by one. As shown in FIGURE 8, the con-
tents of the M register are transferred into the R register
during state IB when signal P11 is developed. The con-
tents of the R register are in turn transferred into the
multiplier-quotient register by the gates 434 and 436
whose outputs are respectively coupled to the upper and
lower input terminals of the multiplier-quotient register
input amplifier M. The inputs to the And gate 436 com-
prise the coincidence signal Kpe derived from flip-flop
08 of FIGURE 6, the true output terminal of the divide
function flip-flop and the output of state detector IB. The
inputs to And gate 434 comprise the output of gate 436,
the output of the source of signal Ggo and the inverted
output of gate 218 detecting a zero state of the R counter.

The contents of the accumulator register are shifted
left one digit position by transferring them to and from
the delay track as was discussed when the shift left func-
tion was considered. The hardware provided to perform
this transfer includes And gates 438 and 448 whose out-
puts are respectively connected to the upper and lower
input terminals of the delay track input amplifier Di.
Connected to the input of And gate 440 is the true out-
put terminal of the divide function flip-flop and the out-
put of state detector IB. Connected to the input of And
gate 438 is the output of And gate 440 and the output of
the accumulator register output amplifier Aq. The outputs
of And gates 442 and 444 are respectively connected to
the upper and lower input terminals of the accumulator
register input amplifier Ar. Connected to the input of
And gate 444 is the true output terminal of the divide
function flip-flop and the output of the state detector 1IB.
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The output of gate 444 is coupled to the input of gate
442 together with the output of the delay track output
amplifier Dy. The C counter is decremented by one by
applying 23 pulses to the clock input terminals of stage
1 thereof. The 23 pulses are developed by connecting the
outputs of previously mentioned Or gate 206 to the input
of And gate 442 along with the output of the source of
signal G, the output of the state detector IB and the
true output terminal of the divide function flip-flop. The
division operation is terminated in the same manner and
through the utilization of the same hardware, i.e., through
gate 112 of FIGURE 7, as was used to terminate the
multiplication operation.

As the equation of FIGURE 22(i) indicates, state
1IB merely serves the purpose of switching the cycle
counter back to previously described state IIIB in which
state the series of subtractions is again performed.

Attention is now called to Table VIII below which
illustrates the procedure for performing a square 10Ot
operation. The number whose square root is desired is
entered into the accumulator register and the root as it is
developed is stored in the multiplier-quotient register.
The decimal point of the extracted root is automatically
aligned with the decimal point of the number whose root
is being extracted. The accumulator register at all times
holds the difference between the partial root squared and
the original number times a scaling factor (equal to ten
to the power equivalent to the decimal point selector
circuit setting). The entry register is utilized to hold
intermediate computations.

The square root method utilized develops the digits of
the root from most to least significant. The method is
somewhat similar to that previously described for divi-
sion. More particularly, the two most significant digits of
the original number are tested to see what is the largest
digit squared that can be taken from these two digits.
This number is the most significant digit of the root. The
next digit of the root is found by finding the largest b
that can satisfy the following equation without an over-
subtraction occurring (maintaining the difference posi-
tive):

N—{(2ab+b?)
where b js the root digit presently being tested;

a is equal to the already determined root digits; and

N is the remainder left in the accumulator register and
is equal to the original number minus the square of the
quantity “a.” The equation is solved by successively sub-
tracting the sum of two quantities from the remainder,
(each successive subtraction utilizing a greater value of
“p”) the subtractions continuing uniil an oversubtraction
occurs. After the cycle in which the remainder in the ac-
cumulator register becomes negative, the amount sub-
tracted in the previous cycle is added back into the ac-
cumulator, thereby restoring the remainder. The number
of successive subtractions which can be performed before
the remainder in the accumulator becomes negative con-
stitutes the root digit.

The first of the two quantities subtracted from the re-
mainder is equal to 2q which is subtracted b times thereby
constituting the term 2ab. The second term is equal to
(2b—1) which on the first subtraction (i.e., when b==1)
is equal to one, on the second subtraction (i.e., when
b=2) is equal to three, on the third subtraction (i.e.,
when b=3) is equal to five, etc. The sum of the subtrac-
tions of the second term constitutes the b2 term of the
equation set forth above.

The square root operation is divided into two phases.
The steps of phase A relate to whole number square root
cperation and the steps of phase B relate to fractional
number square root operation. For a better understanding
of the square root operation, consider Table VIII below
which indicates the steps required to develop the square
root of the number 3975.82 which is initially stored in
the accumulator register.
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TABLE ViII
22221111111111 ,
: 321098765432109876543210
22221111111111
8210987654321098765438210 Ab? =
o 5 En 00012600 C counter=16
Entry register 00000000 C counter=22 MQ 00006300
heblerQreglstr 00000009 Aco 00017784 M counter= 4
Aceumulator register 0 ({ 307582 M counter= ¢ Abe b1ne O_g . emis
Abz 0 00 counter =
En 00000000 C counter=22 f{fé goot2s00
Mg 00090000 _ Aco 00005175 M counter= 5
Acc OF«—!_)f_ ti) 397582 M counter= ¢ Ab? . . i
4be 00012600 counter =
En 00000000 C counter=20 101?4’(3 00332800
M 208080000 Ace OF—999925564 M counter= 5
Ace 00397582 M counter= 0 Ab? 11
abe ter =20 En 00012600 C counter=16
En 00000000 C counter= MQ 000068305
i bo000000 - Acc 00005175 M counter= 0
A}():c 003 SlJ 7582 M counter= 0 15 Ab?
Ab? >
En 60000000 C counter=20 L
?&I(% 8 8 ‘3) g 3 g.gg M counter== 1 Note that the C counter is initially set to 22 and the
Abz =3 ¢ counter=20 quantity (26—1) is developed by what will henceforth
iﬁ 8 g 8 g 8 8 8 g counter= be teferred to as the Ab? generator, and successively sub-
Acc 00357582 M counter= 2 20 tracted from the number in the accumulator. In the ex-
%]3:2 00000000 C counter=20 ample, the. s}'g.n of the nugnber in t}ae :accugmulatoy chlanges
MQ 00000000 M counter— 3 after the initial subtraction and is then immediately re-
ﬁﬁg 00 3—? T8z counter= stored. Subsequently, the control countef is decrementeg
In 300000 69 C counter=20 by two and the quantity (2b—1) provided by the Ab
.leéQc 0 8 237582 M counter= 4 25 generator is subtracted from dl_glt position 20 of ﬂ}e
b 00 G counter=20 number in the accumulator register. The difference in
?1?; 8 8 8 8 8 8 00 the accumulator register remains positive a.nd a second
Az 00147682 M counter= 5 subtraction of the quantity (2b—1) (this time equal to
%Ir)x 00000000 C counter=20 three) is perfo-rmed.. The .resultu%g' difference in the ac-
e aab000 2 M eounter= 6 30 cumulator register is again /positive and the quantity
ﬁgﬂc -13 (2b—1) (now equal to five) is again subtracted from the
e A C counter=20 number in the accumulator. It should be apparent that
Aot OF—99907582 M counter= 6 the initial subtraction of the quantity provided by the
b 0 0*613 0000 C counter=20 Ab? generator (ie., one) eﬁ_ecnvely tests to see whether
ﬁ% 00060000 35 the two most significant digits of the number in the ac-
Agg 00087582 M counter= 0 cumulator are greater than 12, The subsequent subtr'ac-
A 00012000 C counter=18 tion of the quantity provided by the A?Jz generator (1_.e.,
ﬁlQ 8 3 8 § ? 2 8 ‘2) M counter= 0 three) represents a cumulative subt_rac.tlon of fp}lr yvhlch
any —18 tests to see whether the two most significant dl.glts ;n the
ﬁ’é 8 8 3 (1) (25 8 8 8 O counter= 40 accumulator Tegister are greater than .the quantity 22, The
Ace 00037582 M counter= 0 subsequent subtraction of the quantity prlovgded bgrt the
o > = b? generator, ie., five) made the cumulative subtrac-
00012000 C counter=18 AbD? gence > Le, )
ﬁrél 00006000 tore 1 tion equal to minme which of course represents a test
ﬁﬁf 0002 5—§'8 2 M eounter= determining whether the two most significant digits of
En 00012000 C counter=18 45 the number in the accumnulator register are greater than
ig% 3 8 3 (1] g ?.(8) g M counter= 2 32, For each subtraction, the M counter is mcrementgd
Abz - C counter=18 by one. On the subtraction which causes the number in
1]3122 88 8 é 2 8 3 8 conmter= the accumulator register to change sign, the number in
Aco 00000882 M counter= 3 the M counter is frozen and subsequently transferred
f‘«:‘f 00012 g 00 C counter=18 50 into the multiplifar-quonf:nt Tegister as one of the root
MQ 90996099 M counter= 3 digits. The quantity provided by the Ab? generator which
ﬁgzc 9998 +7 ; caused the number in the accumulator reg1ste1.' to change
En gooLz00 C counter=18 sign is added back into the accumulator register to re-
l}A./Ic% g 0000682 M counter= 0 store the remainder which appeared therelp immediately
avs 2600 C counter=17 55 before the sign of the accumulator register changed.
ff(}g g 3 8 (1) 6300 Subsequently, the C counter is Qecremer}ted by two. _The
Aee 00006820 M counter= 0 contents of the multiplier-quotient register are shifted
%tr’lz 00012600 C counter=17 right one rigid pqsitlon and then doubled and transfe{rgd
Mo S0008s9 : M counter= 0 into the entry register. Development of further root digits
a5 -1 60 requires that the sum of the confents of the entry regis-
I 20042800 C counter=17 ter (representing the quantity pa) and the number pro-
?&Ic% OF<-999964210 M counter= 0 vided by the Ab? generator be subtracted froxq the num-
ap: 00012 é’% 0 C counter=16 ber in the accumulator register, a:b numbex.' of times Whll_e
I]si%z 00006300 the M counter is being incremented. Th'IS procedure is
Aco 00006820 M counter= 0 65 followed for so long as whole numbers in the accumu-
%tr’l- 00012600 C counter=16 lator register are being considered. Once it is sensed that
Ma 8 3 8 2 g 3 88 M counter= 0 the numbers proveded by the A2 generator are to be
‘Ang —1 subtracted from a fractional number in the accumulator
£n 8 8 3 (1) % g 8 8 © counter=16 register, the C counter is thereafter decremented .by
glc% 00055599 M counter= 1 70 one each time the count in the accumulator changes sign
f;be 0001260 3 C counter=16 and the number in the acoumulatox: is‘ concur.rently s%nfvt-
ME} 00006300 _ ed to the left one digit. The multiplier-quotient register
Ace 00042 99_2 M counter= 2 is not thereafter shifted, '
En 00012600 C counter=16 Attention is now called to FIGURE 23 (a) which illus-
‘ 00006300 s . = tes as-
jl{,% 00030391 M counte r= 3 75 trates a flow diagram showing the various states
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sumed by the cycle counter in the performance of the
square root operation, and FIGURES 23(b) through
(k) which illustrate the portions of the calculator ap-
paratus utilized in each state. In the reset state, in re-
sponse to the actuation of the square root function key,
the square root function flip-flop is set thereby resetting
the control counter and switching the cycle counter to
state IA.

In state IA both the entry and the multiplier-quotient
registers are cleared. This is accomplished by connect-
ing the output of And gate 500 to the lower input ter-
minal of the entry and multiplier-quotient register input
amplifiers E1 and M1. The inputs to the And gate 500
are conmected to the true output terminal of the square
root function flipflop and the output of state detector
IA. Also, the C counter. is set to a count of 22 in re-
sponse to the provision of a signal by And gate 502.
Connected to the input of And gate 502 is the output
of state detector IA, the true output terminal of the
square root function flip-flop, and the output of gate
79 of FIGURE 4(b) developing signal #. In response
to the development of an origin signal, the cycle counter
is switched from state IA to state IIA. From state IIA,
the cycle counter is switched to state IIIB upon the oc-
currence of the next origin signal.

Tn state ITIIB the numbers designated as Ab? in Table
VIII are generated by the Ab? generator. From what
has been said thus far, it should be understood that the
Ab? generator should provide one pulse for an ini-
tial test subtraction, three pulses for a subsequent
subtraction, and an increasing number of odd pulses
for each succeeding subtraction. For each such test sub-
traction which does not result in the accumulator register
changing sign, the M counter must be incremented by
one count. Consequently, the correct number of pulses
can be provided by the Ab® generator by semsing the
state of the M counter. Table XI illustrates the number
of pulses which must be provided by the Ab? generator
for each state of the M counter, It should be realized
that the maximum number of pulses that can be de-
veloped in any one digit period is nine. In order to de-
velop the number of pulses indicated for M counter
states five through nine, it is necessary of course to de-
velop the unit’s place number of pulses during one digit
period and the single ten’s place number of pulses dur-
ing the subsequent digit period. Consequently, note that
during the digit period identified by the state of the C
counter, the Ab? generator will provide the same number
of pulses for states zero and five of the M counter but
for the latter M counter state an additional pulse must
be provided one digit period later. Similarly the same
number of pulses are provided during the digit period
identified by the C counter for M counter states one and
six, two and seven, three and eight, and four and nine.

Table IX
M counter state: Ab2 generator pulses
O JE . 1
1 3
2 e ——— e 5
3 _- e 7
B 9
5 e 1
6 e 13
e 15
. S U 17
9 e 19

It will be recalled that the states of the M counter are
the same as those of the A counter and are defined by
Table V. Note that with respect to stages 1, 2, and 3 of
the M counter count 5 is the same as count @, count 6
is the same as count 1, count 7 is the same as count
2, count 8§ is the same as count 3, and count 9 is the same
as count 4. Note also that stage 4 of the M counter is

10

20

30

40

45

50

55

60

65

70

35

«Q” in counts zero through four and “1” in counts five
through nine. This truth table symmetry was designed
into the M counter to simplify the construction of the Ab?
generator.

More particularly, whenever state M4 of the M counter
is true, the And gate 504 in the Ab? generator of FIG-
URE 2(e) will provide a pulse to Or gate 506 one digit
period (as controlled by the signal K'pg after the digit
period identified by the state of the control counter. As
indicated, the And gate 504 will provide that single pulse
concurrent with the development of signal P9 by gate
70 of FIGURE 3(b). As will become more apparent
below, the signal P9 is chosen so as to prevent loss of
the signal provided by gate 504 which might occur if
that signal were applied to the A counter simultaneous
with the development of a pulse by the entry register
output amplifier. The Ab? pulses developed by the initial
three stages of the M counter are formed by the And
gates 508, 510, 512, and 514 during the interval defined
by signal Py being true, this term being applied to the
input of And gate 518. Note that the inputs to And gate
508 comprise the false output terminals of stages M1 and
M2 of the M counter together with the signal P1 provided
by gate 66 of FIGURE 3(). The effect of these inputs
to gate 508 is to cause gate 508 to be true concurrent
with only one pulse of the signal Ggo. The inputs to gate
510 comprise the true output terminal of flip-flop M2
and the false output terminals of flip-flops M1 and M3
together with the true output terminal of flip-flop BI1.
Consequently, gate 510 is true in each interval defined by
signal Py being true for a duration in which five pulses of
signal Gg, occur. Similarly, when the M counter defines
count three gate 512 is true for a period in which seven
pulses of signal Ge, are developed. When the M counter
defines state 1, gate 514 is true for a period in which
three pulses of signal Ggo are developed. When the M
counter defines count four, as a result of coupling the true
output terminal of flip-flop M3 to the input of Or gate
516, the output of gate 516 is true for a period in which
nine pulses of the signal Gg, are developed. The outputs
of all of the gates 508, 516, 512, and 514 are also con-
nected to the input of the OR gate 516. The output of
Or gate 516 is connected to the input of gate 518 along
with the output of the source of signal G, the output of
gate 76 of FIGURE 3(b) providing signal P; and the
out of the coincidence circuit providing signal Kpc. Thus,
it should be apparent that the Ab? generator illustrated
in FIGURE 23(e) provides either 1, 3, 5, 7, or 9 pulses
during the period in which the state of the D and C
counters coincide. When the M counter defines counts
five through nine, the Ab? generator additionally provides
a pulse one digit period later when signal P9 is generated.

The number of pulses provided by the Ab2? generator is
subtracted from the number in the accumulator register
by applying the complement of the output of the Ab? gen-
erator to the input of And gate 530 whose output is con-
nected to the input of Or gate 530 whose output in turn
is conneced to the clock input terminals of stage 1 of
the A counter. Also connected to the input of And gate
530 is the complement of the output of the entry register
output amplifier E, and the output of the source of signal
Geo- The output of And gate 532 to which is applied the
output of the accumulator register output amplifier A, and
the output of the source of signal G is also connected
to the input of Or gate 120. Connected to the input of
both And gates 530 and 532 is the output of gate 77
of FIGURE 4(b) developing signal N;, the true output
terminal of the square root function flip-flop, and the
output of state detector IIB. As can be noted in the
Table VIII set forth above, it is characteristic of the
square root operation that during the digit period in
which the C and D counters coincide and a plurality of
pulses are provided by the Ab? generator, the contents
of the corresponding entry register digit sector is zero
meaning therefore that pulses provided by the Ab? genera-
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tor and output amplifier By will not coincide and that
therefore they can be applied to the same And gate, i.e.,
And gate 539. During the digit period subsequent to co-
incidence between the C and D counters, the Ab2 genera-
tor will sometimes provide one pulse, as previously noted,
when the count in the M counter is five or greater. How-
ever, this pulse will be provided in coincidence with the
development of signal PS when, it should be realized, the
entry register output amplifier By could not provide a
pulse since the highest digit which could possibly be
stored in a coresponding digit sector of the entry register
is eight since that digit sector stores twice the value of
the last root digit developed.

During state IIIB, the M counter is incremented once
each memory cycle, so long as the sign of the number
in the accumulator register does not change. As previous-
ly discussed, the state of the carry flip-flop F, determines
whether or not the sign of the number in the accumula-
tor register has changed. In order to increment the M

counter the output of And gate 534 is connected to the o

clock input terminals of stage 1 of the M counter. Con-
nected to the input of AND gate 534 is the true output
terminal of the square root function flip-flop, the output
of state detector IIIB, the false output terminal of the
carry flip-flop and the source of the origin signal.

Additionally, during state IIIB the difference de-
veloped in the A counter between the number in the ac-
cumulator register and the sum of the number in the
entry register and the number developed by the Ab? gen-
erator is rewritten into the accumulator register. This
is accomplished by providing And gates 536 and 538
which are respectively connected to the upper and lower
input terminals of the accumulator register input ampli-
fier Ar. The true output terminal of the square root
function flip-flop and the output of state detector IIIB
are connected to the imput of And gate 538 whose out-
put is connected to the input of And gate 536. In addi-
tion, the output of the source of signal G, and the in-
verted output of And gate 218 sensing the zero state of
the R counter are applied to the input of And gate 536.
The cycle counter will remain in state IIIR so long as
the sign of the number in the accumulator register does
not change. That is, so long as the state of the carry fiip-
flop is false when the origin signal is generated. When the
state of the carry flip-flop is true when the origin signal
is generated, the cycle counter will be switched from
state IIIB to state TVB as evidenced by the logical equa-
tion set forth in FIGURE 22(e).

During state IVB the number in the accumulator reg-
ister is restored to its value prior to the oversubtrac-
tion occurring in state IIIB. This addition restoration is
accomplished by connecting the And gates 539, 540, and
542 to the clock input terminals of stage 1 of the A
counter through gate 120. The output of gate 77 of
FIGURE 4(b) providing signal N, the true output ter-
minal of the square root function flip-flop, and the ont-
put of the state detector IVB are all connected to the
inputs of And gates 539, 540, and 542. The output of the
source of signal G, is connected to the input of both
And gates 539 and 549. In addition, the outputs of the
Ab? generator and amplifier B, are respectively con-
nected to the inputs of gates 539 and 540. The output
of the accumulator register output amplifier Ay and the
output of the source of signal G, are connected to the
input of And gate 542. The restored number is entered
into the accumulator register in the same manner as in
state II1B. That is, gates 544 and 546 are provided which
correspond to the gate 536 and 538 except however
that the output of state detector IVB, rather than state
detector IIIB, is coupled to the input of gate 546.

During state IVB, a determination is made as to whether
ister is restored to its value prior to the oversubtrac-
is being taken is a whole number or a fractional num-
ber. If it is a fractional number, then the logic flip-
flop L, is reset by the output of And gate 548. The inputs
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to And gate 548 comprise the true output terminal of
the square root function flip-flop, the output of state
detector IVB, the output of coincidence circuit 38 provid-
ing signal Xpg, the output of coincidence circuit 34 pro-
viding signal X, and the output of gate 69 [FIGURE
3(b)1 providing signal P3. It should be understood that
And gate 548 will provide a true output signal when both
the state of the C counter and the state of the decimal point
selector both coincide with the state of the D counter,
which of course means that they coincide with each
other. In any event, in response to the development of
the origin signal, the cycle counter is switched from state
IVB to state IB.

During state IB the C counter is decremented by either
two or one, depending upon whether the number in the
accumulator register is a whole number or a fractional
number, as would be evidenced by the state of the logic
ilip-flop. In order to decrement the control counter by
one, a source of 23 pulses, as would be provided by Or
gate 286, is provided and connected to the input of And
gate 558 whose output is comnected to the clock input
terminals of stage 1 of the C counter. The output of the
source of signal Gy, is also connected to the input of
And gate 550. The output of Or gate 552 which is con-

> mected to the input of And gate 550 and which is de-

pendent upon the state of the logic flip-flop L, enables
the And gate 556 for a period equal to 23 pulses which
could cause the control counter to be decremented by
one count as is desired if the number in the accumulator
register is a fraction or for a period equal to 22 pulses
which would cause the control counter to be decremented
by two if the number in the accumulator register is a
whole number. In order to enable the gate 550 for a
period of 23 pulses, an And gate 554 is provided whose
output is connected to the input of Or gate 552. And gate
556 whose output is also connected to the input of Or gate
552 causes the And gate 550 to be enabled for a period
equaling only 22 pulses. The true output terminal of the
square root function flip-flop and the output of state de-
tector IB are connected to the input of both And gates
554 and 556. In addition, the false output terminal of
the logic flip-flop is connected to the input of And gate
554 while the true oufput terminal of the logic flip-
flop Ly is connected to the input of And gate 556. In
addition, the output of gate 64 of FIGURE 3(b) pro-
viding signal P§ is connected through an inverter 560
to the input of And gate 556 which disables gate 556
and gate 559 during bit period 6, during time #, as well as
t; thereby permitting only 22 pulses to be applied to the
control counter. :

Also occurring during state IB is a transfer of the con-
tents of the M counter to the M register and the subse-
quent shifting of the contents of the M register one
digit position to the right. The transfer of the contents
of the M counter to the M register is accomplished by
connecting the outputs of And gate 561 and Or gate 562
to the lower and upper input terminals of the M Tegister
input amplifier My respectively. The inputs to And gate
561 comprise the true output terminal of the square
root function flip-flop and the output of state detector IB.
The inputs to gate 562 comprise the outputs of And
Sates 563 and 564. Gate 563 is used to transfer the con-
tents of the M counter through the R counter onto the
M megister and for this purpose the output of the source
of signal Gg,, the inverted output of And gate 218, and
the source of signal Kpe are comnected to the inputs
thereof. The right shift in the M Tegister is accomplished
by gate 564 to whose inputs are connected, the source
of signal Gg,, the output of amplifier My, the source of
signal Kpg and the true output terminal of the logic flip-
flop. The output of gate 561 is connected to the input
of both gates 563 and 564. The true output terminal of
the Iogic flip-flop is connected to the input of gate 564,
inasmuch as the right shift in the M register is required
only when a whole number square root is being per-
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formed which is indicated by the logic flip-flop being
true.

Also performed during state IB is a left shift in the
accumulator register if a fractional square root opera-
tion is being performed. The left shift in the accumula-
tor register is of course performed by transferring the
contents of the accumulator register to the delay track
and then back to the accumulator register. This is ac-
complished by connecting the outputs of gates 568 and
570 to the upper and lower input terminals of the delay
register input amplifier D;. The inputs to the gate 570
include the true output terminal of the square root func-
tion flip-flop, the output of state detector IB, and the
false cutput terminal of the logic flip-flop L. The out-
put of gate 570 is connected to the input of gate 568
along with the output of the accumulator register output
amplifier A,. Transfer from the delay track back to the
accumulator register is accomplished by connecting the
outputs of gates 572 and 574 to the upper and lower
input terminals of the input amplifier As. The inputs to
pate 574 are identical to the inputs to gate 570. The out-
put of gate 574 is connected to the input of gate 572
along with the output of the delay track output ampli-
fier Dg.

During state IB, the M counter is reset by connecting
the output of And gate 576 to the reset input terminal
of the M counter. The inputs to And gate 57§ comprise
the output of the state detector IB and the output of
the source of origin signal. If, after state IB, the square
root operation is not terminated by gate 112 clearing the
function flip-flops which would occur after the control
counter passes its zero state, the control counter moves
into state IIB.

During state 1IB, the contents of the M register are
doubled and entered into the entry register. Doubling
is accomplished by connecting the output of the M regis-
ter output amplifier M, to the input of gates 580 and 582
whose outputs are coupled through gate 129 to the clock
input terminals of the first stage of the A counter. Gate
580 is enabled in response to the development of pulses
of the signal G, while gate 582 is enabled in response
to the development of pulses of signal Gee. Additional
inputs common to the gates 58¢ and 582 include the
true output terminal of the square root function flip-
flop, the output of state detector 1IB, and the output of
gate 77 of FIGURE 4(b) providing signal Ni. The con-
tents of the A counter are thereafter entered into the
entry register by connecting the outputs of gates 584 and
586 to the upper and lower input terminals of the input
amplifier Fr. The inputs to gate 586 comprise the true
output terminal of the square root function flip-flop and
the output of state detector IIB. The output of gate 586
is connected to the input of gate 584 along with the out-
put of the source of signal Gee and the output of gate
218 sensing a zero count in the R counter. From state
1IB, the cycle counter is switched to state J1IB in response
to the development of the origin signal.

Attention is now called to FIGURE 24 which illus-
trates a schematic block diagram of means for auto-
matically operating the calculator in response to a record,
e.g., on punched paper tape, together with means for
producing the punched paper tape in response to manual
actuation of the caiculator keyboard. Apparatus of the
type illustrated in FIGURE 24 is useful in order to
perform complex operations, e.g., series expansions, which
require that a plurality of function keys be actuafed
in a certain sequence. In any particular environment in
which the calculator apparatus might be used, the need
for performing the same complex operations with re-
spect to different numerical data, may frequently arise.
In such situations, it would of course be desirable to
generate a record, as for- example on punched paper
tape, in response to an initial sequence of manual key
actuations by the calculator user and thereafter run the
calculator apparatus automatically in response to such
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a tecord with respect to numerical data manually en-
tered into the calculator.

The equipment of FIGURE 24 includes a control de-
vice 680 having playback, manual, and record output
terminals, each of which can be selectively made true
in response to the manual actuation of keys (not shown)
on the control device 68¢. In order to operate the calcu-
lator in response to information recorded on a paper tape,
the outputs of a decoder device 682 which is connected to
a paper tape reader 604, are effectively connected in par-
allel with the function keys 606 of the previously dis-
cussed keyboard. That is, the decoder device 602 will have
a plurality of output terminals, each of which corresponds
to a different one of the keys 686. Each decoder device
output terminal is connected to the input of an And gate
608 along with the playback output terminal of the con-
trol device 608. The corresponding key 696 is connected
to the input of an And gate 610 along with the manual
output terminal of the control device 699. The outputs of
gates 608 and 610 are connected to the input of an Or
gate 612 whose output is utilized to set the function flip-
flops of FIGURE 7. The outputs of gate 612 are addi-
tionally coupled to the input of an interlock circuit 614,
analogous to the circuit 129 of FIGURE 7, for the pur-
pose of assuring that an operation in response to the
actuation of a first function key is completed prior to an
operation in response to the actuation of a second function
key is initiated. The output of the interlock circuit 614 is
connected to the input of an And gate 616 along with
the playback output terminal of control device 699 and
an output of the decoder 682 which is made false in re-
sponse to a “stop” code being developed. The output of
And gate 616 is connected to a circuit 618 which con-
trols the movement of the paper tape reader 604.

Thus, it should be understood that a paper tape having
a sequence of entries recorded thereon, each entry indi-
cating a function key to be actuated, can be processed
by the reader 684 and decoder 662 to effectively cause the
calculator apparatus to perform the same operations with
tespect to numeric data stored in the registers as if the
function keys were being manually actuated. The reader
control circuit 618 functions toc move the tape in the
reader 694 in increments at times determined by the
interlock circuit 614. Of course, the reader control cir-
cuit 618 is only actuated when the playback output termi-
nal of the control device 668 is true and only so long as
the decoder 602 does not sense a “stop” code.

The tape utilized by the paper tape reader 604 can be
generated by a paper tape punch device 620 controlled by
a punch control circuit 622. Information is provided to
the paper tape punch device 620 by an encoder circuit
624. The output of each of the And gates 610 which is
set true in response to the actuation of the associated key
when the system is being operated in a manual mode, ie.,
the manual output terminal of the control device 699 is
true, is connected to the input of the encoder circuit 624.
Additionally, a stop switch 626 is connected to an input
terminal of the encoder circuit 624 such that when it is
actuated the encoder circuit 624 generates a “stop” code.
The stop switch 626 is preferably physically located on
the control device 609. The output of the interlock cir-
cuit 614 together with the record output terminal of the
control device 660 are connected to the input of an And
gate 628 whose output is connected to the punch control
circuit 622.

When it is desired to generate a record of manual
key actuations for use by the paper tape reader 684, the
manual and record output terminals of the control de-
vice 600 are made true. By then sequencing through a
series of manual key actuations, the encoder 624 will pro-
vide signals to the paper tape punch of the type which
can be read by the reader 604 to operate in the aforemen-
tioned manner. The punch control circuit 622 increments
the tape and the punch 620 at times determined by the
interlock circuit 614.
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Thus, the apparatus of FIGURE 24 can be utilized to
effectively automatically perform the same operations on
different numerical data for relieving the calculator user
of the key actuation chore. It is further contemplated,
that if desired, codes can be incorporated for causing the
contents of the registers to be selectively read in and out
to thereby produce hard copy numeric outputs and/or a
numeric record which can be interpreted by the paper
tape reader for number key entry. Alternatively, means
for photographing the display device to produce a hard
copy output of the register contents can be employed.

From the foregoing, it should be appreciated that a
calculator has been disclosed herein which is capable of
performing a multitade of arithmetic and other oper-
ations utilizing electronic rather than electromechanical
apparatus. The advantages of an electronic calculator ap-
paratus over electromechanical apparatus able to per-
form the same functions have been pointed out in the
introductory portion of the specification. Briefly, these
advantages include more rapid operation, more accurate
operation, and more reliable operation. In addition, the
calculator apparatus described herein is considerably
lighter in weight and less noisy than heretofore known
apparatus for performing similar functions.

Although the mere provision of an electronic calcu-
lator apparatus as distinguished from an electrome-
chanical apparatus represents a considerable step for-
ward in the art, the particular embodiment of the elec-
tronic apparatus disclosed herein encompasses a plurality
of exceptionally valuable features. Primarily, a relatively
inexpensive apparatus has been provided by restricting the
arithmetic operations to counting operations thereby re-
quiring the provision of 2 minimum amount of hardware.,
In addition, the provision of a small magnetic memory,
such as disclosed herein, suitable for recording pulses in
the manner indicated for representing digits lends itself
exceedingly well to the disclosed counting techniques and
in addition eliminates the required use of pencil and paper
notation by an operator, which notation is typically re-
quired in the utilization of heretofore known calculators.
Moreover, the significance of the incorporation of a dis-
play device for at all times displaying to the operator the
contents of the various registers permits the operator to
visibly check entered numbers and thereby considerably
reduces the likelihood of introducing any human error
into calculations. .

What is claimed is:

1. A calculator apparatus comprising:

a memory having a plurality of number storage regis-
ters, each number storage register including a plu-
rality of digit storage locations, each digit storage
location including a plurality of bit storage positions;

source means periodically providing a clock pulse;

readout means for reading from each of said aumber
storage regsiters;

write in means for writing into each of said number
storage registers; -

a keyboard including a plurality of register keys, a plu-
rality of numeric keys, and a plurality of function
keys;

a counter;

means responsive to the actuation of each of said nu-
meric keys for entering a different digit into said
counter;

means for connecting said source means to said counter
for decrementing said counter in response to each of
said provided clock pulses;

a gate;

means for connecting said source means and said count-
er to said gate for causing said gate to develop
output pulses in synchronism with each of said clock
pulses for so long as said counter is in a non-zero
state; . .

means for identifying one of said digit storage locations;

means responsive to the actuation of each of said regis-
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ter keys for coupling said gate to said write in means
for recording said output pulses in said identified
digit storage location with each of said output pulses
being recorded in a different one of said bit storage
positions; and

means responsive to the selective actuation of each of
said function keys for performing selected operations
with respect to the numbers stored in said registers.

2. A calculator apparatus comprising:

@ memory including a movable surface having a mag-
-netizable medium, divided into a plurality of tracks,
formed thereon;

said plurality of tracks including a clock track and a
plurality of number storage register tracks;

" each of said number storage register tracks including a

plurality of digit storage locations, each digit stor~
age location including a plurality of bit storage
positions;

a read out head and a write in head associated with
each of said number storage registers;

source means, including a clock track read out head,
for providing a clock pulse in synchronism with the
passage of each of said bit positions under one of
said heads;

a keyboard including a plurality of register keys, a plu-
rality of numeric keys, and a plurality of function
keys;

a counter;

means responsive to the actuation of each of said nu-
meric keys for entering a different number into said
counter;

means for connecting said source means to said counter
for decrementing said counter in response to each of
said provided clock pulses;

a gate;

means for connecting said source means and said count-
er to said gate for causing said gate to develop output
pulses in synchronism with each of said clock pulses
for so long as said counter is in a non-zero state;

means for identifying one of said digit storage loca-
tions;

means responsive to the actuation of each of sajd regis-
ter keys for coupling said gate to a different one of
said register write in heads for recording said ontput
pulses in said identified digit storage location with
each of said output pulses being recorded in a dif-
ferent one of said bit storage positions; and

means responsive to the selective actuation of each of
said function keys for performing selected operations
with respect to the numbers stored in said registers.

3. A calculator apparatus comprising:

a cyclic memory including a movable surface having a
magnetizable medium, divided into a plurality of
tracks, formed thereon;

said plurality of tracks including a clock track and a
plurality of number storage register tracks;

gach of said number storage register tracks including
a plurality of digit storage locations, each digit stor-
age location including a plurality of bit storage posi-
tions; -

a read out head and a write in head associated with
each of said number storage registers;

source meauns, including a clock track read out head,
for providing a clock pulse in synchronism with the
passage of each of said bit positions under one of
said heads; '

a keyboard including a plurality of register keys, a
plurality of numeric keys, and a plurality” of func-
tion keys;

a counter;

means responsive to the actuation of each of said nu-
meric keys for entering a different number into said
counter; . .

means for connecting said source means to said counter
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for decrementing said counter in response -to each
of said provided clock pulses;

a gate;

means for connecting said source means and said
counter to said gate for causing said gate to develop
output pulses in synchronism with each of said clock
pulses for so long as said counter is in 4 non-zero
state;

a cyclic bit position counter capable of defining a num-
ber of different states equal to the number of bit
positions in each digit storage location;

means coupling said source means to said bit position
counter for incrementing said bit position counter
in response to the provision of each of said clock
pulses;

a digit storage location counter;

means coupling said bit position counter to said digit
storage location counter for incrementing said digit
storage location counter in response to each cycle of
said bit position counter;

a control counter;

means for selectively entering a selected count into said
control counter;

a first coincidence circuit for providing a first coinci-
dence pulse in response to the count of said digit
storage location counter being identical to the count
in said control counter;

means responsive to the actuation of each of said regis-
ter keys for coupling said gate to a different one of
said register write in heads for recording said output
pulses in response to the provision of said first co-
incidence pulse with each of said output pulses being
recorded in a different one of said bit storage posi-
tions; and

means responsive to the selective actuation of each of
said function keys for performing selected operations
with respect to the numbers stored in said registers.

4. The calculator apparatus of claim 3 wherein each

of said counters is comprised of a plurality of binary

stages;

each of said binary stages comprising flip-flop circuits
including first and second transistors.

5. A calculator apparatus comprising:

a cyclic memory including a movable surface having
a magnetizable medium, divided into a plurality of
tracks, formed thereon;

said plurality of tracks including a clock track and a
plurality of number storage register tracks;

each of said number storage register tracks including
a plurality of digit storage locations, each digit stor-
age location including a plurality of bit storage
positions;

a read out head and a write in head associated with
each of said number storage registers;

source means, including a clock track read out head,
for providing a clock pulse in synchronism with the
passage of each of said bit positions under one of
said heads;

a keyboard including a plurality of register keys, a
plurality of numeric keys, and a plurality of func-
tion keys;

a counter;

means responsive to the actuation of each of said
numeric keys for entering a different number into
said counter;

means for connecting said source means to said counter
for decrementing said counter in respomse to each
of said provided clock pulses;

a gate;

means for connecting said source means and said
counter to said gate for causing said gate to develop
output pulses in synchronism with each of said clock
pulses for so long as said counter is in a non-zero
state;

a cyclic bit position counter capable of defining a
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number of different states equal to the number of
bit positions in each digit storage location;

means coupling said source means to said bit position
counter for incrementing said bit position counter
in response to the provision of each of said clock
pulses;

a digit storage location counter;

means coupling said bit position counter to said digit
storage location counter for incrementing said digit
storage locaton counter in response to each cycle of
said bit position counter;

a control counter;

means for selectively entering a selected count into
said control counter;

a first coincidence circuit for providing a first coin-
cidence pulse in response to the count of said digit
storage location counter being identical to the count
in said control counter;

means responsive to the actuation of each of said reg-
ister keys for coupling said gate to a different one
of said register write in heads for recording said out-
put pulses in response to the provision of said first
coincidence pulse with each of said output pulses
being recorded in a different one of said bit storage
positions;

means responsive to the selective actuation of each of
said function keys for performing selected operations
with respect to the numbers stored in said registers;

reset circuit means responsive to each cycle of said
memory for providing a reset pulse; and

means coupling said reset circuit to said bit position
and digit storage location counters for causing said
reset pulse to effect the resetting thereof.

6. A calculator apparatus comprising:

a cyclic memory including a movable surface having
a magnetizable meduim, divided into a plurality of
tracks, formed thereon;

said plurality of tracks including a clock track and a
plurality of number storage register tracks;

each of said number storage register tracks including
a plurality of digit storage locations, each digit stor-
age location including a plurality of bit storage
positions;

a read out head and a write in head associated with
each of said number storage registers;

source means, including a clock track read out head,
for providing a clock pulse in synchronism with the
passage of each of said bit positions under one of
said heads;

a keyboard including a plurality of register keys, a
plurality of numeric keys, and a plurality of func-
tion keys;

a counter;

means responsive to the actuation of each of said
numeric keys for entering a different number into
said counter;

means for connecting said source means to said counter
for decrementing said counter in response to each
of said provided clock pulses;

a gate;

means for connecting said source means and said
counter to said gate for causing said gate to develop
output pulses in synchronism with each of said clock
pulses for so long as said counter is in a non-zero
state;

a cyclic bit position counter capable of defining a
number of different states equal to the number of
bit positions in each digit storage location;

means coupling said source means to said bit position
counter for incrementing said bit position counter in
response to the provision of each of said clock
pulses;

a digit storage location counter;

means coupling said bit position counter to said digit
storage location counter for incrementing said digit
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storage location counter in response to each cycle
of said bit position counter;

a control counter;

means for selectively emtering a selected count into
said control counter;

a first coincidence circuit for providing a first coin-
cidence pulse in response to the count of said digit
storage location counter being identical to the count
in said control counter;

means responsive to the actuation of each of said reg-
ister keys for coupling said gate to a different one
of said register write in heads for recording said
output pulses in response to the provision of said
first coincidence pulse with each of said output pulses
being recorded in a different one of said bit storage
positions;

means responsive to the selective actuation of each of
said function keys for performing selected operations
with respect to the numbers stored in said registers;

reset circuit means responsive to each cycle of said
memory for providing a reset pulse;

means coupling said reset circuit to said bit position
and digit storage location counters for causing said
reset pulse to effect the resetting thereof;

a cyclic word counter;

means coupling said word countfer to said digit stor-
age location counter for incrementing said word
counter in response to each Tesetting of said digit
storage location counter;

a display device including a cathode ray tube;

means responsive to the count in said digit storage
location counter for developing a first direction de-
flection voltage;

means Tesponsive to the count in said word counter
for developing a second direction deflection volt-
age; and

means for applying said first and second direction
deflection voltage to said cathode ray tube,

7. A calculator apparatus comprising:

a memory including a movable surface having a mag-
netizable medium, divided into a plurality of tracks,
formed thereon;

said plurality of tracks including a clock track, a delay
track, and a plurality of number storage register

~ tracks;

each of said number storage register tracks including
a plarality of digit storage locations, each digit stor-
age location including a plurality of bit storage
positions;

a plurality of aligned read out heads each of which
is associated with a different one of said storage
Tegisters;

a plurality of aligned write in heads each of which is
associated with a different one of said storage reg-
isters, said write-in heads spaced from said read out
heads so as to lead said read out head by a distance
equal to one digit storage location; .

a delay track write in head aligned with said register
track read out heads;

a delay track read out head spaced from said delay

. track write in head so as to lead said delay track
read out head by a distance equal to two digit stor-
age locations; )

source means, including a clock track read out head,
for providing a clock pulse in synchronism with the
Passage of each of said bit positions under one of
said heads;

a keyboard including a plurality of register keys, a
plurality of numeric keys, and a plurality of func-
tion keys;

a counfer;

means for successively entering numbers into said
counter; .

means for connecting said source means to said counter
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for decrementing said counter in response to each
of said provided clock pulses;

a gate;

means for connecting said source means and said
counter to said gate for causing said gate to develop
output pulses in synchronism with each of said clock
pulses for so long as said counter is in a non-zero
state;

means responsive to the selective actuation of a first
of said function keys for shifting digits in one of
said registers in a first direction including means for
coupling the read out head of said one register di-
rectly to the write in head thereof; and

means responsive to the actuation of a second of said
function keys for shifting the digits stored in said
one register in a second direction including means
for coupling the read out head of said one register
to the delay track write in head and for coupling
the delay track read out head to the write in head
of said one register.

8. A calculator apparatus comprising:

a cyclic memory including a movable surface having
a magnetizable medium, divided into a plurality of
tracks, formed thereon;

said plurality of tracks including a clock track and a
plurality of number storage register tracks;

each of said number storage register tracks including
a plurality of digit storage locations, each digit stor-
age location including a plurality of bit storage posi-
tions;

a read out head and a write in head associated with
each of said number storage registers;

source means, including a clock track read out head,
for providing a clock pulse in synchronism with the
passage of each of said bit positions under one of
said heads;

a cyclic bit position counter for counting said clock
pulses;

means for representing a multidigit decimal number
on each of said register tracks including means for
recording, during each cycle of said bit position
counter, a quantity of magnetically recognizable
marks equal to the value of the digit to be repre-
sented;

said means for recording including a first decade count-
er;

means for entering a count into said first decade count-
er;

means for connecting said source means to said first
decade counter for decrementing said first decade
counter in response to each of said provided clock
pulses;

a gate;

means for connecting said source means and said first
decade counter to said gate for causing said gate to
develop output pulses in synchronism with each of
said clock pulses for so long as said first decade
counter is in a non-zero state; and

means for coupling said gate to the write in head as-
sociated with a selected one of said number storing
register tracks for causing each of said output pulses
to record a mark thereon.

9. A calculator apparatus comprising:

a cyclic memory including a movable surface having
a magnetizable medium, divided into a plurality of
tracks, formed thereon;

said plurality of tracks including a clock track and a
plurality of number storage register tracks;

each of said number storage register tracks including
a plurality of digit storage locations, each digit stor-
age location including a plurality of bit storage posi-
tions;

a read out head and a write in head associated with
each of said number storage registers;

source means, including a clock track read out head,
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for providing a clock pulse in synchronism with the
passage of each of said bit positions under one of
said heads;
a cyclic bit position counter for counting said clock

48
a magnetizable medium, partitioned into a clock
track and a plurality of number storing register
tracks, deposited thereon;
clock track read out means for providing a series of

pulses; 5 odd clock pulses;
means for representing a multidigit decimal number bit position cyclic counter means for counting said odd
on each of said register tracks including means for clock pulses;
recording, during each cycle of said bit position digit storage location counter means for counting cycles
counter, a quantity of magnetically recognizable of said bit position counter;
marks equal to the value of the digit to be repre- jp  means for representing a multidigit decimal number
sented; on each of said register tracks including means for
a keyboard including a plurality of register keys and recording, during each cycle of said bit position
a plurality of function keys; counter means, a quantity of magnetically” recog-
a first decade counter; nizable marks equal to the value of the digit to be
a second decade counter; 15 represented, each such mark being recorded in syn-
means responsive to the actuation of certain omes of chronism with the provision of one of said odd clock
said register and function keys for coupling the read pulses;
out head associated with a first of said number stor- an adder decade counter;
ing register tracks to said first decade counter for means for developing a series of even clock pulses,
incrementing said first decade counter in response 20 each even clock pulse occurring a specified interval
to each mark recorded on said first register track; after a clock pulse;
means for resetting said first decade counter during a different read out means associated with each of
each cycle of said bit position counter; said register tracks;
means for periodically transferring the contents of said means for applying marks read from a first of said
first decade counter to said second decade counter; 25 registers to said adder counter in synchronism with
means for connecting said source means to said second said odd clock pulses and for applying marks read
decade counter for decrementing said second decade from a second of said registers to said adder counter
counter in response to each of said provided clock in synchronism with said even clock pulses;
pulses; a carry flip-fiop;
a gate; 30  means for coupling the output of said carry flip-flop
means for connecting said source means and said sec- to said adder decade counter once during each bit
ond decade counter to said gate for causing said gate position counter cycle; and
to develop output pulses in synchronism with each means coupling said adder decade counter to said
of said clock pulses for so long as said second decade carry flip-flop for setting said carry flipflop in re-
counter is in a non-zero state; and 35 sponse to the count in said adder decade counter

means for coupling said gate to the write in head as-
sociated with a second of said number storing regis-

exceeding nine.
12. Apparatus for representing multidigit decimal

pultiplier and multiplicand numbers and for performing
an arithmetic multiplication operation with respect thereto
40 comprising:
a cyclic memory including a movable surface having
a magnetizable medium, partitioned into a clock

ter tracks for causing each of said output pulses to
record a mark thereon.
16. Apparatus for representing multidigit decimal num-
bers and for performing an arithmetic addition operation
with respect thereto comprising;

a cyclic memory including a movable surface having
a magnetizable medium, partitioned into a clock
track and a plorality of number storing register
tracks, deposited thereon;

clock track read out means for providing a series of
odd clock pulses;

bit position cyclic counter means for counting said odd

track and a plurality of number storing register
tracks, deposited thereon;

clock track read out means for providing a series of
odd clock pulses;

bit position cyclic counter means for counting said
odd clock pulses;

digit storage location counter means for counting cycles

clock pulses; 50 of said bit position counter means; -
digit storage location counter means for counting cycles means for representing a multidigit decimal multiplier
of said bit position counter; number on a first of said register tracks, a multidigit
means for representing a multidigit decimal number decimal multiplicand number on a second of said
on each of said register tracks including means for register tracks and for developing and representing
recording, during each cycle of said bit position 55 a multidigit decimal product number on 2 third of

counter means, a quantity of magnetically recogniza-
ble marks equal to the value of the digit to be repre-
sented, each such mark being recorded in synchro-
nism with the provision of onme of said odd clock

said’ register tracks including means for recording,
during each cycle of said bit position counter means,
a quantity of magnetically recognizable marks equal
to the value of the digit to be represented, each such
mark being recorded in synchronism with the provi-

pulses; 60 : )

an adder decade counter; sion of one of said odd clock pulses;

means for developing a series of even clock pulses, each a control counter; L o
even clock pulse occurring a specified interval after a first coincidence circuit for providing a first coinci-
an odd clock pulse; dence pulse in response to the count in said digit

a different read out means associated with each of said 65 storage location counter means being identical to
register tracks; and the count in said control counter;

means for applying marks read from a first of said means for initially setting said control counter to a
registers to said adder counter in synchronism with count corresponding to the digit storage location
said odd clock pulses and for applying marks read containing the most significant multiplier digit;
from a second of said registers to said adder counter 70 an auxiliary decade counter;

in synchronism with said even clock pulses.
11. Apparatus for representing multidigit decimal

means responsive to the provision of said first coin-
cidence pulse for applying marks read from said

first register track and representative of said most
significant multiplier digit to said auxiliary decade
counter;

numbers and for performing an arithmetic addition opera-
tion with respect thereto comprising:
a cyclic memory including a movable surface having 75
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an adder decade counter;

means for developing a series of even clock pulses, each
even clock pulse occurring a specified interval after
an odd clock pulse;

means for applying marks read from said second reg-
ister track to said adder decade counter in synchro-
nism with said odd clock pulses;

means for transferring digits formed in said adder dec-
ade counter to a third of said register tracks;

means for applying marks read from said third reg-
ister track to said adder decade counter in synchro-
nism with said even clock pulses;

means for decrementing said auxiliary decade counter
in response to each cycle of said memory; and

means responsive to a zero state of said auxiliary dec-
ade counter for shifting the multiplicand stored in
said second register track one digit position in a
first direction and for decrementing the control
counter by one count in a seond direction.

13. Apparatus for representing multidigit decimal
multiplier and multiplicand numbers and for performing
an arithmetic multiplication operation with respect thereto
comprising:

a cyclic memory including a movable surface having
a magnetizable medium, partitioned into a cleck
track and a plurality of number storing register
tracks, deposited thereon;

clock track read out means for providing a series of
odd clock pulses;

bit position cyclic counter means for
clock pulses;

digit storage location counter means for counting
cycles of said bit position counter means;

means for resetting said digit storage location counter
means once each memory cycle;

means for representing a multidigit decimal multiplier
number on a first of said Tegister tracks, a multidigit
decimal multiplicand number on a second of said
tracks, and for developing and representing a multi-

. digit decimal product number on a third of said reg-
ister tracks including means for recording, during
each cycle of said bit position counter means, a
quantity of magnetically recognizable marks equal
to the value of the digit to be represented, each such
mark being recorded in synchronism with the provi-
sion of one of said odd clock pulses;

a decimal point selector circuit capable of defining
a number of different states equal to the number of
digit storage locations in one of said register tracks;

a first coincidence circuit for providing a first coin-
cidence pulse in response to the state of said digit
storage location counter means being identical to
the state of said decimal point selector circuit;

a control counter; )

means for resetting said control counter in response
to the resetting of said digit storage location counter
means;

a logic flip-flop;

means for resetting said logic flip-flop in response to
the resetting of said digit storage location counter
means;

means for incrementing said control counter in re-
sponse to each of said odd clock pulses so long as
said logic flip-flop is reset;

means responsive to the provision of said first coin-
cidence pulse for setting said logic flip-flop;

means for changing the count of said control counter
to a count corresponding to the digit storage location
containing the most significant multiplier digit;

means for shifting the multiplicand contents in said
second register track a number of digit positions
equal to and in the same direction as the change in
the count of said control counter;

a second coincidence circuit for providing a second
coincidence pulse in response to the count in said

counting said odd
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digit storage location counter means being identical
to the count in said control counter;

an auxiliary decade counter;

means responsive to the provision of said second cojn-
cidence pulse for applying marks read from said
first register track and representative of said most
significant multiplier digit to said auxiliary decade
counter;

an adder decade counter;

means for developing a series of even clock pulses, each
even clock pulse occurring 2 specified interval after
an odd clock pulse;

means for applying marks read from said second reg-
ister track to said adder decade counter in synchro-
nism with said odd clock pulses;

means for transferring digits formed in said adder
decade counter to a third of said register tracks;

means for applying marks read from said third register
track to said adder decade counter in synchronism
with said even clock pulses;

means for decrementing said auxiliary decade counter
in response to each cycle of said memory; and

means responsive to a zero state of said auxiliary dec-
ade counter for shifting the multiplicand stored
in said second register track one digit position in a
first direction and for decrementing the control
counter by one count in a second direction.

14. Apparatus for representing multidigit decimal
numbers and for performing an arithmetic addition oper-
ation with respect thereto comprising:

a cyclic memory including a movable surface having
a magnetizable medium, partitioned into a clock
track and a plurality of number storing register
tracks, deposited thereon;

clock track read out means for
odd clock pulses;

bit position cyclic counter means for counting said odd
clock pulses;

digit storage location counter means for counting
cycles of said bit position counter;

means for representing a multidigt decimal number
on each of said register tracks including means for
recording, during each cycle of said bit position
counter, a quantity of magnetically recognizable
marks equal to the value of the digit to be repre-
sented, each such mark being recorded in synchro-
nism with the provision of one of said odd clock
pulses;

an adder decade counter; .

means. for developing a series of even clock pulses,
each even clock pulse occurring a specified interval
after an odd clock pulse;

a different read out means associated with each of said
register tracks;

means for applying marks read from a first of said
registers to said adder counter in synchronism with
said odd clock puises and for applying marks read
from a second of said registers to said adder counter
in synchronism with said even clock pulses;

a second decade counter;

means for transferring information from said adder
decade counter to said second decade counter;

means responsive to each of said odd clock pulses for
decrementing said second decade counter;

a gate;

means for causing said gate to develop output pulses in
syachronism with each of said odd clock pulses for
so long as said second decade counter is in a non-
zero state; and

means for recording a mark on said second of said
registers in response to the development of each of
said output pulses.

15. Apparatus for representing multidigit decimal num-

bers and for performing an arithmetic subtraction opera-
tion with respect thereto comprising:

providing a series of
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a cyclic memory including a movable surface having a
magnetizable medium, partitioned into a clock track
and a plurality of number storing register tracks,
deposited thereon;

read out means for providing a series of odd clock
pulses;

bit position cyclic counter means for counting said odd
clock pulses;

digit storage location counter means for counting cycles
of said bit position counter;

means for representing a multidigit decimal number on
each of said register tracks including means for re-
cording, during each cycle of said bit position count-
er, a quantity of magnetically recognizable martks

means for applying the complement of marks read from
a first of said registers to said adder counter in
synchronism with said odd clock pulses and for ap-
plying marks read from a second of said registers to
said adder counter in synchronism with said even
clock pulses;

a carry flip-flop;

means for coupling the output of said carry flip-flop to
said adder decade counter once during each bit po-
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magnetizable medium, partitioned into a clock track
and a plurality of number storing register tracks, de-
posited thereon;

clock track read out means for providing a series of
odd clock pulses;

bit position cyclic counter means for counting said odd
clock pulses;

digit storage location counter means for counting cycles
of said bit position counter means;

means for resetting said digit storage location counter
means once each memory cycle;

means for representing a multidigit decimal divisor
number on a first of said register tracks, a multidigit
decimal dividend number on a second of said register

equal to the value of the digit to be represented, each 15 tracks, and for developing and representing a multi-
such mark being recorded in synchronism with the digit decimal quotient number on a third of said reg-
provision of one of said odd clock pulses; ister tracks including means for recording, during
an adder decade counter; each cycle of said bit position counter means, a quan-
means for developing a series of even clock pulses, tity of magnetically recognizable marks equal to the
each even clock pulse occurring a specified interval 20 value of the digit to be represented, each such mark
after an odd clock pulse; being recorded in synchronism with the provision of
a different read out means associated with each of said one of said odd clock pulses;
register tracks; and an adder decade counter;
means for applying the complement of marks read means for repeatedly applying the complement of marks
from a first of said registers to said adder counter 25 read from said first register track to said adder decade
in synchronism with said odd clock pulses and for counter in synchronism with said odd clock pulses;
applying marks read from a second of said regis- means for applying marks read from said second reg-
ters to said adder counter in synchronism with said ister track to said adder decade counter in synchro-
even clock pulses. nism with said even clock pulses to thereby subtract
16. Apparatus for representing multidigit decimal num- 30 the divisor number in said first register track from
bers and for performing an arithmetic subtraction opera- the dividend number in said second register track;
tion with respect thereto comprising: means for detecting an over-subtraction;
a cyclic memory including a movable surface having an auxiliary decade counter;
a magnetizable medium, partitioned into a clock means for resetting said auxiliary decade counter in
track and a plurality of number storing register 35 response to the resetting of said digit storage location
tracks, deposited thereon; counter means;
read out means for providing a series of odd clock means for incrementing: said auxiliary decade counter
pulses; once each memory cycle prior to the memory cycle
bit position cyclic counter means for counting said odd in which said over-subtraction occurs;
clock pulses; 40 a control counter;
digit storage location counter means for counting cycles means for imitially setting said control counter to a
of said bit position counter; count corresponding to the digit storage location con-
means for representing a multidigit decimal number taining the most significant dividend digit;
on each of said register tracks including means for a first coincidence circuit for providing a first coinci-
recording, during each cycle of said bit position 45 dence pulse in response to the count in said digit stor-
counter, a quantity of magnetically recognizable age location counter means being identical to the
marks equal to the value of the digit to be represent- count in said control counter;
ed, each such mark being recorded in synchronism means Tesponsive to said over-subtraction and to the
with the provision of one of said odd clock pulses; provision of said first coincidence pulse for transfer-
an adder decade counter; 50 ring said count in said auxiliary decade counter to
means for developing a series of even clock pulses, said third register track;
each even clock pulse occurring a specified interval means responsive to said over-subtraction for resetting
after an odd clock pulse; said auxiliary decade counter, for restoring said num-
a different read out means associated with each of said ber in said second register track, for shifting said
register tracks; 55 number in said second register track one digit posi-

tion in a more significant direction, and for decre-
menting said control counter.
18. Apparatus for representing multidigit decimal

divisor and dividend numbers and for performing an
arithmetic division operation with respect thereto compris-
ing:

a cyclic memory including a movable surface having a
magnetizable medium, partitioned into a clock track
and a plurality of number storing register tracks,

sition counter cycle; 65 deposited thereon;

means for setting said carry flip-fiop once each memory clock track read out means for providing a series of
cycle; and odd clock pulses;

means coupling said adder decade counter to said carry bit position cyclic counter means for counting said odd
flip-flop for setting said carry flip-flop in response to clock pulses;
the count in said adder decade counter exceeding 70  digit storage location counter means for counting cycles

nine.
17. Apparatus for representing multidigit decimal di-

of said bit position counter means;
means for resetting said digit storage location counter

visor and dividend numbers and for performing an arith-
metic division operation with respect thereto comprising:
a cyclic memory including a movable surface having a 75

means once each memory cycle;
means for representing a multidigit decimal divisor
number on a first of said register tracks, a multidigit
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decimal dividend number on a second of said reg-
ister tracks, and for developing and representing a
multidigit decimal quotient number on a third of
said register tracks including means for recording,
during each cycle of said bit position counter means,
a quantity of magnetically recognizable marks equal
to the value of the digit to be represented, each such
mark being recorded in synchronism with the provi-
sion of one of said odd clock pulses;

-a decimal point selector circuit capable of defining a
number of different states equal to the number of
digit storage locations in one of said register tracks;

a first coincidence circuit for providing a first coin-
cidence pulse in response to the state of said digit
storage location counter means being identical 6 the
state of said decimal point selector circuit;

a control counter;

means for resetting said control counter in response
to the resetting of said digit storage location counter
means;

a logic flip-flop;

means for resetting said logic flip-flop in response to
the reseiting of said digit storage location counter
means;

means for incrementing said control counter in response
to each of said odd clock pulses so long as said logic
flip-flop is reset;

means Tesponsive to the provision of said first coinci-
dence pulse for setting said logic flip-flop;

means for changing the count of said control counter
1o a count corresponding to the digit storage loca-
tion containing the most significant dividend digit;

means for shifting the dividend contents in said second
register track a number of digit positions equal to and
in a direction opposite to the change in the count
of said control counter.

19. Apparatos for representing a multidigit decimal
number and for extracting the square root thereof com-
prising:

a cyclic memory including a movable surface having a
magnetizable medium, partitioned into a clock track
and a plurality of number storing register tracks,
deposited thereon;

clock track read out means for providing a series of odd
clock pulses;

digit storage location counter means for counting cycles
of said bit position counter means;

means for resetting said digit storage location counter
means once each memory cycle;

means for representing a multidigit decimal number on
a first of said register tracks and for developing and
representing a multidigit decimal number represent-
ing the square root thereof on a second of said reg-
ister tracks including means for recording, during
each cycle of said bit position counter means, a quan-
tity of magnetically recognizable marks equal to the
value of the digit to be represented, each such mark
being recorded in synchronism with the provision of
one of said clock pulses;

an adder decade counter;

an auxiliary decade counter;

a pulse generator;

means for causing said pulse generator to provide a
number of pulses equal to (26—1) where b represents
the count of the auxiliary decade counter;

means for applying the complement of marks read from
a third of said register tracks and the complement of
pulses provided by said pulse generator to said adder
decade counter in synchronism with said odd clock
pulses;

means for applying marks read from a first of said reg-
ister tracks to said adder decade counter in syn-
chronism with said even clock pulses to thereby de-
velop the difference between the number stored in
said first register and the sum of the number provided
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by said pulse generator and the number stored in said
~ third register;

means for detecting an over-subtraction;

means for resetting said auxiliary decade counter in
response to the resetting of said digit storage location
counter means;

means for incrementing said auxiliary decade counter
once each memory cycle prior to the memory cycle
in which said over-subtraction occurs;

a control counter; .

a first coincidence circuit for providing a first coinci-
dence pulse in response to the count in said digit
storage location counter means being identical to
the count in said control counter;

means responsive to said over-subtraction and to the
provision of said first coincidence pulse for trans-
ferring said count in said auxiliary decade counter
to said second register track;

means responsive to said over-subtraction for resefting
said auxiliary decade counter, for- restoring said num-
ber in said first register track, for decrementing said
control counter by two counts, and for entering a
number into said third register track equal to twice
the contents of the number stored in said second reg-
ister track.

20. Apparatus for representing a multidigit decimal
number and for extracting the square root thereof compris-
ing:

a cyclic memory including a movable surface having a
magnetizable medium, partitioned into a clock track
and a plurality of number storing register tracks, de-
posited thereon;

clock track read out means for providing a series of
odd clock pulses;

digit storage location counter means for counting cycles
of said bit position counter means;

means for resetting said digit storage location counter
means once each memory cycle;

means for representing a multidigit decimal number on
a first of said register tracks and for developing and
representing a multidigit decimal number represent-
ing the square root thereof on a second of said reg-
ister tracks including means for recording, during
each cycle of said bit position counter means, a quan-
tity of magnetically recognizable marks equal to the
value of the digit to be represented, each such mark
being recorded in synchronism with the provision of
one of said clock pulses;

an adder decade counter;

an auxiliary decade counter;

a pulse generator;

means for causing said pulse generator to provide a
number of pulses equal to (26—1) where b Tepre-
sents the count of the auxiliary decade counter;

means for applying the complement of marks read
from a third of said register tracks and the comple-
ment of pulses provided by said pulse generator to
said adder decade counter in synchronism with said
odd clock pulses;

means for applying marks read from a first of said reg-
ister tracks to said adder decade counter in synchro-
nism with said even clock pulses to thereby develop
the difference between the number stored in said first
register and the sum of the number provided by said
pulse generator and the number stored in said third
register;

means for detecting an over-subtraction;

means for resetting said auxiliary decade counter in re-
sponse to the resetting of said digit storage location
counter means;

means for incrementing said auxiliary decade counter
once each memory cycle prior to the memory cycle
in which said over-subtraction occurs;

a first coincidence circuit for providing a first coinci-
dence pulse in response to the count in said digit
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storage location counter means being identical to the for shifting said number in said first register track
count in said control counter; one digit position in a more significant direction and
means responsive to said over-subtraction and to the for decrementing said control counter by one count
provision of said first coincidence pulse for trans- in a less significant direction; and
ferring said count in said auxiliary decade counter to means Tesponsive to said over-subtraction for resetting
said second register track; said auxiliary decade counter.
a decimal point selector circuit capable of defining a
number of states equal to the number of digit storage References Cited
locations in each of said register tracks; UNITED STATES PATENTS
a second coincidence circuit for providing a second
coincidence pulse in response to said digit storage 10 2,661,899 12/1953 Chromy — o —eunw 235—171
location counter means defining a state identical to 2,966,303 12/1960 Isserstedt ——————o—- 235—160

the state of said decimal point selector circuit; , .
means Tesponsive to said over-subtraction and to the ROBERT C. BAILEY, Primary Examiner.

provision of said second coincidence pulse for re- | 5 G- D. SHAW, Assistant Examiner.
storing said number in said first register track and



