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The present invention relates to an improved electronic
digital compuier which has general purpose utility
wherever size, weight and economy are featurss to be
considered.

It is ncied above, a major feature of the computer of
the invention is that it is light in weight and small in size.
In order to achieve these features, the magnetic memory
storage of the computer may be coastructed in an im-
proved and unique manner, such as described in co-pend-
ing application Serial No. 860,282, filed Dzcember 17,
1959. In this respect also, and to conserve siorage space,
the total number of instructions to be handled by the
computer under normal circumstances have been reduced
to a minimum. However, the computer of the invention
is capable of responding to a sufficient number of differ-
ent instructions so that its general purpose utility is not
impaired to any appreciable extent.

The construction of the computer, as will be evident
from the following description, is such that the apparatus
is physically embodied in a single unit rather than being
composed of a plurality of distinct interconnected units.
The magnetic memory storage unit, as will be described
in detail, is not used for the computer memory alone, but
is also used to provide desired delays for re-circulating
registers used in the computer and to provide desired
timing and control operations. These latter features con-
tribute to the over-all compactness of the computer.

As noted above, the embodiment of the invention
which will be described uses a magnetic memory drum,
Serial operation is utilized in the control portion of the
computer, as well as in the arithmetic operations., The
computer functions, for example, at a clock pulse rate
between 100 and 200 kilocycles. The computer uses a
two-address code. The arithmetic unit of the computer
operates in a sequential manner to perform all the arith-
metic operations necessary to solve the problems intro-
duced to the machine. The arithmetic vnit, inter alia, is
capable of performing multiplication, division, addition,
subtraction and of making decisions. A constructed em-
bodiment of the invention, for example, is capable of per-
forming 200 multiplications per second, and approximate-
ly 2,000 additions or subtractions per second.

The number of flip-flop networks required by the com-
puter of the invention is kept at a minimum by making
full use of all the flip-fiops in the machine. Time sharing
of certain ones of the flip-flops for totally unrelated pur-
poses is carried out 1o a large extent, This enables flip-
flops which ctherwise would be idle at certain times to be
used for other purposes at those times. This, in turn,
creates a saving in the total number of flip-flops required
by the computer.

The technique outlined in the preceding paragraph is
utitized to obtain additicnal possible operations for the
computer under a general designation of “modified
store orders,” and this is achieved without the require-
ment for additional flip-flops in the order register of the
apparatus. The embodiment of the invention to be de-
scribed, for example, uses an order register of three flip-
flops to control the execution of all the normal instruc-
tions. However, additional “modified store order” in-
structions may also be executed by the computer by the
time-shared use of other flip-flops whose configuration is
controlled, in addition to a particular control configura-
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tion of the three flip-flops in the order register, to provide
for the execution of these additional instructions. This
latter feature extends the gemeral purpose utility of the
computer without the need for a corresponding increase
in the number of components required by the computer
with a resulting increase in computer size and weight.

An improved and simplified addition and subtraction
technique is used in the computer to be described. This
techrigque simplifies the conirol sequence required to
complement negative numbers, as will be described in de-
tail. As will also be described, an improved multiplica-
tion logarithm is used which Ieads to a simple control
sequence. Moreover, a simplified division process is
used. To this end, time-shared control flip-flops are
added to the loop of the accumulator register of the
coemputer for multiplication and division, as will be
described.

In addition to the features of the invention, as out-
lined above, the computer contains several counters
which are synchronized with the magnetic memory drum
in an improved and simplified manner. This synchroni-
zation enables the counters to provide bit time, and word
time counts in synchronism with the data on the mag-
netic drum,

Other features and advantages of the invention will
become evident from a consideration of the following de-
tailed description in conjunction with the attached
drawings.

In the embodiment of the invention to be described,
each computer word is assumed to be composed of 25
binary bits or digits. This is made the equivalent of one
sector of the magnetic memory drum. The drum, for
example, has 64 sectors in each track or channel, and it
is rotated at 100 revolutions per second to provide a 160
kilocycle pulse rate.

In the drawings:

FIGURE 1 is a circnit diagram of one of a plurality
of flip-flop networks which are used in the logic circuitry
of the embodiment of the invention o be described;

FIGURE 2 is a circuit diagram of typical and/or gates
which are used in the logic circuitry of the embodiment
of the invention to be described;

FIGURE 3 is a circuit diagram of a typical read am-
plifier for use in conjunction with one of the read heads
of the magnetic memory unit of the embodiment of the
invention to be described;

FIGURE 4 is a circuit diagram of a suitable amplifier
circuit for use in conjunction with one of the write heads
of the magnetic memory unit of the embodiment of the
invention to be described;

FIGURE 5 is a clock generator suitable for use in the
computer to be described;

FIGURE 6 is a circuit diagram of a selection matrix
for connecting a group of read heads selectively to a
common read amplifier;

FIGURE 7 is a schematic representation of the mem-
ory system of the embodiment of the invention to be de-
scribed, this representation showing the different chan-
nels on the magnetic memory drum and the amplifiers
and other elements associated with those channels;

FIGURE 8 is a block diagram of the different flip-
flops which are included in a control unit portion of the
computer to be described;

FIGURE 9 is 3 block diagram of the different flip-flops
which are included in the memory unit portion of the
computer to be described;

FIGURE 10 is a block diagram of the different flip-flops
which are included in the arithmetic unit portion of the
computer to be described;

FIGURE 11 is a logic block diagram of a bit counter
which is included in the computer to be described;

FIGURE 12 is a timing chart illustrating the different
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flip-flop configurations in the bit counter of FIGURE 33,

FIGURE 13 is a logic block diagram of a word counter
which is included in the computer to be described;

FIGURE 14 illustrates a coincidence detector flip-flop
which is used in the computer, and the logic associated
with that flip-flop is also illustrated;

FIGURE 15 illustrates a plurality of control flip-flops
which are used in the computer and the logic associated
with those flip-flops;

FIGURE 16 is an illustration of an order register which
is included in the computer and which includes a plurality
of flip-flops;

FIGURE 17 is a logic diagram of a track, or channel,
selector which is used in the computer in conjunction with
the memory unit;

FIGURE 18 is a representation of the accumulator
register of the embodiment of the invention to be
described;

FIGURE 19 is a representation of the multiplicand and
divisor register of the computer;

FIGURE 20 is a representation of the multiplier and
quotient register;

FIGURE 21 is a representation of the instruction regis-
ter of the computer;

FIGURE 22 shows an output comparator flip-flop which
is used in the system of the invention, and the logic asso-
ciated with that flip-flop is also shown;

FIGURE 23 is a representation of an output carry flip-
flop and the logic associated with that flip-flop;

FIGURE 24 is a logic representation of the signals
which are introduced to one of the write amplifiers of
FIGURE 7,

FIGURE 25 is a logic representation of the signals
which are introduced to another of the write amplifiers
of FIGURE 7;

FIGURE 26 is a logic representation of the signals
which are introduced to yet another of the write amplifiers
of FIGURE 7;

FIGURE 27 is a representation of a time standard
flip-flop and its associated logic;

FIGURE 28 is a representation of an input-output flip-
flop and its associated circuitry;

FIGURE 29 is a schematic block diagram of the con-
trol and memory units of the computer to be described;

FIGURE 30 is a representation of the composition of .

a typical instruction which is used in the computer;

FIGURE 31 is a table of a suvitable instruction or order
code which may be used in the embodiment of the inven-
tion to be described;

FIGURE 32 is a diagrammatic representation of the
different phases of operation of the computer;

FIGURE 33 is a diagrammatic representation of the
components and circuiiry required to execute one of the
instructions of the computer designated Ay

FIGURE 34 is a diagrammatic representation of the

compornients and circuitry required to execute an “extract”
instruction;

FIGURES 35, 36, 37 and 38 are logic diagrams of the
circuitry required to execute a multiplication instruction;

FIGURE 39 illustrates the logic required to execute
the “select” instruction;

FIGURE 40 illustrates the logic required to execute
an instruction designated Aq by which the contents of a
designated memory location are added to the contents of
the accumulator register;

FIGURE 41 is a representation of the logic required to
execute the subtract instruction;

FIGURES 42, 43 and 44 illustrate the logic circuitry
and components required to execute the divide instruction;

FIGURE 45 is a logic diagram of the components used
to perform a store order;

FIGURE 46 represents the logic necessary to perform
a first “modified” store order;

FIGURE 47 is a representation of the system used in
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the computer of the invention for recording total elapsed
time;

FIGURE 48 is a table illustrating the different con-
figurations of the flip-flops of the word counter of FIG-
URE 13;

FIGURE 49 is a diagram illustrating the logic required
to perform a typical output operation; and

FIG. 50 is a suitable circuit for the capacitor units in
FIGURE 49.

Flip-flops are bi-stable networks which are widely used
at present in electronic digital computers, and in many
other types of electronic and electrical apparatus. The
flip-flop network may be triggered to a first stable operat-
ing condition, generally referred to as a “true” state at
which a high voltage is developed at a first of the two out-
put terminals and a low voltage is developed at a second
output terminal. The flip-flop network may also be trig-
gered to a second stable operating condition, generally
referred to as a “false” state at which the high voltage is
developed at the second output terminal and the low
voltage is developed at the first output terminal.

The triggering of the flip-flop metwork from its true
state to its false state is accomplished by the introduction
of an appropriate input signal to a first of its two input
terminals. The flip-flop will then remain in its false state
indefinitely, and until it is returned to its true state by the
introduction of an input signal to the second of its two
inpnt terminals.

An improved flip-flop, which is well suited for use in
ilie computer of the present invention, is disclosed and
claimed in cepending application Serial No. 831,277, filed
August 3, 1959, The circuitry of the flip-flop is shown
in FIGURE 1. The illusirated fiip-flop network is a
high-temperature, static, silicon transistor flip-flop which
operates reliably with a high degree of transistor inter-
changeability from —355° C. to 125° C,, and with a clock
pulse repetition freguency from 0 to 200 kilocycles.

The flipflop illustrated in FIGURE 1 is a modified
Eecles-Jordan type with output emitter-follower buffer
stages, and with power amiplifier stages. The transistors
utilized in the flip-flop may be silicon junction transistors
of the type presently designated as 2263 for the Eccles-
Jordan section of the flip-flop, 2N118 for the emitter fol-
fower section, and 2N246 for the power amplifier section.
The clock pulses utilized to trigger the transisior may
have a 15 voit amplitude, a 1-2 microsecond duration,
and a power level of 5 milliwatis. The output from the
flip-ficp is capable, for example, of driving forty logic
gates at 0.5 milliampere per gate,

The operation of the flip-flop illustrated in FIGURE 1
is independent of wide variations of transistor parameters,
stich that transistors with characterisiics bevond the end
points of the menufacturer”™s tolerance limits operate re-
liably in the network., Alsn, other types of transistors
for which the flip-flop was not specifically designed may
be operated successfully in the network. The circuit is de-
signed for interchangeability of transistors and it also is
designed to prevent transistor saturation to compensate
for transistor gain variations and to compensate for tran-
sistor leakage currents.

In the flip-fiop circuit of FIGURE 1, as fully described
in the copending case (Serial No. 831,277 filad August 3,
1959}, a pair of NPN transistors 20 and 32 are con-
nected to form the Eccles-Jordan section of the flip-flop
network. The emitters of these transistors are both
grounded, and their collectors are connected respectively
to a pair of resistors 34 and 36, the resistors being con-
nected to the positive terminal of a 35 volt direct volt-
age source. The base of the transistor 3¢ is connected to
a resistor 38 which, in turn, connects with a resistor 46,
the latter resistor being connected to the collecior of the
transistor 32. The resistors 38 and 49 are shunted by
a capacitor 42, and their common junction is connected
to the anode of a diode 44, the cathode of which is con-
nected to the collector of the transistor 39,
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In like manner, the base of the transistor 32 is connected
to a resistor 46. The resistor 46 is connected to a re-
sistor 48 which, in turn, is connected to the collector of
the transistor 38. The resistors 46 and 48 are shunted
by a capacitor 50, and their common junction is con-
nected te the anode of a diode 52. The cathode of the
diode 52 is connected to the collector of the transistor 32.

The collector of the transistor 30 is connected to the
base of a tranmsistor 52, and the collector of the tran-
sistor 32 is connected to the base of a transister 54. The
transistors 52 and 54 are NPN transisiors, and they are
connscted as emitter followers. The collector of the
trausistor 52 i3 connected to the positive terminal of a
25 volt direct voliage source, and the emitter of that
transistor is conneected to a resistor §6. The resistor 36
is connected to a resistor 58 which, in turn, connects with
a resistor 60. The resistor 6% is connected to the negative
terminal of an 8 volt direct voltage source.

The resistors 56 and 58 are shunted by a capacitor 62,
the common junction of these resistors is connected to
the anode of a diode 64, The cathodz of the dicde 64
is conmected to the collector of an NPN type power tran-
sistor 66, and the junction of the resistors 58 and 68 is
connected to the base of that transistor. The emitter of
the transistor 66 is grounded, and its collector is further
connceted to an output terminal 68 and to a resistor 70.
The resistor 70 is connected to the positive terminal of
the 25 volt direct veltage source. A term () is devel-
oped at the output terminal 68.

In like manner, the collector of the transistor 54 is
connected to the positive terminal of the 25 volt direct
voltage source, and jts emitter is connected {0 a capac-
itor 72 and to a resistor 74. The resistor 74 connects
with a resistor 76 and with the anode of a diode 78.
The capacitor 72 and the resistor 76 are connected to a
resistor 80 and to the base of an NPN power transistor
82. The resistor 80 is connected to the negative terminal
of the 8 voit direct voltage source.

The cathode of the emitter of the power transistor 82
is grounded, and the collector of that transistor is con-
nected to an output terminal 84. A term (A) is de-
veloped at the output terminal 84. The collector of the
transistor 82 is also connected to the cathode of the
dicde 78 and to a resistor §6. The resistor 8§ is con-
nected to the positive terminal of the 25 volt direct voltage
source.

The flip-flop network of FIGURE 1 has an input termi-
nal 9% which is connscted back to the output terminal 84
ta receive the term (A). The input terminal 80 con-
nects with the cathode of a diode 92, the anode of which
is connected to a resistor 94 and to the anode of a diode
£6. The flip-flop also includes an input terminal 98
which receives an input signal (z). The input terminal
98 is connected to the cathode cof a diode 134, the anode
of the diode being connected to the resisior 94. The
flip-flop network also includes an input terminal 182 which
receives the clock pulses (T). This input terminal is
conitected to the cathode of a diode 184 and to the cath-
ode of a dicde 186. The anode of the diode 194 is con-
nected to the resistor 94, and the anode of the diode 185
is connected to the anode of a diode 1638 and to a resistor
110. The resistor 119 is connected to the positive ter-
minal of the 35 volt direct voltage source.

The flip-flop network also includes an input terminal
112 which is connected back to the output terminal 68 to
receive the (X) term. The input terminal 112 is con-
nected to the cathode of a diede 314. The anode of the
diode is connected to the resistor 110. The network also
includes an input terminal 118. This latter input ter-
minal receives an input signal (g) and it is connected to
ths base of a dicde 188, The anode of the diode 118 is
connccted to the resistor 119,

The cathode of the dicde 26 is connected to the primary
of a transformer 128, the other terminal of the primary
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being connected to the positive terminal of a 16 volt direct
voltage source, The secondary of the transformer 120 is
connected to the base of the transistor 3¢ and to a resistor
122. The resistor 122 is connected to the negative ter-
minal of the 8 volt direct voltage source. A diode 124
has its cathode connected to the top side of the secondary
of the transformer 128, and the anode of, the diode con-
nects with the lower side of the secondary, and with the
cathode of a diode 126. The anode of the diode 126 is
grounded.

In like manner, the cathode of the diode 108 connects
with the primary of a transformer 128. The transformers
120 and 128 may have a turns ratio of, for example, 3:1.
The other terminal of the primary of the transformer 128
is connected to the positive terminal of the 16 volt direct
voltage source. The secondary of the transformer 128 is
connected to the base of the transistor 32 and to a resistor
133, The resistor 130 is connected to the negative ter-
minal of, the 8 volt direct voltage source. The secondary
of the transformer 128 is shunted by a dicds 132, the
anode of the diode being connecied to the cathode of a
diode 134, and the anode of the latter diode being
grounded.

The resistors and capacitors of the flip-flop circuit of
FIGURE 1 may have the following values.

Resistor 34 . . kilo-ohms_. 15
Resistor 36 oo do..__ 15
Resistor 46 . do._.. 13
Resistor 38 e do.... 3
Resistor 48 e do.... 15
Resistor 46 _ . doaeo. 3
Capacitor 42 . micro-microfarads... 20
Capacitor 50 do--_. 20
Capacitor 62 _ do..._ 150
Resistor 86 . o kilo-ohms.. 1.6
Resistor 60 e e do--_. 13
Resistor 70 oo do___. 20
Capacitor 72 e micro-microfarads.- 150
Resistor 74 o e kilo-ohms._. 1.6
Resistor 80 e do_... 13
Resistor 86 e do.... 20
Resistor 122 e e do.___ 36
Resistor 130 _ do__.. 36

The operation of the flip-flop is fully described in the
copending case Serial No, 831,277 filed August 3, 1959
and will not be repeated here.

As noted above, one of the fundamental functions of
the arithmetic and control sections of the computer is to
perform decisions. As also stated, these decisions are
performed in the constructed embodiment of the invention
by silicon diode logic gates. That is, the decision func-
tions are performed by utilizing coincidence and mixing
circuits, more commonly called logical “and” and logical
“or” gates, respectively. The form assumed by the net-
works is that of a logical “and-or” pyramid at the apex of
which is the transistor flip-flop, as illustrated in FIG-
URE 1, or some other device for power amplification
such as write amplifiers for the memory. The logic
networks in a constructed embodiment of the invention
are composed entirely of silicon dicdes of the type pre-
sently designated 1N628, and of resistors.

A typical “and-or” logical network terminating, for
example, at the input transformer of a flip-flop, such as
the flip-flop of FIGURE 1, is illustrated in FIGURE 2.
The logical network of FIGURE 2 includes three diodes
156, 152 and 154. The anodes of all these diodes are
connected to a resistor 156 and to the anode of a diode
158. The resistor 156 is connected to the positive ter-
minal of the 35 volt direct voltage source. The terms
B, C and F are respectively introduced to the cathodes of
the diodes 150, 152 and 154. These terms each have a
first (false) value of the order of 0 or ground potential,
and they each have a second (true) value approaching 35
velts.  If any one of the terms B, C or F is at its first value
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of ground potential, the anode of the diode 158 is estab-
lished at that potential, and the diode 158 is rendered non-
conductive. However, when all of the terms B, Cand F
have their second, or true, value which approaches 33
volts, the ancde of the diode 158 is established at that
positive volitage, and the diode is rendered conductive.

A group of four diodes are illustrated in FIGURE 2,
these diodes being designated as 168, 162, 164 and 166.
The anode of each of these diodes is connected to a resistor
168 and to the anode of a dicde 17¢. The resistor 168
is connected to the positive terminal of the 35 volt direct
voltage source. The terms B, E, F and G are introduced
to the cathodes of the diodes 160, 162, 164 and 166 re-
spectively.

Each of the terms B, E, F and G, as before, has a first
condition at which it hias a potential of substantially 0 or
ground potential, and each of these terms has a second
condition at which it has a potential approaching 35 volts.
As in the previous instance, only when all of the terms
B, B, F and G are in their second condition is the diode
170 conditioned for conduction. On the other hand,
when any of these terms is at its first or ground condi-
tion, the anode of the dicde 179 is established at O or
ground potential, and the diode is rendered non-con-
ductive.

A third greup of diodes 172, 174 and 176 are also
illustrated in FIGURE 2. The anodes of each of these
latter diodes are connected to a resistor 178 and to the
ancde of a diode 180, The resistor 178 also is connected
to the positive terminal of the 35 voltage source. The
terms C, F and G are introduced to the cathedes of the
diodes 172, 374 and 176 respectively. As before, these
latter terms each have a first value of 0 or ground po-
tential, and a second value at a positive potential ap-
proximating 35 volts. Only when all of the terms C, F,
and G are at the second value, is the dicde 189 condi-
ticned for conduction.

The cathodes of the diodes 158, 17¢ and 180 are all
connected to an input terminal designated (a¢). This in-
put terminal is connected to the primary of a trans-
former 182, the other terminal of the primary being con-
riected to the positive terminal of a 16 volt direct voltage
spurce. The transformer 182 may be similar to the trans-
formers 128 or 128 in FIGURE 1, and may constitute
the iaput transformer of a flip-flop. A diode 184 has its
ancde connccted to the input terminal (@), and a diode
126 also has its anode connected to the terminal (a).
The clock pulses (T) are introduced to the cathode of
the diode 184, and the cutpnt term (&) developed at the
output terminal 68 of the flip-flop of FIGURE 23 may
be introduced to the cathode of the diode 186.

It is apparent that when the terms B, C and F intro-
duced to the cathodes of the diodes 150, 152 and 154 are
true or when the terms B, E, F and G introduced to the
cathodeas of the dicdes 188, 162, 164 and 166, respective-
ly are true; or when the terms C, F and G introduced to
the cathedes of the diodes 172, 174 and 176, respective-
ly are true; and when the term (&) introduced to the
cathode of the dicde 186 is at a relatively high pesitive
potential; then a negzative clock pulse introduced to the
cathode of the diode 184 is capable of interrupting the
currcit through the secondary of the transfer 182 fo
trigger the flip-flop connected to that transformer.

The group of diodes 150, 152 and 154; the group of
diodes 188, 162, 164 and 166; and the group of diodes
172, 174 end 176 are cach connected as an “and” gate.
The three “and” gates formed by the three groups of
dicdes are connected to form an “or” gate, and the re-
sulting “or” gate is connected in circuit with the diodes
184 and 186 to form a further “and” gate. The Boolean
expression for the over-all networks is, therefore, in the
form:

a={B.CF{BEFG+CF.GYAT
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where:

a¢—is the input to the flip-flop connected to the trans-
former 182

T—aepresents the clock pulses

B, C, E, Fand G—represent voltage levels from the other
fiip-flops.

The cperation of the gating structure of FIGURE 2
is such that when the output from the gate is at a positive
potential as a result of a coincidence of positive levels
cf oll inputs of any one of the individual “and” gatss, a
charging current is supplied to the primary winding of
the input transformer $83. The next clock pulte can
then inkibit the transformer current and trigger the flip-
fiop connected to the transformer, in the manner de-
scribed above. The illustrated method of gating allows
the rise time of the inputs to the different gates to occur
in the time interval betwcen successive clock pulses.
This permits the use of large “pull-up”™ resistors for the
“and” gates, and as a result, a single flip-flop is capable
of driving 40 gates of this type.

A typical read amplifier is shown in circuit detail in
FIGURE 3. This read amplifier uses NPN silicon june-
tien transistors, such as those designated 2N263. The
read amplifier circuit includes an input terminal 259
which, for example, receives the cutput signal frem the
preamplifier of a corresponding read head 624 associated
with the memeory drum of the computer, as will be de-
scribed.  This input terminal is connected to the base of
a first transistor 252. The collector of the transistor 252
is connected to a resistor 254 and to a resistor 256, the
eraiticr of the transistor 252 also being connected to the
base of a transistor 258. The resistor 254 is connected
to the positive terminal of a 25 volt direct voliage source,
and the resistor 256 is connected to the negative terminal
of a 15 velt direct voltage source.

The collector of the transistor 258 is connected to a
resistor 269, to the anode of a diode 262, to the cathede
of a dicde 264 and to the base of a transistor 266. The
cathode of the diode 262 and the anode of the diode 264
are both connected to a grounded capacitor 268. The
cmitter of the transistor 258 is connected to a resistor
276, and a resistor 272 is connected to the resistor 270
and to the negative terminal of an 8 volt direct voltage
source. A capacitor 274 is shunied across the resistor
27@, and this capacitor is connected to a grounded ca-
paciter 276.

The collector of the transistor 266 is connected to a
resistor 278, to the anode of a dicde 289, to the cathode
of a dide 232 and to the base of a transistor 284. The
cathode of the diode 22§ and the anode of thz diade
282 are connected to a grounded capacitor 284.

The emitier of the (ransistor 266 is connected to a
resistor 288, and the resistor 288 is connected to a re-
sistor 299, the Jatter reaistor being connected to the nepa-
tive terminal of the 15 volt direct voliage source, A ca-
pacitor 292 is shunted across the resistor 288, and the
capacitor 292 is connected to a grounded capacitor 294.

The collector of the transistor 284 is conmected to a
resistor 296, and to the base of a transistor 293. The
resisior 296 is connected to the positive terminal of a 35
voit direct voltage source.

The emitter of the transistor 284 is connected to a re-
sistor 300, and the resistor 3®0 is connected to a resistor
302. The latter resistor is connected to the negative ter-
minal of the 15 volt direct voltage source. A capacitor
304 is shunted across the resistor 360, and the junction
of the resistors 348 and 302 is connected to a grounded
capacitor 306.

The collector of the transistor 298 is connected to a
resistor 3¢8 and to a capacitor 310. The resistor 398 is
connected to the positive terminal of the 35 volt direct
voltage source. The emitter of the transistor 298 is con-
nected to a resistor 312 and to a capacitor 314, The
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resistor 312 is connected to the positive terminal of a 4
volt direct voltage source.

The capacitor 310 is connected to a resistor 316, which
in turn, is connected to the cathode of a diode 318 and to
the base of a transistor 328. A capacitor 322 is shunted
across the resistor 316, and the anode of the diode 318
is grounded.

The emitter of the transistor 320 is connecied to the
cathode of a diode 324, the anode of the diode is con-
nected to an input terminal 326 which receives the clock
pulses (T). The collector of the transistor 320 is con-
nected to a first output terminal 328.

The capacitor 314 is connected to a resistor 330 which,
in turn, is connected to the base of a transistor 332 and
to the cathode of a diode 334, The anode of the diode
334 is grounded. A capacitor 336 is shunted across the
resistor 339. The emitter of the transistor 332 is con-
nected to the cathode of a diode 338. The clock pulses
(T) are introduced by way of an input terminal 339, to
the anode of the diode 338. The collector of the tran-
sistor 332 is connected to a second output terminal 340,

The first stage of the amplifier of FIGURE 3, which in-
corporates the circuitry associated with the transistor 252,
is essentially an emitter follower which provides current
gain and an impedance match to the head signal. The
emitter follower is followed by three stages of voltage
amplification, these stages including the transistors 258,
266 and 284. Symmetrical clipping of the signal at the
base of the transistor 266 is provided by the diodes 262
and 264. Similar symmetrical clipping of the signal a:
the base of the transistor 284 is provided by the diodes 289
and 282,

The circuitry of the transistor 298 also functions as a
rhase splitter, so that signals of a first phase are intro-
duced to the base of the transistor 320, and signals of
opposite phase are introduced to the base of the transistor
332. Each of the output phases is gated by the clock
pulses (T) introduced to the input terminals 326 and 339.

The read amplifier of FIGURE 3 provides that one
of the transistors 320 and 332 is conductive to the clock
pulses (T) of the computer when a binary 1 is read from
the magnetic memory drum, and the other of these tran-
sistors is conductive to the clock pulses (T) when a
binary 0 is read from the drum. Therefore, the flip-flep
206 is triggered to one operating state whenever a binary
0 is read following a binary 1, and the flip-flop is returned
to its first stable operating state whenever a 1 is read fol-
lowing a binary 0.

Suitable circuitry for use as a write amplifier is shown
in FIGURE 4. The circuitry includes a blocking oscil-
lIator driving a transistorized power stage on each side
of a center-tapped read head winding. As in the read
amplifier, silicon junction transistors of the type presently
designated 2N263 may be used in the blocking oscillators
and in the circuits for triggering the blocking oscillators.
In like manner, power transistors of the NPN silicon junc-
tion type, such as are presently designated by the Texas
Instrument Company as “970,” may be used in the power
siages.

The input gating provided to the record or write ampli-
fier 214 is identical with that of a flip-flop. Therefore, an
additional write flip-flop is not necessary, since the desired
waveform can be generated directly at the input of the
record amplifier.

The write amplifier of FIGURE 4 includes a first input
terminal 350 and a second input terminal 352, When-
ever the input signal introduced to the input terminal 338
goes positive, a 1 will be recorded by the write head 626
associated with the illustrated write amplifier. Likewise,
whenever the input signal introduced to the input ier-
minal 352 goes positive, a 0 is written on the magnetic
drum 202 by the write head 626.

The input terminal 350 is connected to the cathode of
a diode 352, the anode of the diode being connected to a
resistor 354 and to the anode of a diode 336. The resistor
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354 is connected to the positive terminal of a 25 volt direct
voliage source. The clock pulses T are introduced to an
input terminal 358 and to an input terminal 360. The
input terminal 358 is connected to the cathode of a dicde
362, the anode of which is connected to the resistor 354.

The cathode of the diode 356 is connected to the pri-
mary winding of a transformer 364, the other terminal
of the primary winding being connected to the positive
terminal of a 16 volt direct voltage source. One terminal
of the secondary of the transformer 364 is connected to
the base of a transistor 366, and the other terminal of the
secondary is grounded, A diode 368 is connected across
the secondary of the transformer 364.

The emitter of the transistor 366 is grounded, and the
collector of the transistor is connected to a resistor 370,
the resistor being connected back to the positive terminal
of the 25 volt direct voltage source. The collector of the
transistor 366 is also connected to a coupling capacitor
372, and the coupling capacitor connects with the emitter
of a transistor 374 and the anode of a diode 376. The
base of the transistor 374 and the cathode of the diode
376 are both grounded. The collector of the transistor
374 is connected to the cathode of a diode 378, the anode
of the diode being connected to the positive terminal a
4.5 volt direct voltage source.

The transistor 374 is connected as a blocking oscillator.
Its emitter is connected to one terminal of a first winding
of a blocking oscillator transformer 3890, and its collector
i3 connected to one terminal of a second winding of the
blocking oscillator trunsformer. The other terminal ¢f
the first winding of the transformer 380 is connected o a
grounded resistor 382, and the second winding of the
transformer is connected 10 a resistor 384. The resistor
384 is connected tc the positive terminal of the 25 volt
direct veltage source.

The blocking cscillator transformer 380 has a third
winding which is connected to the base of a power tran-
sistor 386 and 1o a resistor 388. The resistor 388 is con-
nected to the emitter of the transistor 386. The collector
of the transistor 3846 is connected to the positive terminal
of an 80 volt direct voltage source.

The emitter of the transistor 386 is connected to a re-
sistor 399 which, in turn, is connected to one terminal of
the winding of the corresponding write head 626. The
resistor 359 is shunted by a capacitor 392. The winding
of tha write head 626 is center-tapped, and the center tap
of the winding is connected to a grounded resistor 394.

The input terminals 352 and 369 are connected to the
circuitry associated with a transistor 396. This circuitry
is similar to the circuitry associated with the transistor
388, Likewise, the transistor 356 is coupled to a tran-
sistor 398. The latter transistor, like the transistor 374, is
connected as a blocking oscillator. The output from the
blocking oscillator circuit associated with the transistor
398 is connected to a power transistor 400. The power
transistor 408 is connected to the other terminal of the
winding of the write head 626,

As mentioned, the “write 1" and “write 07 circuits of
the write amplifier of FIGURE 4 are identical. Each
consists of a first stage which is used to trigger a blocking
oscillator which, in turn, drives a grounded collector
power stage., The blocking oscillators are pulse width
controlled by external circuit parameters to permit inter-
changeability of transistors in these stages,

Therefore, to write a “1” on the magnetic memory
drum 206 by means of the associated write head 636, the
input sigeal at the input terminal 358 goes plus to permit
the next clock pulse 1o be passed through the circuitry of
the transistor 3486 to trigger the blocking oscillator asso-
ciated with the transistor 374. The resulting output pulse
from the blocking oscillator is amplified by the power
amplifier transistior 386, and a current flows through the
top section of the winding of the write head 626 so that
the resulting magnetic recording will have the polarity
corresponding to a binary “1.” Conversely, when the
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signal jntroduced to the input terminal 352 goes plus, the
naxt clock pulse “T7” is amplified by the transistor 396 to
trizger the blocking oscillator circuit of the transistor
3%4. The resulting output pulse is amplified by the power
transistor 480 and a current flows in the opposite direction
through the lower section of the winding of the associated
write head 626, This latter current causes a magnetic
recording corresponding to a binary “C” to be made on
the corresponding channel of the magnetic memory drum.

The circuitry of a suiteble clock generator for the com-
piter is illustrated in FIGURE 5. This generator like-
wise may use silicon junction N-P-N transistors of the
21263 type, in conjunction with a final power output stage
which may use silicon junciion N-P-N power transistors
of this type designated 953 by the Texas Instrument Com-
pany. 'The pulse repetition frequency may be of the
order of 100-200 kilocycles, as mentioned above.

The signals from one of the read heads 624 is intro-
duced through an input terminal 418, this particular read
head being coupled to a clock channel on the magnetic
memory drum. The input terminal 416 is connected to
the base of a transistor 412, The collector of the tran-
sistor 412 is connected to a resistor 414, and the emitter
of the transistor 412 is connected to a resistor 416 and
4o the base of a transistor 438. The resistor 414 is con-
nected to the positive terminal of the 25 volt direct voltage
source, and resistor 416 is connected to the nepgative ter-
minal of the 15 volt direct voltage source.

The collector of the transistor 418 is connected to a
resistor 428 and to the base of a transistor 422, The
collector is also connected to the anode of a diode 424
and to the cathode of a diode 426. The cathode of the
diode 424 and the anode of the diode 426 are connected to
a grounded capacitor 428.

The emitter of the transistor 418 is connected to a re-
sistor 438 which, in turn, connects with a resistor 432.
The resistor 430 is shunted by a capacitor 434, and the
junction of the resistors 43¢ and 432 is connected fo0 a
grounded capacitor 436,

The collector of the transistor 422 is connected to a re-
sistor 448 and to the base of a transistor 442. The base
of the transistor 442 is connected to the cathode of a
dicde 444, the anode of which is connected to the emitter
of the transistor 442 and to a grounded capacitor 44§.

The emitter of the transistor 422 is connected to a resis-
tor 448, the resistor 443 being cennected to a resistor 456,
and the resistor 438 being connected to the negative ter-
minal of the 15 volt direct voltage source. A capucitor
452 is shunted across the resistor 448, and the capacitor
432 is connected to a grounded capacitor 454.

The collector of the transistor 442 is connected to a
resistor 456 and to the base of a transistor 458, The
resisior 4546 is connected to the positive termine! of the
35 volt dirvect voltage source. The collector of the tran-
sistor 438 is also connected to the positive terminal of
the 35 wolt direct voltage source. The emitter of the
transistor 458 is connected to a grounded resistor 469 and
to a capacitor 462. Ths capacitor 462 is connected to a
grounded resistor 464 and to the emitter of a transistor
456, The transistor 466 is connected as a blocking os-
ciflator. The base of the latter transistor is connected to
a grounded resistcr 468. The emitter of the fransistor is
connected to the anode of a diode 470, and the collector
is connected to the cathode of a dicde 472. The ancde
of the Iatter diode is connected to the positive terminal of
a 6 volt direct voltage source,

The cathode of the dicde 479 is connected to a first
winding of a blocking oscillator transformer 474. The
collector of the transistor 466 is connected to a second
winding of the iransformer 474, The other terminal of
the second winding of the transformer 474 is connected
to the positive terminal of the 25 volt direct voltage
source,

The cathode of the diode 470 is further connected to
a resistor 476 which, in turn, is connected to the anode
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of a diode 478. The cathode of the diods 478, and the
cther terminal of the first winding of the transformer
474, are connected {0 a grounded resistor 438, A capac-
itor 482 is shunted across the resistor 482,

The transformer 474 has a third winding which is
connected to the base of a transistor 484 and o a re-
sistor 486, the resistor being shunted by a capacitor 488,
The resistor 429 is connected to a ficst resistor 499 and
to a sccond resisior 4%2, The resistor 429 is connected
to the emitter of the transisior 484 and the resistor 492
is connected to the emiiter of a transistor 4%4. The
transistors 484 and #94 are power transistors, and their
collectors are conuected to the positive terminal of the
80 volt dirvect voltage source. The base electredes of
the transistors 434 and 494 are connected together and
to the ancde of a diode 4%6. The cathode of the diode
426 is connected to the positive terminal of the 60 volt
direct voltage source.

The resistor 486 is also counnzscted to the cathode of a
dicde 498, the avcde of which is connected to the nega-
tive terminal of a 25 volt direct voltage source. The
resisior aiso connects with the primary winding of a
transformer 588, the other terminal of that primnary wind-
ing being greunded. The secondary winding of the trans-
former 36¢ is connected to ground and to an ouiput
terminal 582, The cuiput terminal produces the clock
pulses (T). This outpui terminal also connects with
the cathode of a diode 394, the anede of which is con-
nected to a grounded resistor 5¢6.

It will be observed that the first three stapes of the
clock generator 218 are similar to thea circuitry of the
read amplifier iflustrated in FIGURE 4, wiih certain
modifications. The fourth and fifth stages, which include
the circuitry of the trausisiors 442 and 458 shape the
ciock signal and provide triggering pulses for the blocking
oscillator circuit associated with the transistor 466. The
output pulses from the blocking oscillator drive the power
stage which iz made up of the power transistors 484 and
4924, The resuniting output pulses from the power stage
are introduced to the primary of the transformer 569,
so that the negative-going clock pulses (T) may be pro-
duced at the output terminal 562,

Extreme care is taken to control the pulse width of
the output clsck pulses by preventing saturation of ail
the transistors, and by minimizing the effect of variations
of transistor parameters with external circuit compo-
nents.  As a result, the oufput pulse width variation in
the constructed embodiment of the invention is less than
.5 microsecond throughout the temperature range of from
—55° C. to --120° C.

As illostrated in FIGURE 6, a selection matrix con-
nects with a center tap connection on each of a group of
read heads 624 which are controlled by that matrix. The
other terminals of one of the read heads are connected
to the anodes of a pair of diodes 52§ and 522 respectively.
In like manner, the other terminals of another of the
read heads 624 are connected to the anode of a dicde
524 and to the anode of a diode 526. Still other ones
of the read heads are similarly connected to like diodes.

The cathodes of all the dicdes associated with one of
the terminals of the read heads, such as the diodes 522
and 516, are connecied to a commen iead 528, Like-
wise, the cathodes of all the diodes comnected to the
other terrainals cf the read hends, such as the diodes 528
and 524, are connecied to a common Ilead 530. The
lzad 28 is connected to the base of an NPN transistor
532, and the lead 538 is connected to the base of an
TN {ransistor 534.

The collectors of the transistors 522 and 534 are con-
nected to the positive terminal of a 25 veolt direct voltage
source. The emitter of the transistor 534 is connecicd
to one terminal of the primary of an cutput transformer
536, and the emitter of the transistor 532 is connected
to the other terminal of the primary. The center tap
of the primary of the transformer 536 is connected to
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the positive terminal of an 8 volit direct voltage source.
One terminal of the secondary winding of the trans-
former 536 is grounded, and the other terminal is con-
nected to a read amplifier 204.

In the illustrated switching circuitry of FIGURE 6,
a particular one of the read heads is selected by the
matrix in the unit 16 which biases the diodes of the se-
lected head in the forward direction, all the cther diodes
being biased in the reverse direction. The selected head
signal is superimposed on the direct current biasing cur-
rent, and it drives the push-pull grounded collector stage
of the transistors 532 and 534. This stage is coupled
through the transformer 536 to the read amplifier 204.
The push-pull output stage is used to cancel switching
transients and noise which would overload the read am-
plifier and increase the time between track selection and
reading. The effect of the variations of diode forward
voltage is also minimized by the push-pull arrangement.

The memory system of the computer is illustrated in
the schematic representation of FIGURE 7. As noted
above, the different information is recorded on the mag-
netic drum 662 in a plurality of imaginary tracks, or
channels, which are spaced axially along the drum adja-
cent one another. These tracks have corresponding read
heads (not shown) which read the information recorded
on the individual tracks. Moreover, certain ones of the
tracks have corresponding write heads (not shown) which
can be controlled to write data on the tracks with which
they are associated. As also mentioned, each of the chan-
nels or tracks on the drum has sixty-four sectors, and a
twenty-five digit word may be recorded in each sector.

The uppermost channe] on the drum in FIGURE 7 is
the clock channel (T). This channel, as mentioned
above, contains a plurality of recordings which are spaced
from one another by an interval corresponding to a
binary bit or digit. The recordings in the clock channel
(T) are read by an appropriate read head and introduced
to the clock generator 210 (described in conjunction with
FIGURE 5). The clock generator develops a plurality
of clock pulses designated (T). These clock pulses are
used to time the actual triggering of all the flip-flops in
the computer. For purposes of convenience, in some in-
stances the clock pulses are omitted in the ensuing descrip-
tion of the logic circuitry used in the computer of the in-
vention. However, it is to be remembered that the timing
of substantially all the flip-flops is under the control of
the clock pulses (T).

‘The magnetic drum 662 also contains twenty-nine chan-
nels which constitute the permanent storage for the com-
puter, and on which the various commands are recorded.
These channels will be referred to as the (Moy) channels.
Adjacent the (Moy) channels is a temporary storage chan-
nel for the output numbers which is designated the (Mox)
channel. The magnetic drum 662 also includes an (Mov)
temporary channel for the input numbers, and it includes
an (Moz) temporary storage channel for the input num-
bers. The selection matrix 16 (FIGURE 6) is coupled
to the read heads assocjated with the (Moy) channels, and
it is also coupled to the read heads associated with the
(Mox), (Mov) and (Moz) channels in the manner de-
scribed in conjunction with FIGURE 6. These read heads
are all coupled to the read amplifier 204, which, in turn,
is coupled to a read flip-flop (Moy). Any one of the
read heads associated with the different (Moy) channels,
or any one of the read heads associated with the (Mox),
(Mov) and {Moz) channels, may be selected by the selec-
tion matrix 16, so that its output signals may be introduced
to the read amplifier 204 to actuate the read flip-flop
(Moy). The terms (Moy) and (¥Moy) may be derived
from the read flip-flop (Moy).

The (Mox) temporary storage channel has an addi-
tional read head which is coupled to a read amplifier 600,
the read amplifier, in turn, being coupled to the input ter-
minals of a read flip-flop (Mox). The read flip-flop
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(Mox) produces (Mox) and (Mow) terms at its output
terminals, regardless of the control exerted on the other
read heads by the selection matrix 16.

The (Mox), (Mov) and (Moz) channels include re-
spective write amplifiers 602, 604 and 696 which are con-
nected to corresponding ones of the write heads associated
with these channels. The amplifiers 602, 604 and 606
may be connected in the manner described in conjunction
with FIGURE 4. These amplifiers each have two ioput
terminals, and they cach include a pair of blocking oscil-
lators. When a term is introduced to one input terminal
a corresponding binary “0” is written in the correspond-
ing channel, and when an input term is introduced to the
other input terminal a binary “1” is written in the corre-

sponding channel. The term (m.y) and the term (mgx)
are introduced to the respective input terminals of the

write amplifier 602, Likewise, the terms (#1,y) and (71gy)
are introduced to the input terminals of the write ampli-

fier 664, and the terms (m,;) and (mg,) are introduced to
the input terminals of the write amplifier 606.

As also described above, the magnetic drum 662 in-
cludes an accumulator register channel! (A), an instruc-
tion register channel (I), a multiplicand and divisor
register channel (D) and a multiplier and quotient register
channel (R). The instruction register channel provides
a twenty-five bit delay and the multiplier channe! (R) and
multiplicand register channel (D) provide a twenty-four
bit delay so that, in a manner to be described in more
detail, a word of information may be circulated in these
registers. ‘The read heads associated with the various
register channels are coupled to a corresponding plurality
of read amplifiers 608, 610, 612 and 614. These read
amplifiers may be connected in a manner similar to that
described in conjunction with FIGURE 4.

The read amplifier 608 controls a flip-flop (Ao) which

is included in the accumulator register (A). This flip-
flop provides the output terms Ao and Xo. The read

amplifier 616 controls a flip-flop (Io) which is included in
the instruction register (I). The flip-flop (Io) produces
the output terms lo and To. The read amplifier 612 con-
trgls a flip-flop (Do) which is included in the multiplicand
and divisor register (D). This latter flip-flop provides
the terms Do and Dov. The read amplifier 614 controls
the flip-flop (Ro), this latter fiip-flop being included in the
multiplier and quotient register channel (R). The flip-
flop (Ro) supplies the output terms Ro and Ro.

A plurality of write amplifiers 616, 618, 620 and 622
are respectively coupled to the write heads associated
with respective ones of the register channels. The input
terminals of the write amplifiers 616 are designated a,

and g respectively. This amplifier, and the amplifiers
618, 620 and 622 may be similar in their construction to
the write amplifier described in conjunction with FIG-
URE 4. The input terminals of the write amplifier 618

are designated i, and 7,. The input terminals of the write

amplifier 628 are designated d, and d, respectively. The
input terminals of the write amplifier 622 are designated
ro and 7, respectively.

The magnetic drum 662 also includes a sector channel
which is designated as (Sot). This sector channel (Sor)
has binary numbers recorded in it which constitute the
addresses of the different sixty-four sectors of the drum.
The read head associated with the sector channel is cou-
pied to a read amplifier 624 which may be similar in its
construction to the read amplifiers described above. The
read amplifier 624 controls a flip-flep (Sor). The latter
flip-flep provides 1he terms Sor and Sof.

The computer of the invention may be considered to
be composed functionally of a control unit, a memory unit
and an arithmetic unit. Each of these units includes a
plurality of flip-flops, and the disposition of these flip-
flops in the several units is illustrated in FIGURES 8, 9
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and 10. In some instances, a flip-flop is used in more
than one unit and on a time-shared basis. Yhenever a
flip-flop has a secondary use, such secondary use is shown
in dotted form in these figures and in the appropriate unit.

The control unit of FIGURE 8 inclades the instruction
register (i), which is designated as 12; and it also in-
cludes a coincidence detector 2§, an order register 14, and
a group of control flip-flops represented by a block 22.

The instruction register includes the flip-flop (lo)
which was described in conjunction with FIGURE 7.
The order register 14 includes a group of three flip-flops
which are designated O1, 02, and 03. The order register
also uses a group of flip-flops S1, $2, $3 and S4 from a
track selector register 784 (FIGURE 9) on a time-shared
basis. The coincidence detector 28 includes a flip-fiep
{Ke) and it also uses the flip-flop (£4) from the track
selector register. The block 22 includes a group of three
control flip-flops which are designated K1, K2 and K3.

The memory unit of FIGURE 9 includes the track
selector register 760 referred to above. This register in-
<cludes the flip-flops S1-84 referred to above, and it in-
cludes an additional filp-flop 55. Also included in the
memory unit are the read flip-tiops Moy, Box and Sor of
FIGURE 7.

The arithmetic unit of FIGURE 10 includes the ac-
cumulator register (A), the multiplicand and divisor reg-
ister (D), the multiplicr and quotient register (R), and
an auxiliary arithmsetic unit for time standard and in-
put/output operation is also included. The accumulator
register (A) includes the read flip-flop (Ao) of FIG-
URE 7, and it also includes a flip-flop (A¢), a flip-flop
(Di), and a carry flip-flop (Ca). Moreover, the accumu-
lator register uses the track sclector flip-flop (81) and
the coincidence detector flip-flop (Kc¢) on a time-shared
basis,

The (D) register includes the flip-flop (Do) of FIG-
URE 7, and it uses the track selector flip-flop (S2) on a
time-shared basis. The (R) register, on the other hand,
includes the flip-flop (Re) of FIGURE 7, and it also
uses the coincidence flip-flop (Xc¢), and the control flip-
flop (K3) and the track selector fiip-flops (S3) and (S4)
on a timed-shared basis. The auxiliary arithmetic unit
includes a time standard flip-flop (Ts), an output com-
parator flip-flop (Cc), an output carry flip-flop (Cu),
and an input/output flip-flop (Mn).

The computer of the invention includes a bit counter
628 which is illustrated in FIGURE 11. This bit counter
is controlled to provide different configurations for each
bit time during each word as the drum 662 of FIGURE 7
rotates.  As noted previously, each word on the drum
contains twenty-five digits, and there are sixty-four words
for cach channel. The bit counter of FIGURE 11 is
controlled therefore to count from Py to Py to provide
twenty-five different configurations each representing a
different bit, or digit time. In 2 manner to be described,
the bit counter of FIGURE 11 is controlled so that it
may conveniently be synchronized with the sector channel
(Set) on the drum so that the digit times represented by
the bit counter will conform with the digit times of the
commands in the permanent storage channels (Moy) as
represcnted by the binary numbers in the sector chznnel.

The bit counter of FIGURE 11 includes a plurality of
flip-flop networks which are designated TI, T2, T3, T4
and TS5 respectively. The flip-flops may be constructed
in accordance with the circuitry described in conjunction
with FIGURE 1. A plurality of “and” gates and a plu-
rality of “or” gates are coupled to the flip-flops in the
bit counter. The “and” gates are designated as 638, 632,
634, 636, 638, 640, 642, 644, 646, 648, 630, €52, 654 and
656 respectively; and the “or” gates are designated as
669, 662, 664 and 666 respectively,

The “and” and “or” pates are connectad to the dif-
ferent flip-flops T1, F2, T3, T4 and TS5 in the manner
dllustrated in FIGURE 11 gnd in accordance with the
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following legical equations. The “or” gates and the
“and” gates may be connected together in the manner de-
scribed in conjuncticn with FIGURE 24.

ty=T5+Ts+T2.S0r
H=T4+T3+T,

f»z: TI
Ty=T1(T4.T5+T3)
t3=T1.T;

F3:T1.T2
f4=T1.T2.T3.7’5
?4=T1.T2.T3.T5
t5:T1.T2-T3
fy=Ty(T3.T1 4 T4.T3.T1)

The logic illustrated in FIGURE 11, and set forth in
the above equations, controls the flip-flops Ty, Ty, Ta, Ty
and Ty so that the bit counter has successive configura-
tions as shown by the timing chart of FIGURE 12. 1t
will be noted that the clock pulses (T) are omiited from
the logic equations, as are the cross output terms of the
individual flip-flops. However, these terms are illustrated
in FIGURE 11, That is, the terms T and T; are shown
as introduced to the “and” gate 630, the terms T and T,
are introduced to the “and” gate 634, the terms T and T,
are introduced to the “and” gate 636, the terms T and T,
are introduced to the “and” gate 638, and so on where
“T” represents the clock pulses; and Ty, Ty ..., Ty, Tg. ..
represent the ouiput terms.

The bit counter of FIGURE 11 normally counts down
from the digit time Py to the digit time Py,  An examina-
tion of the circuiiry will reveal that when the bit counter
rcaches the P, configuration, it can reach the Py configura-
tion only when the (Sgr) termis 2 1.  The recordings in
the sector channel of the drum 662 in FIGURE 32 are
arbitrarily arranged so that only in the P, bit position in
that channel do all sixty-four words on the drum contain
a 1. All other bit positions contain at least one 0.

Therefore, as the drum 662 rotates, after the computer
has first been put into operation, the bit counter of FIG-
URE 11 will start counting, and it will continue to count
down from Pgy until it reaches its Py configuration. Then,
if it encouniers a 1 from the flip-lop (Sor), it will con-
tinue ot its Py position. However, if for the next word,
it does not encounter a 1 at its Py configuration, it will
stop until it does so. This shift between the count of the
bit counter and the sector channel will continue until the
P, bit position of each word in the sector channel corre-
sponds with the P, bit configuration of the counter. At
that time, the counter will be synchronized with the sector
channel and will proceed to repeat its digit count for each
word. It will be noted that this synchronjzing of the bit
counter with the sector channel is obtained in the com-
puter of the invention without the requirement of the
addition of any identifying bits on the magnetic drum.

In addition to the bit counter of FIGURE 11 and which
shall be designated generally as 628, the computer of the
invention includes a word counter 670 which is illustrated
in FIGURE 13. This word counter counts from WQ to
W63 word times, and then repeats. The seotor numbers
in the sector channel (Soz) on the magnetic drum are syn-
chronized as will be described with their binary-coded
equivalents in the word counter.

The word counter 67¢ includes a group of six flip-flops
which are designated W1, W2, W3, W4, W5 and W6. A
plurality of “or” gates 672, 674, 676, 673, 680, and 682,
and a plurality of “and” gates 684, 636, 688, 650, 692,
694, 696, 698, 709, 702, 704, 766, 708, 710, 712 and 714
are connected ¢o the flip-flops in the manner illustrated
in FIGURE 35 and as represented by the following logic
equations.

The logic circnitry of the counter 67¢ also includes an
emitter follower which is designated Py, end which pro-
vides an output term Py at 0 digit time. An “and” gate
716 is connected io the input terminal of the emitter fol-
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lower Py, and the terms Ty, Ty, Ts and T; are introduced
to the “and” gate 716. It will be realized that these
ferms correspond to the configuration of the bit counter
628 of FIGURE 11 at P, digit time, as shown by the chart
of FIGURE 12. The following logic equations are ap-
plicable to the word counter 670:

l‘»‘1=PQ+SOt.T5.Tg
EIZPO
wo=Pg.W,-+Sot(Py—Py3)
EzZP‘].Wl
W‘a:Po.Wl.H/2+SOI‘(P9—‘P13)
E3=PQ.W1.W2
W4=PQ.W1. Wg.W3—|— SOt(Pg—Pn)
W= Py W1 Wy W,
' W5=P0.l’Vl.}VZ.W:;.W.;—}—SOI(PQ—PH)
' %5:P0.W1.W2.W3-W4
Wwe=Po. W . Wo W W, W5tSot(Py—Py3)
Wo=Po. W, Wa W W Ws

As before, the clock pulses (T) and the cross terms for
the individual flip-flops have been omitted from the logic
equations. To simplify the illustrated circuitry, these
terms have also been omitted from FIGURE 13.

The logic involved with the word counter is simple
counter logic, with W representing the least significant
digit of the sector number and W representing the most
significant digit of that number.

The term 80£.T5.T4 is the synchronizing signal which
sets the counter after the bit counter 628 is properly syn-
chronized and in response to signals from sector 63 of the
sector identifying channel (Soz) which occur during the
digit period P13—P9. Synchronization is accomplished
by storing a “1” in each of the digit positions Py3—Py of
sector 63, in the (Sgr) channel but storing a “0” in the
respective Pi3—Py positions of the other sectors of that
channel. The word counter 670 of FIGURE 13 is not
synchronized with the number 63 sector until the bit
counter of FIGURE 11 is in synchronism with the sector
channel (Sor), as described above. Only then will the
bit counter properly identify the Py;—P, digits of the
sector channel by the terms T4 Ts. When that occurs,
the word counter 670 is set to 1111111, At each P,
time, the word counter undergoes a transition, and it
counts through a series of 64 steps at which time it again
reaches the 1111111 configuration by the recordings in
the sector 63 of the channel (Sor).

To sum up the action of the sector channel (Sor),
and the bit counter of FIGURE 11 and the word counter
of FIGURE 12, it should again be pointed out: the sec-
tor address channel (Sor) is a permanent channel on the
magnetic memory drum 662 as described in conjunction
with FIGURE 7. This channel contains the sector ad-
dress number, and the sector address number is recorded
in the channel as two 6-bit serial codes. In addition, the
sector channel {Sof) has a 1 at the P2 digit position of
each sector, this 1 being used to synchronize the bit
counter 628 of FIGURE 11 in the described manner.
As also described, the P2 digit time is the only position
on the (Sor) track of the magnetic memory drum which
contains a 1 in every word.

Therefore, if the bit counter 628 of FIGURE 11 is set
into operation at a point such that the P2 configuration
of the counter occurs at any other digit time with respect
to the magnetic memory drum, it will find at least one
“0” at that time as it moves from word to word. The
counter will then stay in the P2 configuration until it finds
a 1 at a later time, thereby skipping one or more counts.
This shifts the P2 configuration of the counter relative
to the words on the magnetic drum 662. The process is
continued until the Py configuration of the counter occurs
at the P, time of the words on the drum. At this time,
the counter can no longer shift with respect to the words
on the drum as there is always a “1” on the (Sor) track
at this pulse time of every word. This system enables
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the bit counter 628 to synchronize with the words on the
magnetic memory drum after a maximum lag of one
drum revolution.

As also described in conjunction with FIGURE 13, the
(Sot) track of the magnetic memory drum is further used
to synchronize the word counter 670. This latter syn-
chronizing is accomplished as noted, by placing at one
“1” in the digit positions P;3—Py of sector 63, and all
“O's” at these digit positions in all other sectors. It can
take at most one drum revolution after the bit counter
628 of FIGURE 11 is synchronized to synchronize the
word counter 678 of FIGURE 13, so that both counters
will be synchronized in a maximum of two drum revolu-
tions, The “1's” in the Py;—Py digit times of the word
63 sets all the flip-flops W,-W; of the word counter 670
to “1.”

The logic associated with the coincidence detector flip-
fiep K. of FIGURE 8 is illustrated in FIGURE 14. The
left input terminal (k;) of the flip-flop has a plurality
of “or” gates 701, 702, 704 and 7066 associated with it,
and that input terminal has 2 plurality of “and” gates
768, 710, 721, 741, 716, 718, 710 and 722 also associ-
ated with it, The “and” gates and “or” gates are con-
nected to one another and to the left input terminal of
the flip-flop in the manner illustrated in FIGURE 14
and in accordance with the following logic equations:

k,=POK1(K2+E3.03)+T5T1K2,
K3-4+K1K2(P0.03.534+02.Fa.P24)

The right input terminal (k.) of the fiip-flop (Kc)
has a group of “or” gates 723, 726, 728, 730, 732, 734,
736 and 738 associated with it, and that input terminal
has a plurality of “and” gafes 740, 742, 744, 746, 748,
739, 732, 754, 756, 758, 750, 762 and 764 also associated
with it. The latter group of “or” gates and “and™ gates
are interconnected with one another and to the right in-
put terminal k, of the fip-flop (Kc) in the manner iltus~
trated in FIGURE 14 and in accordance with the foltow-
ing logic equation:

F=RKT{K2[PO(D2+03+01.40) +F1T5(T4+E3) ]
+E2.K3.03.P0}+K1.K2(03.Fa.P24+402.83.P0)
The logic associated with the control flip-flops in the
block 22 of FIGURE 8 is illustrated in FIGURE 15.
There are three of these flip-flops and they are desig-
nated K1, K2 and K3. The input terminal k; of the flip-
flop (K1) has a plurality of “or” gates 770, 774, 776, 778
and 780 associated with it, and that input terminal has a
plurality of “and” gates 782, 784, 786, 788, 790 and 792
also associated with it. These “and” gates and “or”
gates are connected to one ancther and to the input
terminal %, of the flip-flop (K1) in the manner illustrated
in FIGURE 15 and in accordance with the following
logic equation:
k1=R3+PO{R2[01.0240C1.03(54+02]
+R2.Kc(E3+01.02.03)+T}
A pair of “and” gates 794 and 796, and an “or” gate
798 are connected to one another and to the right input

terminal (%;) in the manner illustrated in FIGURE 15
and in accordance with the following logic equation:

Fy=P0.J(Bf+R1.WE-+K3)K2

A plurality of “or” gates 800, 802, 804, 806 and 808,
and a pluralityy of “and” gates 810, 812, 814, 816, 818,
§20 and 822 are connected to one another and to the in-
put terminal ky of the flip-fop (K2) in the manner itlus-
trated in FEGURE 15 and in accordance with the follow-
ing logic equation:
ka=R;+PO{T+K2(K3+01.02.52.31)

+K1[01(034+02.51) +01.02]1}

An “and” network 824 and an “or” network 826 are
connected to one another and to the input terminal k;
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of the flip-flop (K2) in accordance with the following
logic equation:

%y=KT1.K3.KcJ(03+01-0G2) PO

A plurality of “or” networks 828, 839, 832, and 834,
and a plurality of “and” networks 836, 838, 840 and 8§42
are connected to one ancther and to the input terminal
kq of the flip-flop (X3) in accordance with the following
logic equation:

ky=R,+PO{T+K1.K2+ K1 E2.01.03(54
TFOD}+E1E2.01.02[A0--PJ)

A plurality of “or” gates 844, 846, 848, and 850, and
a plurality of “and” gates 852, 854, 856, 858, 860, 862,
864 and 866 are connected to the input terminal %3 of the
flip-flop (K3) in accordance with the following logic
equation:

T=E1.01.02[Z0.K3.F0-+-03.4i.P24]
+PO{K1[K2.55+Md K2 Ff*]1+K1.K2.Kc}J

The logic included in the order register 14 of FIGURE
8 is illustrated in FIGURE 16. As noted above, this
register contains three flip-flops which are designated O1,
02 and O3.

A pair of “and” gates 870 and 872 and an “or” gate
874 are connected in a logic circuit to the input terminal
0, of the flip-flop (O1). The input terminal o; of that
flip-flop has a pair of “and’ gates 876 and 878 and an
“or” gate 880 associated with it.

Likewise, a pair of “and” gates 882 and 884, and an
“or” gate 886 are connected in a logic circuit to the input
terminal o, of the flip-flop (02). Similarly, a pair of
“and” gates 888 and 890, and a pair of “or” gates 892 and
894 are connected to one another and to the input ter-
minal 0, of the flip-flop (02).

A pair of “and” gates 893 and 895, and an “or” gate
896 are connected in a logic circuit to the input terminal
o; of the flip-flop (03). A pair of “and” networks 896
and 898, and an “or” network 900 are connected in a
logic circuit to the input terminal o3 of the fiip-flop (03).

The “and” gates and the “or” gates associated with the
flip-flops O1, 02 and O3 are connected to those flip-flops
and to one another in the manner illustrated in FIGURE
16, and in accordance with the following logic equations:

0,=(K1.K3.K3+1L)02

%= (K1.K2.K34+L)02
03={(K1.K2.K34-L)03
0;==(K1.K2.K34+L)03+R3
03=(K1.K2 K3.Moy+L.E.)
03=(K1.K2 K335+ L.E.4+R3)

As mentioned in conjunction with FIGURE 9, the
memory unit includes a track selector register 700 which
conirols the selection matrix 16 of FIGURE 7. The
logic circuitry incorporated in the track selector register
780 is set ouf in FIGURE 17. As noted above, this regis-
ter includes a group of five flip-flops which are designated
S1, 82, 8§83, S4 and SS5.

An “or” network 996 is connected to the input terminal
5; of the flip-flop (S1) and a pair of “and” networks 942
and 904 are connected to the “or” network 900. An
emitter follower (Fg) is connected to the “and” gate 904.
The components described above are connected to one
another and to the input terminal 5, of the flip-flop (S1)
in accordance with the following equation:

5;=K1.K2.K3.40.024-S2.FS

A plurality of “or” gates 9206, 208, and 910 and a
plurality of “and” gates 912, 914, 916, 918, and 920 are
connected to one another and to the emitter follower
(Fs). These “and” gates and “or” gates are ccnnected
in accordance with the following equation:

f=E3.TIRIR2+KIL.KITIRE+T4(T34+T1.T2) TS
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A pair of “and” gates 922 and 924 are connected to an
“or” gate 924, the “or” gate being connected to the input
terminal §; of the flip-flop S1. These latter components
are connected in the manner illustrated in FIGURE 17
and in accordance with the following logic equation:

5n1=K1.E2.K3.40.02-+52.F5

The input terminal sy of the flip-flop (S2), and the
input terminal s, of that flip-flop have a plurality of “or”
gates and “and” gates connected to them, these gates bsing
dosignated as 928, 938, 232, 934, 236, 938, 949, 942,
and 9445, The gates associated with the input ter-
minals of the flip-flop (S2) are connected in a logic cir-
cuit in the menner illustrated in FIGURE 17 in accord-
ance with the following logic equations:

Sp=DoK 21,02 P0+K1.K3(024-03)1--83Fs
5;=Do.R2[R1.02.P0+-E1RK2(024-03)14-F3.Fs

A plurality of “and” gates and “or” gates 948, 9590,
952, 934, 956, 958, 960, 62, 264 and 966 are connected
to one another and to the input terminal s; of the flip-
flop (83). Similarly, a plurality of “and” gates and “or”
gates 968, 979, 972, 974, 976, 678, 930 and 982 are con-
nected together and to the input terminal §; of that flip-
flop. The gates associated with the input terminals of
the flip-flop (53) are connected in the logic circuitry illus-
trated in FIGURE 17 and in accordance with the fol-
lowing logic equations:

53=R2{K1. K3 02.PO(Kc-+54) +01.54}
4+ K1.02.P0}+-54.Fs

$3=KI1.K2.K3{Fi(02. K¢+ 01) -} 02.P0}+Fi.Fs

A plurality of “or” gates and of “and” gates 981, S83,
284, 985, 936, 987, 988, 999, 932, 994, 996, 998 and 1690
are logically connected in the manner illustrated in FIG-
URE 17, and these gates are associated with the input
terminal 54 and the input terminal 53 of the flip-flop (S4).
The latter logic circuitry may be representcd by the fol-
lowing logic equations:

53=K1.K2.K3.Ro(03-+02) +§5.Fs

8,=K2[R0.K1(03.K34+02.P24) + K1.03.P0O] - 85Fs

A pair of “and” gates 1082 and 1604, and an “or” gate
1136 are connected to an emitter follower (Fi) in the
manner ilustrated in FIGURE 17 and in accordiance with
the fellowing logic equation:

fi=I10.506t+To.Sot

The input terminals s, 5; of the flip-flop (S5) have the
following “and” gates and “or” gates associated with
them, these gates being designated as 1608, 1010, 1{12,
1014, 10616 and 1918, The gates are interconnected in
a logic circuitry in accordance with the following egua-
tions:

55=K1.K2.K3(P9-P13) +I0.FS§
55=K1.K2.K3.FiTo. Tr+T10.F§

The accumulator register (A) of FIGURE 10 is set
out in more detail in FIGURE 18. As noted above, this
register includes a channel on the magnetic drum 662,
and it also includes the write amplifier 616, and the read
amplifier 608. The accumulator register also includes
the flip-flops Ao, A, Di and the carry flip-flop (Ca). It
also time shares the flip-flops (S1) and (¥c) as noted.
The logic associated with the latter flip-fops will be de-
scribed elsewhere herein. The flip-flop (A7) is included
to shape the pulses fed into the logic circuitry associated
with the write amplifier 616. The channel on the mag-
netic drum 662 provides a 24-bit delay, and the flip-flop
Af provides an additional bit delay. Therefore, the ac-
cumulator register (A) is capable of circulating a 25-bit
computer word,

The accumulator register (A) includes an emitter fol-
lower (Fa} and an emitter follower (Tu)., An “or” gate
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1010 is connected to the follower (Fa) and a pair of
“and” gates 1012 and 1614 are connected to the “or”
gate 1010. An “or” gate 1016 is connected to the follower
(Fa), and a pair of “and” gates 1018 and 1020 are con-
nected to the “or” gate 1016. The illustrated components
associated with the emitter follows (Fa) and (Fa) are
connected in accordance with the following logic equa-
tions:

fa==(Ca.Ai+Ta.Ai)

Fa==(Ca.Ai+Ca.A7)

The write amplifier 616 has a first input terminal desig-
nated @, and it has a second input terminal designated
a@,. An input pulse to the terminal a, causes the flip-flop
(Ao) to be triggered true after an interval of 23-bit times.
Likewise, an input to the terminal (g, causes the flip-flop
{(Ao) to be triggered false after the 23-bit interval. A
plurality of “and” gates and “or” gates 1022, 1024, 1026,
1028, 1030 and 10632 are associated with the input termi-
nal (a,) of the write amplifier 616. A plurality of “and”
gates and “or” gates 1934, 1036, 1038,1040, 1042 and 1044
are associated with the input terminal @, of the write
amplifier 616. These logic components are connected in
accordance with following logic equations:

2,=G(Fa.Di+Fa.DiYEf+Ef.L
o= (G+FaDi+FaDi)Bf+EfL
A plurality of “and” gates and “or” gates 1046, 1048,

1050, 1052, 1054, 1056, 1058 and 1060 are asscciated
with the input terminal (&) of the flip-lop (Ai). Like-
wise a plurality of “and” gates and “or” gates 1462, 1064,
1066, 1068, 1070, 1072, 1974, 1076, 1078, 1080, 1082,
1084 and 1086 are associated with the input terminal
(a,) of the flip-flop (Ai). These “and” gates and “or
gates are interconnected in the illustrated logic sequence,
and in accordance with the following equations:

ay=40[K2+K1.01+K1.02]
+K2{K1.02
oy=40[K2+TK1.014-K1.02]
+RK2{K1.02[Ro.K34+K3(§1+P2414+K1.01}
The flip-flop (Di) has its input terminal 4, connected
to a plurality of “and” gates and *or” gates 1150, 1152,
1154, 1156, 1158, 1160, 1162, 1164, 1166, 1168, 1170,
1172, 1174 and 1176. Likewise, a plurality of “and”
gates and “or” gates 1178, 1180, 1182, 1184, 1186, 1188,
1190, 1192, 1194, 1196, 1198, 1209, 1202, 1204 and 1206
are associated with the input terminal ¢ of that flip-flop.
The gates associated with the input terminals 4, and &; of
the flip-flop (D) are connected in accordance with the fol-
lowing legic equations:
di=KL(K1.Moy[03(02+Kc)
1-AD.01.0314-K1(U2[S52.K3
+Do.E314-Do.Kc.03.P0+40.K3.02.03.53)
0=K2+E1(Moy-+40.03-+K1)Y03[Do.P0-+Kc]
4-02[{K3.524-K3(P04-P24.R0)14-40.02.03
The carry flip-flop (Ca) has a plurality of “and” gates
and “or” gates 1090, 1092, 1094, 1096, 1098, 1100, 1102,
1104, and 1106 associated with its input terminal c,.
This flip-flop has a plurality of “and™ gates and “or
gates 1108, 1110, 1112, 1114 and 1116 associated with its
input terminal T,. The gates are interconnected in ac-
cordance with the following logic equations, and as illus-
trated in FIGURE 18:

c,=P24{K1.K32.01(02.03.Moy.P0
+-Kc.4iDi)+Ke di.DI(K14+01) +Ke. Ax.Dt}
€=P24+4+K]1.K2.01.Kc.4i.Di
+Ke. AL DK +07)+Ke. AL DT

The logic circuitry of the multiplicand and divisor reg-
ister (D) of FIGURE 10 is shown in FIGURE 19. This

3[{Ro.E3+51.P24.K3]}
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register incorporates a channel on the magnetic drum 662,
as described above (FIGURE 7), and this channel pro-
vides a 24-bit delay for the register.

The write amplifier 626 has its first input terminal d,
connected to a logic control circuit. This logic circuit
includes a plurality of “and” networks and “or” networks
1120, 1122, 1124, 1126, 1128, 1130, 1132 and 1134.

Similarly, the input terminal 3; of the write amplifier is
associated with a plurality of “and” gates and “or” gates
1136, 1138, 1140, 1142, 1144, 1146, 1148 and 1150.

The logic control circuitry associated with the write
amplifier 620 is shown in FIGURE 19, and that circuitry
functions in accordance with the following logic equa-
tions:

d,=K2.K1{82(03+P0) +03.Do.P0]+K1.Moy+Ef.Io
d,=E2.K1[S2(03+4P0)+03.Do.P0]+K1.Moy-+EfTo

The multiplier and quotient register (R) of FIGURE
12 is set out in more detail in FIGURE 20. As described
in conjunction with FIGURE 7, this register includes a
channel on the magnetic drum 662. This channel pro-
vides a 25-bit delay, so that a 25-bit computer word may
be circulated through the register and through the flip-
fiop (Ro).

The write amplifier 622 has a plurality of “and” gates
and “or” gates 1210, 1212, 1214, 1216, 1218, 1220, 1222
and 1224 associated with its input terminal r,. This am-
plifier has a further plurality of “or” gates and “and”
gates 1228, 1230, 1232, 1234, 1236, 1238 and 1240 asso-
ciated with its input terminal 7.

The “and” gates associated with the amplifier 662 are
connected in the logic circuit illustrated in FIGURE 20
and in accordance with the following equations:

=R2.K1{53.P24+03(53+ 74 Ro)}+X1 03.K3
10_[1(1 03(P244-83)+RK1.E34-03.53(54+Ko)1E2

The instruction register (I} of FIGURE 8 is illustrated
in FIGURE 21. As described in conjunction with FIG-
URE 7, this register includes a channel on the magnetic
drum 662. The channel on the drum provides a 25-bit
delay, so that a 25-bit word may be circulated through
the register, and through a recirculating path including
the flip-flop (Io).

The input terminal i, of the write amplifier 618 has a
plurality of “or” gates and “and” gates 1250, 1252, 1254,
1256, 1258, 1260 and 1262 associated with it. The input
terminal 7, of the write amplifier 618 has a plurality of
“and” gates 1264, 1266, 1268, 1270 and 1272, and a pair
of *“or” gates 1274 and 1276 associated with it. The
“and” gates and “or” gates associated with the write am-
plifier 618 are connected in accordance with the follow-
ing logic equations:

ic=K1.K3.Moy+{L(K1+K3)lo+L.EYEf+R3
to={L.F.+K1.K3.Moy+L(K1+K3.R3)I0}EF
The logic associated with the output comparator flip-
flop (Cc) is shown in FIGURE 22, A plurality of “and”
gates and “or” gates 1280, 1282, 1284 and 1286 are con-
nected to the input terminal ¢, of the flip-flop in the man-
ner illustrated in FIGURE 22. These gates receive inputs
in accordance with the following logic equation:

Ce=WI1.W2 W3 (Mox. XM n-t+-Mow.Mn)

In like manner, an “and” gate 1288 is connected to the
input terminal ¢, of the flip-flop (Cc), and an “or” gate
1290 is connected to the “and” gate. The input terms of
the latter gates are in accord with the following logic
equation:

=W W2.P24(W3+Cn)

The logic circuitry associated with the output carry
flip-flop (Cn) of FIGURE 10 is set out in FIGURE 23.
This flip-flop has a plurality of “and” gates and “or” gates

& 1300, 1302, 1304, 1306, 1308, 1310 and 1312 connected
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to its input terminal ¢,. The flip-flop (Cn) has a plurality
of “or” pates and “and” gates 1314, 1316, 1318, 1320,
1322, 1324, 1326, 1328, 1330 and 1332 connected to its
input terminal ¢,. The “and” gates and “or” gates re-
ferred to above rcceive input terms in accordance with
the following logic equation:

Cy=W3.WI{W2[Hox.Mn+P0.Mox.n] +W2.Ts.P0.52)}
Cp= (W3-+0Uc.W1)P24.T72
+ W2 W3 {MoxFn-PO[Mex.2Mnt-T711}

The input terms to the write amplifier 664 of FIG-
URE 7 are set out in FIGURE 24. As mentioned in
conjunction with FIGURE 7, this amplifier is associated
with the temporary storage channel (Mov) of the mag-
netic drum 662. A plurality of “and” gates and “or”
gates 1340, 1342 and 1344 are connected to the input ter-
minal mg, of the write amplifier 684. Likewise, a plu-
rality of “and” gates 1346, 1348 and 135@ are connected
to the input terminals 71, of the amplifier. These “and”
gates and “or” gates receive input terms in accordance with
the following logic equations:

Moy=T2.02.03.40.54.51 +W1.W2.7W5.3n
Mey=K2.02.03.Z0.84.51+ W1 W2 W3.Tn

The logic associated with the write amplifier 606 of
FIGURE 7 is set out in FIGURE 25, As mentioned
previously, this amplifier is coupled to the temporary
storage channel (Moz)} of the magnetic drum channel
682. A plurality of “and” gates 1360, 1362 and 1354
are connected to an “or” gate 1366 which, in turn, is
connected to the input terminal m, of the write amplifier
606. Likewise, a pair of “and” gates 1368 and 1370 are
connected to an “or” gate 1372 which, in turn, is con-
nected to the input terminal i, of the amplifier 696.
The “and” gates receive input terms in accordance with
the following logic equations:

Myy=T2.02.03.40.54.83 +Mn.W1.W2.W3
+WLW2.W3. W4 W5 W6.Mn

Moy =TF2.02.03.T0.84.83 + Tn. W 1.W2. W3

The logic associated with the write amplifier 662 of
FIGURE 7 is illustrated in FIGURE 26. This latter
amplier was described in conjunction with FIGURE 7
as being coupled to the temporary storage channel (Mox)
of the magnetic drum 662. A pair of “and” gates 1330
and 1382 are connected to an “or” gate 1384 which, in
turn, is connected to an “and” gate 1386. The “and”
gate 1385, and a pair of additional “and” gates 1388
and 13990, are connected to an “or” gate 1392. The “or”
gate 1392 is connected to the input terminal #mig; of the
write amplifier 602.

Likewise, a pair of “and” gates 1394 and 1396 are
connected to an “or” gate 1398. The “or” gate 1398 is
connected to an “and” gate 1460. The “and” gate 1450,
and a pair of “and™ gates 1462 and 1404 are connected
to an “or” gate 1406. The “or” gate 1406 is connected
to the input terminal (M.y) of the write amplifier 682,
The input terminals terms to the “and” gates may be
expressed by the following logic equations:

M=K 2.A0.54.52.02.03+EfG
F{W2.WILW3(CnTlox4-Cn.Mox}Hf

Mox=152.02.03.40.84.52-+W1.W2. W3 Bf(Cn.Mox
+Ondox)--Md.Ef

The time standard flip-flop (Ts) of FIGURE 10 is
again illustrated in FIGURE 27. The flip-flop includes
a term Ys which is introduced to its input terminal #;. An
“and” gate 1410 is connected to the other input terminal
7; of the flip-flop. The terms Crn, P24, W3, W2 and W1
are all introduced to the “and” gate 1419.

The input-output flip-flop (Mn) of FIGURE 10 is con-
nected in the manner illustrated in FIGURE 28 to a first
set of brushes designated B;-B;s of an analog-to-digital
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converter incorporated in the system, and to a second set
of brushes designated B*;-B*; of that converter. This
converter may be of the dual-brush, non-ambiguous type
described in co-pending application Serial No. 836,537,
filed Aug. 27, 1959, or any other suitable type of analog-
to-digital converter may be used. The flip-flop (Mn) has a
plurality of “and” gates and “or” gates 1420, 1422, 1424,
1426, 1428, 1430, 1432, 1434, 1436, 1438, 1440, 1442,
1444, 1446, 1448, 1459, 1452, 1454, 1456, 1458, 1460,
1462, 1464, 1465, 1468, 1470, 1472, 1474, 1476, 1478,
1480, 1432, 1484 1486 and 1438 associated with its input
terminal sy, These “and” gates and “or” gates are con-
nected in the mazner shown in FIGURE 28, and they
receive input terms [n accordance with the following
logic equation:

1= TA{ TS [ T3(B* T1.79+ B* ,T1.T3 4 B+, T1.T2
+B*. T1LT2) +T3.8% 5] + T T3 (B*s T1.72
+B* T1 T2+ B*, T1.T2-- B*,.T1.T2)
4T3 (B T14B*s.T1) 1} +T4.T5{T3(B*5.T1.T2

4B TLT24-T1.72.B#18) - TE.T3(B* . 1+ B*,.T1)}

In like manner, the following “and” gates and “or”
gates are associated with the input terminal m, of the
flip-flop (Mn: 1568, 1502, 1504, 1506, 1508, 1510,
1532, 1514, 15816, 1518, 1520, 1522, 1524, 1526, 1528,
1530, 1532, 1534, 1536, 1538, 1540, 1542, 1544,
1546, 1548, 1550, 1532, 1554, 1556, 1558, 1560, 1562,
1564 and 1566. The latter group of “and™ gates and
“or” gates receive input terms in accordance with the fol-
lowing logic equation:

=" T35 THEN . TLT2+B10.T1. T2+ B T1.T2
+B3.71.72)--T3.8121-T5[ T3(BS.T1.T2+-B4A.T1.T2
+B3T1.72-+B2.T1.72) +T3(BT.T1+B6.T1)1}
414 75{T2.73(B14.T1+4T1.B13)
+T2.T3(B1.T1+4B0.T1)}4-PO

A Dblock schematic diagram showing the control and
memory units of the computer is illustrated in FIGURE
29. The composition of a typical instruction is illustrated
in FIGURE 30. The instruction includes an alpha sec-
tor number (P8-P3) and an alpha track number (P13~
P9) which are used to specify the address of the next in-
struction. The instruciion also includes a beta sector
number P24-P19 and a beta track number P18-P14
which are used to specify the address of the operand.
The bit fimes at which the alpha track number and the
alpha sector number, and the bit times at which the beta
track number and the beta sector number appear in a
typical instruction are shown in FIGURE 30. The in-
struction zlso includes at the three least significant bit
positions P2-P0 the order number. This order number
appears in the flip-flops Of, 02 and O3 of the order
register 14 of the FIGURE 30, and the resulting configu-
ration of these flip-fleps specifies the types of operation
to be performed in accordance with the order code of
FIGURE 31.

in the schematic diagram of FIGURE 29, the control
unit is shown as including the instruction register 12
(flip-flop To) ihe coincidence detector 20 (flip-flop Kc},
the control flip-flops 22 (K1, K2 and K3), and the order
register 14 (ilip-flops O1, O2 and 03). A gate 1606 is
interposed beiween the imstruction register 12 and the
coincidence detector 20.

The memory unit is illustrated in FIGURE 29 as in-
cluding the track seleclor register 70 (flip-flops S1-S5).
The selection matrix 18, the magnetic memory drum 652,
the read amplifier 624, and its associated flip-flop (Sot).
The (Moy) flip-flop of the magretic memory drum 662
introduces its output signals to a pair of gates 1608 and
1682, ‘These gates are under the control of the control
flip-flops (K1, K2 and K3) in the block 22. The gate
1660 is connected to the instruction register 12 and to the
order register 14. The gate 1662, on the other hand,
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introduces its output to the arithmetic unit. The arith-
metic unit includes the registers A, D and R.

In a manner to be described, the gate 1600 is controlled
by the control flip-flops K1, K2 and K3 in the block 22 to
cause successive instructions to be read into the instruc-
tion register 12, As the instructions are read into the
instruction register, they are concurrently shifted through
the order register 14, At the completion of the instruc-
tion read-in operation, the last three digits (corresponding
to the order code) remain in the order register. The
gate 1604 is controlled by the control flip-flops 22 so that
the track address of each instruction to be executed may
be fed from the instruction register 12 to the track selector
register 760 in the memory unit. This latter register
causes the selection matrix 16 to select a particular track
or channel from the (Moy) group on the magnetic mem-
ory drum 662,

The gate 1606 passes the sector numbers to the coin-
cidence detector 20, so that the sector numbers from each
instruction may be compared with the sector numbers
from the (Sor) track on the magnetic memory drum 662,
This will be described in more detail subsequently.

The gate 1602 is controlled by the control flip-fiops K1,
K2 and K3 of the block 22 so that selected operands may
be passed to the arithmetic unit. The order register 14
then specifies the operations to be performed on these
operands in the arithmetic unit.

The instruction code that may typically be used in the
computer of the invention is illustrated in FIGURE 31.
It will be noted from an examination of the table in
FIGURE 31 that the top seven instructions are com-
pletely under the control of the three flip-flops O1, 02
and O3 in the order register. The eighth instruction is
(Sr), the normal store order, and it is executed upon an
01.02.03 configuration of the order register flip-flops,
and when the track selector flip-flop (54) is set to zero.
For this instruction, and for an additional five instructions,
the track selector flip-flops are used to obtain an additional
group of instructions which are designated generally as
“modified store orders.”

The modified store orders are carried out when the beta
address portion of the instruction is passed by the gate
1604 of FIGURE 289 to the track selector register. For
other instructions, this normally would cause an operand
to be passed by the gate 1602 to the arithmetic unit. How-
ever, for the modified store instruction, the track selector
register completes an overall configuration with the order
register so that the specified modified store orders may be
carried out.

There are seven different phases which may occur in the
computer of the invention. However, these seven phases
do not all occur for any one operation. The normal se-
quence in which the phase occurs is as follows:

(1) The wait alpha phase (W,) during which a search
is made for the next instruction and for which the control
flip-flops, are set to the K1.K2. K3 configuration (FIG-
URE 32). When these flip-flops are in this configuration,
the gate 1684 of FIGURE 29 is opened from P13 to P9
digit times. This enables the flip-flops $1-85 of the track
selector register 700 to be set to a configuration corre-
sponding to the alpha track number in the instruction
circulating in the instruction register 12. This, as noted
above, is the track number of the next instruction.

Then, the gate 1686 is opened from P8 to P3 digif times
for each word time of the instruction circulating in the
instruction register, so that the alpha sector number in
the instruction circulating in the instruction register may
be compared in the coincidence detector 20 with the sector
numbers on the (Sot) channel of the memory drum 662.
When coincidence occurs, the coincidence flip-flop (K¢)
causes the control flip-flop (K1) to be triggered true so
that the computer enters its next phase for an interval
corresponding to the following sector on the drum. This
is the “instruction read-in (Ir) phase.”
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Tt should be noted that when the computer is first placed
in operation, the instruction register is cleared so that
each of its positions exhibits a “1” numeral, This causes
the track address set up in the track selector register 700
and the sector address introduced to the coincidence de-
tector 20 to be such that the first instruction will always
be found in sector 0 of (Moy) channel 31.

(2) The second phase of the computer is, as noted
above, the “instruction read-in phase (Ir).” During the
instruction read-in phase, the next instruction is read from
the selected (Moy) track and sector of the magnetic
memory drum 662 through the gate 1600 of FIGURE 29
into the instruction register 12. When coincidence is
achieved by the detector 20 in the {W,) phase, the control
flip-flop (K1) is triggered true, as shown in FIGURE 32.
This causes the coatrcl flip-flops to have a K1.K2.K3
configuration for this phase. When this occurs, the gate
1600 of FIGURE 29 becomes conductive for one word
time to permit the next instruction to be read into the
instruction register 12. The instruction also shifts through
the flip-flops O1, O2 and O3 of the order register 14, as
mentioned previously, and in the end of the (Ir) phase,
the last three digits P2-P0, corresponding to the order
code remain in that register. The new instruction now
circulates in the instruction register (I), and it continues
to circulate until the next time that an instruction read-in
phase (Ir) occurs.

(3) The third phase of the computer is the “wait for
beta” (Wpg) phase. For this latter phase, the control
flip-flops are set to a B1.K2.K3 configuration (FIGURE
32). This causes the gate 1604 of FIGURE 29 to be
conductive for P18-P14 digit times of the instruction
circulating in the instruction register 12. This, in turn,
enables the track number in that instruction to set the
flip-flop in the track selector register 700 to a configura-
tion corresponding to the track in the drum 662 in which
the desired operand occurs.

Then, the P24-P19 digit time of each word time of
the instruction in the instruction register 12, the gate 1696
is rendered conductive. The latter operation enables
the beta sector number in the instruction to be compared
with the sector numbers in the (Sor) channel on the
drum. When equality is reached, the control flip-flop
(Kc) is tripgered false, the gate 1602 is rendered con-
ductive; and the computer normally enters its first word
phase (Fw) (FIGURE 32) for the following word time
during which the selected operand is read into the arith-
metic unit,

There are several exceptions to the normal operation
of the computer described immediately above. For ex-
ample, when the operation specified is a conditional trans-
fer (T.) (FIGURE 31) the (Wg) phase returns to the
(W,) phase at P24 digit time if the contents of the ac-
cumulator register (A) are negative. Otherwise the beta
address specifies the address of the next instruction,
rather than the address of an operand.

Another exception is for a normal store order (Sr).
Here, the beta address of the instruction being executed
either specifies where the contents of the accumulator
register (A) are to be stored in the memory. For the
modified store orders, the beta address further specifies
any one of several operations which will be explained.

(4) The further phase of the computer is the “first
word (Fw) phase, as mentioned above. To enter this
phase from the third phase (Wg), the control flip-flop
(K1) is triggered true (FIGURE 32). This occurs
when an equality is reached at the coincidence detector
20 between the beta sector number in the instruction
circulating through the instruction register 12 and the
corresponding numer on the (Sor) track on the magnetic
drum. Now, as noted above, the gate 1602 of FIGURE
29 opens for one word time and the selected operand
flows from the magnetic memory drum to the arithmetic
unit. This operand may be from one of the (Moy)
channels of the drum, or it may be from one of the
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(Mox, Mov, Moz) channels, as selected by the read
amplifier 204 in FIGURE 7 under the control of the
selection matrix 16. The amplifier is controiled by the
selection matrix in the manner described, and the selec-
tion matrix is controlled by the flip-flops in the track
selector register 700.

When the selected operand is read in to the arithmetic
unit during the (Fw) phase, an operation is performed
on it during this phase. This operation is detected by
the configuration the flip-flops O1, 02, and O3 in the
order register 14, and in accordance with the order code
of FIGURE 31. For the Az (clear and transfer), Su
(subtract) Ad (add), Ex {(extract) and Sr (normal store)
instructions, the operation is completed in this phase. In
the Mu (multiplication) instruction, the multiplicand is
read into the (D) register and the first step of the mul-
tiplication is completed, with the result being placed in
the accumulator register (A) in this phase (Fw). In
the Dv (division) instruction, the divisor is read into the
(D) register during the (Fw) phase, and the (R) register
is cleared to O during this phase, Nothing occurs dur-
ing the first word (Fiw) phase for the modified store orders.

(5) The fifth phase of operation is the “additional
words” (Aw) phase. The flip-flops K1, K2 and K3
are set to the K1.K2.K3 configuration (FIGURE 32)
for this phase. In this latter phase, the division is com-
pleted and all but the last step of multiplication is com-
pleted. Moreover, the special operations of the modified
store order (FIGURE 31) are completed in this phase.

(6) The sixth phase is the last word (Lw) phase. The
control flip-flops K1, K2 and K3 are set to the K1. K2 K3
configuration (FIGURE 32). For this phase, multipli-
cation is completed and the quotient is transferred from
the (R) register to the (A) register for division. The
relay-set signals, to be described, are still “on” in this
phase.

(7) The seventh phase is the “stop” (Sp) phase. In
this phase, the control flip-fleps K1, K2 and K3 are set
to the K1.K2.K3 configuration (FIGURE 32). For the
latter phase, all computing is terminated, and the com-
puter is turned “off” if the control switch is in the “off”
position.

The configurations of the control flip-flops K1, K2 and
K3 in the block 22 for the seven different computer
phases, and the possible sequences of the phases, are
represented by the diagram of FIGURE 32. As described
above, the “wait alpha” phase (W,) is represented by
the configuration K1.K2.I33; the “instruction read-in”
phase (Ir) is represented by the configuration K1.K2.X3;
the “wait beta” phase (Wg) Is designated by the con-
figuration K1.K2.K3; the “frst word” phase (Fw) is
represented by the configuration K1.K2; the “additional
words” phase (Aw) is represented by the configuration
K1.K2.K3; the “last word” phase (Lw) is represented
by the configuration K1.K2.K3; and the “stop” phase
(Sp) is represented by the configuration K1.K2.K3. For
the “first word” phase (Fw) only the flip-flops K1 and
K2 are used, as the flip-flop K3 is used during this phase
in the accumulator register (A) to delay the feed of the
flip-flop (Ao) of the accumulator register into the (R)
register during the first word of a multiplication instruc-
tion.

The transition from the “wait alpha” (W,) phase to
the “instruction read-in” (Ir) phase occurs at the end
of the word time at which the alpha sector address in the
instruction register 12 is equal to the number on the sec-
tor address channel (Sot). This is shown by the fact
that the coincidence flip-flop (Ke¢) in the coincidence
detector 29 is still high at PO digit time. During the
digit times (P18-P9) inclusive, of the “wait alpha™ (W,)
phase, the alpha track number of the instruction in the
instruction register is read into the track selector flip-
flops (S1-S5) of the track selector register 700 of the
FIGURE 29, as described above. This causes the selec-
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tion of mairix 16 to select the desired (Moy) channel
of the magnetic memory 662 for the next instruction, so
that the instruction can be read from the selected sector
of that channel into the instruction register 12 through
the gate 1600 during the (Ir) phase.

The alpha track number is placed ahead of the alpha
sector number in the instruction (FIGURE 30), so as to
provide the channel selection matrix 16 of FIGURE 29
with more time to switch into circuit the read h:ad asso-
ciated with the desired track of the magnetic memory
drum 662. The beta track number is also read into the
track seiector flip-flops of the register 7¢9 during the
(W4) phase. However, this latter number is shifted out
during the digit times P13-P9 as the alpha track number
is read in, and the alpha track number remains in the
track sclector register 760 for this phase.

During the (Ir) phase, the next instruction is read into
the instruction register 12, as described above, and its
fast three digits P2, Pl and PO (which contain the order
code) are read into the ilip-flops O1, 02 and O3 of the
order register 14 of FIGURE 29, The instruction is read
into these regisiers in one word time, so that the (Ir)
phase proceeds to the (Wg) phase at the end of one word
time.

The (Wpg) phase returns to the (W,) phase for the
conditional transfer order (Te) (FIGURE 31) if the
contents of the accumulator register (A) is negative.
This latter sequence occurs at P24 digit time if the fiip-
flop (AQ) is true. So that, if the accumulator register
(A) contains a negative number, the (Wpg) phase lasts for
only one bit time with a (T'¢) order. The comparison of
the beta address is started during this operation, but since
the control returns to the (W,) phase before the alpha
address occurs, it does not affect this operation. As noted
above, the previous contents of the track selector register
700 are shifted out of that register during (P13-P9)
digit times as the alpha address is read into register, This
is the only circumstance under which the phase of the
computer changes at a time other than PO dizit time.

The “wait beta” (Wg) phase of the computer returns
to the “instruction read-in” (Ir) phase for a conditional
transfer (Tc) operation at the end of the word in wh'ch
the data address in the instruction compares with the
sector address channel number. This is indicated by the
flip-flop (K6) being true at the end of the word. During
the digit times (P18-P14) the contients of the instruction
register 12 are read into the track selecior fiip-flops
(S1-S5) of the register 700 so that the next instruction
is read from the track and sector specified by the beta ad-
dress of the instruction circulating in the instruction reg-
ister.

The “wait beta” (Wg) phase of the computer goes to
the “first word” (Fw) phase for all instructions except
the conditional transfer instruction (Tc¢), and this occurs
at the end of the word in which the teta address sector
number of the instruction compares in the cecincidence
detector 20 with the sector address channel number
(Sor). This again is sicnified by the flipflap (Kc) in
the coincidence detector being true at PQ digit time. The
track selector flipflops are set during the (P18-Pl4)
digit times.

The “first word” (Fw) phase lasts for one word time
only, and the computer returns to the “wait alpha” (W)
phase at the end of the following instructions: Ad, At,
Su, Ex, and normal Sr (see table of FIGURE 31).

As will be explained, a normsal store crder (Sr) is
specified by a 0 in the fourth digit of the beta track num-
ber in the instruction circulating in the instruction recis-
ter, this being contained in the flip-flop (S4) during the
“first word” (Fw) phase. The “first word” (Fw) phase
cof the computer goes to the “additional words” (Aw)
phase at the end of one word time for the following
orders: Mwn, Dv and modified Sr (see table of FIGURE
53). A modified store order is specified by a 1 in the
fourth digit of the beta track number in the instruction
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circu'ating in the instruction register, which is contained in
the flip-flop S4 during the “first word” (Fw) phase.

The “add:t'onal words” (Aw) phase of the computer
goes to the “stop” (Sp) phase on certain ones of the
modified store orders (S1 and Sr), these be:ng denoted
by a given track number with a store order code as shown
by the table of FIGURE 31. The “additional words”
(Aw) phase of the computer goes to the “last word”
(Lw) phase, for all the modified store orders except the
special stop orders, at the end of the word time specified
by the alpha sector address contained in the instruction
circulating in the instruction register.

The arithmetic section of the computer is made up of
three one-word recizculat'ng registers A, D and R, two
delay flip-flops (Ai) and (D{), and a serial adder with a
carry fiip-flop (Ca), as described above. Some of the
coatrol fl'p-flops K1, K2 and K3, and some of the track
selector flip-lops S1-85 are also uszd in the arithmetic
section of a time shared basis, as will be described.

The accumulator resister (A) of FIGURE 18 stores
thz results of all opzrations performed by the adder in-
cluded in the logic associa'ed with the write amplifier
616 of FIGURE 18. Therefore, the accumulator register
conta’ns at the end of the “first word” phase (Fw) the
re uits of the following instructions: Ad, Su, At, and Ex;
these instructions bzing lizted in the tab’e of FIGURE 31.
In muliplication, the accumulator register (A) stores
the sum of all partial product terms which have been
generated during the operation, so that when the multipli-
cation operation is comp'eted, the product is contained in
the (A) register. In division, the dividend is in thz ac-
cumulator register {A) at the bezinning of the operation,
ani during the “additiznal words” phate (Aw) this reg-
ister contains the rema‘nder at the end of each step; finally,
during the “last wo-d” (Lw) phass the gquotient is trans-
ferred to thz accumulator register (A) from the multi-
plier register (R).

As mentioned above, the accumulator register (A)
includes twenty-four binary bits on the magnetic drum
€62 itself and one bit in the A/ flip-flop, so that one com-
puter word may be circulated in the register. The ac-
cumulator register (A) recirculates its contents through
the adder through all phases and operations which do
not generate a new result.

The multiplicand and divisor register (D) of the
FIGURE 19 is twenty-four bits long on the magnetic
drum, and it is used to store the multiplicand during the
maultiplication operation (Mu), or the divisor during the
division operation (Dv). Recirculation in this register
is obtained by using the track selector flip-flop (S2) for
these two operations. The register (D) is filled during
the “first word” (Fw) phase of the computer and re-
circulated during the “additional words” (Aw) phase for
these operations.

The multiplier and quotient register (R) of FIGURE
20 is twenty-four bits long on the magnetic drum, and
it is used to store the multiplier during the multiplication
operation, or the quotient during the division operation.
During the “first word” (Fw) phase of the multiplica-
tion instruction, the multiplier is transferred from the
accumulator register (A) through the control flip-flop
(K3). This is the only time that the flip-flop (K3) is
time shared in the arithmetic section. During the “addi-
tional words” (Aw) phase of the multiplication instruc-
tion, the multiplier and quotient register (R) recirculates
its contents through two of the track selector flip-flops,
namely, the flip-flops (83) and (S4). This causes the
muliiplier to shift left one bit per word so that the next
multiplier digit is available at the proper time.

During the “first word” (Fw) phase of the division
{(Dv) instruction, the multiplier and quotient register
(R) is cleared to “0." Then, during the “additional
words” (Aw) phase it receives a “1” at (P24) digit time
and it retains the 0’s at each bit position from (P 23)
through (P1) digit time. At (PQ) digit time, the con-
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tents of the register (R) again receives a “1.” This lat-
ter “1” acts as an index digit to tell when to write the
quotient digit into the register (R).

Two track selector flip-flops, namely the flip-flops S3
and S4, are used to recirculate the previous quotient digits
in the multiplier and quotient register (R) and to con-
trol the insertion of the new quotient digit. The flip-
flop (83) is now used to delay the quotient digits one bit
to make the register (R) look like a twenty-five bit
word. 'This keeps the quotient from shifting so that each
digit remains in the position where it was inserted. By
doing this it is possible to terminate the operation at
any time and have the quotient in the proper position for
storage in the memory.

The ('s preceding the index digit and the index digit
are recirculated without delay in the register (R) so that
the index digit shifts one bit to the right for each word.
This shifting index digit then tells where to insert the
quotient digit. The flip-flop (S4) is used as a control to
sense the index digit and control whether the output from
the flip-flop (Re) is to be recorded or if the output from
the flip-fiop (S3) is to be recorded. The flip-flop (S4) is
triggered false at P24 digit time, and it is triggered true
by the index digit. The index digit causes the quotient
digit to be copied from the coincidence flip-flop (Kc¢) into
the flip-flop (83) so that it will be recorded into the
multiplier and quotient register (R)}. After the flip-
flop (84) is set true, the flip-flop (S3) copies the output
from the flip-flop (Ro) to recirculate the previous quotient
digits in the register (R). This process continues from
the second word time of the “additional words™ phase
through the remaining word times of that phase. During
the “last word” (Lw) phase of the division instruction,
the quotient is transferred to the accumulator register
(A) along with a final correction term with proper
rounding of the quotient.

The components and connections required to execute
the (A¢) instruction are shown in FIGURE 33. As
listed in the table of FIGURE 31, this instruction is ex-
ecuted upon an 01.02.08 configuration of the order
register flip-flops. The (A¢) instruction requires that the
accumulator register (A) be cleared and that the con-
tents of the designated (Moy) location be transferred
to the accumulator register. The (Az) instruction is
executed during the “first word” (Fw) phase of the com-
puter, for which the control flip-flops K1 and K2 have
the Ki1.K2 configuration. The operation is completed
in one word time, and the components return to the
“wait alpha” (W,) phase at the end of the “first word”
(Fw) phase, so that a search may be made for the next
instruction.

For the instruction (Ar), the accumulator register is
cleared of its previous contents by setting the flip-flop
(A#) to all zeros during this operation. The contents of
the selected (Moy) channel and sector are passed through
the read flip-flop (Moy) to the flip-flop (Di). The out-
puts of the flip-flops (Ai) and (Di) are both read into
the adder. This causes the contents of the selected
(Moy) channpel and sector to be passed through the adder
(added to zero) into the accumulator register (A). At
the end of the word time, the computer returns to the
“wait-alpha” (W,) phase and the flip-flop (K2) is trig-
gered true. This completes the circulating loop from the
flip-flop (Ao) to the flip-flop (Ai) and the new contents
of the register are circulated.

As illustrated in FIGURE 33, the read flip-flop (Ao)
is coupled through the term (K2) to the input terminals
of the flip-flop (Ai). The output terminals of the flip-
flip (Ai) are connected to the adder which, in turn, is
connected to the input terminals Ao and Ao of the write
amplifier 616.

The selected (Moy) channel on the magnetic drum
has its contents read through the read amplifier 204 to
the read flip-flop (Moy). The output terminal Moy of
the flip-flop is coupled by the term K1.K2.02.03 to the
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input terminal d; of the flip-flop (Di). The term Ki
couples the output terminal Moy to the input terminal
@ of the flip-flop (Di). The output terminals of the
flip-flops (Ai) and (Di) are all connected to the input
terminals of the adder, as mentioned above.

The carry flip-flop (Ca) is also connected to the adder.
The term Ko.Ai. P24 couples the output terminal Di of
the flip-flop (Di) to the input terminal c, of the carry
flip-flop (Ca). Likewise, the term Ke.Ai couples the
output terminal D7 of the flip-flop (Di) to the input
terminal ¢, of the carry flip-flop (Ca). The term P24
is also introduced to the input terminal ¢,.

The term K1.Di couples the output terminal KZ of the
flip-flop (K2) to the input terminal @; of the flip-flop (Af).
The term K1.01.02.P0 is introduced to the input terminal
k5 of the flip-flop (K2). The term P0.K2 is introduced
to the input terminal X, of the flip-flop (K2).

The adder introduces the term

(AiTa+Ai.Ca)Di-+(Ai.Cat-Ai.Ca)Di
The

to the input terminal a, of the write amplifier 616.
adder also introduces the term

(Ai.TT+H7.Ca) Di+(Ai.Ca+-E1.Ta) DR

to the input terminal @, of the amplifier 616.

At the end of the wait beta (Wg) phase, the flip-flap
(K2) is triggered false by the term PO.K2. This breaks
the circulating lcop of the accumulating register from the
flip-flop (Ac). At this time the flip-flop (Af) is false,
and for the Ar instruction, the term K1.Di is true so that
the flip-flop (Ai) is set to zero during the first word (Fw}
phase of this operation.

During the wait beta (Wg) phase, the read amplifier
214 is controlled to select the desired sector of the desig-
nated {Moy) channel so that during the first word phase
(Fw), the read flip-flop (Moy) passes the selected con-
tents to the flip-flop (Di). This is accomplished by the
term K1.K2.02.08 and the term K1 are both true during
this phase of the A¢ instruction.

The flip-flop (Kc) is set false for the first word phase
(Fw) of the Ar instruction by the term K1.K2.02.P0
which is true at the end of the (Wg) phase. This permits
the carry flip-flop (Ca} to be set false during the first word
phase of this instruction, by the P24 term, and to remain
false throughout the phase because the Af term is always
false.

Therefore, the contents of the selected (Moy) sector
and channel are circulated through the adder and added
to zero and then passed to the write amplifier 616 to be
circulated in the accumulator register. At the end of the
first word phase (Fw) of this instruction, the flip-flop
(K2) is triggered true by the term K1.01.02.PC. This
restores the circulating loop and breaks the connection
of the flip-flop (Di) from the read flip-flop (Moy).

The components and connections required to execute

the Ex (extract) instruction zre shown in FIGURE 34.
As listed in the table of FIGURE 31, this instruction is
executed upon the 01.02.03 configuration of the flip-flops
of the order register. The Ex instruction is normally
used to modify other instructions by changing the address
portion of such other instruction. The operation calls
for writing a “1” in the accumulator register (A) when-
ever there is a “1” in both the (Ao) flip-flop and in the
(Moy) flip-flop; and for writing a “0” in the accumulator
register (A) for all other relative conditions of the flip-
flops. The Ex instruction, therefore, represents a mask-
ing type of operation. By this operation, data continued
in a given part of a word can be selected by a control
word which has 1’s only in the part of the control word
corresponding to the part desired of the other word. The
control word can be placed in the memory or in the
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accumulator register (A) as the two numbers are treated
identically.

As with the (A?) instruction, the (Ex) instruction is
a one word operation and it is executed during the “first
word” (Fw) phase when the control flip-flops have the
KT1.KZ configuration. The computer then returns to the
wait alpha (W,) phase (K1.K2.K3) so that a search may
be made for the next instruction.

For the Ex instruction, as was the case of the At in-
struction, the flip-flop (Ai) is set to all zeros during the
first word (Fw) phase of this operation. The contents
of the selected (Moy) channel and sector of the magnetic
memory drum are passed through the read flip-fiop (Moy)
and are introduced to the flip-flop (Ai), together with the
output of the flip-flop (Ao), and through an “and” gate.
This causes a new word, corresponding to the contents
of the register (A) and the contents of the selected (Moy)
channel and sector, after these contents have been passed
by the “and” gate, to be read into the adder and through
the adder to the accumulator register write amplifier 616.
The “and” word is added to zero in the adder, due to the
false state of the flip-flop (Ai) during the “first word”
(Fw) phase of this operation.

At the end of the word time of the “first word” (Fw)
phase of the Ex instruction, the flip-flop (K2) is triggered
true to return the computer to the “wait alpha” (W,)
phase. This breaks the feed of the (Ao) and (Moy)
flip-flops to the (Di) flip-flop and restores the normal
circulating loop of the accumulator register (A) from
the (Ao) flip-flop to the (Ai) flip-flop. The “anded”
word now circulates through the accumulator register (A).

The logic for carrying out the Ex instruction is set out
for the most part in FIGURE 34. Some of the logic re-
quired for this operation is the same as that required in
FIGURE 33 for carrying out the Ar instruction and, to
avoid repetition, some of the previous logic is not re-
peated in FIGURE 34.

As shown in FIGURE 34, the flip-flop (K2) is triggered
false by the term P0.K2 at the end of the “wait for beta”
(W3) phase of the Ex instruction. This breaks the cir-
culating loop from the Ao flip-flop to the (Ai) flip-flop
and the term K1.01 sets the flip-flop (Ai) false. The
computer now enters the “first word” (Fw) phase of the
Ex instruction. Moreover, the terms K1.K2.01.03 and
K1.03 and K1 become true which permits the flip-flop
(Ao) and the flip-flop (Moy) to feed their outputs in an
“anded” manner into the (Di) flip-flop. The logic is such
that a typical “and” gate is formed. That is, the flip-flop
(Di) is set to “one” if both the terms (Ao) and (Moy)
are 1, and it is set to O if either of these terms is 0.

The output of the (Di) flip-flop as was the case in
the execution of the Ar instruction is introduced to the
adder and added to zeros from the flip-flop (Ai) in the
adder. This output from the adder is fed to the input
terminals g, and g, of the write amplifier 616. As before,
the adder exhibits “add” logic because the flip-flop (Kc)
is false for the “first word” (Fw) phase of the Ex opera-
tion, as it was for the (Fw) phase of the At operation.
The carry flip-flop (Ca) remains false during the (Fw)
pgase because the flip-flop (AJ) is false throughout this
phase.

The components and connections required to execute
the multiplication instruction (Mu) are shown in FIG-
URES 35, 36 and 37. It should be noted that all nega-
tive numbers in the machine are stored as a two’s com-
plement, and such numbers are identified by a “1” at the
sign digit position. The (Mu) instruction, as listed in
the table of FIGURE 31, is executed upon the G1.02.03
configuration of the fiip-flops in the order register. The
multiplication operation forms the product of the num-
ber contained in the accumulator register (A) and the
number in the selector channel and sector of the (Moy)
section of the magnetic memory (as specified by the beta
address of the instruction).
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The number in the accumulator register (A) is the
multiplier, and it is transferred to the maultiplier and
quotient register (R) during the first word (Fw) phase.
The number in the selected channel and sector of the
main memory (Moy) is the multiplicand, and it is read
into the multiplicand and divisor register (D) during the
first word phase (Fw).

The multiplication operation is started in the first word
phase (Fw) and continues through the additional words
phase (Aw), and the operation is completed during the
last word phase (Lw). The number of additional words
required during the (Aw) phase is determined by the
alpha sector address of the next instruction. This allows
the operation to be terminated when the desired accuracy
has been obtained in the product merely by causing the
address of the following instruction being executed by
a number of word times corresponding to the desired ac-
curacy. This feature of termianting the operation at any
desired point is possible because the most significant digits
of the product are generated first. That is, the most sig-
nificant digit of the multiplier is used in the first step, and
in successive steps the multiplier is shifted left so that its
digits are used in decreasing order of significance.

The multiplicand is shifted to the right one bit for each
step during the execution of the Mu instruction, and a bhit
is dropped from the least significant end of the multi-
plicand for each step. There is, therefore, a truncation
operation at each step of the multiplication which re-
sults in the product always being low. This normally
does not present a serious problem if the numbers to
be multiplied are not too large, and if such numbers are
scaled so that the most significant digit of the number
(exclusive of the sign bit) occurs at Pl digit time when
the function is at its maximum magnitude.

The logic required to carry out the multiplication in-
struction (Mu) during the first word phase (Fw) of that
instruction is set out in FIGURE 35. As shown in that
figure, the input terminal g; of the flip-flop (A#) receives
the term K1.01. The input terminal d; of the flip-flop
(Di) receives the term Moy K1.K2.Kc.03. The input

terminal E of that flip-flop receives the term Moy.K1,

The carry flip-flop (Ca) receives the term O1.Kc.Ai.Di P24
at its input interminal c¢,, and it receives the term
OIL.Kc.ALDi at its input terminal ‘ca. All these flip-flops
are connected to the adder in the accumulator register
(A) which, as described above, is connected to the input
terminals @, and @, of the write amplifier 616 of that
register.

The flip-flop (Ac) of the register (A) has its output
terminal Ao connected to an “and” gate to form the term
Ao K1K2.01.02, the “and” gate being connected to the
input terminal k; of the flip-flop (K3). Likewise, the
output terminal A and the term K1.K2.01.02.00 are
connected to an “and” gate which, in turn, is connected
to the input terminal %; of the flip-flop (K3).

The output terminal A9 of the flip-flop (Ao) is con-
nected to an “and” gate with the term K1.K2.01.P0, and
the latter “and” gate is connected to the input terminal
k. of the flip-flop (Kc). These connections to the flip-
flop (Kc), and the connections to the fip-flop (X3) rep-
resent a time-shared use of these flip-flops, the flip-flop
(Kc) normally serving as a coincidence detector flip-flop
and the flip-flop (K3) normally serving as a control flip-
flop.

'II)‘he output terminal K3 of the flip-flop (K3) is con-
nected to an “and” gate, as is the term X1.03, and this
“and” gate is connected to the input terminal ro of the
write amplifier 622. The output terminal K3 of the flip-
flop (K3) is “anded” with the term K1 and introduced
to the input terminal Ko of the write amplifier 622, The
terms Moy and M6y from the flip-flop (Moy) are anded
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with the term K1 and introduced to the input terminal

d, and 71: of the write amplifier 620.

During the first word of the multiplication (Mwu) in-
struction, the sign digit of the multiplier in the accumu-
lator register (A) is copied into the flip-flop (Kc) at PO
digit time of the wait beta (Wg) phase just prior to the
first word (Fw) phase. It should be pointed out that
the sign of the operand numbers in the register occurs at
PQ digit time. The flip-flop (Kc) is always true during
the wait beta (Wg) phase, and it remains true during the
first word (Fw) phase unless it is triggered false by the
term K1K2.01.P0.A5. This latter term is true if the
multiplier is positive,

The multiplicand is subtracted from the “0” in the
adder if the multiplier is negative, as represented by the
flip-flop (K¢) in its true state. When that condition
arises, the multiplicand is fed from the flip-flop (Moy)
to the flip-flop (Di) because of the truth of the term
K1K2Kc.03 and of the term KI. The fip-flop (AQ)
is set to “0” by the term K1.01. The carry flip-flop (Co)
is now operative because the term AiKc is true, and it
causes the number from the flip-flop (Di) to be subtracted
in the adder from “0” because the carry flip-flop (Ca) is
held true by the term AJ term throughout the word time.
Therefore, if the multiplier is negative, the complement
of the multiplicand is read into the accumulator register
(A) during the first word (Fw) phase of the multiplica-
tion (M) operation,

The multiplicand is also read from the flip-flop (Moy)
into the write amplifier 620 of the register (D) during
the first word (Fw) phase because the term K1 is true.
Since the channel (D) is one bit short of a one word
length, the multiplicand is shifted one bit to the right
for the first 24 bits, and the last digit of the multiplicand
is extended one bit to form a new sign digit,

The multiplier is copied into the register (R) during
the first word phase (Fw) from the accumulator register
(A). Since the register (R) is also one bit short of 25
bits, the output from the accumulator register (A) is
copied through th flip-flop (Ao) into the flip-flop (K3)
before being introduced to the write amplifier 622 of the
register “R” through the true terms K103 and 7. The
multiplier is read from the flip-flop (Ao) to the flip-flip
(K3) during the first word (Fw) phase of the (M)
Instruction because the terms KI1.K2.01.02.00 and
KI1.K2.01.02 are true.

Therefore, at the end of the first word (Fw) phase,
a partial product is placed in the accumulator register
(A). This partial product is “0” if the multiplier is posi-
tive, and it is zero—the multiplicand if the multiplier is
negative. Also, at the end of the (Fw) phase, the mul-
tiplier is in an on-time position in the register (R), and
the multiplicand is shifted one position to the right in
the register (D). The extreme right hand digit of the
multiplicand has now been lost,

The computer now enters the additional words (Aw)
phase of the (Mu) instruction. For each word time
in this phase, the shifted multiplicand in the (D) regis-
ter is fed to the flip-flop (Di) to be added to the partial
product in the accumulator register (A) if the multiplier
digit is “I” for that word time. However, if the mul-
tiplier digit is “0” for that word time, the contents of
the (A) repister are merely circulated through the adder.
The multiplier digits are successively stored in the flip-
flop (Kc), the flip-flop being triggered false if the multi-
plier digit is a “1” and being triggered true if the multi-
plier digit is a “0.” The sign digit extension of the mul-
tiplicand occurs at PO digit time, and that digit is not
copied into the flip-flop (Di).

The multiplication instruction (Mu) in its additional
words (Aw) phase requires for its execution the logic
configuration illustrated in FIGURE 36. As illustrated
in that figure, the term K1.02 couples the output ter-
minals of the flip-flop (Ao) to the input terminals of the
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flip-flop (Aé). The term XK1.02 is true for the (Aw)
phase of the (Mu«) instruction, and the partial products
in the accumulator register therefore circulate through
the adder during this phase.
The Bo and Do output terms of the flip-flop (Do)
in the register (D) are coupled to the input terminals

d; and 21’_1 and of the (Di) flip-flop by the terms
K1.K2.03.Ke.P0

and K1.03.P0, respectively. The first term is true only

when the flip-flop (Kc) is false, indicating a multiplier

digit of “1.” When the flip-flop (Kc) is true indicating

a multiplier digit of “0,” a term K1.03.Kc introduced

to the input terminal d; holds the flip-flop (Di) false for
that word time.

A first pair of terms Kc.A/Di.P24 and Kc.A7.D7 are

introduced respectively to the input terminals ¢, and ¢,
of the carry flip-flop (Ca). These are normal add terms,

so that when the flip-flop (Kc¢) is false, the contents of -

the (D) register flowing through the flip-flop (Do) are
passed on to the flip-flop (D) and added to the contents
of the (A) register past through the flip-flop (Ai). This
occurs when a wnity multiplier digit is in the flip-flop
(Ke).

A second pair of terms OLKcAiLDiP24 and
01.Kc.Ai DI, which are also introduced to the input ter-

minals ¢, and &, respectively of the flip-flop (Ca), are
normal subiract terms. Because the flip-flop (K¢) holds
the flip-flop (Di) false when the flip-flop (Kc) is true,
these terms cause “0” {o be subtracted from the contents
of the (A) register when a “0”’ multiplier digit is in the
flip-flop (Kc). In other words, the partial product in

the (A) register merely circulates through the adder :

when a “0” multiplier digit is in the flip-flop (Kc).

It will be noted that the P0 terms in the input of the
flip-flops (Di) and (Ca) suppress the sign digit of the
multiplicand and do not permit that digit to pass through
the adder.

Because the register (D) is a 24 bit register, the multi-
plicand is shified to the right each time it circulates
through that register, This causes, as noted above, the
least significant digit of the multiplicand to be lost for
each such circulation. The flip-flop (Do) has its output
terminals Do and Do respectively coupled to the input
terminals 4, an d, of the write amplifier 620 through
the terms K1 E2 T3 P0. This term is true during the
additional words (Aw) phase of the (Muw) instruction.
Therefore, so long as the (Aw) phase exists, the multi-
plicand is circulated through the register (D), and it
is shifted to the right by one digit for each such circu-
lation.

To process the sign digit of the multiplicand, the mul-
tiplicand is normally copied for right shift from the
flip-flop (De) into the write amplifier 620, except at
PO digit time. The contents of the flip-flop (Do) are
also shifted through the flip-fllop (52) and through the
term K1.K2.K3.01 which is true for the additional
words (Aw) phase of the (Mu) instruction. Then, at
PO digit time, the term KI1.JK2.P0 becomes true so that
the contents of the S2 flip-flop are introduced to the
write amplifier at that time. The sign of the multiplier
is therefore stored in the flip-flop 82 for each circulation
of the multiplicand through the register (D), and the
sign is then introduced to the register (D) at PO digit time
by that flip-flop.

The flip-flops S3 and S4 are used in the circulating
loop of the register (R) to provide the desired left shift
for ihe multiplier. The output terminals of the flip-flop
(Ro) are coupled through a term K1.EK2.K3.03 to the
input terminals s, and s, of the flip-flop (S4), this term
being true for the (Aw) phase of the (Mu) instruction.
The term K1.K2.03.P0 introduced to the right input
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terminal s of the flip-flip (S4) sets the sign digit of the
multiplier to “0” during the first word phase of the (Mu)
instructiont.

The term K1.K2.K3.01 couples the output terminals
of the flip-flop (S4) to the input terminals of the flip-
flip (83). This latter term is also true for the additional
words (Aw) phase of the multiplication (Mu) instruc-
tion, so that the contents of the flip-flop S4 may be copied
into the flip-flop (83). The terms K1.K2.P24 and
K1.K2.03.P24 respectively couple the S3 and 83 of the
output terminals of the flip-flop (S3) to the inmput termi-
nals r, and 7, of the write amplifier 622. These terms
permit the contents of the fiip-flop (S3) to be copied into
the write amplifier 622 during the (Aw) phase of the
(Mu) instruction, and the latter terms sets each used
multiplier digit to “0.”

The flip-flop (83) has its S3 output terminal cou-
pled through a term KI1.K2.03.P0 to the k., input
terminal of the flip-flop (Kc¢). Likewise, the flip-flop
(83) has its output terminal S; coupled to the 'I:: input
terminal of the flip-flop (Ke¢) through a term
K1EK23.02.P0. These terms cause the multiplier digits
passing through the flip-flop (S3) at P1 digit time dur-
ing the (Aw) phase of the (Mu) instruction to be stored
in the flip-flop (KC) for one word time.

A uvnity multiplier digit now triggers the flip-flop (Kc)
false, which is desired for the reasons described above,
and a “0” multiplicr digit causes the flip-flop (Kc) to
be true, which also is desired for the reasons described
above. As also previously mentioned the multiplier
digits pass through the flip-flop (Xc¢) mode with the most
significant digit first. ‘This, as explained, enables the
partial products in the accumulator register (A) to ac-
tually represent the final answer at all times and with
increased accuracy for each additional word in the (Aw)
phase.

As also mentioned above, the computer remains in
the additional words (Aw) phase for a number of word
times as determined by the alpha sector address of the
next instructicn.  When equality is achieved by the alpha
sector address and the So# sector number, as compared
in the (85) flip-flop, the (Mu) operation of the com-
puter enters its last word (Lw) phase(K1.K2.K3) of
FIGURE 37.

When the computer enters the last word (Lw) phase
of the (Mu) coperation, it performs one more multiplica-
tion operation and then returns to the instruction read-in
(Ir) phase.

During the additional words phase of the (Mu) in-
struction, the flip-flop (S5) in FIGURE 38 is set true
during each word time just before the alpha sector num-
ber in the instruction, this being accomplished by the
term K1.K2.K3.T5.T4 introduced to its s; input termi-
nal. The flip-flop (S5) is then set false by the alpha
sector poertion of the instruction by the term

K1.K3.K3(lo.Sot+T6.50t)T5.74

introduced to its input terminal 3; unless the alpha sec-
tor number in the instruction is the same as the S, sec-
tor number on the drum. When the latter condition oc-
curs, the flip-flop (85) remains true, and the flip-flop
(K3) is triggered false at the end of the following word
time by the term K1.K2.P0 introduced to its input termi-
nal k; (see FIGURE 38). This triggering of the flip-flop
{K3) to a false state causes the computer to enter the
“last word” phase (K1.EK2.X3) of the (Mx) instruction.
Then, one word time later, the flip-flop (K2) is triggered
true by the term K3.K1.P0 introduced to its input termi-
nal ky. This latter triggering causes the computer to re-
turn to its instruction “read-in” (Ir) phase (K1.K2.K3).

Just before the last word phase of the computer, and
as shown in FIGURE 37, the flip-flop (Kc) is set true or
false by the terms S3.K1.K2.03.P0 and K1.K2.02.P0.53
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introduced to its input terminals and in accordance with
the state of the flip-flop (S83). As before, the flip-flop
(Ke) is set true if the multiplier digit is a “0” and it is set
false if the multiplier digit is a “1.”

As in the previous instance, the partial product in the
register (A) shifts through the adder during the “last
word” (Lw) phase and is added to the shifted multiphi-
cand in the register (D) if the multiplier in the flip-flop
{Ke) is a “1.” However, if the multiplier in the flip-fiop
(Ke)y is a “0,” the partinl product is merely passed
through the adder. The muliiplicand is able to pass
though the register (D) for the last word (Lw) phase of
the (Mu) instruction because the term K1.X2.03.P0 at
the input terminals of the write amplifier 629 are still true
for the (Lw) phase. Also, the flip-flop (82) is able to
insent the sign digit into the PO position of the multipli-
cand during the last word phase because the term
K1.KZ.P0 is still true for that phase,

Then, at the end of the Jast word (Lw) phase, the
product is in the register (A) with the proper sign and
desired accuracy. Then, and as described above in con-
junction with FIGURE 328, the computer is returned to
the instruction read-in (Ir) phase and the next instruc-
tion is read into the register (I). 'This next instruction
is selected by the coincidence detection by the flip-flop
(S2) of the alpha sector number of the present instruc-
tion and the corresponding (Sot) number.

The logic required to execute the select (T.) instruc-
tion is set out in FIGURE 39. This instruction is identi-
fied by the G1.02.03 conficuration of the order flip-flops.
The (T,) instruction specifies that the next instruction is
to be selected from the (Moy) memory location indi-
cated by the beta address section of the (T.) instruc-
tion if the contents of the accumulator regisier (A) are
equal to or greater than “0.” The (T¢) instruction
further specifies that the next instruction is to be selected
from the {Moy) memory lecation indicated by the alpha
address scction of the (T.) instruction with the contents
of the accumulator register (A) are less than 1.

When the contents of the accumulator register (A) are
greater than “0” or egual to “0,” the sign digit is “0.”
Thiz “0” sign digit sets the flip-flop (Ai) false at P24
digit time. Conversely, if the contents of the accumula-
tor register (A) are less than “0,” the sign digit is a “1.”
This uniiy sign digits sets the fiip-flop (A#) true at P24
digit time.

As illustrated in FIGURE 39, the selection matrix 16
is controlled by the flip-flops S1, 82, $3, S4 and S5 in the
track selector register 704, These flip-flops, in turn, are
controlled by the logic follower (Fs). The term

{3 TLKI K2 K1K2[TAE3-T4(T3-+-T1.T2) 1315

is introduced to the lTogic follower (F,) and it causes the
flip-flops of the track selector register 780 to be activated
for track selection purposes during the alpha track and
beta track address sections of the instruction. These
sections, as iHustrated in FIGURE 30, extend from P8-P3
and from P18-P14 in the instructions. The output from
the instruction register flip-flop (To) is introduced to the
flip-flop (85), and that output is shifted through the flip-
flops 84, 83, §2 and S1 under the control of the follower
{Fs). The control is such that the beta address track
number is in the track selector register 708 during the
wailt beta (Wpg) phase of the computer, and the alpha
address is in the register during the wait alpha (W,) phase
of the computer.

The selection matrix 16 is controlled in the manner de-
scribed above, so that the channel selected by the register
76¢ may have its contents read into the fiip-flop (Moy).
The term X1.K3 couples the output of the flip-fiop (Moy)
to the input terminals i, and 7, of the write amplifier 618
of the instruction register. The term Jo(KT+K3) is in-
troduced to the input ierminal i, of the write amplifier
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618, and the term To(K1-+4K3) is introduced to the input

terminal I, of the write amplifier §18.

During the execution of the select instruction (Tc¢) a
term K2.01.02.03.P0 couples the output terminal Kc of
the coincidence detector flip-flcp (Ke) to the input ter-
minal &y of the control flip-flop (K1). Likewise, a term
K1.K2.P0 couples the output terminal Ke to the input
terminal k3 of the control flip-flop (K3). A term
P0.K2.K3 is introduced to the input terminal %; of the
flip-flop K1, a term K1.K2.P0 is introduced to the input
terminal k3 of the flip-flop (K3). Finally, a term

K1 K3(P13—P9)+POTLK2

is introduced to the input terminal k. of the coincidence
detector flip-flop (Kc), and a term

F1.K2(10.80i+T0.50t) (P24—P19-+ P8 —~P3)

is introduced to the input terminal ITc'of the flip-flop (Kc).

The select instruction (Tc) is executed during the first
word phase of (Fw) of the computer. During the wait
alpha (W,) phase of the previous instruction, the flip-
flops K1, K2 and K3 are set to the K1.K2, K3 configura-
tion and the alpha track address of the (Tc) instruction
is shifted into the track selector flip-flops §1-S5, as de-
scribed above. Upon coincidence of the alpha sector
address in the coincidence detector flip-flop (Ke), the
computer enters the instroction read-in phase (Ir) in
which the control flip-flops have the configuration
K1.K2.X3, and the (T,) instruction is read into the in-
struction register (I). The instruction is read from the
flip-flop (Moy) through the K1, K3 term (which are now
true) to the write amplifier 618 of the instruction reg-
ister (I).

The computer then enters the wait beta (Wg) phase
(K1.K2.K3) because the term P0.K2.K3 triggers the
flip-flop (K1) false at the end of the (Ir) phase, the term
(K1.K2.P0) triggers the flip-flop (K3) true at the end of
that phase. If the number in the accumulator register
(A) is less than zero, the term AjP24 is true and the
flip-flop (K3) is immediately triggered false by the term
K1.01.02.03.Ai.P24 to return the computer to the wait
alpha (W,) phase. This enables the next instruction to
be selected from the {(Moy) channel and from the sector
in that channel addressed by the alpha address section
of the instruction, as is desired under these conditions.

However, if the term Ai.P24 is false, a number greater
than or equal to zero is indicated as being in the ac-
cumulator register (A). This flip-flop (K3) now remains
true, and the computer is able to enter the wait beta (Wz)
phase.

The beta track address section of the (T,) instruction
is now read into the track selector register 700. Then,
upon sector coincidence, the term Ke.K2.01.02.03.P0 is
true at the PO time to trigger the flip-flop (K1) true. The
term Ke.K1.K2.P0 is true at the time time to trigger the
flip-flop (K3) false. This causes the computer to enter
the instruction read-in (Ir) phase, so that the instruction
addressed by the beta section of the (T,) instruction is
read into the instruction register (I) which is desired un-
der the latter conditions.

The logic required to perform the (Ad) instruction is
set out in FIGURE 40. As noted above, this instruction
requires that the contents of the designated memory loca-
tion (Moy) be added to the contents of the accumulator
register (A), with the sum being left in the accumulator
register (A). The order flip-flop configuration for this
instruction is 01.02.03. The instruction is carried out
in the first word phase (Fg) in which the control flip-flops
have the configuration K1.K2. The contents of the ac-
cumulator register may be a number inserted into the ac-
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cumulator register by the clear and transfer command
(Az), or the number may be the sum of a previous exe-
cution of the (Ad) command.

The fip-flop (Kc) is used in this command to control
the carry flip-flop (Ca). When the flip-flop (Kc) is set
false, the carry flip-flop (Ca) is set to a normal “add”
configuration. The flip-flop (Kc) is set false for the
(Ad) instruction by a term K1.K2.02.P0 which is intro-

duced to the input terminal %, of the fiip-fiop (Kc). This
term sets the flip-flop (Kc) false at the end of the wait
beta (Wg) phase, and it remains false during the first
word (Fw) phase while the addition is being performed.
The term A7.D7 couples the terms K¢ to the input termi-
nal ¢, of the carry flip-flop (Ca). In like manner, the
term Ai.Di.T24 couples the term K¢ to the input terminal
¢ of the carry flip-flop (Ce). The term Py, is also iniro-
duced to the input terminal ¢, of the carry flip-flop (Ca).

The numbers to be added flow through the adder from
P,y digit time to Py digit time of the following word time.

The term Py, introduced to the input terminal ¢,, and the
term P,, included in the general term introduced to the
input terminal ¢, of the carry flip-flop (Ca) cause that
flip-flop to be set false at the beginning of each new addi-
tion. This is desired, and the carry flip-flop (Ca) re-
mains low until it receives a “1” from both the numbers
passing through the (Ai) and (Di) flip-flops.

At the first word phase (Fw) of the Ad instruction the
selected (Moy) channel and sector of the magnetic drum
flows through the flip-flop (Moy). A first term K1
couples that flip-flop to the input terminal &y of the flip-
flop (Di), and a term EK1.K2.03.02 couples the output
terminal Moy to the input terminal d; of the flip-flop (Di}.
These terms are true during the first word phase, so that
the contents of the selected (Moy) channel are read dur-
ing that phase through the flip-flop (i) into the adder.

A term K2 couples the output terminals of the flip-flop
(Ao) to the input terminals of the flip-flop (A/) during
the wait beta (Wg). This permits the number in the
accumulator register (A) to circulate through the regis-
ter. Then, during the first word (Fw) phase, a term
K1.01 coupling the flip-flop (Ao) to the input terminals
of the fiip-fiop (Ai) becomes true. This permits the
contents of the accumulator register to circulate through
the adder at the same time as the contents of the selected
channel and sector from the magnetic drum. Also, the
carry flip-flop (Ca) is set to a normal add condition, so
that a binary addition is carried out between the contents
of the accumulator register and the contents of the se-
lected channel and sector of the magnetic drum. The sum
is then read into the accumulator register. At the end of
the first word phase, the term K2 becomes true, and the
new number is circulated through the (A) register.

It will be appreciated that the addition begins in the
adder at P23 digit time with the least significant digits
and proceeds to the most significant digits of the two
numbers at PO digit time. Then, the adder acts on the
sign digits of two numbers at P24 digit time of the fol-
lowing word time, after which the carry flip-flop is set
low by the P24 term to be ready for the next addition or
other instruction. The new number circulating in the
(A) register then, as mentioned above, represents the sum
of the original two numbers, and the sign digit of the
new number correctly represents the sign of the new
number.

The logic required to execute the subtract instruction
(Su) is set out in FIGURE 41. This instruction requires
that the contents of the accumulator register (A) be sub-
tracted from the contents of the designated memory loca-
tion (Moy) with the difference being left in the accumu-
lator register (A). This is opposite from the subtraction
operations of most prior art computers in which it is
normal, under a subiract instruction, to subtract the con-
tents of the designated memory location from the con-
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tents of the accumulator register. The present Su instruc-
tion results in a simplification of logic.

The subtract instruction S is represented by the order
register configuration 01.02.03. When the computer
enters the first word (Fw) phase of this instruction, the
term ¥X1.01 couples the flip-flop (Ao) to the input termi-
nals of the flip-lop (Ai). At the same time, the terms
K1.K2.Kc.03 and K1 couples the output of the flip-flop
(Moy) to the input of the flip-flop (Di). These con-
nections cause the contents of the flip-flop (Ao) and
(Moy) ta be read simultancously into the adder. The
carry flip-flop is set to the subtract configuration by the
term K1.KZ.01.A:LDi.P24. Ke introduced to its left input
terminal and the term K1.K2.01.ALDiKc introduced to
its input terminal ¢,. The carry flip-flop (Ca) is set to
the subtraction configuration by the flip-flop (Kc¢) in iis
true state. This flip-flop is friggered true by the term
P0.K1.K2 at the end of the wait beta (Wy) phase, and the
flip-flop remains true during the first word (Fw) phase
during the subtract instruction. Therefore, the contents
of the selected memory location (Moy) are subtracted
from the contents of the accumulator (A) register daring
the first word phase of the subtract instruction.

The logic required to perform the (Dv) divide instruc-
tion is iilustrated in FIGURES 42, 43 and 44. For this
instruction the dividend is first placed in the accumulator
register (A) and circulates in ihat register at the begin-
ning of the operation. During the additional words (Aw)
phase, the accumulator register contains the remainder
at the end of each step. The divisor is stored in the regis-
ter (D), and the quotient is formed in the register (R).
During the last word (Lw) phase, the guotient is trans-
ferred from the register (R) to the accumulator regis-
ter {(A).

The divide instruction (Dv) is represented by the
order flip-flop configuration G1.02.03. FIGURE 42 illus-
trates the logic required during the first werd (Fw)
phase of the (Dv) instruction. The first word (Fw)
phase, as mentioned above, it represented by the con-
figuration K1.K2 of the control flip-flops. For a division,
the control flip-flop K3 is set false during the first word
{Fw) phase.

As illustrated in FIGURE 42, the term K1.01 couples
the output terminals of the flip-flop (Ao) to the input
terminals of the flip-flop (A7). The term K2 is intro-
duced to the input terminal ¢ of the flip-flop (Di).

The term 01.02.03.7ZLPCRITES couples the output
terminal Moy of the flip-flop (Moy) to the input terminal
Ca of the carry flip-flop (Ca). The digit timing pulscs
P24 are applied to the input terminal G, of the carry
flip-flop (Ca).

The output terminals of the flip-flop (Moy) are cou-
pled to the input terminal d, and @, of the write ampli-
fier 628 of the (D) register channel by the term K1,

The term P0O.K1.K?2 is introduced to the input terminal
ko of the flip-flop (Kc) to set that ffip-flop high for the
(Wg) phase of the computer. The output terminal K,
of the flip-fiop (Xc) is coupled by the term K1.K2.P0
to the input terminal %3 of the flip-flop (K3). The out-
put terminal K; is coupled by the term K1.K2 to the in-
put terminal r, of the write amplifier 622 of the (R)
register channel.

As shown in FIGURE 42, the dividend is circulated
through the accnmulator register (A) and through the
adder during the (Fw) phase of the (Dv) instruction
be cause of the term K1.01 (which couples the flip-flop
Ao to the flip-flop (Af) is true. The flip-lop (D) is
set false by the term K2 during the (Wg) phase of the in-
struction (Dv), and that flip-flop stays false during the
(Fw) phase.

The divisor is read from the selected (Moy) channel
and sector of the magnetic memory drum during the
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(Fw) phase into the register (D). This information
passes through the flip-flop (Moy) and through the term
KI to the write amplifier 628 of the register channel
(D). Also during the first word (Fw) phase, the regis-
ter (R) is cleared to zero by the term K1.K2.K3 intro-
duced to the input terminal r, of the write amplifier 620.
The flip-flop (K3) is triggered false to provide the K3
term at the end of the wait beta (Wg) phase by the term
K . KI1K2P0. The flipflop (Ke¢) is true at the end
of the (Wg) phase because it is triggered true by the
term PO.K1.K2 at the beginning of that phase, and it re-
mains true when the beta sector address is reached to
terminate the (Wg) phase.

Also during the first word (Fw) phase, the term
Moy.01.02.03.P24. PO.E1.K2 causes the carry flip-flop
(Ca) to be triggered true if the sign of the divisor is
negative, this term being introduced to the input terminal
¢, of the carry flip-flop. The first quotient digit is the
sign of the answer, and this is determined by the sign
of the divisor and dividend. If both are negative or posi-
tive, the sign of the answer is positive. However, if the
signs of the divisor and dividend are different, the sign
of the answer is negative,

The term Moy.01.02.03. P21 PO.K1.K2 introduced to
the carry flip-flop cause a "“1” to be added to the sign
digit of the dividend if the divisor is negative. Then, if
the dividend is originally negative, the resulting sign digit
is “0” to represent a positive answer, which is desired.
By the same token, if the divisor is positive, a “0” is
added 1o the dividend sign digit. This latter condition
provides a sign digit of “0” in the answer if the dividend
is positive, which also is desired. For the other two
relative sign conditions of the dividend and divisor, the
sign digit in the answer is a “1” to represent a negative
number, which is also desired.

During the first word (Fiw) phase, the register (R) is
cleared to “0.” This is achieved by the term K23.K1.K2
introduced to the input terminal r, of the write ampli-
fier 622. The term K1.KZ is true during the first word
(Fw) phase. Also, the flip-flop (K3) is triggered false
during this phase of the (Dv) instruction to make the
term K3 true. The flipflop (K3} is triggered false by
the term K, K1.K2.PO at the end of the (Wg) phase.
The ternt K1.K2 is true during the (Wg) phase, and the
flip-flop (Kc¢) is set high for that phase to make the
term Ke true. The flip-flop (Kc) is set high by the term
K1.KZ.PO introduced to its input terminal k.

The (Dv) instruction now enters the first word time
of the additional words (Aw) phase, In the (Aw)
phase  the control flip-flops are set to the K1.KZ.K3
configuration.

The flip-flop (S1) is inserted in the circulating loop
of the (A) register during the (Aw) phase. The term
K1.KZ.K3.02 couples the output terminals of the flip-
flop (Ae) to the input terminals of the flip-flop (S1).
Likewise, the same term K1.K2.XK3.02 couples the out-
put terminals of the terms (S{) to the input terminals
of the fiip-flop (Ai). The term K1.K2XK3.02.P24 is
also introduced to the input terminal q; of the flip-flop
(A7), and this term sets the least significant digit of the
number passing through that flip-flop to zero during a
left shift of the number.

The flip-flop (S2) is inserted in the circulating loop of
the register channel (D). The term K1.XK2.K3.02
couples the flip-flop (Do) to the flip-flop (S2), Like-
wise, the term K1.K2.03 couples the flip-flop (52) to
the input terminals d,,,Z of the write amplifier 620. A

pair of terms K, ArDiK1. VP24 and K,AiDiFZ4 are
introduced to the input terminal ¢, of the carry flip-flop
(Ca). The terms XKeATDi and Kc.AiDLK1 are in-

troduced to the input terminal ¢, of, the carry flip-flop.
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The output terminals of the carry flip-flop (Ca) are
coupled by a term P24.K1.K2.02 to the input terminal
k. of the flip-flop (Kc¢), the term Af being anded with the
Ca term and the term A7 being anded with the Ca term.
The output terminals of the carry flip-flop are coupled to
the input terminal %, of the flip-flop (Kc) by the term
K1.KZ.03.P24, the term A7 being anded with the Ca
term and the term Ai being anded with the Ca term.
The flip-flops S3 and S4 are used in conjunction with the
register (R). The term E2.03.83 couples the output
termiical Sy of the flip-flop (84) to the input terminal

}: of the write amplifier 622. The term K1.K2.K3.02.Ro
is introduced to the input terminal s, of the flip-flop

(584), and the term K1.K3.X3.02.P24.Ro is introduced
to the input terminal s, of that flip-flop.
The output terminal Ro of the flip-fiop (Ro) is coupled

by the term K1.03.53 to the input term r, of the write
amplifier 622. The term K1.X2.03.5% couples the output
terminal Ro of the flip-flop (Ro) to the input terminal
r, of the write amplifier 622.

The term K1.K2.K3.02 couples the output terminal
Tth to the input terminal ¥; of the flip-flop (83). A
term K1.K2.K3.02Kec.S4 is also introduced to that in-
put terminal. A pair of terms K1.K2.K3.02K, and
K1.KZ.K3.02.84 couples the output terminal R, to the
jnput terminal s; of the flip-flop (S3). A term
KI.2.02.P0 is also introduced to the input terminal s,
of that flip-flop. A term K1.K2.03 couples the output
terminal Sy of the flip-flop (S3) to the input terminal 7,
of the write amplifier 622.

At the end of the first word (Fw) phase, the flip-flop
(83) is set high by the term K,.K,.05.P, introduced to
its input terminal (s3). The flip-flop (S3) then inserts
a “1” into the write amplificr 622 at P24 digit time of
the first word time of the (Aw) phase by virtue of the
term K1.K2.03 which couples the output terminal S; to
the input terminal r, of the write amplifier. Because the
register (R) is ong bit short, the inserted index digit is
read at PO digit time of the first word time of the (Aw)
phase by the flip-flop (Ro).

Also at the beginning of the first word time of the
(Aw) phase, the term KI1.K2ZXK3.02.P24Ro sets the
flip-flop (S4) false, the term Ro being true because of the
cleared condition of the register (R). This causes the
term K1.K2.03.04 to be true so that the write amplifier
622 copies the flip-flop (Re). This causes 0’s to be
copied into the register (R) until PO digit time of the
first word time. Then, the index digit triggers the flip-
flop (S4) true, this being achieved by virtue of the term
K1.K2.K3.02.Ro introduced to the input terminal s, of
that flip-flop. Therefore, at the end of PO digit time of
the first word time of the (Aw) phase, the flip-flop (54) 15
set true.

During the first word time of the (Aw) phase of the
(Dv} instruction, the dividend circulates through the
register (A) and through the flip-flop (S1), so that the
dividend is shifted to the left before it is introduced to
the flip-fllop (Ai). This is because the term K1.K2.K3.02
is true. The divisor from the register (D) is introduced
to the flip-flop (D7) because the term K1.EK2.K3.02 is
true. The divisor is added to the left-shifted dividend
if the flip-flop (Kc) is false, and it is subtracted from the
left-shifted dividend if the flip-flop (Kc) is true. This is
because the carry flip-flop (Ca) is set to the add configura-
tion by the terms Kc.AiDi P24 introduced to its input
terminal c,, and the term Kc. 80D/ introduced to its in-
put terminal ¢,; and because the carry flip-flop (Ca) is
set to the subtract configuration by the terms
KcAiDiK1.P24 and Kc.AiDiKl introduced respec-
tively to its input terminals ¢, and ¢,.
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The fip-flop (Kc) is controlled at each Py, digit time
by the terms

ko= (Ca.di+Ta.Ai) P24
Ec:(Ca.lW.—&—'C‘E.Zﬁ)PZ-A&

For the first word time of the (Aw) phase the flip-
flop (¥c) is set true if the sign digits of the divisor and
dividend are both negative or both positive, and the flip-
flop (Ic) is set false if the divisor and dividend are dif-
ferent, If the flip-flep (Kc) is set false, the ferm
203,00 Ec 54 will set the flip-fiop (83) false.
Therefore, at the beginning of the first word time of the
(Aw) phase, a “0” will be inserted in the sign digit posi-
tion of the quotient indicative of a positive answer. This
iy will later be corrected in the last word phase, because
under the conditions described in the preceding paragraph
the answer is negative.

Conversely, if the flip-flop (¥c) is set true, the term
11 R2.K3.02.Ke PO will set the flip-flop (83) true, at PO
tme of the first word time of the (Aw) phasz. This
canses a “17 to be inserted in the register (R) at the digit
time following the index digit. This “1” is in the sign
digit position of the answer and indicative of a negative
quotisnt. However, under the conditions described
above, the quotient should be positive, and this sign digit
is later corrected during the last word phase.

During the first word time of (Aw) phase, the divisor
is added or subtracted from the left-shifted dividend,
depending on the state of the flip-flop (K¢) to provide the
£rst remainder in the register (A). The computer now
enters the second word time of the (Aw) phase. The
flig-ilop (34) is set false by the term K1.K2.K3.02.P24.Ro
introduced to its input terminal 34 and the contents of
the flip-flop (Ro) are copied into the write amplifier
622 direcily by the term K1.K2.03.54. This causes a
right shift in the register (R) because the circulating
loop causes the regisier to have 24-bit positions only.

The flip-flop (S4) remains false until the index digit
again sets it true, this beng caused by the term

K1.E2.K3.02.Ro

introduced tec the input terminal s, of the fiip-flop. Then,
the write amplifier 622 copies the contents of the fiip-
flop (S3) by means of the terms $3.K1.82.03 and
T3.152.03.84. The flip-flop (S3) copies the contents of
the flip-flop {Ro) so long as the flip-flop (S4) is true, this
being achieved through the terms K1.IK2.K3.0284.Ro
and X1 E2.K3.02T0. Also, the flip-flop (83) is set true
by the term K1.1K2.53.02.%c.Ro when the flip-flop (Kc)
is true and the flip-flop (Ro) is true.

The terms described above mean that for the first word
tiime of the (Aw) phase, the index digit is inserted in the
register (R) at P1 digit time and the sign digit is inserted
(with an errongous designation) at PO digit time, the
remaining digits in the register (R) are “0's” at that time.
Then, during the second word time of the (Aw) phase,
the index digit is incerted in the register (R) at P2 digit
time. Then, following the index digit a “17 is inseried
into the register (R) at P1 digit time if the flip-flep (Ke)
is true and if the sign digit was a “17; and the sign digit
is again inserted in the register (R) at PO digit time.

1n like manner, during the third word time of the (Aw)
phase, the divisor is added to or subtracted from the left-
shified remainder depending upon the state of the flip-
flop (¥c) and the result of that operation sets the flip-flep
(¥c¢) for the next word time of the (Aw) phase. The
next index digit is inserted in the register (R) at P3 digit
time. Then, a “17 is iaseried into the register (R) at
Py digit time if the flip-flop (Ke) is true and if the pre-
vious P1 digit was a “1,” the previous P1 digit is copied
into the P1 digit position in the register (R) and the pre-
vious P1 sign digit is copied into the PO position in the
register (R}. A similar operation continues from word
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time to word time in the (Aw) phase of the (Dv) instruc-
tion. It is noted, that the quotient appears with a fixed
position in the register (R) from word time to word time.
"The most significant digits of the guotient are formed
first, and in the proper unshifted position in the register
(J). This, like in the multiplication process permits the
operation to be terminated after any desired number of
word times in the (Aw) phase so that a properly formed
answer may be derived at any desired time. Of course,
as the word times proceed in the (Aw) phase, the answer
is formed with greater and greater accuracy.

Brieily, therefore, during the frst word phase (Fw) of
the (Dv) instruction, the register (R) is cleared to “0.”
Then, during the first word time of the additional word
(Aw) phase, the register writes a “17 at P24 digit time
and then copies “0’s” through P1 digit time. At PO digit
time it writes a “1” again. This “1”7 acts as an index
digit to tell when to write the digits into the regisier (R).

The two track selector flip-flops (S3) and (S4) are used
to recirculate the previous quotient digits and to control
the insertion of the new guoiient digits. The flip-flop
(§3) is used to delay the quotient digits by one bit to make
the register (R) look like a 25-bit register for those digits.
The above operations keeps the quotient from shifting, as
noted, so that each digit remains in the position where it
was inserted. By doing this, as also noted above, it is
possible to terminate the operation at any time and have
the quotient in the proper position for storage in the
memory. The “0’s” preceding the index digit and the
index digit itseif are recirculated without delay from the
flip-flop (Ro) so that the index digit shifts one bit to the
right for each word. This shifting index digit then indi-
cates where the next quotient digit is to be inserted.

The flip-flop (54) isused as a control to sense the index
digit and to control when the contents of the flip-flop (Ro)
are to be directly recorded in the register (R), or when the
contents of the flip-flop (Ro) are to be delayed through
the flip-flop (83) before being recorded in the register
{R). The flip-flop (S4) is set false at P24 digit time, and
it is set true by the index digit in the manner described
above. The index digit causes the next quotient digit
to be copied from the flip-flep (Kc) into the flip-flop (S3)
so that it may be recorded into the register (R). After
the flip-flop (54) is triggered true by the index digit, the
flip-flop (S3) copies the contents of the flip-flop (Ro) to
recirculate the previous quotient digit with a one-bit delay
in the register (R). This process continues from the
cacond word time of the (Aw) phase through the re-
mainder of the word time of that phase. At the end
of the (Aw) phase, the control flip-fiop (K3) is triggered
false, and the computer cuters the last word phase (Lw).
DGuring this (Lw) phase, the guotient is transferred to
the register (A) along with a final correction term, with
proper rounding of the quotient, and by means illustrated
in FIGURE 44.

In the logic circnitry of FIGURE 44, a term

K1K2.K3.02
couples the output of the flip-fiop (Ro) to the input
terminals of the Hip-flop (Af). Also, a term
K1RK2K3.02
couples the output terminal Ro of the flip-flop (Ro) to
the input terminal ¢, of the flip-flop (D7),

The same terms described in conjunction with FIG-
URE 43 are introduced to the carry flip-flop (Ca) and
to the flip-flop (Kc). The digit timing pulses F24 are in-
troduced to the input terminal ¢, of the carry flip-flop
to set that flip-flop false at each Py digit time. The same
terms couple the flip-flop (Ro) to the write amplifier
622, and couple the flip-flops (S;) and (Sy) to that am-
plifier.

When the computer enters the last word (Lw) phase,
the fiip-flop (K3) is triggered false, as noted above. At
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P,, digit time of that phase, the carry flip-flop (Ca) is
triggered false. Also, the flip-flop (Ai) is false at this
digit time because the term K1.K2.K3.02.P24 of FIG-
URE 43 triggered it false during the least significant digit
bearing the (Aw) phase to set that digit to 0. There-
fore, at P,y digit time, the term A:i.Ca sets the flip-flop
(Kc) false for the (Lw) phase. The carry flip-flop (Ca)
is therefore set to the subtract configuration for the last
word phase (Lw) of the divide (Dv) instruction.

Now, during the (Lw) phase, the quotient is read out
of the register (R) into the flip-flop (Af#). This is
achieved by the term K1.K2.K3.02 which causes the con-
tents of the flip-flop (Ro) to be read into the flip-flop
(Ai). A term K1.K3.K2.P24.Ro sets the flipflop (Di)
false for the start of quotient round-off (assuming that the
least significant digit in the register (R) is “0”). Then,
as the contents of the (R} register are circulated through
the flip-flop (Ai) and through the adder into the accumu-
lator register, “0’s” are subtracted, until the flip-flop (Di})
is set true. This occurs, for the first 1 on the quo-
tient to enter the flip-flop (A7). That 1 causes the term
K1.K2.K3.02.Ro to be true to set the flip-flop (Di) true.
Then, during the succeeding digit times, the flip-flop (Di)
introduces “1’s” to the adder. This sets up a round-off
operation. The term K1.K3.02.P0 sets the flip-flop
(Di) to “0” at the sign digit time. This causes the sign
in the quotient to be reversed, to correct for the previous
erroneous designation.

Therefore, as a result of the operation described above,
the rounded-off quotient is read into the accumulator
register (A) with the sign digit reversed to the proper
designation during the last word phase (Lw) of the divide
instruction (Dv). At the end of the last word phase,
the computer will enter the wait alpha (W,) phase for
the next instruction, and the rounded-off answer will then
be circulated in the accumulator register.

In the logic diagram of FIGURE 45, a general term
K2.54.02.03 prepares a path from the flip-flop (Ao) of
the accumulator register (A) to the write amplifiers 602,
604 and 606. These amplifiers, as described in conjunc-
tion with FIGURE 7, are respectively coupled to the tem-
porary storage channels (Mgy), Mgy), and (My;). The
term S, completes this path to the input terminals of the
write amplifier 602 associated with the temporary storage
channel (M), the term S; completes the path to the
write amplifier 604 associated with the temporary storage
{M,y), and the term §; completes the path to the write
amplifier 606 of the temporary storage channel (M,;).

During the wait beta (Wg) phase of the normal store
(S;) instruction, the beta sector number designated by
the instruction is selected in the described manner, and
the contents of the accumulator register are then moved
into the selected sector of the selected storage channel.
The latter selection is determined by the beta track num-
ber portion of the instruction. The number in that pot-
tion is chosen to render the flip-flop (S4) false o that the
normal store instruction may be carried out, also, the
number in the beta track section of the instruction is
chosen to render the flip-flop (S1), (S2) or (83) true,
depending on which storage channel the information is
to be stored.

As indicated in the table of FIGURE 31, the modified
store orders use the same configuration of the order flip-
flops O1, 02 and O3 as the normal store order, namely,
01.02.03. However, for the modified store orders, use
is made of the track selector flip-flop (S3) to extend the
possible instruction that may be carried out by the com-
puter, and this is achieved without the concomitant re-
quirement for additional order flip-flops. This is pos-
sible, because the normal store order uses three only of
the four track selector flip-flops. This permits the use
of the track selector flip-flop (S4) in its true state to
provide an additional pattern of configurations of the
flip-flops (83), (S2) and (1) so that a plurality of “modi-
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fied store orders” may be carried out. The first modified
store order is to shift the contents of the register (A)
te the left by the number of bits specified by the alpha
sector number in the instruction, and then stop the
computer. This instruction is designated by the term
01.02.03.54.83.82.51.

The first modified store order—Ileft shift—is carried
out by a 01.02.03.54.53.82.51 configuration of the order
and track sclector flip-flops. As mentioned above, this
instruction calls for a shift of the contents of the (A)
register to the left by the number of bits specified by the
alpha sector number in the instruction. To carry out
this modified instruction, the order register flip-flops O1,
02 and O3 have the normal 01.02.03 configuration for
the normal store order. However, the flip-flop (S4) is
set true to indicate a modified store order. For the par-
ticular modified store order under discussion, the flip-
flops 51, 82 and 83 are also set true.

In the logic circuitry of FIGURE 46, the term K1.01
and the term K1.02 both couple the flip-flop (Ao) to
the input terminals of the flip-flop (Ai). The term
K1X2XK3.02.03.83 couples the output terminal Ao of
the flip-flop (Ae) to the input terminal d, of the flip-flop
(Di). The term 02.03 couples the output terminal Ae
of the flip-flop (Ao). to the input terminal @, of the flip-
flop (Di). The term K2 is also introduced to the input
terminal d: of the flip-flop (Di).

The term ALDi P24 couples the output terminal K¢
of the flip-flop (Kc) to the input terminal ¢, of the car-
ry flip-flop (Ca). The term ALDI couples the output
terminal Kc to input terminal ¢, of the flip-flop (Ca).

The output terminal K2 of the control flip-flop (K2)
is coupled by the term 01.03.84.P0 to the input terminal
ky of the flip-flop (K;). The term K1.01.02.84.P0
couples the output terminal K2 of the flip-flop (K2) to
the input terminal k; of the flip-flop (K3).

The term KI.KZ.K3(PI3—P9) is introduced to the
input terminal s; of the flip-flop (S5). The term
({0.50t4-To.Sot) (P8—P3) is introduced to the input ter-
minal s5 of the flip-flop (S5). The term KI1.EK2.PO
couples the output terminal S; of the flip-flop (85) to
the input terminal k; of the flip-flop (K3).

To carry out the left shift (Sr) instruction, the com-
puter passes through the first word (Fw) phase, the ad-
ditional words (Aw) phase and the last word (Lw)
phase. To enable the computer to provide single left
shifts, the logic is arranged so that the one or more left
shifts occur only during the (Aw) phase. It will be
noted from an examination of the logic associated with
the flip-flop (K2), as set forth in the appendix, that by
making the terms S1 and S$2 false in the instruction,
the computer may be made to undergo a single shift to
the left and then enter the stop phase (Sp) (K1.K2.K3).

During the first word (Fw) phase, the term K1.01
is true, so that the contents of the register (A) are cir-
culated from the flip-flop (Aeo) and through the flip-
flop (Ai) to the adder. During this time, the flip-flop
(Di) is false, having been set false at the wait beta phase
by the term K2 introduced to its input terminal d;. Also,
the flip-flop (Kc) is set false at the end of the wait beta
phase, and it stays false during the first word (Fw) phase,
and during the additional words (Aw) and last word
{Lw) phases. The flip-flop (Kc) in its false state sets
the carry flip-flop (Ca) to its add configuration, as de-
scribed above.

Therefore, during the first word (Fw) phase, the con-
tents of the accumultaor register (A) are circulated
through the adder in which they are added to 0. The
resuiting contents in an unshifted condition are again
written into the magnetic drum channel by the write
amplifier 616. At the end of the first word (Fw) phase,
however, the flipflop (K1) is triggered true by the term

K1.01.03.84.P0 and the flip-flop (K3) is triggered true
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by the term K2.K1.01.02.84.P0. Therefore, the com-
puter enters its additional words (Aw) phase. The terms
K1K2K3.02.03.83 and 02.03 now are bLoth true, so
that the contents of the flip-fiop (Ao) are read into the
flip-flop (Bi). The contents of the flip-flop (Ao} con-
tinue to be read into the fiip-flop (Afi). Therefore, the
contents of the accumulator register is passed through
the adder from both the flip-flops (A7) and (D/). The
flip-flop (Cu) is set so that the contents is added to it-
self in the adder effcctively to provide a left shift. This
occurs during each word time in the additional words
(Aw) phase.

At the first word time of the additional words (Aw)
phase, the term KI.K2.K3(PI3—P9) sets the flip-flop
{S5) true at the beginning of the time of the alpha sec-
tor number in the instruction circulating through the
instruction register. As Jong as that number is different
from the S,; channel number, the flip-flop (S5) is re-
turned false before the end of the word time by the
term (Jo.Sot-+T70.50¢) (P§—P3). Each time that occurs,
the computer stays in its additional words (Aw) phase
for an additional ward time, and the contents of the
accumulator register (A) undergo a further left shift.
However, when coincidence does occur, the flip-flop S5
remains true, and at Py digit time, the flip-flop K3 is set
false so that the computer enters its last word (Lw)
phase, The last digit of the word in the accumultaor
register (A) is previously set to 0, so that the term
A0.02.03 sets the fiip-flop (Di) remains false during
that phase so that no further left shift occurs in the regis-
ter (A).

In like manner, different configurations of the track
selector relays can be used for additional modified store
orders, and without changing the configuration of the
order flip-flops, or requiring any additional order flip-
flops. In a constructed embodiment of the invention,
for example, the configuration $4.§3.82.81, in conjunc-
tion with 01.02.03 configuration of the order flip-flops,
was used to set the control flip-flops K1, K2, K3 to the
K1.K2.K3 configuration which set the computer to the
“stop” phase. Also, in a constructed embodiment of
the invention, other configurations of the track selector
flip-flops, in conmjunction with 01.02.03 configuration
of the order flip-flops is used to control certain relays.
In cach instance, the 84 flip-flop is set true to distinguish
the modified store orders from the normal store order.
Then, the ¥5.5.5, the S,.5.8, and the §;.5,.8; con-
figurations of the other track selector flip-flops are used
to reset a manual input relay, set a “fix” relay and reset
the “6x” relay respectively. As noted above, the flip-
flop S4 in its false state was used in conjunction with
the 01.0,.0; configuration for normal store orders. Then,
when the flip-flop S1 is triggered true, the storing is
placed on (Mov) channel, when the flip-flop 82 is true
the storing is on the {(Mox) channel, and whena the flip-
flop S3 is true, the storing is on the (Moz) channel, as
described above.

A plurality of mannally initiated control signals R,,
Ry and R; are utilized to start up the computer. For ex-
ample, the control signal R;, for example, sets the com-
puter initially to its stop phase (Sp), and clears the in-
struction register (o) to all 1's, This control signal
R3 sets the control fiip-flops to the K1.K2.K3 configu-
ration for the stop phase (Sp). Also, this signal sets
the order flip-flops to a one word operation, such as add
(01.02.03) or extract (01.02.03).

Then, the manually initiated control signal R1 takes
the computer into the wait beta (Wg) phase and it stays
there for one drum revolution. Then, it causes the com-
puter to pass through a first word (Fw) to a wait alpha
(W,) phase. During this initial wait alpha (W4) phase,
and as mentioned above, the first instruction is looked
for in sector “0* of channel “31” in the (Moy) section
.of the drum.
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An accurate record of the total elapsed time from the
beginning of the program is maintained on the (Mox)
channel of the magnetic drum. This is achieved without
precisely synchrenizing the drum with a timing source,
and withont driving the drum at a precisely determined
rotational speed. The total elapsed time is maintained in
binary code on the (Mox) channel, and may be read by
the read head associated with the read amplifier 669
(FICURE 7). As meationed in ihe dzscription of FIG-
URE 7, the Mox) channel has a separate read head which
is displaced eight words from the write head of that chan-
uel, and this read head intreduces its signal to the read
amplifier 669. The amplifier 686, in turn, activates the
read flip-fiocp (Mox). This record of eiapsed time en-
ables different matrices to be driven by the flip-flop (Mox)
which are to respond after particular time intervals have
elapsed, or which are to control circuits at predetermined
intervals., Such & system is particularly useful, when the
computer of ihe invention is utilized for the solution of
celestial navigational problems.

A representation of the system used for recording the
totul elapsed time is illustrated in FIGURLE 47. The
system includes a precision frequency source (PFS), and
this source is used to supply a train of output pulses which
have a precisely conirclled repetition frequency. This
repetition frequency may, for exumple, be 720 pulses per
second. The source (PFS) may be frequency stabilized,
for example, by a tuning fork. Commercial units are
known which are suitable for constituling the scurce
(PFS). Such units, for example, are known which have
an error which is less than one part in ten thousand.

The (Mox) channel on the magnetic drum has a plu-
rality of its sectors allocated for time standard purposes.
These sectors are chosen, for example, to be read into
the read amplifier 608 every eight word i{imes, and they
may be identified by the (W1.W2.W3) configurations of
the word counter of counter of FIGURE 13. As de-
scribed above, the word counter is synchronized with the
magnetic memory drum, and it is controlled to undergo
sixty-three successive configurations, as shown by the
tabje of FIGURE 48, As illusirated in that table, the
(W1.W2.W3) configurations of the word counter identify
the sixth, fourteenth, twenty-second, thirtieth, thirty-
eighth, forty-sixth, fifty-fourth and sixty-second sectors.

The magnetic memory drum of the computer may have
a rotational speed, for example, of 100 revolutions per
second. Therefore, a time standard word sector of the
(Mox) channe] of the drum reaches the write head as-
sociated with the write amplifier 602 at a rate of

64/8 X 100=800

times per escond, there being 64 sectors in the (Maox)
channel on the drum (as explained above). The read
head associated with the read amplifier 600 reads each
time standard word sector eight word times after it passes
the write head mentioned immediately above, Therefore,
any information written inio a time standard sector on the
(Mox) channel of the drum at a W1.W2.W3 word time is
read out of that sector at the next W1.W2.W3 word time
for recirculation, as will be described.

The system of FIGURE 47 includes the precision fre-
quency source {PFS) referred to above. This source in-
cludes an output terminal at which the 720 p.p.s. output
pulses appear. These output pules are designated (Y),
and they are introduced to the input terminal 1, of the
flip-flop (Ts). A term P24 W1.W2,W3 couples the out-
put terminal Cn of the flip-flop (Cn) to the input terminal
7y of the flipflop (Ts), and a term WI1.W2.W3.P0
couples the output terminal T, of the flip-flop (Ts) to the
input terminal ¢, of the flip-flop (Cn}.

A term W2.W3.P0 is introduced to the input terminal
¢, of the flip-flop (Cu). Also, a term WI1.W2.W3
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couples the output terminal Mox of the flip-flop (Mox) to
the input terminal ¢,. A term

W1.W2.W3(Cp.Mox-+Cy.Mox)

is introduced to the input terminal My, of the write am-
plifier 602. A term (Cn.Moz4-Cn.Mox) is introduced to
the input terminal Moz of the amplifier 602,

All the time standard sectors in the (Mox) channel on
the magnetic drum are originally cleared to zeros before
a particular program begins. The flip-flop (Cp) serves
as a “carry” flipflop for a simple incremental adder
formed by it and the flip-flop (Ts).

At the beginning of the program, the term W2.W3.P0
sets | the flipflop (Cn) false at the end of the word time
(W‘AXJE ) just preceding the time standard sector word
time W1.W2.W3 (see FIGURE 48). Then the first pulse
(Y) from the source (PFS) sets the flip-flop (Ts) true.
This causes the flip-flop (Crn) to be set true at the end of
the word time W1.3WZ.W3 just preceding a time standard
sector word time W1.W2.W3 by the term

W1.W2.W3.P0.Ts

The flip-flop (Cr) remains true, in typical carry manner
until a zero digit during that time standard sector word
time causes the term Mox. W1.W2.W3 to be true so as to
set the flip-flop (Cn) false.

Therefore, during the first time standard word time of
the program, the time standard word in one of the time
standard sectors in the (Mox) channel (which is now
zero) is read through the circuitry of FIGURE 47, and a
“1" is added to the least significant digit position of that
word. The new time standard word is written into the
next time standard sector of the (Mex) channel through
the write amplifier 682. This new word is read during
the next time standard word time and introduced to the
read amplifier 600, and the above described operaticns are
repeated so that another “1” may be added to the time
standard word. In this manner, the time standard word
is circulated through the circuitry of FIGURE 47 from
one time standard sector to the next on the (Mox) chan-
nel, and with a “1” being added to the number for each
such circulation. This action continues for each succes-
sive pulse from the source (PFS). Each such pulse
causes a digit to be added to the time standard word as
it is circulated from one sector to the next on the (Mox)
channel of the magnetic memory drum.

It will be appreciated, however, that the magnetic mem-
ory drum is assumed to be rotating at 100 revolutions a
second, and therefore assumed to be a time standard word
at each eighth sector position in the (Mox) channel.
Therefore, the time standard words are read by the read
head associated with the amplifier 600 at a rate of 300
times a second. However, the pulses from the source

(PFS) recur at a rate of 720 pulses per second. There- N

fore, after a number of drum revolutions, a term
W2.W3.P0 will reoccur prior to a succeeding pulse from
the source (PFS) and when the flip-flop (Cr) is still
false. When the next pulse from the source (PFS) does
occur, and the carry flip-flop (Cn) is again triggered true
by the term WI1.WZ,W3.P0.Ts in the described manner,
a “1” will again be added to the time standard word of
the (Mox) channel, However, in the interim, the pre-
vious time standard word in that channel is circulated
without change due to the composition of the input terms
to the write amplifier 602.

In a manner described in the preceding paragraph, each
pulse from the precision frequency source (PFS) causes
the total time record on the (Mex) channel, which is in
binary coded form, to increase by one digift. Moreover,
this is achigved without the need for any precise driving
speed of the magnetic drum, or for precise synchroniza-
tion between the drum and a timing source. It has been
found that an accurate total elapsed time record can be
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maintained on the drum, so long as the speed of the
drum remains within 10 percent of the equality value
with the established time standard.

The logic required to perform a typical output opera-
tion is illustrated in FIGURE 49. In such an operation,
for example, the digital output numbers are converted to
analog quantities, and each analog quantity is used to
control the charge on a capacitor unif. The resulting
charge across the capacitor unit represents a computed
result from the computer, and may be used to perform
any desired control or indicating function. The charges
across the different capacitor units are also converted
back to digital numbers and fed back into the computer.
The resulting returned digital numbers are then com-
pared with the respective output numbers so that ap-
propriate charges may flow into the capacitor unit until
servo equilibrium is established, When such establish-
ment has been achieved, the charge across the particular
capacitor unit is the analog equivalent of the correspond-
ing computed output number from the computer. A
plurality of such capacitor units may be used in con-
junction with the computer, and the word counter de-
scribed in conjunction with FIGURE 13 and in the table
of FIGURE 48 may be used to control an appropriate
matrix, so that the different capacitor units may be gated
into circuit at different particular word times. Such an
arrangement provides a continuous cyclic control of the
capacitor units.

The different output numbers are fed from the ac-
cumulator register to the (Mox) temporary storage chan-
nel on the magnetic memory, as mentioned above. This
storing is in response to a normal store (Sr) instruction,
together with the S2 address designation. Therefore,
and as illustrated in FIGURE 49, a particular output
number is stored in a designated sector of the (Mox)
temporary storage channel by means of the term
K1.K2.02.03.84.A0.82 which is introduced to the
input terminal 1,y of the write amplifier 602, and by the
term K1.K2.02.03.84.50.52 introduced to the input
terminal ., of the write amplifier 602,

The output system utilizes the flip-flop (Cc), the in-
put-output flip-flop (M#n), and the borrow flip-flop (Cn).
The system of FIGURE 49 also uses an analog-to-digital
converter (CON1). This converter may be similar to
the analog-to-digital converter described in the copend-
ing application Serial No. 836,537, filed August 27, 1959,
of Robert MclIntyre. A plurality of capacitor units, such
as those referred to above are also utilized, four such units
being illustrated in FIGURE 50 and designated C1, C2,
C3 and C4.

The term WI.W2.W3(Mox.Mn+Mox.Mn) is intro-
duced to the input terminal ¢, of the flip-flop (Cc). The
term W 1.W2.P24.Cn, and the term W1.3W2.W3.P24 are
both introduced to the input terminal ¢, of the flip-flop
(Cc). The term Mn.W1.W2. W3 Mox.P0, and the term
WIW2.W3(Mox.Mn+Mox.Jin)PG are introduced to
the input terminal ¢, of the flip-flop (Cn). The term
Mox W1, W2, W3 Mn. PO, the term

W1 W2.W3(MoxIn4-Mox.Mn) PO

and the term W1.W2.W3.P0 are all introduced 1o the
input terminal ¢, of the flip-flop (Ca).

The output terminal Cn of the flip-flop (Cn) is coupled
by a term W1.W2.W3.P0 to the input terminal of a con-
trol unit No. 1. A term W4, W5.W6 couples the control
unit No. 1 to the capacitor unit C1; a term W4.WS5.IV6
couples the control unit No. 1 to the capacitor unit C2;
a term W4.W5. W6 couples the control unit No. 1 to the
capacitor unit C3; a term W4.W5.W6 couples the control
unit No. 1 to the capacitor unit C4,

The output terminal Cc of the flip-flop (Cc) is coupled
by a term W1.W2.W3.PO to a control unit No. 2. A
term W4.W5.W6 couples the control unit No. 2 to the
capacitor unit C1; a term W4, W5.W6 couples the control
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unit No. 2 to the capacitor unit C2; a term W4.WS. WG
couples the control unit No. 2 to the capacitor unit C3;
and a term W4.W5.W6 couples the control unit No. 2
to the capacitor unit C4.

The control unit No. 1 may be of any known construc-
tion, and it responds to an input signal to supply a par-
ticular negative charge increment to a corresponding one
of the capacitor units C1-C4 whenever a path is com-
pleted to that capacitor unit. The control unit No. 2
may be similar to the control unit No. 1, with the ex-
ception that the control unit No. 2 responds to an input
signal to supply a particular positive charge increment to
respective ones of the capacitor units Ci~C4 upon the
selection completion of appropriate paths to the capacitor
units.

The capacitor unit C1 is coupled fo the analog-to-digital
converter (CON1) by the term WL WH.W6. A term
W4.WEWG couples the capacitor unit C3 to the con-
verter (CON1), and a term W4.W5.W8& couples the ca-
pacitor C4 to the converter (CON1). It will be appre-
ciated that more or less capacitor units may be used, and
that the W4, W5 and W6 terms are word timing ferms
which couple the different capacitor units into the activat-
ing circuits at different word times.

The output numbers on the (Mox) temporary storage
channel may be stored at sectors occurring each eight
word times. For example, with reference to FIGURE
49, the output numbers may be stored at the sectors oc-
curring at the seventh, fifteenth, twenty-third, thirty-first,
thirty-ninth, forty-seventh, fifty-fifth and sixty-third word
times. Each of the sectors is identified by the W1.W2.W3
configuration of the word counter, this configuration oc-
curring every eighth word time of the word counter.

The terms associated with the capacitor units C1-C4
cause a different capacitor unit to be brought into the
circuit for each one of these different output number word
times. For example, the capacitor unit C1 feeds its out-
put into the analog-to-digital cenverter (CON1) during
the first eight word times of the table of FIGURE 49
during which the term W4.W5. W6 is irue, and the result-
ing digital output from the converter (CON1) actuates
the flip-flop (Mn). During the eighth word time of the
table of FIGURE 49, when the term W1.W2.W3 is true,
the resulting output from the flip-flop (Mn) due to its
actuation by the digital signal from the converter (CON1)
and corresponding to the charge across the capacifor unit
C1 is introduced to the flip-flop (Cn). At the same time,
the corresponding output number from the temporary
storage channel flip-flop (Mex) is intreduced to the flip-
flop (Cn).

The flip-flop (Cn) is set false at the end of the seventh
word fime by the term W1.W2.W3.P0 which is introduced
to its input terminal ¢, Then, during the eighth word
time, the output from the flip-flop (Mn) is compared
with the output from the flip-lop (Mox) in the flip-flop
(Cr). This comparison is carried out from P24-Pl
digit times in the eighth word time by the term
Mn.Moz.W1.W2.W3.70 introduced to the input terminal
¢y and by the term M7n.Mox. W1.W2.W3.P0 introduced
to its input terminal ¢y,

If the number from the flip-flop (Mn) is greater than
the corresponding number from the flip-flop (Mox), the
flip-flop (Cn) will be in a true state at PO digit time
at the end of the eighth word time. This means that
the charge across the capacitor unit C1 is too high, and
the control unit No. 1 is activated through the term
WI1W2.W3.P0 from the output terminal Cn, Then, at
the ninth word time, the term W4.W5.W6 becomes true
so that a negative charge from the control unit No. 1
is introduced to the capacitor unit C1 to reduce the
charge on that unit. This is, repeated for each revolu-
tion of the drum until the charge on the capacitor unit
is reduced to a level such that the output number from
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the flipflop (Mn) is the same as the output number read
out of the flip-flop (Mn).

The same operation is performed for the capacitor
unit C2 during the following word times. At the ninth
word time, the term W4.W5.W6 becomes true to con-
nect the capacitor unit C2, rather than the capacitor unit
C1, to the analog-to-digital converter (CON1). Then,
if the charge on the capacitor unit C2 is too high; the
control unit No. 1 is activated at the end of the sixteenth
word time, and the charge on the capacitor unit C2 is
reduced during the seventeenth word time as the term
W4 WS W6 becomes true.  In like manner, the capaci-
tor units C3 and C4 are successively connected at sub-
sequent word times to the analog converter (CON1) and
the charge of these capacitor units is reduced to be the
equivalent of their corresponding output numbers, if
their original charge is too high.

If, on the other hand, the charge on a capacitor unit,
such as the unit C1 is too low, so as to introduce a nega-
tive error, the oufput number from the flip-flop (Mn)
will be less than the output number from the flip-flop
(Mox), and the flip-flop (Cn) will be in a false state
at the end (PQ) of the eighth word time W1.W2.W3.
This will cause the flip-flop (Cc) to be in a true state
during the ninth word time (W1.W2.W3). This is be-
cause the flip-flop (Ce) is set false at the beginning of
the fifth word time of the term WI.W2.W3.P24, and it
is set true at the end of the eighth word time by the
term WI1W2.W3(Mox.Hn+4-Mow.Mr) so long as the
number read out of the flip-flop (Mn) during the eighth
word time is not equal to the number read out of the flip-
flop (Mox) at that word time. However, if the number
read out of the flip-flop (Mn) is greater than the number
read out of the flip-flop (Mox) during the eighth word
time, the flip-flop (Cn) is true at the end of that word
time, as described above. This causes the term
beginning of the ninth word time. The flip-flop (Cc)
is, therefore, true during the ninth word time, only if
the charge on the capacitor unit Cl is too low.

The true condition of the flip-flop (Cc) during the
ninth word time causes the control unit No. 2 to be acti-
vated and this latter control unit introduces a positive
charge to the capacitor unit (C1) at the tenth word
time when the term W4.W5. W6 is true. In like manner,
the capacitor units C2, C3 and C4 have their charges in-
creased when the presence of too high a charge on any
one of these units causes the flip-flop (Cn) to be false
at the end of the comparison period.

The term WI.W2W3.(Hox.Mu+-MoxFIn)PO intro-
duced to the left and right input terminals of the flip-flop
(Cn} together with the appropriate cross terms Cn and
Cn (not included) causes the flip-flop to be unaffected by
the sign digits of the numbers from the flip-flop (Mn)
and from the flip-flop (Mox) if the signs are the same.
However, if the signs are different, the flip-flop (Cr)
is caused to be triggered to its opposite state at the PO
digit time to reverse the procedure and operations de-
scribed above.

Therefore, if one of the compared numbers is greater
than the other, the term W1.W2.W3.P0.Cn causes the
selected capacitor unit to be charged negatively by the
control unit 1 so as to overcome a positive error. How-
ever, if the error is negative, the term W1.W2.33.P0.Cc
causes the corresponding capacitor unit to be charged
positively ia the following word time by the control unit
#2 to overcome this negative error. For each succeed-
ing drum revolution, the comparison is made of each of
the capacitor units, and at successive W1L.W2,W3 word
times. When equality is reached, and the charge across
a particular capacitor unit corresponds to its output
number on the (Mox) storage channel, the flip-flop
(Cn) is false at the corresponding WI1.W2.W3 word
time, and the flip-flop (Cc) is false at the word time
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W1.W2.W3, for the reasons explained above. Under
these conditions, no compensating voltage flows into the
capacitor units of either polarity, and the voltage across
the capacitor unit remains at its value of equality. The
flip-flop (Cc) is false during this latter condition, because
the term W1.W2.W3.(Mox3In+4+3ox.Mn) does not be-
come true to set the flip-flop (Cc) true during the
WI1.W2.' W3 word time.

A suitable circuit for the capacitor units, such as the
units C1, C2, C3 and C4 in FIGURE 49, is shown in
FIGURE 50. Each of these capacitor units may incor-
porate, for example, a capacitor 2080 and a capacitor
2002. Each of these capacitors has a grounded terminal.
The ungrounded terminal of the capacitor 2000 is con-
nected to the cathode of a diode 2004 and to an output
terminal 2006. The ungrounded terminal of the capac-
itor 2002 is connected to the anode of a diode 2008 and to
an output terminal 2018, The output from the unit i3
derived across the output terminals 2606 and 2610,

The anode of the diode 2604 is connected to a resistor
2012 and to the anode of a diode 2014. The resistor
2012 is connected to the positive terminal of a source of
direct voltage which may, for example, have a potential
of 25 volts. The cathode of the diode 2008 is connected
to the anode of a diode 2016 and fo a resistor 2018. The
resistor 2018 is connected to the negative terminal of a
direct voltage source. This direct voltage source may
have a potential, for example, of 25 volts. A first input
terminal 2020 is connected to the cathode of the diode
2014. This input terminal may, for example, receive a
positive input from the control unit #1 when the flip-flop
{Cn) is true at W1, W2.W3.P0 time. Otherwise, the volt-
age of the input terminal 2020 is reduced to zero.

The cathode of the dicde 2016 is connected to the
emitter of a transistor 2022, The transistor 2022 may be
an NPN transistor, and it is connected as an emitter fol-
lower, The emitter of the transistor 2022 is connected
to a resistor 2024 which, in turn, is connected to the neg-
ative terminal of a direct voltage source. This source
may have a potential of, for example, 35 volts.

The collector of the transistor 2022 is connected to the
positive terminal of a direct voltage source. This latter
direct voltage source may, for example, have a potential
of 25 volts. A second input terminal 2026 is connected
to the base of the tramsistor 2022. The input terminal
2026 may, for example, receive a positive potential from
the control unit #2 during the comparisons made in the
system of FIGURE 49 and when the flip-flop (Cc) is true
at W1.W2.W3.P0 time. Otherwise, the potential intro-
duced to the input terminal 2026 is reduced to zero.

Whenever the potential iniroduced to the input terminal
2020 is reduced to zero, the diode 2014 becomes con-
ductive, and reduces the potential at the anode of the
diode 2004 essentially to ground potential. A positive
charge is normally developed across the capacitor 2690,
so that the diode 2004 is rendered non-conductive. Like-
wise, whenever the potential at the input terminal 2026
is reduced to zero or ground potential, the resulting neg-
ative potential, the transistor 2602 is non-conductive and
the emitter potential is substantially at zero volts. This
causes the diode 2016 to be conductive, and to establish
the cathode of the diode 2008 at essentially zero or ground
potential. A negative charge is normally established
across the capacitor 2602, so that the diode 2008 is non-
conductive.

‘Under the conditions described in the preceding para-
graph, in which the input voltage at the terminals 2020
and 2026 is essentially zero, a positive charge exists across
the capacitor 20060, and an equal and opposite negative
charge exists across the capacitor 2002, Therefore, the
error voltage across the output terminals 2006 and 2010
is essentially zero.

However, when a positive voltage is introduced to the
input terminal 2020, the diode 2014 becomes non-con-
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ductive, and the diode 2004 becomes conductive to permit
a current flow into the capacitor 2000 to increase the
positive charge across that capacitor. This occurs when
the flip-flop (Cn) is false and the flip-flop (Cc) is true to
indicate a negative error, and this charge compensates for
that error.

Likewise, when a positive voltage is introduced to the
input terminal 2026 indicative of a positive error, and
when the flip-flop (Cr) is true at PQ digit time, the re-
sulting conductivity of the transistor 2022 causes the emit-
ter of that transistor to be positive. The diode 2016 is
now rendered non-conductive, and a negative current
flows through the diode 2018 to increase the negative
charge on the capacitor 2802, This produces the desired
compensation for the positive error.

The invention provides, therefore, an improved elec-
tronic digital computer which is constructed to be ex-
tremely compact in size and light in weight.

To assist in the reduction of size of the computer, the
number of instructions which may be handled by the
computer directly have been reduced t0 a minimum.
However, the dual use of the track selector flip-flops for
order register purposes, in accordance with the concepts
of the invention, extends the number of possible instruc-
tions which may be executed by the computer without a
corresponding increase in the number of components re-
quired, or in a concomitant increase in associated logic
circuitry.

The above factors, and other considerations, cooperate
in the present invention to result in an extremely useful
and flexible general purpose digital computer. The re-
sulting computar of the present invention is capable of
operating with a high degree of speed and precision and
yet it may be packaged into an extremely small housing.

Appendix

The following is a list of the terms and logic utilized
in the computer described in the preceding specification,
and an indication as to how the different logic equations
are derived. The various terms have been fully identified
in the specification.

(A) Emitter followers:
f={E3TLKI T2+ K1.Kw
[T4R34+Tr(T34+T1.T2)1}T5
flz(IO.—STOT+Ta.SOI)
fa==(Ca.di-}-Ca.Ai)
Fo=(Ca.di+Ca.Ai)
PO=T5--T3+T2+T1
PoH=T5+4+T4}T34+T1
PO=T5T3.T2.T1
P24=T5.T4T3.71
(B) Signals:
[Ts—Time standard}
R1, R2 and R3-—Control face
EfEf, Ef%, G, G*, G,L,L, J, ], Md, E, E—Test and
fill equipment signals
(C) Coincidence flip-flop (Kc):
k

(1) PORTK2 ... (Wa+Wg)P0O
(2) POKLE303 ... (Fy+Wa)K3.PO

(Ad+Sut+At4-Mu)
(3) K1LE253.03.P0 ... (Aw-+-Lw)
(Ad+4-Su+ Ar+-Mu)T3.PO

(4) K2.E3(P13-PY) ... (Wat-Ir)(P13—P9)
(5) K1L.E2.02(Ai.Ca}-Ai.Ca)P24 . ..

(Aw-+Lw) (Ad+At+E.r+Dv)FTP24
Therefore:
ke=P0Ki(K2+XE3.03) +T5.T4.K2.K3
+K1.R2(P0.03.53--02.Fa.24)
%,
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(1) E1.R202.P0... (Wa+Wgs)
(Ad—|—At+Ex+Dv)P0
(2) K1.K2.03.P0 ... (Wa+Ws)
(Tc+Dv—|—Ex—|—Sr)P0
(3) F1.K2.01.40.P0 . .. (Wa+Wg)
(At+Mu+Tc+Ex)I6.P0

(4) E1LE2.K3.03.P0...

(Fw)K3(Ad+Su+At+Mu)PO

(5) K1.E2.02.83.P0 ... (Aw-+Lw)
(Su-{-—Mu-{-Tc—FSr)S&PO
(6) K1.E2.03.P24(4i0a+Ai.Ca) . ..
(Aw-+Lw) (Tc—l—Ex+Pl+§‘)Fa.I’24

(7) E1K2(loKot+10.800)T5.T4 . . .
(WA—I—WB)Fi(P24——P19)

(8) II’T.KZ(IO.S‘W'{—TE.SOI)TEK? N
(WA)(Fi)P24/P19—|—P8/P3)

Therefore:
E:ﬁ{KZ[PO(a_f+O3m./T>)+Ft.T§(T4+f5)}
+’11’§.K3.6§.P0}+K1.K2(03.Fa.P24+02.53.P0)
(D) First control flip-flop (K1):

k

(i) R3

(2) KE2.01.02.P0. .. (Lw+Aw+Fw)(1\_iI_z_4..—_—Tc)P0
(3) X2.01.03.54.P0 . ..

(Lw+Aw-+Fw) (Dv+5r)§4.P0
(4) K3.01.03.02.P0. .. (Lw+Aw+-Fw)(Dv)P0
(5) K2KcEK3.P0... (Wa+Ir)Ke.PO

(6) K2.Kc.01.02.03.P0 . .

(Wat Wg+Ir+Sr) Te.PO.Ke
(1) 1.P0
Therefore:
k= R3-+PO{EI[01.02-+01.03(54+02)]
+K2.Kc(E3-+01.02.03) +7}

Ty

(1) POJK2ET ... (Wat-Wp-+Sr-+1r)PO.LEF

(2) P0O.JK2.R1LWS ...
(WA+WB+Sr+1r)R1.‘WG.Po.J

(3) POJK2ES . .. (Wa-+-1r)J.PO

Therefore:
%, =P0.J{T7-+-R1.WE-+E3}K2
(E) Second control flip-flop (2):

(21) R3
(2) 1.FO
3) K1E3PO ... (Ir+Lw)PO
4) K1.01.02.F1.82.P0 . . .

(Sr—-|-Ir+Aw+Lw) (Su—!—Sr)_S'i.ﬁ'_Z‘.PO
(5) E1.01.03.P0 ... (W o+ WgtFw) (Add+Su) PO
(6) T1.01.0254P0. .. _

(WA+W/B+FW)(SH+SY)POS~1
(7) K1.01.02P0 . . . (WA+WB+FW)(At+Ex)PO
Therefore:

ky=R3 +P0{7+K1(K§+01.02.§§.'Si) .
+Ki[01(6§+02.§2)+01.ﬁ§]}

Tz
() K1.K2.Kc.](’0‘§+01+(—)"2)P0 e
(WB-&-FW)T_G'.J.KC.PO
Therefore:

Tp=K1.K3.KceJ (034-01402)P0

(F) Shared control flip-flop (X3):
ks
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(1) R3

2) PO.J

(3) K1.K2.PO . . . (Sr-+Ir)P0

4) KIEK2.01.03.54.P0 . . . (Fw)(Dv-+5r)54.P0

(5) K1EK2.01.02.03.P0 . . . (Fw)(Dv)PG

(6) K1E2.01.02.40 . . . (Fw) (Mu+Tc)4do

(7) Ki1EK2.01.02.P0 . .. (Fw)(Mu+Tc)PO
Therefore:

§3=R34-PO{T+ K1.K2+ELE2.01.03(54+02)}
+ELE2.01.02[40+P0]

o

1) RIE3.01.03.56.P0 . . . (Fw) (Mu—]—Tc)Efd.Pﬁ
(2) ®1.012.02.03.4i.P24 . . .
(WA+WB+FW)TC.Ai.P24
(3) K1 EK285P0F . .. (Lw-\—Aw)SS.PO.J
4) K1.R2MJ.Ef*POT . . . (Sr+Ir)Md.Ef*.PO.]
(5) TL.K2.Kc.POJ . . . (WatWg)KcPOJ
Therefore:

Tr;—_-’K‘l'.‘o‘z.02[?16.K§T6+03.Ai.1>24]
+PO{K1 [K2.554+-Md.K2.Ef*1+K1.K2.Kc}J
(G) Order flip-flop (O1, 02 and 03):

o= (K1.K2E34L)02

%,= (K1.K2K3+L)02
oy==(K1.K2 K3+ L)03

Ta= (K1.K2K3+-L)034R3
0= (K1.K2.E3.Moy+L.E4R3)
Ua= (K1.K2.K3. 3oy +LETFR3)

(H) Word counter (W1-W6):

wy=P0-+S0t.T5.74

w=F0

w2=P0W1+SOt(P13—P9)

1W=P0W1
w3=P0.W1.W2+Sot(P13-P9)
To—PO.W L2
w4=PO.W1.W2.W3+Sot(P13—P9)
W,=P0.W1.W2W3
WE:PO.I’VI.WZ.W:S.W4+SOI(P13—P9)
ZE;:PO.;VI.WZ.IV&W-‘J-
WG=P0.PV1.W2.I’V3.W4.W5—-|—SOI(P13——P9)
Tom PO.W LW2.WV3.WAWS

(I) Bit counter (T1-T5):

1, =T5-T34-T2.S0¢
7,=T4+T3+T2

12=T1
L,=T1(T1T5+T3)
t3=T1.T2

T,=T1.12
1,=T1.72.13T5
,=T1.T2.T3.75
#15=T1.T2.7T3
T=T2(T3.11+T4.73.T1)

(J) Track selector flip-flop (81):

St
(1) K1T2.K3.4002 . . . (Aw)Ao(4d-+ At
+Er+Dv)
(2) 82.Fs . . . S2{(W4-+Wg)(P18—P9)
4 (Wa+Lm)(P13—P9)}
Therefore:
5,=K1.K2.K3.40.02+52Fs

&
(1) K1 KZK3A0.02 . . . (Aw)(Ad+At
4+Ex+Dv)do

(2) §2.Fs
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Therefore:
EI:KI KQKS .:‘I‘O_.—O‘E-I—EE.FS

(K) Track selector flip-flop (S2):

Ay
(21) Do R1E2.02.P0 . .. (Fw)Do.PO(Dv+4-Ao
+At4-Ex)
(?) K1\.E2.K3(02+03)Do . . . (AW)(Ex+Dv
4-Ad+-Sut-At+Mu) Do

(3) S3.Fs . .. S3{(W,+Wg)(P18—P14)
+ (Wa+Lw)(P13—P9)}

Therefore:
.sg_:Do.KE[KI.’GE.PO—i—KI K3(02-+03)14-53.Fs

8z
(1) X1.RK2.02.P0.Do
... (Fw)YDo.PO(Dv+Ao+At+Ex)
(2) K1.KX2.K3(02+03)Do
<+ (Aw)(Ex+4Dv+-Ad+Sut-At+Mu)Do
(3) B3.Fs

Therefore:

8,=D0.K2[K1.02.P0+K1.K2(02+4+03)]1+4583.Fs
(L) Track selector flip-flop (53):
838
(1) K1.E2.K3.02.Ro(Kc+54)
v . {Aw)(Ad+-At+Ex+Dv)Ro(Kc-t-54)
(2) F1R2.02.P0 . ..
(Fw)(Dv+Ao+Ar+Ex)P0

(3) K1.K2.K3.01.54
<o (AW (At+Mu+tTe+Ex) 54
(4) S4.Fs . . . SA{(Wa-+Wg)
(P18—P14) 4 (Wa+Lw) (P13—P9)}
Therefore:
53=K2{K1.K3[02.Ro(Kc+54)
+01.54)+K1.02.P0}+54.Fs
35

(1) K1.K3.K3.05(57.KC+Fo)
... (AW)(Ad+At4-Ex++Dv)(§4.R24-Fo
(2) KIL.K2.K3.01.54
Ce (Aw)(At-i—‘_’l_I_y_-}-Tc-i-Ex)ﬁ?i
(3) S4.Fs

Therefore:
%,=K1.F2.K3{F4(02.Kc4-01)-+-02.Fo}+S4.Fs
(M) Track selector flip-flop (S4):

54 ]
(1) K1.E2.X3.08.Ro
... (Aw)(Ad4-Sut-At+Mu)Ro
(2) K1.K2.K3.02.Ro
... (AW)(Ad4-At4-Ex+Dv)Ro
. . S5[(Wa+Wyg)(P18—P14)
i+ (Wa+-Wg) (P13—FP9)]

(3) S85.Fs .

Therefore:
5,=K1K2.K3.PO(03-}+02)+85.Fs

2y .
(1) K1.K2.03.K3.Ro

e .. {(AwHLw)(Ad+At4-Ex+Dv)P24.Fo
(2) K1.E3.D2.P24Ro

.+ (AWLwW)(Ad4-At-+Ex+4Dy)P24.Ro
(3) F1.E2.03.P0 . . . (FW)(Ad+Su4+At4-Mu)P0O
(4) §5.Fs

Therefore:
5:=E2[T6.K1(03.K3+4-02.P24+ R1.03.P0) 1 +-55.Fs

{(N) Track selector flip-flop (85):
S5
(1) K1.E2.K3(P13—P9) .. . (Aw)(P13—P9)
(2) Io.Fs . . . [(Wa+Wg)(P18—P14)
+(Wa+Lw)(P13—-P9)]
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Therefore:
s5=K1.K2.K3(P13—P9) +Io.Fs
e
(1) To.Fs

(2) K1.K2.K3.FiT5.T3
.+ . (Aw)(P8—P3)(I0.8ot-+To0.50t)
Therefore:
5%=K1.K2.K3.FiT5.T4+T6.Fs

(0O) Accumulator flip-flop (A#):

a,: )
(1) AoK2 . .. (Sr4Ir+Wi+Wg)Ao
(2) 40.K1.01
v oo (Wat-Wa-+Fw)(Ad+-Sut-Dv4-Sr)do
(3) K1.40.02
e oo (SrtIr4-Aw+Lw)Ao(Su4-Mu--Tc-+-Sr)
(4) K1. K2 E3.02.Ro
. . . Lw.Ro(Ad-}-At+Ex--Dv)
(5) K1.X2.K3.032.51. P24
«. . Aw.S1.P2A(Ad+ At+Ex-+Dv)
Therefore: ’
ay=Ao{K24-F1.014+K1.02]
_ +E2{K1.02[Ro.K3+51.P22.K3]}
a
(1) Ao.K2 . . . (Sp+Ir4-Wo+Wg)d0
(2) Ao.Ei1.01
< v« (Wa+Wg+Fw)(A4d+-Su+4Dv4-Sr)ydo
(3) 40.K1.02
.o . (Sp-HIr4-Aw-Lw)do(Su-+Mu-+Te-5r)
(4) K1E2.01 . . . Fw(At+Mu+Tc--Ex)
(5) KL.R2.03.RoK3... Lw(Ex+Dv+Ad+A4ANTo
(6) K1E2.K3.0251 ... Aw(Ex+Dvo+Ad+A1)T1
(7) K1.K2.K3.02.P24
« . . Aw(Ex-+Dyv-}-Ad+4At)P24
Therefore:
a=Ao[K2+K1.014K1.02]
+X2{K1.02[R0.E3+K3(S1+P24)]1+E1.01}
(P) D-register flip-flop (Di):
d
(1) R1.R2.Kc.03.Moy
.« Fw(Ad-+Su+At+Mu)KeMoy
(2) K1 R2.03.02.Moy . . . Fw(Ad+Af)Moy
(3) E1.R2.01.03.40.Moy . .. Fw(Tc+Ex)Ao.Moy
(4) K1.K2.03.K¢.Do.PO
. . . Bc.Do.PO(Lw-Aw) (Ad+Su-+At-+Mu)
(5) K1.A2.K3.02.52 ... Aw(Ad+At+Ex--Dv)S2
(6) K1.K2K3.02.Ro ... Lw(4d+At+Ex+4+Dv)Ro
(7) K1.R2.K3.40.02.03.53 ... Aw(Tc+Sr)do.53

Therefore:

di=K2{K1.Moy[03(02-+Kc)+A40.01.031
+K1(02[52.K3+Ro.K3]
+Do.K¢.03.P0+A0.K3.02.03.53)}

d
(1) K2 .. . (WatWg+Sr+Ir)
(2) E1¥Moy . .. (Wa+Wg+Fw)
Moy(Ad+Su+-At+Mu+Tc+Ex-+Dv+8r)
(3) 46.03.X1
v o« (Wa+Wg--Fw)Zo(Tc+Ex+Dyv--5r)
(4) Do.P0.03.X1
v oo (LwAwIr4+-8Sp)D6.PO(Ad+-Su+ At+Mu)
(5) Kc.03.K1
oo (SpHIr+-AwtLw)Ke(Ad--Sut-At+Mu)
(6) §2.K1.K3.02
.+ (Aw-Sp)FI(Ex-+Do+Ad+AL)
(7) K1.E3.02(P0-+P24+Fo)
<« Ur4-Lw)(Ex+-Dv--Ad+4At) (PO+P24.Ro)
(8) Z0.02.03 . .. Ao(Tc5r)
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Therefore: (V) Register (D):
Z=K2+K1(Moy-+40.03) +K1{03[Do.P0 dy
+Kc]+-02[K3.83+-E3(P0+P24.R5)1}46.02.03 (1) K1.52.03.K2

v o (AWH+Lw)(Tc+Ex+Dv+4Sr)S2
(2) K1.582.P0.K2 ... (Aw+Lw)S2.P0
(3) K1.03.Do.PO.E2
o (AwHLw)(A4d+Su+t+At+-Mu)Do.FO

(Q) Carry flip-flop (Ca):
Cat
(1) Kc.4i.DiP2% . . . Ko.4i.DiPZd
(2) E2.X1.01.02.03.P24.P0.Moy

(4

.. (Fw)(Dv)MoyFZi.P0 (4) E1Moy . . . (Wat+Wg+Fw)Moy
(3) K1.KcTi.DiFA 0 O) B
... (Sp+Ir+-Aw+Lw)KcAi.DiP2d eretore: ,_
(4) OL.Kc.Ai.DiP24 dor;}f?.Kl [52(034-P0) +03.D0o.P0] +K1.Moy+-Ef.lo
... (4t+Mut-Tc-+ExyKcA1.Di P24 d,:
(5) R1K3.Kc.01.4iDi.P2A 15 () KLO3F2E2
.. (Fw)(Ad+Su+Dv4Sr)Ke AL.DI P24 e o (AWHLw)(Tc+Ex+-Dv+5r)82
Therefore: (2) KIR2POKS . . . (Aw+Lw)F2.P0
c,—P2A{K1.K2.01(03.03.Moy.PO-+ Kc.A4i. D7) (3) K1.03DGPO.E2 o
Ko L DI(K14-07) 4 T5.41.D7} . (AWHLw)(Ad+Su+At+ M) DTTD
- 20 (4) K136y . . . (Wa+Wp+Fw)Hoy
Ca (5) Eflo
(1) Ko AiDi Thorefore:
(2) K1.Kc.diDi _ rheretore: e — —
. (SrHIrAwLw)Ke.AiDi dy=K2.K1[82(03+P0)+03.Do.P01+K1.Moy--Ef.lo
(3) OL.Kc.4i.Di 25 (W) Register (R):
... (At+MutTc-Ex)Ke.AiDi rs!
(4) E1R2.Kc.O1.A1.Di (1) K1E2.53F% . . . (Aw+Lw)S3. P2
e Fw(Ad-|—£:_e+Dv+Sr)Kc.Z?‘Di (2) K1.03(S3+54.R0)RK2
(5) P24 30 . .« (Aw+Lw)(Tc+Ex+Dv+8r) (534F1.Ro)
Therefore: (3) F1.K3.03 ... (Wg
— e — — — +Fw)K3(Ad+Su+t+At-+Mu)
c.—P24+'K1.K2.01 Kc A1.Di+Ke.Ai Di.(K1+071) Therefore:
+Ke.4iDi 35  re=K2.K1{$3.P2i+03(53+F1Ro)}+E1.03.K3
(R) Time standard flip-flop (Ts): Ta
ts=s (no clock) (1) K1.03.P24 K2
tB=Cn.P24.W3.W2.’WT U_. .. (AwFLw) (Ad+-Sut-Ar-+Mu)P24
. 2) K1, 3.83.K2
(S) Output comparator flip-flop (Cc): 40 ( .
e T oo (AwFLw)(Ad+Sut+At--3Mu)S3
_ cc—Wl.WZ.W3(Mox.Mn~|—Mom.Mn) (3) F3.03(54+T0) K3 . .
Ce (Fw+Aw+Lw)(Tc+Ex4+Dv-+Sr)S3(S4+To)
(1 g.ﬁwsr 24 (4) E1E2XK3 . . . (Fw)K3
(2) W2.Wi.Cn.P24 45 TH i
erefore:
Therefore: To=[K1.03(P24+53) +- K1.K3+03.53(54+Ro) 1K2

cc=W2.W1.[W3+Cn]P24 (X) Register (I):

(T) Output carry flip-flop (Cn) (Mox—Mn): 5 ;
c Q
(1) W3.W2.51.365.Mn.F0 (1) K1.E3.Moy . . . (Ir+Lw)Moy

() W3.W2.W1.PO(Mox.Mn+105.Mn) 8; Ii(ﬁﬂLKW"-Rﬁ .o (TrFTw)lo
RE) W3.W3.W1.Ts.P0.R2 4 F3
Cn! 65 . .
(1) W3 W3.P24 Therefore:
(2) Wiw2.w3iMoz t,=K1.E3.Moy-+{L(E1+K3)Io+TL.E}Ef+R3
(3) W1.W2.W3.Mox. PO i
(4) W1.W2.W3.P0(How.Mn+Mox Mn) ) (1) K1.K3 X0y . . . (Ir+Lw)Xoy
(5) W3.W2.WLPO 60 (2) L(EI+K3R3)T6 . . . (Tr+Lw)LIoR3
(U) Accumulator register (A): (3) LE.
a,: Therefore:
(1) (AiTa+AiCa)DiG . . . FaDLG To={L.E.+K1.XK3 Moy+L(K1+K3R3)Io)Ef
(2) (AiCa+AiCa)DiG . . . Fa.Di.G 65 (Y) Memory write amplifier (Mov):
Therefore:
=G (Fa.Di-+Fa.Di) Mgy
— a,=G (Fa.Di+ (1) E2.02.03.40F1.51
((i) [} 10 v v . (FwiLw+Aw) (Sr+Tc)Ao.F1.51
(2) (4iTa+ACa)Di . . . FaDi (2) W1L.W2.W3.Mov
(3) (4iCa-+ZiTa)Di . . . Fai Therefore:
Therefore: Myy=XK32.02.03.40.51.51+ W1 W2.W3.Mn

“tg={G-+Fa.Di+Fa.Di} 75 Moy
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(1) R2.02.03.30.54.51
e oo (Fwt-Lw4-Aw)(Sr4+Tc)Z0.54.51
(2) W1.W2. Wiiln
Therefore: ‘
Mey=K2.02.03.40.54.51+ W1.W2.W3.Mn
(Z) Memory write amplifier (Moz):
gy
(1) X2.02.03.40.53.53 v
.o« (Fw+Lw+Aw)(Sr4-Tc)40.54.53
(2) Mn.W1.W2.W3
(3) MnW1.W2. W3 Wi.W5.Wse

Therefore:

my,=K2.02.03. 408153+ Mn.W1.W2W3
+Mn.W1. W2 W3. Wi W5. W6

Moy .
(1) K2.02.0326.5453
(2) TRW1L.W2LW3
Therefore:
Teg=K2.02.03.40.58.53 + Mn. W1.W2.W3

(Aa) Memory write amplifier (Mox):
Mlox
(1) K2.40.81.52.02.03 . . . (Fw+Aw+Lw)
(Sr+Tc)A0.54.52
(2) Wi.w2.s3 (Cn. Moz +0On.Mox)Ef
(3) EfLG
Therefore:

Mox=K2.40.84.52.02.03--EfQ
+{W2.Wi.W3(CnHoz+Tn.Mox) Y Ef

Mox
(1) R24051.52.02.03 . . . (Fw-+Lw}Aw)
(Sr+Tc)406.54.52
(2) WILW2.W3(Cn.Mox+Tn.Mox)EF
(3) Ef.Md
Therefore:

Me=E3.02.03.36.53.52
+WILW2.S3.E7(Cn.Mox+Ch. Moz ) +Md.Ef
(Ab) Input-output scan flip-flop (Mn):
my=B15*.P16+B14* P15} . . . BO*P1
mp=P0+4B14.P15+ . . . B0.P1
(Ac) Modified store states:

54.53.52.51)

54.53.52.81 \Left shift during (Aw)

$4.53.852.51

$4.53.81.82—Left shift one bit during (Aw) then
stop (Sp)

54.83.51.52—Stop (Sr)

$4.53.51.52)

$4.53.71.52 [Set and re-set relays

54.53.51.52)

(Ad) Normal store (Sr):
51.51—Store on (Mov)
¥4.52—Store on (Mox)
¥1.53—Store on (Moz)

We claim: ‘

1. A memory system for use in a digital computer, and
the like, including: memory méans including at least one
information channel having a plurality of sectors therein
with each sector including a fumber of digit positions,
and said memory means further including a sector-identi-
fying channel having a plurality of multi-digit words re-
corded therein for identifying the se¢tors in said informa-
tion channel and with all of said words including a like
binary digit at only one digit position in each word, a
counter network actuable to a pluralty of different con-
figurations for identifying the digit positions in each sec-
tor of said information channel, gate means included in
said counter network for preventing the counter network
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from reacting to a particular configuration unti} the re-
ceipt of a particular binary signal corresponding to the
like binary digits of said multi-digit words, means coupled
to the memory means for sensing the words recorded in
said sector-identifying channel and for producing binary
signals in response thereto, and means coupled to the
sensing means for introducing said binary signals to said
gate means to cause the counter network to be synchro-
nized with the memory means.

2. A memory system for use in a digital computer, and
the like, including: a rotatable magnetic memory drum
including at least one information channel extending
around the periphery thereof and having a plurality of
sectors therein with each sector including a like number
of digit positions, said memory drum further including 2
sector-identifying channel extending around the periphery
thereof spaced axially from the information channecl and
having a plurality of multi-digit words recorded therein
for identifying the scctors in said information channel and
with all said words including a like binary digit at only
one digit position in each word, a counter network actu-
able to a pluralty of different configurations for identify-
ing the digit positions in each sector of the information
channel, gate means included in said counter network for
preventing the counter from reaching a particular config-
uration until the receipt of a binary signal corresponding
to the like binary digits of said multi-digit words, timing
means coupled to the memory drum for introducing clock
pulses to the counter to actuate the same frcm one con-
figuration to another, means coupled to the memory drum
for sensing the multi-digit words recorded in said sector-
jdentifying channel and for producing binary signals in
response thereto, and means coupled to the sensing means
for introducing the binary signals therefrom to said gate
means to cause the counter network to be synchronized
with the memory means.

3. The combination defined in claim 2 in which said
memory drum includes a clock channel having clock sig-
nals recorded therein, said clock channel extending
around the periphery of the drum spaced axially from
the information channe! and from the sector-identifying
channel, and in which said timing means includes trans-
ducer means coupled to the drum for sensing the clock
signals recorded in said clock channel.

4. A memory system for use in a digital computer, and
the like, including: memory means including at least one
information channel having a plurality of multi-digit sec-
tors therein, and said memory means further including a
sector-identifying channel having a plurality of multi-
digit words recorded therein for identifying the sectors in
said information channel and with one of the words cor-
responding to a particular one of said sectors including a
group of digits peculiar to that word only, a word counter
network actuable to a plurality of different configurations
corresponding to the numiber of sectors in said informa-
tion ¢hannel, gate means included in the counter network
for setting the counter to a particular configuration in
response to a group of binary signals corresponding to
said group of digits, means coupled to the memory means
for sensing the words recorded in said sector-identifying
channel and for producing binary signals in responsc
thereto, and means coupled to the sensing means for in-
troducing said binary signals to said gate means to cause
the counter network to be synchronized with the memory
means.

5. The combination defined in claim 4 and which in-
cludes a bit counter network for identifying the digit posi-
tions in each sector of said information channel, means
coupled to said memory means for synchronizing said bit
counter with said memory means, and means coupled to
said bit counter and to said gate means for permitting
said word counter network to be set to said particular
configuration by said group of binary signals only when
the bit counter is synchronized with said memory means.

6. A memory system for use in a digital computer,
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and the like, including: a rotatable magnetic memory
drum including at least one information channel extend-
ing around the periphery thereof and having a plurality
of muiti-digit sectors therein, and said memory drum
further including a sector-identifying channel extending
arcund the periphery of the drum spaced axially from
said information channel and having a plurality of muifti-
digit words recorded therein for identifying the sectors in
said information channel and with one of the words cor-
respoading to a particular one of the sectors of said in-
formation channels including a group of digits peculiar
to that word only, a word counter network actuabie to
a plurality of different configurations corresponding to the
number of sectors of said information channel, gate means
included in the counter network for setting the counter to
a particular configuration in respoase to a group of binary
signals corresponding to said group of digits, timing means
coupled to the memory drum for introducing clock pulses
to the counter to actuate the same from one configuration
to another, means coupled to the memory drum for sensing
the multi-digit words recorded in said sector-identifying
channel and for producing binary signals in response
thereto, and means coupled to the sensing means for intro-
ducing said binary signals to said gate means to cause the
counter network to be synchronized with the drum,

7. The combination defined in claim 6 in which said
memory drum includes a clock channel having clock sig-
nals recorded thereon, said clock channel extending around
the periphery of the drum spaced axially from said in-
formation channel and from said sector-identifying chan-
nel, and in which said timing means includes transducer
means coupled to the drum for sensing the clock signals
recorded in said clock channel.

8. A memory system for use in a digital computer,
and the like, including: memory means including at least
one information channel having a plurality of multi-digit
sectors therein with each sector including a number of
digit positions, and said memory means further including
a sector-identifying channel having information recorded
therein for identifying the sectors in said information
channel and for further identifying the digit position in
each sector, a first counter network actuable to a plurality
of different configurations for identifying the digit posi-
tions in each sector of said information channel, a second
counter network actuable to a plurality of different con-
figurations for identfying the different sectors of said in-
formation channel, means coupled to the memory means
for sensing the information recorded in said sector-
identifying channel and for producing control signals in
response thereto, and means coupled to said sensing means
and to said first and second counter networks for intro-
ducing the control signals to the counter networks to cause
the same to be synchronized with the memory means.

9. In combination: memory means on which signals
representative of time-standard words may be recorded,
means coupled to the memory means for writing signals
representative of the time-standard words in said memory
means, means coupled to the memory means for reading
the signals representative of the time-standard words from
the memory means a predetermined interval after the
writing of the signals representative of corresponding ones
of said words by the writing means, logical circulating
circuitry intercoupling the reading means to the writing
means for causing the signals representative of each time-
standard word read by the reading means to be circulated
and re-recorded in the memory means by said writing
means, and a timing source coupled to the logical circulat-
ing circuitry for causing the signals representing the cir-
culated time-standard word to be changed by a predeter-
mined increment in synchronism with the timing source.

10. In combination: memory means on which signals
representative of multi-digit time-standard words may be
recorded, means coupled to the memory means for writ-
ing signals representative of the multi-digit time-standard
words on said memory means, means coupled to the
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memory means for reading the signals representative of
the time-standard words from the memory means a pre-
determined interval after the writing of the signals repre-
sentative of corresponding ones of said words by the
writing means, logical circulating circuitry inter-coupling
the reading means to the writing means for causing the
signals representative of each time-standard multi-digital
word read by the reading means to be circulating and re-
recorded in the memory means by said writing means,
and a pulse-generating source coupled to the logical cir-
culating circuitry for causing the signals representing the
circulated multi-digit time-standard word to be increased
by a predetermined increment for each pulse generated by
the source.

11. In combination: a rotatable magnetic memory drum
on which signals representative of a multi-digit time-
standard word may be recorded in each of a plurality of
equi-spaced sectors of the drum, means magneiically
coupled to the memory drum for writing signals repre-
sentative of the multi-digit time-standard words in said
sectors of the magnetic memory drum, means magnetical-
ly coupled to the memory drum for reading the signals
representatives of the multi-digit time-standard words
from said sectors of the memory drum a predetermined
interval after the writing of signals representative of cor-
responding ones of said words by said writing means,
logical circulating circuitry intercoupling the reading
means to the writing means for causing the signals repre-
sentative of each time-standard multi-digit word read by
the reading means to be circulated and re-recorded by said
writing means, and a pulse-generating source coupled to
the logical circulating circuitry for generating pulses so
as to cause the signals circulated by said circuitry and
representing the multi-digit time-standard words to be
increased by a unity digit for each pulse generated by
the source.

12, The combination defined in claim 11 and in which
the pulses from said pulse-generating source have a prede-
termined precisely controlled repetition frequency, and
which includes means for rotatably driving the magnetic
memory drum at a predetermined rotational speed so
that the rate at which the signals recorded in successive
sectors on said drum are read by said reading means is
greater than said predetermined repetition frequency of
the pulses.

13. In a computer, and the like, the combination of:
a rotatable magnetic memory drum including at least one
channe] having a plurality of equi-spaced sectors therein
in which signals representative of multi-digital time-stand-
ard words may be recorded, means magnetically coupled
to the memory means for writing signals representative
of the multi-digit time-standard words in respective ones
of the equi-spaced sectors, means magnetically coupled
to the memory means for reading the signals representa-
tive of them ulti-digit time-standard words from respective
ones of the spaced sectors a predetermined interval after
the writing of signals representative of corresponding ones
of said words by the writing means, logical circulating
circuitry inter-coupling the reading means to the writing
means for causing signals representative of a time-stand-
ard word recorded in a particular one of said sectors of
the memory drum to be circulated and re-recorded in an-
other one of the sectors thereof, and a precision frequency
pulse-generating source included in the logical circulat-
ing circuitry for causing a predetermined increment to
be added to the circulated time-standard word for each
pulse generated by the source.

14. In a computer, and the like, the combination of:
a rotatable magnetic memory drum including at least one
channel having a plurality of equi-spaced sectors therein
in which signals representative of multi-digit time-stand-
ard words may be recorded, means magnetically coupled
to the memory means for writing signals representative
of the multi-digit time-standard words in respective ones
of the equi-spaced sectors, means magnetically coupled
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to the memory means for reading the signals representa-
tive of the multi-digit time-standard words from respec-
tive ones of the spaced sectors a predetermined interval
after the writing of signals representative of correspond-
ing ones of said words by the writing means, logical cir-
culating circuitry inter-coupling the reading means to the
writing means for causing signals representative of a time-
standard word recorded in a particular one of the sectors
of said memory drum to be circulated through the cir-
cuitry and re-recorded in another one of the sectors
thereof, and a pulse-generating source coupled to the
logical circulating circuitry for generating precisely timed
pulses of a predetermined repetition frequency to cause
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the signals circulated by said circuitry and representing
the multi-digit time standard words to be increased by a
unity digit for each pulse generated by the source, and
means for rotatably driving the magnetic memory drum
at a predetermined rotational speed such that the rate at
which the signals recorded in successive sectors of said
drum are read by said reading means is greater than said
predetermined repetition frequency of said pulses.
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